MiHicTepcTBO OCBiTH i HAYKU
VKpaiHCbKUIi fepskaBHUI YHIBEPCUTET HAYKU i TEXHOJIOT i
IHINpOBCbKMUIA Jep>kaBHUI TEXHIUHMI YHiBepCUTET
IHinpoBCcbKMUIT HallioHaAbHMI YHiBepcuTeT iMeHi Osecs 'oHuapa
HarioHanbHMii TeXHIUHMI YHiBepCUTET «/IHITTPOBChKA MOJITEXHIKA»
Kpusopi3bknii HallioHaIbHUI YHIBEpCUTET
XapKiBcbKuit HalliOHAJIbHMI YHiBEpCUTET palioeIeKTPOHiKM
XepCOHChbKMIT HalliOHA/IbHUI TeXHIUYHUI YHIBEpPCUTET
YopHOMOpPCHKUIL Alep>kaBHUI YHiBepcuTeT iMeHi 1. Mornnu
Aalto University (YHiBepcuteT Aanto, QiHITHIIS)
Akademia Goérniczo-Hutnicza, (KpakiBcbKa ripHMYO-MeTalypriiiHa
akagemid im. C. Cramrina, [TosbIna)
Politechnika Rzeszowska (’KemiBcbKuit TeXHOJOTiuHMI YHiBepcuTeT, [Tobia)
Silesian University of Technology (Cine3bKuit TexHiuHMi1 yHiBepcuTeT, [Tosbiia)
Tallinn University of Technology (Ta/utiHHCbKIIi TeXHOJOTiUHMI YHiBepcuTeT, EcTOHIs)

ITMM
2022

MATEPIAJIN
MbKkHapoaHOi HAyKOBO-TeXHIUYHOi KOH(pepeHI1ii
IHOOPMAIIHI TEXHOJIOTT B
METAJIYPTII Ta MAIIMHOBYIYBAHHI

MATERIALS
of Scientific and Technical International Conference
INFORMATION TECHNOLOGY IN
METALLURGY AND MACHINE ENGINEERING

18 TpaBHsa 2022 poKy

M. [IHirmpo


https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjG-In96tbWAhXDF5oKHTHGBmYQFggnMAA&url=http%3A%2F%2Fwww.dstu.dp.ua%2F&usg=AOvVaw2u6dNmavqKEPZo7L1McK33
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjzvJ336dbWAhVHD5oKHdWgD-YQFggnMAA&url=http%3A%2F%2Fwww.dnu.dp.ua%2Fru&usg=AOvVaw25qisO0FQAX3cQYEp37CAV

VIIK 004: 378: 519: 621:658:669:896: 347.77/78
ISSN-online 2708-0102

IndopMmariifini TexHosorii B MeTanyprii Ta MammHoO6ymyBaHHi. ITMM’2022: Te3u momoBimeii
MDKHApPOOHOI  HAyKOBO-TIpakTM4YHOi  KoHdepeHuii (duinpo, 18 TpaBus 2022 p.)
/ MiHicTepcTBO OCBiTM i Hayku YKpaiHu, YKpaiHCbKUII [Oep>KaBHUIT YHIBEpCUTET HaAyKU i
TEeXHOJIOTii, JIHiITpoIeTpoBChKMIT HallioHaIbHMI YHiBepcuTeT imeHi O. ['oHuapa, HamioHanbHMI’
TeXHIUHMUI1 YHiBepcUTeT «JIHIITpoBCchKa MoIiTexHika» Ta iH. — [JHinpo: HMeTAY, 2022. — 309 c.

I pyKyeTbCs 3a pillIeHHSM BYEHOI paau
VKpaiHChKOTO Iep;KaBHOTO YHiBEPCUTETY HAyKM i TexHostoriit Bim 28.03.2022 p., N2 5

PEJAKIITHA KOJIETIS
Tl'onosa:
Benmmuko O.T. — unen-kopecnongent HAHY, 1.1.H., mpodecop,
pexktop HMeTAY ([IHinpo, YKpaiHa)
3acCTymHMK rOJIOBU:
I'maTtymeHko Bik.B. — 1.T.H., mpodecop (OHinpo, YKpaiHa)
YneHM OPrKOMiITETY:
[Tpoitgak 10.C. — O.T1.H., mpodecop (JHinpo, YKpaiHa)
Kamkina JI.B. — 1.T.H., mpodecop (JHinmpo, YkpaiHa)
[Tetpenko O.M. — 1.T.H., mpodecop (IHinmpo, YkpaiHa)
I'youHcbkMit M.B. — A.7.H., mpodecop (IHinpo, YkpaiHa)
IIporpamumii KOMiTeT:
AnmnaroB A.Il. — o.1.H., mpodecop (IHinpo, YKpaiHa)
Apxumnos O.€. - g.T1.H., mpodecop (Kuis, YkpaiHa)
baxpymms B.€. — 1.¢.-M.H., mpodecop (3amopixkks, YKpaiHa)
BoastHcbkumit €.B. — 1.1.H., mpodecop (XapkiB, YkpaiHa)
Boponsucekuii K. — Ph.D. (Ariel University, Israel)
lF'acuk M.M. - a.1.H., mpodecop (Aalto University, Espoo, Finland)
I'matymenko B.B. — a.1.H., mpodecop (Ixinpo, YkpaiHa)
T'oskuii O.I1. — a.t1.H., mpodecop (Muxonais, Ykpaina)
3enentios [I.I. — a.1.H., mpodecop ([IHinpo, YKpaiHa)
3y6oB /I.A. — 1.T1.H., moueHT (American University of Central Asia, Kyrgyzstan)
Kopcys B.1. — a.t1.H., mpodecop (dHinpo, YKpaiHa)
Kymin A.L. — g.1.1., npodecop (Kpuswnit Pir, Ykpaina)
Manaiiuyk B.I1. — a.1.H, ipodecop ([IHinpo, YKpaiHa)
[Tetnenkos 3. — K.T.H. (Tallinna Tehnikaiilikool, Tallinn, Estonia)
Pymakosa I'.B. - 1.1.H., mpodecop (XepcoH, YKpaiHa)
Cserymmunmii [1.C. — a.T1.H., mpodecop (Kpaxis, ITosbIa)
CeniBpopcroB B.10. — n.1.H., mpodecop (IHinpo, YKpaiHa)
Cernak I'. — m.1.H., mpodecop (Politechnika Rzeszowska, Rzeszow, Poland)
Cxkanosy6 B.B. — A.T.H., mpodecop (IHinpo, YKpaiHa)
CnagkoBcbkuit O.B. — g.1.H., mpodecop (Silesian University of Technology, Gliwice, Poland)
Tapa6apa B.B. — Ph.D., Professor (Michigan State University, USA)
Toro6umpka I.M. — 1.T.H., mpodecop (OHinpo, YKkpaiHa)
Cekperap oprromirery: CeniBbopctoBa T.B. — K.T.H., HoueHT (JHinpo, YkpaiHa)

V 36ipHMK BKJIIOUEHi Te3U JOTOBimei, siki 6ynu mpeactaBiaeHi Ha MiKHapoaHit HAYKOBO-
TexHiuHii1 KoHpepeHIlii «IHGopMmaIiitHi TexHOOTii B MeTanmyprii Ta MamMHOOyIyBaHHI —
ITMM’2022».

Pexxum goctymy: https://journals.nmetau.edu.ua/index.php/itmm

© YKpaiHCbKUIT JepskaBHUI YHiBepCUTET HayKU i TEXHOJIOTiH,
IBK «CucTemHi TexHosorii», 2022


https://www.scopus.com/affil/profile.uri?afid=60103653
https://www.scopus.com/affil/profile.uri?afid=60109685
https://www.scopus.com/affil/profile.uri?afid=60068861
https://www.scopus.com/affil/profile.uri?afid=60032402
https://www.scopus.com/affil/profile.uri?afid=60009081

International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2022

CEKLIA 1

CUCTEMHUI AHAJII3 I CUHTE3

ITPOLIECIB Y METAJIYPIII TA MAIIMHOBYIYBAHHI

SECTION 1

SYSTEM ANALYSIS AND SYNTHESIS
OF PROCESSES IN METALLURGY AND MACHINE-BUILDING
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ITOPIBHSIVIbHI JOC/IIIPKEHHS OBYMCIIEHUX TA ®AKTUYHUX
3HAYEHb MEXAHIYHUX BJIACTUBOCTEM CIVIABY INCONEL 718

Amxkamcbkuii C.B. !, Kononenko I'.A.>2, [TomonbcbKkuit P.B. 123

I'LLC «Additive Laser Technology of Ukraine», Yxkpaina, [IHinpo
2 [ncmumym uopHoi memanypeii im. 3.1. Hekpacosa HAH Ykpainu, Ykpaina, /[Hinpo

3 Vkpaiucekuti depxicasHutl yHisepcumem HAyKu i mexHoso0zitl, Ykpaiua, /IHinpo

[Ipouiec pyliHYBaHHS € 3aK/AKOYHOI CTafAi€l0 TOBEOiHKM MeTany IIif
HaBaHTaKeHHSM, a OIlip, SIKUI MeTaJl Hafa€ PO3BUTKY LIbOMY MpPOLECY, B 3HAUYHIIA
Mipi BM3HAYa€ 0r0 KOHCTPYKIiHY MillHiCTh. /IO Umcia HaibiIbIn 3araJibHUX BUJIIB
pYHYBaHHS BiTHOCUTBCS B'si3Ke 1 KDUXKe PYiHYBaHHS MeTasliB. B'si3Kke pyiiHyBaHHS,
SIKOMY Tlepey€e 3HauHa IJIacTu4YHa JedopMallisi, € GiJbIl XapaKTePHUM J1s1 METAJTiB,
HiX Kpuxke [1, 2].

HocimKeHHS MPOBOAMIMCH HA 3pa3KaxX, BUTOTOBJIEHMX 3 METaJeBOro MOPOIIKY
Inconel 718 Bupo6umka H. C. Starck mapku AMPERPRINT 0181.074 3 po3mipom
yacTMHOK 45 + 15 pum. JIpyK 3paskiB MpoBoauBcsi Ha 3D mpuHTepi Alfa-280
BupoOHuITBa komnaHii TOB «AJIT VkpaiHna» [3]. BumpobyBaHHS [Jis1 BM3HAUeHHS
MeXaHiYHMX BJIACTUBOCTEN IIiCJSI CTAaHAAPTHOI TepMidyHOI OOGPOOKM MPOBOAMIU
BimmoBimHO 10 I'OCT 1497 Ha BumpoOyBanbHiii Marmmui INSTRON Ta BMKOHYBaIu
AQHATITUYHI PO3paxXyHKM 3 3aCTOCYBaHHSIM IporpamMHoro 3abesneueHHs QForm mpwu
cTabinbHili MBUAKOCTI X0A0BOi TpaBepcu 2 MM/c. KOHTpOab reoMeTpUUHUX
rnapamMeTpiB MPOBOAMBCSI 3 3acTOCyBaHHSIM 3- D ckaHepy Ta IpOrpamMHOrO
3a6e3mneueHHst Geometric Control X.

HocnigHi 3paskuM Ha PO3TATYBaHHS MiIsrasiv 3- D CKaHYBaHHIO 3 METOIO
repeBipky reoMeTpMUUYHMX MMapamMeTpiB. B pe3yabTari JaHOTO JOCTiAKeHHS (puc. 1)
Oy/si0 BCTaHOBJIEHO, 1[0 HAJPYKOBaHi 3pa3Ky He MalOTh 3HAUHMX BiIXWJIeHb IO
reoMeTpUYHUM I1apamMeTpaM, CJIiJl 3a3HAauUTH, 110 € He3HAUHi BigXUJIEHHS II0
paziycy mepexomy B poOouiii 30HI B paMKax craHmapry. [laHe BigxmieHHS He

BiJlirpae 3HaUHy pOJib HA BUTIPOOYBaHHSI.
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a 6

Pucynox 1 - IIpotiec repeBipky reOMeTpMYHNX TTapaMeTPiB 3pa3Ka JIjisk BUITpOOyBaHb Ha
PO3TSITYBaHHS: a- KOHTPOJbOBaHA MOJIe/b, 6 — BiIXMIeHHS reoMeTpii

3 MeTol II0OYIOBM imeajnbHOI TEeXHIUYHOI [miarpaMu pO3TATYBaHHSI OyII0
MPOBENEHO MaTeMaTU4yHe MOJEeNI0BAaHHSI IIpoLieCy pPO3TIryBaHHS 3pa3Ka B
crieriajgizoBaHOMy MporpaMHoMy 3abe3redyeHi QForm. PesynpTaT maHOro
JIOCTiI>KeHHSI peaCcTaB/JIeHOo Ha puUc. 2.

Ha HacTyrmHOMY eTari JoC/iiKeHHsT 0y/I0 mpoBeaeHOo (pakTUUHI BUITPOOYBaHHS
3 MEeTOI0 MOOYIOBM CIIPaBKHbOI TEXHiUHOI miarpamm po3TsaryBaHHs. OIHOBiCHE
pO3TATYBaHHSI IIPOBOAMJIOCH MpM KIMHATHI Temmeparypi, pericTpaliis Tosen
MaKpoJOKaJbHUX TMepeMilieHb ¢ikcyBasioch wMetomom DIC (digital image
correlation) omHOYacHO 3 pO3TATyBaHHSIM. IIOpiBHSIHHS (haKTMUHMX pe3yabTaTiB
medbopmallii 3 iIeaqbHOI TEXHIYHOIO [iarpamMor0 po3TsiryBaHHS Inconel 718,
OTPMMAaHOK B mOporpamMHoMy Komiuiekci QForm. PesyabTaT mOpiBHSIHHS

MpeacTaB/IeHnii Ha puc. 3 Ta B Tabauii 1.

QForm 9043 |/ QForm 9.043  [ilaz.
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PucyHok 2 — Pe3ynbTaTy Mo e0BaHHS mmpoiiecy aedopmailii 3pasky B
po6ouomy npoctopi QForm
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PucyHok 3 — Pe3ynbTaTu MOPiBHSIZIBHOTO AOC/iI>KeHHS MaTepiany Inconel 718 ripu

BUITPOOYBAHHI Ha PO3TSATYBaHHS

Tabnuis 1 — Pe3yabTaTyt MeXaHiuHMX BiacTuBocTel Inconel 718

I'panuils BigHOCHE BigHOCHE
Ne¢ TumuacoBuin
[Tpoiec IUVIMHHOCTI, | BUAOBXKEHHS, | 3BY>KEHHSI,
\IT orip, MIla
MIIa % %
MaTtemaTuuHe
1 1420,23 895,66 21,1 36
MO eJIIOBaHHS
dakTuuHe
2 1436,90 1237,81 24,3 51
BUITPOOYBaHHS

[Ipy mopiBHSHHI oO6sacTi mpykHOoi medopmariii Ta TrpaHUI TIUIMHHOCTI
BCTAHOBJIEHO, IO Ii/JITHKA [Oiarpam, II0 OIMMCYETbCS 3aKOHOM ['yka, 3MiHIOE KyT
Haxwiy, MpU IbOMY 3MiHIOETbCSI 3HAUE€HHSI TPaHUIl IIMHHOCTI. Tum camMum
3MiHIOETHCS €Tan YTBOPEHHS IIOMAAKM (i3MUHOI I'paHUIli IIMHHOCTI.

3a pesyJibTaTaMy IOCTiAKEeHb MiKPOCTPYKTYPU BCTAHOBJIEHO, 1[0 MOPUCTUCTD
JIoCaigHOro 3paska craHoBuTb 0,1%, a mpu MOJe/NI0BaHHI 3aCTOCOBYBaiM YMOBHE
MIpUITYILIeHHS, 1110 MaTepiaa Mae€ igeanbHy 6ynoBy 3 100% 11i/ibHiCTIO.

BucHOBKU

1. TIpu mopiBHSIHHI igeasbHOI TEeXHIUHOI [iarpaMyu Ta CIIPaBXHbOI TE€XHIYHOI

nmiarpamu martepiany Inconel 718 BcTaHOB/IEHO, 110 BOHM MalOTh po30iXkHOCTI. JaHi

PO30iI’KHOCTI TIOSICHIOIOTbCS TUM, IO AOCAiIIHMII MaTepian, 10 BUIIPOOYIOTh Ha
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po3TATyBaHHS, GaKTUUYHO Mae€ Oisbllle TUIACTUYHI XapaKTepucTuku Ha 30% uyepes He
imeanbHy BHYTPILITHIO MiKPOCKOTIiYHY OYIOBY.
JlirTepaTypa

1. Adjamskiy, S., Podolskyi R., Kononenko G. Investigation of plastic properties of AISI 3161
steel by method of registration of macrolocalization fields. System technologies. 2021.
4,135.P 3-11.

2. Adjamsky, S., Kononenko, G., & Podolskyi, R. Of plastic properties of AISI 316L steel by
method of registration of macrolocalization fields. MixkHapogHa HayKOBO-TeXHiuHa
KoH(epeHuis IdHdopMmaliiini TexHosorii B  MeTanyprii Ta  MalmMHOOYIYBaHHI,
(16-18 6epesnst 2021, Mninpo), Auinpo, 2021, 4-8.

3. Adjamsky, S., Kononenko, G., & Podolskyi, R. Cumynsiiusi BAMSHUSI OCTATOUYHBIX
HamnpsokeHuit 1 mapaMeTpos SLM-TexHosorum Ha opMupoBaHue 0671aCTy TPaHUIL U3eTNUsT
U3 >kaporpoyHoro HukeneBoro criaBa INCONEL 718. MixxkHapogHa HayKOBO-TeXHiuHa
KoHbepeHuis IHdopMmariiiHi TexHosorii B  MeTanyprii  Ta  MamMHOOYTYBaHHI,

(17-19 6epesns 2020, Ouinpo), Axinpo, 2020, 4-7.

COMPARATIVE STUDIES OF CALCULATED AND ACTUAL VALUES OF
MECHANICAL PROPERTIES OF INCONEL 718 ALLOY
Adjamsky Sergey, Kononenko Ganna, Podolskyi Rostislav

Abstract. The process of destruction is the final stage of the behavior of the
metal under load, and the resistance that the metal gives to the development of this
process, largely determines its structural strength. The studies were performed on
samples made of Inconel 718 powder material after standard heat treatment. Tests
to determine the mechanical properties were performed in accordance with GOST
1497 on an INSTRON test machine and performed analytical calculations using
QForm software at a stable running traverse speed of 2 mm / s. Geometric
parameters were monitored using a 3-D scanner and Geometric Control X software.
A comparison of the ideal technical diagram with the true technical diagram of the
Inconel 718 material revealed that they differed. These discrepancies are explained
by the fact that the experimental material tested for stretching, in fact, has a higher
value of plastic characteristics by 30% due to the porosity in the experimental
material.

Keywords: tensile, mechanical properties, diagram, Inconel 718.
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OOCII>KEHHSA METOAIB BUMIPIOBAHHSI ®I3MYHUX ITOKA3HUKIB
DAKEJTY JOT'OPSIHHS ITVUMOBUX TI'A3IB, SIK 3ACIb ITPOTHO3YBAHHS
INEPEBITY ®I3UKO-XIMIYHUX ITEPETBOPEHD B
IMPOLIECAX BUITVTABKU CTAJII
T'ony6 T.C., Momuanos JI.C., Cemukin C.I.

Incmumym uopuoi memanypeii im.. 3.1. Hekpacosa HAHY

KucHeBo-KOHBepTepHMUIA  MpolieC  3aCHOBAHMII HA  TiCHii  B3aeMopmil
pigkoi i razoBoi a3 ¥ CYNpoOBOMKYETHCS BAYBAHHSIM ¥ BUJIUJIEHHSIM 3HAauHOTO
00’eMy rasiB, fAKi OpM TeMIlepaTypHMX 1 XiMiUHMX YMOBax KOHBEpPTYBaHHS
yTBOPIOIOTh (pakes Haj TOPJIOBMHOIO KOHBepTepa. 3MiHa XapakTepy dakeyny TicCHO
B3a€EMOIIOB'SI3aHa 3 TIPOLIECOM KOHBEPTYBAaHHS, OTXe, MOro HOOCTiIKeHHS ¥
KOHTPOJIb 3a XOAOM TMPOAYBKM B YMOBaxX peaJibHUMX BUCOKOTEMIIEPATYPHUX
npoueciB, € aktyasibHuM [1-3]. [IpoTe, 3apeecTpyBaTu Ta IpoaHamidyBaTu (Qaken
BA)XXKO yepe3 3HAUHy TeMIepaTypy Haj, TOPJOBMHOIO arperaTy Ta BeJUKY KiJbKiCTb
MUY, 10 BUSIMSIETHCS i1, Yac MPOaYBKN.

B xoni mociimkeHHsT Oy/M MpoaHa/i30BaHi Ta HOCTiIMKeHi Ha J1abopaTOPHUX
YCTaHOBKaX, SIKi iMiTyBa/iM OOMHUIHMIT Ta30BuUit hakes HoIaaloBaHHS, Pi3Hi MeToau
BUMipIOBaHHSI (Di3MUHUX IMOKAa3HMUKIB #Or0 cTaHy [4-6], y TOMYy 4ucCjai B ymMoOBax
3aluIeHHsT Pi3HOTO XapakTepy: Teruionepeayi; CBiTMMOCTI y yibTpadioneToBomy,
BUAMMOMY Ta iH(pauepBOHOMY CIIEKTpax; e€JeKTPUYHi XapaKTepUCTUKU.
BcTaHOBJ/IEHO, IO Yepe3 MPUPOSHMI KOJMBAJIbHUI XapaKTep IOJyM'sST HEOOXiTHO
iHTerpyBaTy 3HaueHHST Qi3MUYHMX XapaKTepPUCTUK TTOJIYM sI, OTpMMaHi 3a JOITOMOTOI0
Criellia/IbHMX JaT4yMKiB. TakKOX BCTAHOBJIEHO, IO BIUIMB BUCOKMX TeMIIepaTyp Ta
HasIBHOCTi YaCTMHOK IWJIy CTBOPIOE JOJATKOBY MOXMOKY Y OTPMMAaHHI pe3yabTaTiB
CeHCOpaMu, SIKi peeCTPyIOTh TEIUIOBiIIauy Ta CBITUMICTh (aKkesny.

Ilo TeruioBigmaui Big manawouvoro akenay BCTaHOBIEHO:

- Togava Oyab-sIKOTO TBEpIOro MaTepially 3 TeMIlepaTypoio 3HAYHO HIKUOIO
3a TemIlepaTypy (dakena HeraTMBHO BiJOMBAETHCSI Ha Teruionepenadi Bin dakena
HaBiTh IpPM Bi3yaJbHOMY 30i/JbIIEHHi SICKPaBOCTi, OKPiM KOMIIOHEHTIB, IO 3[aTHi

OKCMJIFOBATUCA 3 BI/I,H,i.TIEHHHM TeIlia,
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— He 3aJIe3KHO Bif, CTyIeHs YOpHOTHU (daKesia 3a peaJbHUX TeMIlepaTyp Mpoiecy
KOHBEpPTYBaHHS YaCTUHKM (pakiliero 5-200 MKM IIpu MOTPAIISIHHI B HbOTO MOKYTh
HarpiBaTHUCS A0 TeMIIepaTyp, 10 HAOIMKY€ETHCS A0 TeEMIepaTypu CBiTiHHS,

[To sickpaBOCTi (hakesry BCTAHOBJIEHO:

— IIpU TOSABI Y majamdomy ¢dakesti TBepaux ApioHux (ppakuis mopsiaky 100-
200 MKM) 4YaCTOK JOro SICKpaBiCTh MigBUIIYETHCS, a OinbmMx 3a Qpakijien -
3HMKYETHCS. [Ipy 1bOMY HaliMeHILNIi 3BOPOTHINM BIUIMB MaB MOKa3HUK Y@ CIIeKTpy,
a Ha¥OIbIINII — JEHHOTO CIIEeKTPY;

[To efeKTpMUHUM XapaKTepucTuKaM akeny BCTaHOBIEHO:

— BUMIipIOBaHHS pi3HMIII MOTeHIIialiB, 1110 GopMyeThcs y dhakesi, Mae nepesary
nepel  BUMIPIOBAaHHSIM  €JIEKTPOMNPOBIZHOCTI  uepe3  OTPMMAaHHS  Oi/bIId
BiATBOPIOBAHMX MOKA3HMKIB IOCTATHLOTO PiBHS 3HAUEHHS ;

— 3HAIOUM HEOOXimHMI piBeHb KUCHIO, IO CTEXiOMETPUYHO HEOOXimHMI Jist
MPOBEIeHHSI TOBHOT'O OKMCJIEHHS Ta30BOi CyMillli, MOXK/IMBO 3a PiBHEM eJIeKTPUUYHUX
XapaKTePUCTUK CTBEPIKYBATU PO MOBHOTY OKMC/IEHHS Ta30BO1 CyMillri.

3araJibHMiI BMCHOBOK: HAalOiJIbII TOYHMM, IIBUIOKICHMM Ta CTa0iIbHUM
MeTOAOM OTPMMaHHS XapakKTepUCTMKM CTaHy rasoBoro (akemy mnpu poOOTi B
SKOPCTKMX YMOBAax CTajJelJIaBMJIBHOTO arperaty Moske OyTuM o00paHO MeTof,
BUMIpPIOBAHHS Pi3HUIL CTBOPIOBAHMX MPUPOIHBO MOTEHIia/iB. [Ipy 11bOMY MOKJINBI
JleKiJibKa BapiaHTiB 3aCTOCYBaHHS 1IbOTO METOAY 3 PEECTPALli€l0 Pi3HMUX MOKA3HUKIB:
MiXX TpPOAYBHOIO (PypmMoOIo, K OJHMM 3 €JIeKTPO[iB, Ta MiX iHIIMM eJIeKTPOIOM,
BCTAHOBJIEHMM Ha TOpJIOBMHiI KOHBepTepa Ta MiX ¢GypMOI0 Ta Pigkol BaHHOIO.
HaBeneHi BapiaHTM BMMipIOBaHHS eJIEKTPUUYHMX MTOKA3HUKIB Oy/aM BUITPOOYBaHi Ha
JnabopaTOpHii BMCOKOTEMIIEpATyPHOI MO/Iei KMCHEBOTO KOHBEpPTepa, BUTOTOBJIEHI
y maciitabi 1:30 BigHOCHO 10 mpomucioBoro 160-T KoHBepTepa. I1if yac mpoayBKku
MPOBOAMIM PEECTPALlil0 He TUIbKU MPUPOAHO cHOpMOBAHOI pi3HMUII MMOTEHIlialiB,
a ¥ psaay TeXHOJIOTIYHMX MOKas3sHMKiB mpoiecy. Ha puc. 1 HaBeleHO xapaKTepHi
JliarpamMy OTpUMMaHMX 3apeeCTPOBaHMX MOKA3HMKIB. Big3HaueHo, 1110 3apeecTpoBaHi
eeKTPUYHI TIOKa3sHMKM He 3aJieXKHO BiJ Miclsl peecTpalii MalTb IOCTaTHii
IS aHaji3y piBeHb, IIpOoTe 4dYepe3 HasBHI (QuyKryamii, 10 0OyMOBJIeHi
MOCTITHMM aKTMBHMM pPYXOM BCiX CepeloBMII B MeXaxX poOOYOro IPOCTOPY

arperary, HeOOXiTHO TIPOBOAMUTU YCe€peOHEHHS 3apeeCTPOBAaHMX ITOKA3HMKIB
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BIIPOJIOBX ITleBHOro uvacy (30-60 cek.). BcraHoBieHO, 110 3MiHa y 4aci 3a XOOOM
MIPOAYBKYM Pi3HMUIII MPUPOAHOTO IMOTEHIaAy y JaHI03i «pypma - BaHHA» MOXe
SKICHO XapakKTepus3yBaTM piBeHb CIIIHEHHS NIJIaKO-MeTaJieBoi BaHHMU. [lokasom
IIbOTO CBimUMThH (DAKT 3POCTAHHS I[bOTO ITOKA3HMKA Y MPYTiii MOJOBUHI MPOTYBKH,
0 BiANOBila€ 3HVMKEHHIO PiBHS iHTEHCUMBHOCTI BUAUIEHHS MWy (3a paxyHOK
dinbTpanii chopmoBaHuM 1makoMm). Illogo TOKa3HMKA Pi3HMUIN MHPUPOTHUX
MOTeHIIialiB y JIaHII03i «pypMa - TOpJIOBMHA»: TTOKA3HUK A00pe KOPEeCTIOHIYETHCS 3
ITIOKa3HMKOM SICKpaBOCTi Qakeny y migdypMmeHiit obsacTi (peecTpalist SIKOro y
IOCTimKeHi 6y/la MOK/IMBOIO 3aBISIKM IIPMMYCOBOMY BUAAJIEHHIO MUY 3 IIi€i 30HM):
3pOCTaHHS piBHS MOKAa3HMKA BiAMOBia€ 3pOCTAaHHIO PiBHSI MOKa3HMKA SICKPaBOCTI
dakeny i HaBmaku. Bigomo, 110 TMiABUINEHHS SICKPaBOCTi CBiTiHHSI akeny
BiOyBa€ThCs Y pasi MpOTiKaHHS Mpoliecy monaaioBaHHs rasi CO, 1mo BigxodsTh 3
arperaty, 10 CO;. OTXe 3poCTaHHSI PiBHSI Pi3HMUIII TPUPOIHMUX IIOTEHIiajliB Yy
JaHI03i «dhypMa - ropJoBMHA» 32 XOI0M IIPOIYBKM MOXKe XapaKTepu3yBaTu SIKiCHO

rporec pomnanoBaHHsa CO go CO..
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1 — iHTeHCUBHICTb NIUIOBUIIJIEHHS, MT/M®; 2 — ITIOKa3HMK SICKPaBOCTi ¢akeny, MB;
3 -pi3HUIIS MPUPOIHMX MTOTEHITiaJliB y JIaHII03i «pypMa — MeTasieBa BaHHa», MB;
4- pi3HUIIS IPUPOAHMX TIOTEHIIIAMIB Y JIaHII03i «dypMa - TOpJIOBMHA», MB
Pucynok 1 — Tunosi giarpamu 3MiHM 3ape€eCcTpOBaHUX ITapaMeTpiB 3a YaCOM MPOIYBKM.

TakMM UYKMHOM TMpoOBeJeHe MOOCTiMIKeHHS MeTOdiB peecTpallii ¢isnuHmUx

MOKA3HUKIB MOJyM’sl, IO iMiTyBa/o OAVMHMUYHMIT (pakes JomaatoBaHHS, BKas3ajao Ha

ISSN-online 2708-0102 11



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

IOLJIbHICTD BUKOPUCTAHHS BUMIpYy e€JIeKTPUUYHUX XapaKTepUCTUK akemny
IOTOPSIHHS Ta3iB y SIKOCTI MapaMeTpy il KOHTPOJIO IIpouecy (a came pi3HUII
MIPUPOAHUX TIOTEHIia/liB), HAIMpPUKIAL, OOIATIOBAHHS, 3aBASKM OIEepPaTUBHOCTI
BM3HAUEeHHS, BiICYTHOCTi CYTT€BOrO BIUIMBY Ha TOYHICTb BUMIpPy HaIJIMIIKOBOI
TemMIlepaTypu i CTyIMeHsI 3amuaeHOCTi. BumpoOyBaHHSI 3a3HAUYeHOTO METOIy Ha
BUCOKOTEMIIepaTypHiii  MOZe/Ji  MOKa3aJo  BiANOBiOHICTL  3apeeCcTpPOBAHUX
eJIeKTPUUHUX XapaKTepUCTUK CUCTEMM «IpoayBHa d¢dypmMa — MeTajeBa BaHHa-
KOPIIYC arperarty» psioy IPOLECiB, SIKi BiIOYBalOTHCS 3a XOAOM IPOAYBKM B 00’eMi
arperaty. Illnsgxom 3icTaBjieHHSI OTpUMMaHMX BMMIpPIOBAaHMX IIOKa3HUKIB i3
BCTAHOBJIEHVMM AOCTIIHUM HIISIXOM MOKa3HMKAMM 3TiJHO 3aJaHMX 3@ TEXHOJIOTI€I0
rapaMeTpiB BeJeHHS TPOAYBKM Ta TPaHMUYHMMM 3HAUEHHSIMM MOKHA POOUTH
BMCHOBKM, B 3JIEXKHOCTI Bif iX BigxuaeHHS, IpO HEOOXimHiCTh, HAIIPUKIIA, 3MiHU
TIOJIOKeHHS GypMM [IJIs1 JOCSITHEHHSI HeOOXiJHOTO pe3y/bTaTy 3a ITOKa3HMKaMM abo
MPOBEJEeHHS IHIIMX KOperyoumx ofmeparii (Hampukiaag, Mogadyi CUIyuYMX B
KOHBepPTep [OJji1 KOPUTYBAaHHS CTaHy IUIAKY) ¥ OOCATAaTU KpallMX TEeXHOJOTiUYHMX
pes3ysibTaTiB BeJeHHS MPOLYyBKM MeTaeBOro po3IliaBy.
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RESEARCH OF METHODS OF MEASURING PHYSICAL INDICATORS
OF FLUE GAS POSTCOMBUSTION TORCH AS A MEANS
OF PREDICTING THE COURSE OF PHYSICOCHEMICAL TRANSFORMATIONS
IN STEEL SMELTING PROCESSES
Golub Tetyana, Molchanov Lavr, Semykin Serhiy

Abstract. The oxygen-converter process is accompanied by the release of a
significant amount of off-gases, that under the conditions of postcombustion form a
torch over the neck of the converter. Change the torch nature corresponds the
peculiarities of the heat blowing. However, it is difficult to register and analyze the
torch due to the significant temperature above the neck of the unit and the large
amount of dust released during the blowing. The paper presents the results of
physical modeling of methods of registration of physical indicators of flame,
simulating a single flare, such as heat transfer from a gas torch, luminosity
(brightness) in the ultraviolet, visible and infrared spectra and electrical
characteristics of the torch. It was indicated the feasibility of using the measurement
of electrical characteristics of the gas flare as a parameter to control the process
(namely the difference of natural potentials), such as postcombustion, due to
efficiency determination, the lack of significant impact on the accuracy of
measurement of excess temperature and the degree of dust.

Testing of this method on a high-temperature model showed compliance with
the registered electrical characteristics of the system “blowing lance - metal bath-
body of the unit” of a number of processes that occur during the blowing in the
volume of the unit. By comparing the obtained measured indicators with the
experimentally established indicators according to the parameters of technology and
limit values, it is possible to draw conclusions, depending on their deviation, about
the necessity, for example, change the position of the lance to achieve the desired
result or perform other corrective operations and achieve the best technological
results of the metal smelting.

Keywords: physical modeling, oxygen conversion, flue gas afterburner,

physical characteristics of the torch, the difference of natural electric potentials in
the oxygen converter.
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BUKOPHCTAHHS METOY «MIHIMAJIbBHOTO PU3UKY»
B TEXHIYHIN IIATHOCTUIII
I'pevannii O.M., Bacunpuenko T.O., ®enopenko C.B.,

Cunsscbkuii [I.A., Herenpuuii €.C.

3anopisvkuti HayioHanbHUll yHieepcumem

Bcrym. CkmagHi  ymoBM  poboTH MeTaJTypriiiHoro ob6yiagHaHHS,
0OyMOBJIEHi IMHAMiUHMMM HaBaHTaXXEHHSIMM, BMMAaralTb OCOOJMBOI yBaru
IIpM KOHCTPYIOBAHHI iXHiX BY3/iB y cdepi HamiitHOCTi Ta 6e3BimMOBHOI POOOTH.
Oxpim 3abesmeyeHHS HaOiHOCTI TIif Yac eKcIulyaTallii CKIaJoBi YacTUMHMU
TEXHOJIOTIYHOTO 00JIaJHAaHHSI MalOTh OOITYCKATM JIeTKe Pery/aloBaHHS, a Y BUIIAAKY
aBapilfHMX IMOJIOMOK, TO3BOJISITM BUKOHYBATHU IIBUAKY 3aMiHy a00 peMOHT OKpeMMX
BY3J1iB abo meraseii [1].

OCHOBHi BUpOOHNMYi ITOKAa3HMKY ITPOKATHOTO CTaHY, TaKi SIK MIPOAYKTUBHICTh Ta
eHeproeeKkTUBHICTh, a TAKOX JOro Ipale3gaTHICTh B LiJIOMY, 31e0i/bIie 3a/1eXaTh
Bil, TOro, HacKiabky e(eKTMBHO Ta SIKiCHO IIpalllOl0Th BCi JOr0 BMKOHABYi
MexXaHi3Mu. B CBOI0O 4Yepry 1eit B3a€MO3B’SI30K BMKJIMKAE HEOOXiTHICTh PO3POOKM
MeXaHi3MiB IPMBOJIHOI YaCTVMHM IMPOKATHOI KJIiTi TAKMM YMHOM, 11100 ii KOHCTPYKITis
BifMmoBigassa BCiM eKCIUIyaTalliiiHMM Ta Cy4aCHMM TeXHOJIOTiYHMM BMMOTaM.

OcHoBHMIT Martepian. [Ipaie3fgaTHiCTh KiiTel cTaHy «1680» B 3HauHil Mipi
3aJIeXKUTh Bif TOTO, HACKiJIbKM e(peKTUBHO IIpaIlloe OOJaJHAHHS MPUBOAY. AHAi3
poOOTH TPOKATHOI JIiHII B IiIOMy IIOKasaB, IO iCHYIOUMIT piBeHb AMHAMIUHMX
HaBaHTaXeHb, XapaKTePHUI1 IIJIsl BCiX MMPOKOIITAO0BUX CTAHIB, € OJHIE€I0 3 MPUUMH
TIPUCKOPEHHS 3HOILIeHHS BY3JIiB Ta MTOJIOMOK e/ieMeHTiB o6agHaHHS [2].

3 MeTOW MiABUINEHHSI HAMiMHOCTI Ta MOBrOBIYHOCTI IINWHJIEIbHOrO BY3Ja
TIPMBOJA MTPOKATHOI KIiTi cCTaHa rapsiuol mpokaTtku «1680», IPOIIOHYETHCS Tepexif, 3
CHUCTeM 3MallleHHsI OpPOH30BMX BKJIAAMUIIIB Ta BaJIbHUIIb MeXaHi3My BPiBHOBasKeHHS
TUITY «<MACJISIHUI TYMaH» Ha CUCTEMM TUITY — «MacCJIO-TIOBITPSI».

[MpyHOMI 3MallyBaHHS «MacJO-TIOBITpsl» Ma€ Oe33allepeyHi IepeBaru 3a
3MallleHHSIM eJIEMEHTiB, PO3MOIiJIOM BUTPATH, i 3a0e3reuye 06'eMHe HAIXOIKeHHS

Macia Tpy iHXKeKIlii MOBiTpsS Ha KOXKHY BaJIbHUITI0 O0JIafHAHHS, TapaHTYOuUM B
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KOXHili TOYIli 3MallyBaHHSI TOUYHMI OOCSIT, He3aJIeSKHO Bif MPOTUTUCKY BaJbHMUIII,
aTMoc(epHOro TUCKY, TeMIlepaTypu i B'a3kK0cTi macia [3].

B xofli BUKOHAHHS TEeXHOJIOTiUHUX orlepalliii B pobouy piguHy 3MalllyBaHHS
LINIMHEIbHOTO MPUCTPOI0 IMOCTYIAKTh MPOAYKTU 3HOCY, L0 MOXE MPUBECTU [0
jioro HecTabiIbHOI PO6OTH 260 OJIOMKM.

[Ipu Bi3yaJibHUX MeTOJaX MPO YMCTOTY POOOUOiI PigMHM CyAsITh MO KiJIbKOCTi
omaAiB Ha @QibTpaX TOHKOrO OuMINeHHS. Haiibifbll NepCrHeKTUBHUMU €
rpaHyJIOMeTPpUYHI MeToAu, siKi 3aCHOBaHi Ha IMiApaxyHKY 4Mcjia 4aCTOK, YKIaJeHUX
y 3amaHuit  po3MipHMii iHTepBajl. 10 HMX BigHOCSATBCS  MIiKPOCKOIIIUHIi
(BMKOPUCTOBYETbCS MiKpockoI) i MmikpodoTorpadiuni merogu. Ixaimu Hegomikamm
€ HeoOXimHiCcTh Bigbopy Mpo6 piavHM 3 arperartis, TPYAOMICTKICTD i Oi/IbIINI CTYITiHb
Cy6'eKTUBHOCTI [4].

Bu3HaueHHS OOMYCTMMOIO 3Ha4YeHHSI 3MICTy IIPOAYKTIB 3HOCY Y BUIJISAI
MeTasieBOi CTPYKKM MOXKHA BUKOPUCTOBYBATU 3arajibHy TeOpilo po3Ili3HaBaHHS, sIKa
CKJIaJIa€ BasKIMBUIA PO3[IiJI TeXHIUHOI KiOepHeTUKM i 3aiiMa€ThCsl PO3ITi3HABAHHSIM
006pa3siB Oymb-sIKOi MPUpOaN i xapakTepy. JJs CMCTeM 3MallleHHS «IIOBiTpsI-Macao»
He po3po0jieHi aJropMTMM pO3ITi3HABAHHS IMPale3daTHOCTI CUCTeMM IIpU
KiJIbKicHOMY 3a0pymHeHHi po60d4oi pimuHu, TOMy poboTa B JAHOMY HaIpSIMKY €
aKTyaJbHOIO Ji MepCIeKTUBHOIO.

ANrOpUTMM  pO3Mi3HABAaHHSI YaCTKOBO IPYHTYIOTbCSI Ha [iarHOCTUYHUX
MOJeNsIX, SKi BCTAHOBJIOIOTH 3B'SI30K MiXK CTaHOM TeXHIiUHOI CUCTeMM i
IiarHOCTUYHMMM CUTHAJIaMMU, 1110 IMOCTYNAKTh Bif IIMX CUCTEM.

Hajiuacrimme 3a Bce 3acTOCOBYIOTb MeTonu baiteca, mjist SIKOTO TOTpiGeH
BeJIMKMUI 00'eM TTonepeaHboi iHQopMallii 3 cKIagaHHsIM OiarHOCTUYHOI MaTpuiii. Ie
€ OCHOBHMM HeAOJIKOM MeTOAy, TaK SK BMMAra€TbCsl 3a3haJieTiib IPOBECTU
CTAaTUCTUYHY OOpOOKY MaHMX eKCIUTyaTallii, a, B OKpeMMX BUIIaJKaX, MOCTABUTH i
MPOBECTM CIEeliaJibHi JOCTIMKEeHHS, iMiTyloui HeCcHpaBHOCTI 00'eKTiB, IO
BUBUalOTbCcs. Kpim Toro, 1eii MeTon xapakTepHMit i TuM, IO BiJOyBaeTbCs
"IMpUTHiUeHHS", TOOTO — irHOpYBaHHS, PiJIKiCHUX JiarHO3iB [5].

[Hmi MeToau BiApi3HSWTHCSA BiA Metody balieca mpaBuIaMyu yxBaJeHHS
pimens. TyT BupilagbHe MPaBMUIO BUOMPAETHCS BUXOOSIUYM 3 YMOB OITMMAIbHOCTI.

30KpeMa, 1110 CTOCYETHCSI METOY «MiHIMaJIbHOTO PU3UKY», ONITUMAJIbHUM € pillleHHS
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MIPUITHSITE 3 YMOBY MiHIMyMY PU3MKY BTPATU POOOTOCITPOMOXKHOCTi 06’ €KTOM.

MeTop «MiHiMaTbHUX PU3UKIB», K YKe Oy/I0 BiIlMiueHO BUIIE BiZHOCUTBHCS A0
CTAaTUCTUYHUX METO/IiB Ta 10O6pe OMUCYETHCST PO6OTOIO [5].

[Ipy omHOMY [HiarHOCTMYHOMY IlapameTpi X (Hampukiaam, Bibpailis,
TeMIIepaTypa, BMICT IPOIYKTiB 3HOCY B poOouiit piguHi abo macTwii i T.1.) 3amava
TIOJISITa€ B TOMY, 10 BMOMPaIOTh 3HaUeHHS Xo rmapameTrpa X. [Ipu X>X, mpuitMaioTh
pillleHHSI TpPO 3HATTS O0OCTeXKyBaHOrO 006'ekTy 3 ekcruryaranii, a npu X<Xo
IOITyCKAIOTh /0T0 MOJAIbIITY POOOTY.

IIpy Takiit ymMoOBi po3fiJieHHsI MMPOBOASTh Ha ABa Kiaacu (mudepeHiiiaabHa
miarHocTuKa abo mmuxoromist): D; - cripaBHMIt cTaH 006'ekTy, D, - HecripaBHMIT CTaH
(HasiBHiCTD AedexTy) (puc.1) [5].

[To oTpmMaHOMY 3HaUYeHHIO X BM3HAYAIOTh BipOTiAHICTh MOMMUJIKOBOI TPUBOTHU
P(H.:) i BiporigHicTh mpomycky audexrra P(H,).

JIMOBipHiCTb TOMM/IKOBOi TPMBOTK:

X
_ X’
D

1

P(H,)=P, | f (1)
ne P,=P(D,) — ampiopHa BiporigHicTh AiarHo3y D; (MpuiiHATO BBakaTy BiOMOIO Ha
TMiACTaBi IonepeaHiX CTATUCTUYHUX AaHUX).

VIMoBipHicTb mponycky fedekry:

P(H,) =P, | f| 2 fix, @)

2

3a oTpuMaHMMM 3HaueHHSIMM OyayioTh rpadiuHi o6pasu iMoBipHOCTI
TTOMMJIKOBO1 TPUBOTH i MPOIycKy medekTa puc. 1.

ITepexpemenns rpadikiB f(x/D:;) Ta f(x/D;) BKasye Ha TpaHUYHMIA BMICT
3aJ1i30BMiCHMX OOMIIIIOK TPM OOCSTHEHHIO SIKOTO BapTO 3YyIMHUTU OO’€KT mIJIsI

BUKOHAHHS MPOodiTaKTUUHMX a60 pEMOHTHMX POOIT.
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fz/D)

fz/D)

Siz/D,)

Jiz/D,)

fx/D)]

z, z, z, T

P(H,) P(H,)

Pucynok 1 - I'padiuni 06pa3y iMOBipHOCTi TOMMIIKOBOI TPUBOI'M i MPOITyCKy nedeKTa
MIPU IIIJIBHOCTI PO3IIOAiTY BMICTY 3aJi3a B poOO0Uiii pifyHi ajst

cripaBHOro D1 i He cripaBHOro D2 cTaHiB 06’eKTa

BucHoBku. TakvM UMHOM BMKOPMCTAHHSI TeOpil pO3Mi3HABaHHS, a came
MeTOoAy MiHiMaJbHMX PU3UKIB, MO3BOJISIE MOBOJI TOYHO BCTAHOBJIOBATU TPAHMUUHI
BEJIMUMHM 3aJ1i30BMiCHMX IOMIIIIOK B POOOYii pimvHi cucTeMM 3MalleHHSI TUITY
«MAacJIo-TIOBITpsI» He OOTSDKYIUM Ipollec TpomidgkumMyu  (opmynamu  Ta
pO3paxyHKaMMu.
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USING THE METHOD OF "MINIMAL RISK" IN TECHNICAL DIAGNOSTICS
Hrechanyi Oleksii, Vasilchenko Tatiana, Fedorenko Stepan,

Syniavskyi Dmytro, Tsehelnyi Yevhenii

Abstract. As a lubrication of the spindle drive unit of the rolling stand It is
proposed to switch to the oil-air lubrication system. The advantages of "oil-air"
lubrication systems are indicated. The effect of iron-containing impurities on the
performance of the lubrication system has been established. The methods of
recognition theory for determining the boundary value of iron-containing additives
in the working fluid of the lubrication system are analyzed. It has been established
that for these purposes the “minimal risk” method is optimal, which, unlike the
Bayesian method, is less labor-intensive. An example of the practical application of
using the "minimal risk" method to determine the permissible content of iron chips
in the working fluid of the "oil-air" lubrication system is given.

Keywords: technical diagnostics, method of "minimal risks".

References
1. Hrechanyi O. M. Substantiation of the choice of technical parameters of the guillotine
shears of the rolling mill. Metallurgy. 2017. No. 2. S. 126-130.
2. Dynamic processes in the stands of the broadband camp 1680. Monograph. /
[B. V. Verenev, VI Bolshakov, A. Yu. Putnoki and others]. - Dnepropetrovsk: IMA-press,
2011. - 184 p.
3. Air-oil lubrication for the steel and aluminum sectors. www.dropsa.com.
URL: https://www.dropsa.com/flex/cm/pages/ServeBLOB.php/L/RU/IDPagina/2401 (access
date: 16.02.2022).
4. Syritsyn TA Operation and reliability of hydraulic and pneumatic drives: A textbook for
university students. / TA Syritsyn. - M .: MammHoctpoenune, 1990. - 248 c.
5. Technical diagnostics. Monitoring and forecasting. Monograph /
A. Ya. Zhuk, G.P. Malyshev, N.K. Zhelyabina, O.Mio Klevtsov. - Zaporozhye: ZGIA, 2008. -
500 p.

ISSN-online 2708-0102 19



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

DOI: 10.34185/1991-7848.itmm.2022.01.004
®I3NKO-XIMIYHI OCHOBU OTPMUMAHHS HU3bKOBVTJIEHEBUX
I'YBUATUX JIITATYP
I'pumnH O.M., HanTouiit A.A., Ilerpenko B.O., Kupuuoxk B.C.

VkpaiHcokull depxcasHuli yHigepcumem HAayKu i mexHosoziti, M. /IHinpo, YkpaiHna

Beryn. Ilepepo6ka MiHepaqbHOI CHMPOBMHM Ta TeXHOT€HHMX BigXomiB 3a
IIOTIOMOrol0  TBepA0Gha3HOTO BiJHOBJIEHHSI [OO3BOJISIE 30iMBLUIUTU  BUIYUYEHHS
JIETYI0UMX eJIeMeHTiB, pery/Jl0BaTy BJIACTUBOCTI KiHIIEBOTO MPOAYKTY Ta TUM CAMUM
3HAUYHO CKOPOTUTM MaTepiajbHI Ta e€HepreTuuHi BuTpatu. MeTow [aHOro
IOCJiIKeHHST € aHali3 (Pi3aMKo-XiMiYHMX 3aKOHOMipHOCTEeN Mpollecy BiTHOBJIEHHS
3aJ1i30XpOMMCTOI MIMXTH, 10 3a6€3eUyI0Th 3HVDKEHHSI BMiCTY BYIJIEI[IO Y TBEPAOMY
MMPOAYKTi.

OcHOoBHMIT Marepias. VY TexHiuHiii JiTepaTypi MOOCUTb [eTaJbHO
MPOaHa/Ii30BaHO Pi3HOMAaHITHI TEXHOJIOTIUHI acIIeKTM OTPUMMAaHHS Pi3HUX I'y04acTUX
agiratryp ("amp. [1]). a8 KOMIUIEKCHOTO BUpIlleHHSI IIOCTaBJIEHOTO 3aBJAaHHS
HeoOXimHO  BM3HAUMTM  (i3MKO-XiMiuHi  yMOBM, 3a  JOMNOMOTOI0  SIKMX
MOXKHA PeryaloBaT BMICT BYIJIEI}0 B KiHIIEBOMY MPOAYKTi TBepmoda3HOro
BiJHOB/IEHHS MIUXTU. Y 3B'SI3KY 3 IIMM € IepPCIIeKTUBHMMM IBa HAIPSIMKU TONITYKY
pPO3B'sSI3aHHS 3a/aui: ONTMMIi3allisl TapamMeTpiB BYIJIELIEBOTEPMIUYHOTO BiJlHOBJIEHHS
CKJIQHOI IIMXTM 3a [JOIMomMoroxn ¢GakTOPHOTO aHali3dy, a TaKoX OlliHKa
TepMOAMHAMIUHMX i KiHETMUHMX acIleKTiB IIpollecy 3aayyeHHs KapOimHoi dasu y
BiTHOBJIeHHSI. BMKOHaHI HamMM [OCTiIKEHHS TO3BOJISIOTH BMOpATM OITMMAbHI
YMOBM, $IKi 3abe3meuaTb CYTTE€Be 3HMKEHHS BYIJIEI}0 B KiHI[EBOMY IPOIYKTI,
BUKOPUCTOBYIOUM OTpMMaHe piBHSHHSI perpecii. OgHaK IIi HaNpsSMKM OOMeKeHi
TeMIlepaTypHMMM paMKaMu TBepao¢da3HOro BigHOBJEHHS, IO He Ja€ 3MOTU
3HU3UTU BYIJIellb MeHII 2,5%.

BomHouac 3anmyueHHS KapOimiB y Iipoliec BigHOB/IeHHS € e(QeKTUBHUM
criocobom 3HIDKeHHS Byriemio. AHami3 piarpamyu Cr-O-C [03BoOJISIE BU3HAUUTHU
TepMOAMHAMIUHI TapaMeTpM ydacTi KapOimiB y mpolieci BimHOBIeHHS, 006jacTi
CTaJoro icHyBaHHS pisHux a3, TemmepatypHi Mexi. Ciii Takoxk BpaxoBYBaTU
KiHeTMYHi 0COGIMBOCTI yyacTi Kapb6ifiB y mporecax BiZHOBIIEHHS Ta BIUIMBY Feyer.

OTpuMaHi ekcrepuMMeHTa/IbHI JaHi [2] cBiguaTh MpoO Te, IO XapaKTep BIUIUBY
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nm00aBOK Feyer Ha KiHeTUKY BimHOBIeHHS Cr;Os BibHUM ByTjeneM i Kapoigom CrsC,
MpSIMO MPOTWIEXKHUI. 3HauHe IIPUCKOPEHHS IMpPollecy B OCTAaHHbOMY BUMAIKY
BKa3y€ Ha JOJATKOBI MOKIMBOCTI TBEpPIOTO MPOAYKTY SIK 32 PaXyHOK PO3BeIeHHS
Ji0ro 3aj1i30M, TakK i IIJISIXOM IMOCMJIEHOTO 3aJlydeHHsS KapOimHoi ¢asyu BimHOBIEHHS
OKCUIY XPOMY.

BBeneHHS Feyer Y IIMXTY CYTTEBO 3MiHIOE KiHETMUHY KapTUHY Iipoliecy. [lepi
3a BCe, IIPUBEPTAE yBary TOi (akT, 10 MPUCYTHICTb Feyer 3a0e3Mmeuye BiTHOBIEHHS

Cr;0s kap6igom CrsC, Bxke rmpu Temmepartypi 1473 K (puc. 1).

&l

60 }
3
g 40 — _iz_ 5—;:-"::’
| 1
= -
En e e _I— p—
{0
i} 10 20 30
Yac, xE

Pucynok 1 — Kinetuka BigHoBmeHHs1 Cr203 Kapbimom CrzCy 6e3 106aBoK (2,4) Ta'y
MPUCYTHOCTiI MeTasieBOro 3aiisa (1, 3, 5) mpu aTOMHOMY CITiBBigHOIIEHHi
Fe/Cr=1: 1 - 1473K; 2,3 - 1573K; 4,5 — 1673K

[Migiiom mo 1573 K ¢dopcyBaB mpoliec, a BBeOeHHS 3aji3a 30iJabIIyBaio
MBUIAKICTh y ~1,3 pasiB. CTyIiHb BiAHOBJIEHHS 3pa3Ka, IO [OCSITAETHCS 3a
0,5 roguuu, cknana 70 %. Ilomi6Hi 3pylileHHS y IPUCYTHOCTI 3aji3a Main Miclie i 3a
1673 K, a ctymniab BigHoBieHHS mpoTsarom 20 xB mocsrana 80 %. Takuit ramboKumit
PO3BUTOK Tipoliecy npu 1573 i 1673 K cBigumTh Mpo MOSIBY TBEPHOrO MPOIYKTY Ha
6a3i HiK4oro Kapoimy xpomy CrasCe.

Ocob6mmBocTi BININBY Feyer Ha KiHeTUKY BimHoBeHHS Cr,Os Byrenem i 3MiHM

MeXaHi3My IIbOTO BIIMBY HAOUHO LJTIOCTPYETHCSI PUCYHKOM 2.
40

=

NV

0 5 10 15 20 25 30 35
Yac, xB

Pucynok 2 — Kinetuka BigHoB/neHHs Cr,03 rpaditom npu 1573 K mpu aToMHOMY
criBBigHouieHHi Fe/Cr=1 ta C/0=0,5: 1 — 6e3 Feyer; 2 — 3 106aBKOIO Feyer
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BBeneHHs y cuCTeMy 3ajli3a 3HWXKYE aKTMBHICTh XPOMY 3a JOIMOMOIOI OTO
pPO3UMHEHHS y 3aji3i, 10 y KIHIEeBOMY pe3y/bTaTi 3HMUXXYE BYyIJIelb Y CUCTEMI.
OTpuMMaHi TepMOAMHAMIiuHI [aHi OJHO3HAYHO CBiguaThb MpPO 3HAYHE 3HMKEHHS
BYTJIEIIIO 32 pPaXYHOK BBEJIEHHS Y BiTHOBJIEHHS KapOimiB.

3 ypaxyBaHHSIM BMK/IQAeHOro IIpOAHaji30BaHO IMOBipHiICHUII MeXaHi3M
BIUIMBY Feyer HA KiHeTUKY ByTjieleBoTepMiuHOro BimHOBIeHHS Cr;0s. Beryn CrsCs y
BigHOB/NeHHS Cr;Os 3MiHIOE XapakTep BIUIMBY Feyer Ha KiHETUMKY mpoliecy.
[Tepexkpucranizauisi CrsC; y Cr;Cs BigKpuBa€ MOXJIMBICTb YTBOpPEHHS 3MilllaHOTO
Kkap6imy (Cr,Fe);Cs. OcTaHHiii MOXXHA PO3IISIAATU SIK MIPAKTUYHO ileaqTbHMIT PO3UMH
XpOMY i 3aji3a B peIliTIli 3aMillleHHs CIiIbHOro Kap6imy [5]. YTBOpeHHSI Takoro
PO3UMHY CIIPUSIE PO3BUTKY peaKilii

3Cr,05 + 11/7CO = 2/21Cr:Cs + 9/7C0O2 i 7/5Cr35C; + CO; = 3/5Cr;Cs + 2CO

BHACJIIOK 3MEHIIeHHSI aKTMBHOCTiI KapOimHoi dasu, 10 3'SBaSE€TbCI. Tomy
npuckoproerbest peaxuist 1/3Cr,0s + 9/5CrsC; = 213/15Cr;Cs + CO, mo omucye
BigHOB/eHHS Cr,03 B 11i10My, ase i3 3amiHow Cr;Cs Ha (Cr,Fe);Cs.

BucHoBOK. Haii6inbin eheKTUBHMM METOIOM 3HMKEHHSI BYIJIELI0 MOXKe OyTu
IopobKa TPOAYKTY TBepAodasHOro BiJHOBJIEHHSI 3a [OOMOMOTOI OKMCHOTO
padinyBaHHs [2] ab0 HUISIXOM BUKOPUCTAHHS OTPUMAHOTO IMPOAYKTY SIK TBepIuit
BiZHOBHUK [3]. OTKe, TEXHOJIOTIUHO MPOLeC CKIALAETHCS 3 IBOX €TalliB: OTPUMMAaHHS
BYTJIEe1IeBOTO HAITiBIIPOIYKTY Ta MOAAjbIia ioro gopooka.
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Hayku. 2019. T. 30(69). N26. U.2. C.24-29.

DOI: https://doi.org/10.32838/2663-5941/2019.6-2/05
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PHYSICO-CHEMICAL BASIS FOR OBTAINING LOW-CARBON SPONGE ALLOYS
Grishin Oleksandr, Nadtochij Anzhela, Petrenko Vitaliy, Kyrychok Vladyslav

Abstract. The alloying materials obtained by the technology of solid-phase
reduction have higher physical and chemical parameters in comparison with
traditional ferroalloys. A thermodynamic analysis of the Cr-O-C system in the
temperature range of 1273-1673K was carried out, which makes it possible to clarify
the possible ways of developing carbothermic reduction of Cr,Os with the formation
of stable and unstable solid products at various C/O ratios in the charge. The
thermodynamic and structural shifts caused by the presence of iron in the reacting
system are analyzed. The available possibilities for reducing the carbon
concentration in solid reduction products are considered. A regression equation was
obtained using the factor analysis method, which determines the influence of
various parameters on the carbon content in the product.

The kinetics of reduction of Cr;Os in the presence of iron has been
experimentally studied. The features of the effect of iron introduced into the charge
mixture in the metallic form and in the form of oxide on the development of the
process at different temperatures and at individual stages of Cr,Os reduction are
revealed. Ideas about the mechanism of the influence of Fe on the rate regularities
and the depth of chromium reduction from the oxide phase are developed.

Keywords: solid-phase reduction, spongy alloying materials, regression
equation, iron, kinetics.
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METO/IY ITEPEPOBKU TA YTUJII3AIIII JIITIEBUX IXKEPEJI CTPYMY
H3ensepcbkuii B.O., bypunos C.B., Ckocap B.1O., >)Kynaii }0.0., Bopoummnos O.C.

Incmumym mpaHcnopmHux cucmem i mexHoJio2iti HAH YkpaiHu

CphorojieHHs iCHYIOTb TEXHOJIOTii IlepepoOKM JIiTi€EBUX [IsKepea CTPyMy, aje
BOHM TIOKM IIle He € 3aJOBUIbHMMM Ta €KOHOMIUYHO e(eKTMBHMMM. 3a3BUUaii,
MiJIPUEMCTBO 3 MepepobKM BUTATYE BUKIIOYHO JIiTili 3 aKyMyJISITOPHOTO ODPYXTY,
abo Taki merayu, IK KobOanbT. He icHye yHiBepcasbHOI TexHOJIOrii IMepepooKu
BEJIMKOI Macy JIiTieBUX aKyMyJISITOPiB i 6aTapeitok. B €BpoIri Ha CbOTOAHIIIHIN JeHb
repepoObsIEThC auiie 5% miTieBMX aKyMyJsITOpiB, a B YKpaiHi BOHM 30BCiM He
1epepobsIsTIOTbCS, 1[I0 TPU3BOAUTH [0 BUCOKMX PU3MKIB  3a0pymHEHHS
HaBKOJMUIIHbOTO cepenoBuina [1; 2]. JliTieBi mkepena cTpyMy MicTATh Li, a Takox
inmri minai Mertanmu: Co, Ni, Mn, Fe, Cu, Al. Lli pe4yoBMHM MOXXJIMBO 3HOBY
BUKOPUCTOBYBATY 151 BUPOOHMIITBA JIiTi€EBUX JIsKepes cTpyMy. TOMY AOCITiIKeHHS B
rajy3i mepepobku Ta yTWIi3allii JiTiEBUX [Kepen CTPYMY € AyXKe aKTyaJbHUMMU.
MeTa pobOOTHM: Ha OCHOBI aHai3y HAYKOBO-TEXHIUHMX ITyO/IiKalliii HaTu 3arajabHy
XapaKTePUCTUKY CYYaCHUX TeXHOJIOTii IepepoOKy JTiTiEBUX IKePes CTPYMY.

BigmpaipoBaHi [iskepesia CTpyMy IiIIai0Th pO3psIay AJIs 3armobiraHHs BUOYXiB i
nmoxkexx. Ilicisg 1bOTO [Kepesia CTPyMy ITAJAIOTh IOMNEpenHboi 00poOIi mjist
BUJTYUYE€HHSI eJIeKTPOJIiB, aKTUBHUX MacC, CTPYMOBiABO/IiB, cenapaTopiB, eIeKTPOITY.
IToTim, MeTomamMm celapailii MaTepiajiB MO MarHiTHMM BJIACTUBOCTSIM, ab0 II0
MMUTOMOI Maci po3[i/isiloTh aKTMBHI Macu Bif rutactuky i Cu, Al ¢onbru. AKTUBHI
Macu TiggaloTh OOHOMY 3 METOMiB  IepepoOKu:  IlipoMeTalypriiiHomy;
riIpoMeTa/lypriiHOMYy; eJIeKTpoxiMiuHO1 ekcTpakiii. Ha Buxoai orpumytors Li, Co,
Ni, Mn [3-5]. HaijtuacTiiie BUKOPUCTOBYBaHMII MeTOJ PpO3PSAY BiAMpallbOBaHUX
aKyMyJISITOpiB — 3aHypeHHs B po3umH NaCl. BegyTbcs gocCmimkeHHS IIBUIKOCTI
po3psily Ta WMIBUIAKOCTI KOpPO3il B IHIIMX CTPYMOIpPOBIAHMX piaMHaxXx. OCHOBHi
MEeTOIM BUOiJIEHHS aKTUMBHMX MaTepialiB y IIpoieci IonepegHboi 00pPOOKM
aKyMyJIsITOpiB: MeXaHiuHe [ApoOJieHHS; Y/IbTpa3BykoBa 00poOKa; o06pobKa
PO3UMHOM; TIpOXKapioBaHHS. JIpoOjeHHS BUKOHYIOTh Y MOJIOTKOBMX MJIMHAX,
jornaTteBux apobapkax. Ilicis moapiOHeHHS aKTMBHMIA MaTepiaa Ta iHII peuyoBUMHU

MOAIISIIOTh cenapaliieo. Hanpuknan, micast pob6aeHHsT aKyMyJISITOPIiB y JIOMaTeBUX

ISSN-online 2708-0102 25



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

IpobapKax MoApioHeHi mMaTKy Oynu Kiacu@ikoBaHi Ha YOTHPM PO3MIpHI Ipyru
IIJISIXOM CyXOTO MpocitoBaHHs. Benuki mmatku miactuky, Al, Cu Ta momxiMmepu 6yin
BimokpemsieHi Bim marepianiB Katoma Ta aHoga posmipom 0,075 mm. LiCoO, Ta
rpadit posmimmam duorarieto [3]. Ipyruit mpukiag: jiTieBi 6aTapeiiku CIIOYaTKY
pPO3pSIKaIM Ha PO3PSIIHOI YCTAHOBL 3 IIpOrpaMHMM 3abe3leuyeHHsSM, a IIOTiM
MpOBOIWIM MeXaHiuHe [poOsieHHSI i 00po6Ky posumHom mpu pH~10-11 3
OLHOYACHUM IIPOAYBKOI MOBITPSIM [JIs1 3HVMOKEHHSI KOHIeHTpanii H,. OTpumanuii
cKpab oummany, i GinbTpyBasM pigKy dpaxiiio, i3 KoTpoi 3a momomorow NaCOs
Bunydanu Topapuuii LiCOs [4].

I po6JieHHS € HAMOIMMUPEHIIIMM MeTOAOM PO3MiJIeHHS JIITiEBUX aKyMYJISITOPIB.
[IpoTe BOHO Ma€ HeNOJIKM: CUABHUI IIYM, BUKUAM MUY Ta LWIKIAIMBUX rasiB [3].
[TonepenHsi 06pobKa PO3UMHHMKOM BUKOPUCTOBYE PO3UMHM Ta PO3UMHHUKU [IJIS
BigmineHHsI akTMBHMX MaTepianiB Bing Al, Cu donbru. et meTon Bumase g1006aBKy
CIIOJYYHOTO MaTepiany, SKUII TIOCUIIOBAB KOHTAKT (OJbIrM 3 aKTUBHUMMU
MaTepiasaMu. Bimommit MeTon TMojsIra€ B TOMY, IIO0 BCTaBUTU €JIEKTPOIM B
opra”iunmii po3umHHUK (N-meTun-2-nipomiguun (NMP)) npu 100°C. Hemomiku: y
OiMBIIIOCTI aKyMYJISITOPIiB BMKOPUCTOBYETHCS CIIOAYyUYHMIT Martepian PVDF  mis
KpiMJIeHHST aKTUBHOT'O MaTepiany, ajie B IeIKMX BUKOPUCTOBYIOTD iHIIII CIIOTYYHi, SIKi
BMMAraioTh Mi00pPy BiINIOBiITHOTO OpPTraHiYHOro po3uMHHMKA. KpiM Toro, 1eit meTos
B/MAara€ BMKOPUCTAHHSI TapsSuMX OPraHiYHMX PO3YMHHMKIB 61m3bko 100°C, 1o
CTBOpIOE IIKigAMBI BiAXomu B HaABKOJMIIHE cepenmoBuile [3]. O6pobka
MIPOXKapIOBAaHHSIM BinmbyBaeTbcs B iHTepBami Temmepatyp 150-500°C (Hampukiam, B
atMocdepi as3oTy) Ijs1 BUOAJIeHHST KapOOHY Ta opraHiuHoro matepiany. Kpim Toro,
npu TemriepaTypi 250-350°C criosryunmii matepian PVDF BupansieTbCsl, TUM CaMUM
3MEHIIyIouM TpUINIIaHHS aKTUMBHUX MmartepianiB Ha Al, Cu donb3i. Hegomiku:
06pobKa mposkaploBaHHSIM BMMAara€ JIO0pororo obyafHaHHS, € eHEPTOEMHUM i MOXe
BUIUISITU TOKCUYHI rasu [3].

Hani pos3risiHeMO MeTOAM BWJIyUYEHHS JIiTil0 Ta iHIIMX  MeTasiB:
MipoMeTa/lyprisi, TigpoMeTanypris, Ta eJeKTpoxXiMiuHa eKcTpakiis. MeTtop
eJIeKTPOXiMiUHOI eKCTpakilii BigOKpeMJIFO€ JIiTi/i 3 BUKOPUCTAHHSIM JIiTili-
CeJIeKTUBHOI TpaHCMiCMBHOI MemOpaHu. BiH HaiOilbIn IepCeKTUBHUIM, IPOTe

e(eKkTMBHICTb MeTOMy MAOBeleHO TiIbKM B JIabOpaTOPHMX YyMOBaxX; HeoOXimHi
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NOJATKOBI MOCHIIKEHHS [Jjisi MPOMMCIOBOTO 3acTocyBaHHsS [3]. IlipomeTtanmypris
BUKOPUCTOBYE BMCOKI TeMmIlepaTypu [Jisi BUOAJNEHHS OpPTraHiYHMX MarepiajiB Ta
BUK/IMKAE peakilii Ha eeKTPoHax, siKi poOJISITh JIiTiii PO3UMHHMM Yy BOMi. AKTUBHI
MaTepiaqM IOAPiOHIOIOTH Ha IIOPONIOK i IMAJAl0Th IIpOXKapioBaHHIO. Ilpwm
temieparypax Buie 700°C okcui MeTaJeBoro JIiTilo eJIeKTPOIiB pearye 3 rpagiTom
3 yrBopeHHsIM Li;COs Ta okcuaiB MmeTastiB. IIpokapeHni1 ITIOPOIIOK IOTIM IMigJa€eThCs
BWIYTOBYBaHHIO Bojoto. ITicist dinbTpanii Bogy Hepo3uMHEHMI OKCUI, MeTalay Ta
BOOHMIA PO3YMH IOHiJISIIOTh, MO0 oTpumatu po3umH Li,COs, a 1morim Bomy
BUITIAPIOIOTh. Lleit MeTom Moyke 0OpOOJISITY BEJIUKY KiJIbKICTb JIiITIEBUX aKyMYJISITOPIB,
a 1mpomec npoctuii. Hampukinanm, i3 momepegHbo 006po0seHOi JtiTieBoi Gatapei
NpokapwBanyu akTuUBHI Martepiaaum B aszori npu 1000 °C mporsrom 30 XB.
[IpokapeHuii IIOPOIIOK 3aHypioBaJuM Yy Bomy [misi BuiaydeHHa Li i Co 3
BUKOPUCTAHHSIM MOKpPOI MarHiTHOi cerapatiii [4]. Opyruit npukaang: ckpabd Imicis
00pOoOKM JIiTieBMX OaTapeiiok IpPOMMBAAM, CYIIMIM B amapaTri TepMidHOi
Jerimparaliii i migmaBaayu MarHiTHOI cemapaitii. Pinky ¢pakiiiro 06pob6sisiiM amiakom
no pH~12, tomi 3 posumHy ocigaiote Fe(OH)s, Cr(OH)s, Ga(OH)s [4]. Hemouik
MipoMeTaqyprifHoro MeTOHy TIIOJsSIra€ B TOMY, IO BiH BMMAara€ CKJIaJHOTO
ob6nagHaHHS Ta BUKJIMKAE BUIiEHHS IKigmuBux rasiB [3]. Tigpomeranypris e
HaMOiIbII BUKOPUCTOBYBAHUM MeTOAOM BiutydeHHs Li. CyTh y TOMYy, 1110 iOHi3yIOTh
Li y akTMBHMX Marepianax, 00po6seHNX KMUCJIOTaMM Ta OCHOBaMM 3 IOJAJIbIINM
BUJIYTOBYBAHHSIM 3 OTPMMaHHSIM Li+ po3umHiB. BUKOPUCTOBYIOTh KUCIOTU H2SOs4,
HCl, HNOs ta H;O; BimHOBHMK. OfHaK BUKOPUCTAHHS IIMX KUCIOT MOXKE ITPU3BECTU
no BupieHHs1 mikigauBux rasziB Cl, i NOy. ToMy poO3TassgaeTbCsi MOSKIMBICTD
BUMKOPUCTAHHS CJIAOKMX KUCJIOT — IIaBJeBOi 4M JMMOHHOI. [ami 3'egHanHs Li
OTPUMYIOTb 3a JOIOMOTOI0 OCa/KeHHS, eKCTpPAaKIli€lo PO3UMHHUKOM abo
CeJIeKTUBHOIO afcopo1liero. MaTepianyu 3 HM3bKOI PO3UMHHICTIO, TaKi SK TiAPOKCUIN
repexigHMX MeTasiB, BUIIAQZAIOTh y ocajd. 3a3Buyaili BUKOPUCTOBYIOTHCSI TaKi
ocagHuku - NaOH, Na:PO4 Ta Na,COs 3 noJanblIO eKCTPaKILi€ JMiTio y BUIIIAIL
Li;COs un LisPO4. Ll¥M HIJISXOM MO’KHA OTpMMATH TakKoxX 3'e€gHaHHs1 Co, Ni i Mn.
Hampuknan, 3  BupmineHoro  ejekrpogHoro  martepiamy  LiNigzsMng3C0030;
BIUJIYTOBYBA/IM JIiTiit 2M MypaiuHoio Kuciotoio mpu 70 °C i HyO,, 3 mogaabmimim

36inbiieHHsiM pH nipu BukopuctanHi NaOH Ta posunHiB NH,OH. IligBuienHs pH
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npusBeno Ao ocamkeHHsT Co, Mn i Ni y BUT/ISIAI TiAPOKCUAIB, SIKi MOTIM MOIIMIIN.
Hacnuennit Na;COs posumH gomaBanu Ajss orpuMaHHs Li,COs. s eKcTpakiiii
PO3UMHHMKOM BUKOPUCTOBYETbCS OBOoda3Ha cucTeMa BuaijieHHS Li 3 KaTOmHOrO
Marepiasy. MeToa BUMKOPUCTOBYE BiTHOCHY PO3UMHHICTD A BiJOKpeMJIEHHS iOHiB
Big MOMSIpHMX Ta HeNoJSIpHUX piguH. HenonsipHi eKcTpareHTU IepeBakHO
BUKOPUCTOBYIOTbCS 11 Tomiy Co, Ni, Mn. CenekTuBHa aacopOiiist mofinsie Li 3a
JIIOTIOMOTOI0 iOHHO-JIITIEBOIO CUTA, SIKEe SBJIsSIE COOOI0 HEOPraHiuHMII amCcOpOEeHT.
Ockinbku Li € HaliMeHIIMM iOHOM MeTaly, JIiTifi-iOH cuUTa BUKOPUCTOBYIOTH
BaKaHCilo, 1006 mpommycTuTH jauiie ionu Li. AnmcopboBaHe J1iTieM iOHHO-JIiTiEBe CUTO
BigokpemtoloTh Ta po3unHsATb y HCI. Tlorim pgomatrorh NaOH Ta Na,COs mis
orpumaHHs Li,COs. TigpomeTanypriiinuii MeTOHd, TapaHTyE€ BUCOKY IMIBUAKICTD
BiIHOBJIEHHSI i He BMMArae AOJATKOBOTO YCTAaTKyBaHHS, 110 POOUTb 1Oro [yxe
TIOMY/IIPHUM Y JIabopaTopii, a TakKoX MPUIATHMM [0 IIPOMMUCIOBOCTI. OmgHaK, 1ei
MEeTOJ, BMMAarae BeJIMKOT0 00CSATy KUCJIOTY Ta OCHOBM [IJISI BMUIYTOBYBAHHSI, 110 MOXKe
MIPU3BECTU 0 JONATKOBUX BUTPAT Ha XiMikaTu [3].

3a pesyabTaTaMy HAIlOTO aHasi3y NpMBeIEeMO 3arajbHy CXeMy Iepepooku

JIiTieBMX aKyMYJ/ISITOPIB i 6aTapeiiok i OTpMMaHHSI BTOPMHHMX MeTaJiB (puc. 1).

_ ) — MexaHiyHe apobneHHs
_Binnpauposani — YneTpaseykoBa 06pobka

niTiesi akymynstopu Pospsan — O6pobka po3unHOM

i barapeiku - npOX(apIOBaHHﬂ
—Li — NipomeTanypris Cel‘lapaulﬂ
- Cp — ligpomeTanypris — MarHiTHa;
—Ni — EnekTpoximiyHa — Ha AEeHCUMETPIYHOMY CTOfi;
—Mn eKCTpaKLis o be'IOTaU.IGDIO

PucyHok 1 — Cxema repepoOKM JiTieBUX IKepesT CTPYMY

BkaszaHi TeXHOJIOTil JO3BOJISIIOTh OTpMMATH BTOpUHHMUI Li 98-99,97% uncroTtu,
a takoxxk Co, Ni, Mn $Ki MOX/JIMBO BMKOPUCTOBYBATHU [JIsI BUPOOHMUIITBA JIiTi€EBUX
II>Kepes CTpyMmy.
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PIIKICHO3EMEJIBHI METAJIN V BAJIKOBUX YABYHAX

IBanoBa JI1.X., Konotumno €.B., Mupomamuenko I'.O.

Ykpaincokuti depxcasHuli yHigepcumem HAyKu i mexHoJ102itl

Beryn. Kadenpa namBapHOro BupoOHMIITBA YKpaiHCbKOTO I€pP>KaBHOTO
YHiBepCcUTeTy HayKuM 1 TEeXHOJOTiii IIOHAaJ WICTHEeCAT pOKiB 3aliMa€ThCs
IOCJiIKeHHSIM BIUIMBY MOAMMIKyBaHHS PigKiCHO3eMeJbHMMM MeTaJlaMi Ha SIKiCTb
JIUTUX YaBYHHUX BWIMBKIB [1-6]. OgHMM 3 BaXJIMBUX MUTaHb [JIS Teopii Ta
MPaKTUKM BUPOOHMIITBA YaBYHY 3 KyJSICTUM TpadiToM € OOCTiIKeHHS BIUIUBY
BeJIMYMHM TIPUCAOKM Ha TMapaMeTpy KpuCTasisalii 4yaByHy. Bu3HaueHHs poii
MoaudikaTopa B mporeci MmoaudiKyBaHHS BaJKOBOIO YaBYHY T03BOJUTb CTBOPUTHU
Halioinbm edeKTMBHI MomudikaTopu i po3pobUTM pallioHaJbHY TEXHOJIOTiIO
OTPUMAaHHS BUCOKOMIIIHOTO YaBYHY.

OcHoBHMIT MaTepian. [IpoBeneHO MOC/iIKeHHS BIUIMBY BeJIMUMHYM PUCATKA
TPbOX IHAMBiAyaAbHUX PiAKiCHO3eMeJbHMX MeTajaiB 3 BMICTOM JOMIIIOK,%:
nantany (0,39%), uepito (0,41%) Tta itpito (0,24%) Ha mapameTpu KpuUcTadizailii
BaJKOBOTO YaBYHYy XIMiUHOro CKjaapgy,%: Bymienp 3,29; kpemnin 1,81;
mapranenb 0,44 ; docdop 0,07; cipka 0,026; 3a1i30 penira.

HocnigkeHHSI  TPOBOAWIM  BUKOPUCTOBYIOUM  IudepeHllialbHy  CXeMy
BUMipIOBaHHSI TeMIIepaTyp OXOJIOMKeHHS 3 3acTocyBaHHSIM mpuiiamy PITK-59. [Ticas
OTHOYACHOTO pO3IUIaBJeHHs, HarpiBaHHS A0 TemmepaTypu 1450 °C Ta BUTPUMKMU
po3mnaBiB TipoTasrom 10 XB i1 BUPIBHIOBAHHS TeMIlepaTypyu 3[ilCHIOBaIN
npuMycoBe  MoAuGiKyBaHHSI ~ pO3IUIABY  PiIKiCHO3eMeJIbHMM  METaJioM Ta
OHOYACHMI 3aIMC TPHOX KPUBUX OXOJIOMKEeHHS : mydepeHIiaJbHy Ta ABi aOCOMIOTHI
(BuxigHoro Ta MoaudikoBaHOro cIiaBiB). IudepeHiliaibHa KpuBa BMU3HaAUaIa
pi3SHUIIIO TemmepaTyp KpuCTasi3alili mepBMHHOro aycrteHity (ATnou. ayc.,°C) Ta
eBTekTUKM (ATnou.eBT.,°C) B MoAMdpikoBaHOMY Ta BUXiJHOMY CIIaBaX, a abCOMIOTHi
KPMBi OXOJIOAKEHHS — 3MiHU TPUBAIOCTIi (At €BT.,C) IMX TI€PETBOPEHb.

Bcboro OyJio IpoBeAeHO TPU cepii eKCIIepMMEHTIB: B Iepiiit cepii B sIKOCTi
MoaudikaTopa 3aCTOCOBYBaIM MeTaJieBUii JIAaHTAaH — MPUCAIKYBaau B PO3IUIaB Bif

0,1 mo 1% , y mpyriii — uepiii, a y TpeTiii — iTpiii y TakKMX CamMO KiJbKOCTSX.
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V3arajibHeHi JaHi Ipo BIUIMB AOCAIAHMUX piAKiCHO3eMeIbHUX MeTaJliB Ha ITapaMeTpu

eBTeKTMUHOI KpUCTasi3allii BaIKOBOTO YaByHY HaBe/ieHi y Tabauii 1.

Ta6ymuig 1 — OCHOBHI pe3y/iIbTaTy IIPOBEAEHMX JOC/iIKeHb

Me-

[Tpucanka, % o1 (0,2 (0,3 (04 |05 |06 |07 |08 |09 |1,0

Tasl
3aIUIIKOBUI

0,06 | 0,09 | 0,13 | 0,15 | 0,22 | 0,27 | 0,28 | 0,31 | 0,36 | 0,43
BMicCT,%

La ATnou.eBT., °C | 9 13 17 15 -10 | -18 | =22 | -24 | -24 | -22
At eBT., C -15 | -25 | -32 | =52 | -33 |5 15 35 50 |48
ATmou. ayc.,°C | 1,2 | 2,5 |5 7 14 14 12 14 10 10
3aIUIIKOBUM

0,05 0,09 |0,12|0,15|0,20 | 0,23 | 0,26 | 0,29 | 0,32 | 0,35
BMicT,%
ATrou. eBT.,

Ce o 7 11 15 14 | -18 | -24 | -31 | -33 | =33 | =29
At eBT., C -8 |-19 |-30 |-26 |3 11 26 |60 |58 |40
ATnou. ayc.,°C | 1,5 |3 5 6 10 |11 |9 14 |13 |14
3aIUIIKOBUM

0,05 0,07 {0,12|0,17 | 0,20 | 0,23 | 0,27 | 0,30 | 0,35 | 0,41
BMICT, %
ATrou. eBT.,

Y o 3 7 -21 | -29 | -34 | -33 | -28 | =26 | =20 | -20
At eBT., C -17 | -34 | -10 |33 |63 |62 52 |45 |42 |43
ATmou. ayc., °C | 1 2 4 7 12 11 14 13 13 15

B uaByHi, 06p006/ieHOMY JIaHTaHOM, OYB OJiep>KaHMit 3aJUIIKOBUIL 710r0 BMIiCT
Bim 0,06 mo 0,43%, B nepieBomy — Bim 0,05 mo 0,35%, B irpieBomy — Bim 0,05 mo
0,41%. KoedimieHnt 3acBoeHHst MoayudikaTopiB 6yB Bifg 35 mo 50%.

B pesynbTari MpoBegeHMX MOCTiIKeHb OY/I0 MTOKAa3aHo, IO iHAMBigyanIbHa Tis
OOCTIAHMX piAKiCHO3eMeJTbHUX MeTajiB Ha T[apamMeTpu KpucTamisaiii Oyia
aQHAJIOTIUHOI, ajie MJOCIrajocsl Ie Pi3HMMM IX KiJbKOCTSIMM. 3ajieXXKHO Bif,
3aJIMIIKOBOTO BMICTy PiJIKiCHO3eMeJIbHOTO MeTaly 3MiHIOBaBCS XapakTep ioro mii

Ha KpPUCTaJIi3allilo YaByHY.
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MoxanudikaTopu y KiTbKOCTSX, 110 He BUKIMKaIM cdepoinmusaiiii rpadity (mo
0,18% nanrtany, 0,16% uepito ta 0,09% iTpito), MiABUILYBAJIU CXUIBHICTh PO3IJIABY
0 TBepIiHHS 3a CTabiJbHOI CUCTEMOIO, IiJBMIIYBaJM TeMIIEpaTypy I[MOYaTKY
eBTEeKTMYHOI KpucTajisalii. 3a 1IbOr0 3HAYHO CKOpOYyBajacsi TPUBAIICTh
repeTBOpeHHs. Yci i 0co6MBOCTI BIUIMBaAM Ha GopMy rpadiTHMX BKIIOUEHbD, SIKa
3MiHIOBajacs Bif rpyboi IIacTMYacToi OO0 BepMUKY/ISIpHOiI. Takuit BIUIMB Maynx
MIpUCAOOK PigKicHO3eMeTbHUX MeTasliB OyB IMOB’SA3aHMit, MaOyThb, 3 iX 3HATHICTIO
YTBOPIOBATM CTiliKi XiMiuHi 3’€HaHHS 3 PI3HUMMM OOMIIIKaAaMM YaBYHY i TakKuM
yMHOM padiHyBaTy PO3ILIaB.

[Tomanpire 36imbIeHHs KimbKocTi moaudikaTopa (moHan 0,12% itpiro, 0,20%
tepito Ta 0,22% naHTaHy) BUKIMKAIO 3HMKEHHS TeMIepaTypy IMo4YaTKy eBTeKTUYHO1
KpucTaiizamii vaByHy i 3MiHy ¢opmu rpadiTHUX BKIIOUEHb Bim OpiOHO
IJIACTUYACTOI, BEPMUKY/SIPHOI 0 KyqsicToi 3 ¢dakropom dopmu 0,8. Kpim Toro,
30i/IbIIyBasIacsl TPMUBAJIICTh €BTEKTUYHOIO IePETBOPEHHS, sIKe Mai0 MaKCHMMaJbHe
3HAYeHHS JIJi iTpieBoro uaByHy npu npucanii 0,4%, a mis uepieBoro — 0,5%, a ns
nantaHoBoro - 0,6%. KpuTtuuHi KOHIleHTpalii momudikaTopiB 3abesmnevyBaimn
ofepsKaHHSI Y BaJKOBOMY 4aByHi rpadity Kyasictoi ¢opmu. 30i/bIIEHHS BMiCTy
MoaudikaTopa BHUILe 3a KpUTUUYHI KoHUeHTpawii: 0,17% itpito, 0,20% 1epiio Ta
0,27% JnaHTaHy JeKilbKa MiABUIIYBAJIO TeMIIepaTypy II0YaTKy eBTEeKTUYHOI
KpUCTami3ailii, 3MeHIIyBaJi0o 1i TPUBAJICTb Ta TMPU3BOOWIM [0 BUIIJIEHHS B
CTPYKTYpi YaByHY LIEMEHTUTY.

TakuM UMHOM, 3a MOAIOHOIO BIUIMBY JIAaHTaHY, LEpilo Ta iTpilo Ha MmapameTpu
KpUCTajisalii KpUTUYHI KOHIEHTpalii iX, SKi mpu3BOOWIM OO HaMOiMbIIMX 3MiH
rapaMeTpiB KpUcCTali3allii Ta CTPYKTYpPHUX 3MiH Oy Pi3HUMM.

BkaszaHi iHOMBigya/JbHi OCOOJMBOCTI BIUIMBY TaKUX PiIKiCHO3eMeJIbHUX
MeTaJliB SIK JIaHTaH, Lepiii Ta iTpili MOBMHHI ypaxXoByBaTMUCS IpuU BMUOOpPi CKIafIiB
KOMILJIEKCHUX MOAMGiKaTOpiB I/ BaJKOBMX YaBYHiB. JIJIsT I[bOr0 HEOOXiTHI TaKOX
JIOJATKOBI JaHi MPO CyMiCHUIA BIIUB OOCTiIAHUX PiAKiCHO3eMeTbHMUX MEeTaliB.

Hampuknagn, SIKIIO MPUIAHSTU, IO BIJIMB iTpil0 Ta lLiepil0 OJHAKOBUI, TOMI
CyMapHa iX KOHIIeHTpallis, o 3abe3rneuye MaKCUMajbHe IepeoXOJI0IKeHHS IIpU
eBTeKTUYHIil KpUCTai3allii, moBuHHa O0yTy piBHOIO XP3M=%Y+(1,5-1,6)% Ce.

BucHoBKM. 1. BcTaHOB/IEHO TMOMiOHMI BIVIMBY AOC/TiIIHMUX PigKiCHO3eMeTbHUX
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MeTaJliB Ha MapaMeTpyu KpuUCTadi3allii BaJKOBOTO YaByHYy Ta KPUTUYHI IX

KOHILIEHTpaIlii, SIKi MPM3BOAMIM O HAMOIMbIINMX 3MiH mapaMeTpiB KpMUCTajisallii Ta

YTBOPEHHS KyJISICTUX TpadiTHMX BKIIOUEHDb B CTPYKTypax MoaAMdiKoBaHMX YaBYHIB.
2. 3a MoaudikyBaHHSI YaBYHHOI'O PO3ILIaBy 3 METOI0 OAepsKaHHSI KYJSICTOTO

rpadity iTpito HeobximHO momaBaty B 1,5-1,6 pa3iB MeHIlle, HiX Liepio abo JaHTaHY.
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RARE EARTH METALS IN ROLLED CAST IRON

Ivanova Lyudmyla, Kolotilo Yevhen, Miroshnichenko Hanna

Abstract. The effect of the additive value of three rare earth metals
individually (lanthanum, cerium, and yttrium) on the crystallization parameters of
cast iron was studied. The study was carried out using a differential scheme for
measuring cooling temperatures using the ®IIK -59 device. As a result of the
conducted studies, a similar effect of experimental rare earth metals on the
crystallization parameters of rolled cast iron was shown. Additives of rare earth

metals, which led to the greatest changes in the crystallization parameters and the
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formation of spherical graphite inclusions in the structures of modified cast irons,
were different. When modifying cast iron melt to produce spherical graphite, yttrium
must be added less than cerium or lanthanum.

Keywords: rolled cast iron, critical concentration, spherical graphite,
crystallization parameter, rare earth metal.
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ITPO CTIVIKICTh O ABPA3UBHOI'O 3HOIIIYBAHHSI XPOMOMAPTAHIIEBUX
CIITABIB V PI3HUX CEPEJOBHUIIIAX
Kossenb M.A., Ilapycos E.B.

Incmumym uopHoi memanypeii im. 3.1. Hekpacoea HAH Ykpainu (Ykpaina)

Beryn. IligBuilleHHST TepMiHy eKCILTyaTaliii CKJIaJHO JIeTOBAaHMX CIUIABIB SIKi
MigoalThcs aOpa3sMBHOMY 3HOIIYBAHHIO, HAJEXKUTh [0 aKTyaJbHUX IUTaHb
CYy4yaCHOro MaTepiaJlo3HaBCTBa. BupilleHHs icHYHOUOi mpoOJieMM TMOB’SI3aHO i3
TOJIIIIIIEHHSIM ~ 3arajJbHOTO PiBHS BJACTUMBOCTEN JIerOBaHMX CIUIaBiB, 30KpeMa
BYCOKOXPOMMCTHX Ta XPOMOHiKeJIeBUX (CIVIaBY TUITY «HiKOPUH»).

Hapasi 3a3HaueHi CIUIaBM 3HANIUIM IIMpPOKe IIPAaKTUYHE 3aCTOCYBaHHSI B
MTPpOMMUCIOBOCTi. [OTOBI MeTasioBUPOOM y 6i/IBIIOCTI BUMAJKIB MPaIlOIOTh B yMOBax
abpa3MBHOrO i yAapHO-abpa3syBHOTO 3HOILITYBAaHHS, a TAaKOX B yMOBax TepTs SIK 3a
KiMHATHOI Tak i 3a migBuieHoi TemiepaTyp. Taki crjaBu BUKOPUCTOBYIOTb IJIsI
BUTOTOBJIEHHSI ITPOKATHUX BaJIKiB, IJIMT OPOHHOBOTO 3aXMCTy YKPUTTIB, JIOITATOK
IpOOOMETHMX amapariB, MeJIouMX MapiB, a TaKOX iHCTPYMEHTY Trapsdyoro
necdopMyBaHHS (OITPABOK JIJISI TPOIIMBAHHS TPYO).

CTiliKiCTh O 3HOIIYBAaHHSI BMCOKOXPOMMCTMX Ta XPOMOHiKeJIeBUX CIIJIaBiB
BM3HAYAETHCS KiJIbKiCTIO, po3Mipamu, MOPOJIOTi€l0, MiKpOTBEPIiCTIO €BTEKTUUHMX
i BTOpMHHUX KapbifdiB, a TaKoX MeTasieBoi MaTpuili. OcTaHHiI HAYKOBi JOCTiIKeHHS
IIOBeJN, 110 y SIKOCTi aJibTepHAaTMBHOTO MaTepiany, IJis eKCILTyaTallil y CKIagHUX
YyMOBax, MOX/IMBO 3aCTOCOBYBAaTM XpPOMOMAapraHiieBi CIUIaBu (YaByHM), SIKi
XapaKTepU3YyITbCSI OOCTAaTHIM KOMIUIEKCOM BJIACTUBOCTEN 3a 3HAYHO MEHINO1
cobiBapTocTi ix BuroToBaeHHs [1, 2]. Kepytoun npoiiecamu CTpyKTypOyTBOpPEHHS 3a
pPaxXyHOK BUM3HAUYeHHS PalliOHaJIbHUX CUCTEM JIETYBaHHS Ta MapaMeTpPiB OCTAaTOYHOIO
TepMiUHOTO OOpOOGJIEHHSI, CTAa€ MOSKJIMBUM IIiJIECTIPSIMOBAHO BIUIMBATM Ha
MOJIIIIIIeHHS 3aJaHOro PpiBHS  BJACTMBOCTEN XPOMOMAapraHieBUMX CIIJIaBiB.
OueBUAHO, IO BIACTUBOCTI JIETOBAaHUX 3aji30BYIJeLieBUX CIIaBiB (OPMYIOTHCS
6e3mocepeHbO ITiC/sI TPOBEeAEHHS OCTAaTOYHOI TepMiuyHOi 0OpOOKM, ajie B I[bOMY
KOHTEKCTi, CTaH MaTepiasy Mic/as KpucTatidailii BUIMBKIB Bifjirpae BaXJIMBY pOJb 3a
PaxXyHOK MPOSIBY CTPYKTYPHOI CIIaIKOBOCTI.

OTske, MeTa pob6OTU — AOCTiIKEHHS BIUIMBY XiMiUHOTO CKJIa[ly Ta IMapaMeTpiB
CTPYKTYpU XpOMOMAapraHIeBUX CIIaBiB Ha CTiliKiCTh 10 aOpa3sMBHOTIO 3HOIIYBAHHSI.

PesynbTaTy pgociaimKkeHb. /[l TOpOBeNeHHS AOCTIAXeHb BUKOPUCTAHO
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3pa3KM Bi BUJIMBKIB JOCHIAHMX XpOMOMAapraHileBMX CIUIAaBiB XiMIUHMI CKJap,

SIKMX HaBeleHO y Tabm. 1. Kpucramizanisgs mDOCHIZHMX CIUIaBiB ITOYMHAETHCS

i3  BUIUIEHHA  [OeHAPUTIB  IIePpBMHHOIO  ayCTeHITy Ta  3aBepLIyETbCS
dbopMyBaHHIM  eBTeKTMUYHMX KoyioHiit A+Cr;Cs. VY  CTpykTypi Martepiany
BUsIBJeHI Kapbimu Me;Cs Ta ToOHKomudepeHliijioBaHa ayCTeHiTO-KapOimHa

eBTeKTMKa Ha OCHOBi kap6iny Me;Cs [3]. 3a maHMMM PeHTTeHOCTPYKTYPHOTO aHasi3y
BuUsIB/ieHO KapOimy tumy Me;Cs-(Cr, Mn, Fe);Cs, 1leMeHTUT, aycTeHIT Ta ¢epur.
[3 36i/ibIlIEeHHSIM BMICTy BYIJIEI[}0 Ta MapraHilo KiJIbKiCTb ayCTeHiTy B MaTpuili
3pocTae Bim 76 % mo 91 %, a dbepuTy BigMOBiZHO 3MeHIIYeTbCS Binm 24 % mo 9 %.
TBepaicTh criaBiB N2 2 Ta N2 3 ogHakoBa i cknagae 42 HRC. [Ipu iboMy TBepAiCcThb
criiaBy N2 1 BusiBaseTbes HaviHMsk4oto 35 HRC [4-6].

B Tabs. 2 HaBeJeHO pe3y/ibTaTy BUIIPOOYBaHb XpOMOMAapraHiieBUX CIJIaBiB Ha

CTiViKiCTh 10 aOGpa3uBHOTrO 3HOLTYBAHHS Y Pi3HUX CepeIOBUIIAX.

Tabmmus 1 — XiMiuHMi1 CK1aa JOCTiJHMX XpOMOMAapraHilieBUX CIIaBiB

Ne BmicT XiMiuHMX eJleMeHTiB, % Bar.

criaBy | C Cr Ni \Y Mn Si Cu S P

1 2,2 12,6 0,83 | 0,25 | 5,7 1,0 0,10 0,009 |0,013
2 2,7 | 15,9 0,95 (0,25 | 10,5 0,9 0,09 0,009 | 0,027
3 3,1 | 13,1 1,15 | 0,25 | 15,7 0,9 |0,15 0,003 | 0,025

Tab6suiisg 2 — PesynbTaTt BUITPpOOYyBaHHS Ha

abpa3uBHe 3HOILIYBaHHS JOCTiTHUX CIIJIaBiB

AGpasuBHe cepenosuiie Uac, XB 3HOIIYBAHHS CIIaBiB, MT'
CritaB N2 1 Crmas N2 2 |Crutas N 3
15 2,7 3,5 1.0
SiO; 20 2.9 s »
25 3,4 6,7 3.0
15 20,1 25,9 28,8
B.C 20 31,5 32,6 29,5
25 49,0 47,1 34,8
15 33,0 35,4 30,5
SiC 20 42,6 39,3 46,3
25 51,0 53,2 50,0

AHani3 HaBemeHMX OaHMX CBIIUMUTH IIPO Te, IIO0 MaKCUMajbHa BTpaTa Macu
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3pasKiB B Iporeci BUIIpoOyBaHb B YMOBaX aOpa3syBHOrO 3HOIIYBAHHS (CepeIoBuUIIe
Si0,) cmocrtepiraetbcsd y criaBi N2 2, a miHiManbHa - y cmwiaBi N2 3. Ilpu
3aCTOCYBaHHi y SKOCTi abpasuBHOro cepemoBuina B4C mMakcuMmanabHa BTpaTa Macu
criocTepiraeTbcsl y cmaaBi N2 1, a miHimanbHa — y cmiaBi N2 3. B octaHHbOMY
BUNAaKy (cepemoBuiie SiC) MakcuMalibHa BTpaTa Macu 3pa3KiB € XapakKTepHOIO OJIs
cruiaBy N2 2, a MiHiMasibHa — BifinoBigae cruiaBy N2 3.

BucHosku. [locnigkeHO BIUIMB XiMiuHOro i (a3oBoro ckiaagy, CTPYKTYpuU
Ta TBEPAOCTI MeTajieBOi MaTpMUIi MOOCAIZHUMX XPOMOMAapraHiieBMX CIUIABiB
IicJas KpUCTadi3alii BWIMBKIB Ha CTiliKicTh [0 aOpasyMBHOTO 3HOIIYBaHHSI.
BcTaHOB/IEHO, 1[0 HAMOUIBIIOW CTiMKICTIO [0 3HOIIYBAHHS B yMOBaX pi3HUX
abpasuMBHUX cepemoBuil (ITiCOK, Kapbim 60py, Kapbia KpeMHi0) BOJIOZI€ CILIaB, IO
mictuth 3,1 % C, 13,1 % Cr ta 15,7 % Mn. Binbin Bucoka CTiiiKicTh 10 abpa3mMBHOTO
3HOLIYBAHHSI OOYMOBJIEHA O0COOJMBOCTSIMM (OpPMYBaHHSI MAaTpHIli, ayCTEHiTO-
KapOiZHOI eBTeKTUMKM, a TaKOX medopMaliiiHo-(a30BMMM II€PETBOPEHHSIMM, IO
MOXYTh BiZOyBaTUCSI Y TIOBEpXHEBMX Iapax MOCHITHMUX CIUIaBiB. BcTaHOBjeHi
0COOMMBOCTI MalOTh BaKIMBe MPaKTUUYHE 3HAUEeHHSI, OCKiJIbKM [IO3BOJISIIOTH
OOI'pYHTOBAHO IiJi/ATM OO0 BM3HAUEHHS PALliOHAJIbHMX KOMIIO3MIIiii OCTAaTOYHOIO
XiMIYHOT'O CKJIaAy €KOHOMHOJIETOBAaHMX XpPOMOMAapraHIiieBMX CIUIaBiB i3 MOAAIbIINM
pO3p0o06IeHHSIM e(PeKTUBHOTO PEKMMY OCTATOUHOTO TEPMIUYHOTO 0OPOOIEHHSI.
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ON THE RESISTANCE TO ABRASIVE WEAR OF
CHROMIUM-MANGANESE ALLOYS IN DIFFERENT ENVIRONMENTS

Kovzel Maksym, Parusov Eduard

Abstract. Research in the direction of increasing the service life of iron-based
alloys, which operate in difficult conditions, has been carried out. The possibility of
using chromium-manganese alloys (cast iron) as a material has been proven. The
material is characterized by a lower manufacturing cost compared to traditional ones
(high-chromium cast iron and nikorin-type alloy) due to a decrease in the content of
chromium, nickel and vanadium. The results of studies of the influence of the
chemical and phase composition, structure and hardness of the metal matrix on the
abrasive wear of chromium-manganese alloys after the crystallization of castings
were presented. Using X-ray diffraction analysis, carbides Me;Cs-(Cr, Mn, Fe);Cs,
cementite, ferrite and austenite in the structure of chromium-manganese alloys
were identified. With an increase in the content of carbon and manganese, the
amount of austenite in the matrix increases. An alloy that contains 3.1% C, 13.1% Cr
and 15.7% Mn is the most resistant to wear in various abrasive media. This is due to
the hardness of the metal matrix, the amount of austenite-carbide eutectic based on
Me;Cs carbide, and deformation-phase transformations that occurred during the
tests.

Keywords: CHROMIUM-MANGANESE ALLOY, HARDNESS, ALLOYING, ABRASIVE
ENVIRONMENT.
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CTATUCTUYHI METO/IY JOCJIIXXEHHS BUITAJIKOBOCTI ITOII B
3AJJAYAX KOTPOJIIO TA KIBEPBE3IIEKHA

Maunaiiuyk B.I1., Knumenko C.B., Actaxos /I.C.

JHinpoacebkuti HauioHanvHutli yHigepcumem imeri Oneca I'onuapa, YkpaiHa

VYV HayKOBMX i MPaKTUUHMX MpPoOJeMax YacTO MOBOAMUTHCS MaTM CIpaBy 3i
3pa3KamMy Majioi JOBKMHM BUMIipIOBaHb. [Ipy 1iboMy OOC/TIIKeHHS MiAgAIThCS SIK
MOOAVMHOKMM BMMIPIOBAaHHSIM, TaK i cepil BMMiplOBaHb B 3aJauax KOHTPOJIIO Ta
Kibepbesneku. IIpyM BMBUEHHi OKpeMMX BUMipIOBaHb [IOCTiIKYEThCI BUOipKa
cepenHiX 3HaUeHb, IVCIEePCiit, KoedillieHTiB acMMeTpii, HaAJIMIIKY, KOpeJsilii Ta iH.
[Ip BUBYeHHi cepil BMMiplOBaHb MPOBOASATHCS IIOPIBHSIHHSI LMX 3Ha4YeHb 3a
CrieliaIbHUMM CTaTUCTUYHUMM KPUTEPisIMU. 3a3BUYail, TAKUM YMHOM, BUPILTYETHCS
npo6JieMa MPUHAJIESKHOCTI TOC/TiIKyBaHMX BUMipIOBaHb 10 MIEBHOTO KjIacy, 00'€KTiB
abo sIBuIII.

[IpoBeneHo mocaimskeHHST iHOOPMATUBHOCTI KPUTEPil0 aBTOKOPEJSIii mpu
TEeCTYBaHHi TillOTe3! IPO BUIAIKOBICTh B 3aJauax KOHTPOJIO Ta Kibepbesreku 3a
YMOB, SIKII[O eKCIlepyMeHTalIbHy BUOIpKY ITepeTBOPUTHM Ha BIIOPSIIKOBAHY BUOIpKY,
TOOTO OTpPMMA€EMO BMIIAAKM iHBepcii. A KiJIbKiCTh iHBepCiii XapaKTepusyloTh
BUITIQIKOBICTh BMMipIOBaHb y BUbipKax. [IpoBeieHO 00UMC/TIOBA/IbHI €KCTIepUMEHTH,
MM OOCTIIKYEMO CTaTUCTUUHI 3aKOHOMIPHOCTi eKCIIepUMEeHT/IbHUX 3Pa3KiB TPbOX
TUIIB 3aKOHIB PO3MOJITY - JIOTICTUYHMX, €KCIIOHEHI[IIHMX Ta Peses Ta BUM3HAUEHO
iHopMaTUBHICTb KPUTEPil0 iHBepCiit IS Pi3HOI MOBXMHM BUOiIpKM i KoedillieHTiB
KOpeJisiiii 328 yMOB PiBHOCTI MaTeMaTUUYHOI'O OUiKyBaHHSI.

[yt TIpoBelleHHST OOUMC/IIOBAJIbHMUX €KCIIePUMMEHTIB pO3p00JieHO ITporpaMHe
3a6e3mneueHHs. OOYMCIIOBAIbHI eKCIIepUMEHTU MPOBOOWINCS HA MOJENSX
BUIMAJKOBUX BeJUYMH 3a JIOTICTUUYHUM, EKCHOHEHIIiHMM Ta pele€BCbKUM
3aKOHaMM PO3IIOIiTy IMOBiIpHOCTI. PO3p0o0sieHi aHa/Ioru JBOXBMOipKOBUX KPUTEPiiB
TIOPiBHSIHHSI BMOipOK BUIIAJKOBMUX BeJMUYMH. Pe3ynabTaTy [OOC/IIKeHHSI aHaJOriB
KpUTEpiiB TIMOpiBHSIHHSI BMOIPOK BUMAOKOBMX BeIMUMH [OKa3aaM, IO €
iHbopMaTUBHUMU.
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STUDY OF INFORMATIVITY OF THE INVERSION CRITERION IN
TESTING THE HYPOTHESIS ABOUT ACCIDENTALITY IN
PROBLEMS CONTROL AND CYBER SECURITY
Malaychuk Valentin, Klymenko Svitlana, Astakhov Dmytro

Abstract. A study of the inversion criterion in the control and cybersecurity
problems for measurement samples was conducted. The sensitivity to correlation
within the samples of experimental measurements is determined and it is proved
that this criterion can be applied to random variables with both symmetric and
asymmetric distribution laws. Research of an estimation of informativeness of
criterion at their application on short samples by computer processing of
experimental measurements are carried out.

Keywords: criterion, mathematical statistics, distribution law, correlation

coefficient, cybersecurity.
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JOCJIII)KEHHSI MEXAHI3MIB PYIHHYBAHHS ITEPUKJIA30BVYIJIEIIEBUX
BOTHETPUBIB V CKJIAJII ®YTEPIBKHA 60-T KUCHEBOI'O KOHBEPTEPA
METOOAMM MIKPOCTPYKTYPHOI'O AHAJII3Y
Mosuanos JI.C., Bopucenko A.10., T'ony6 T. C.

Incmumym uopHoi memanypeii im.. 3.1. Hekpacosa HAHY

Ia1si  KUCHEBUMX  KOHBEpPTEpiB  CTiliKiCTb  BOTHETPUBKOI  (PyTepoBKM
BU3HAUa€ TPUBAIICTb KOMIIAHIl MeTanypriifHOro arperary, a Hali3Ha4HILIi
BUTpPATU 4YaCy y Cy4aCHMX CTa/IelUIaBWIbHUX IiexaxX IOB's3aHi, HacamIepe[,
3 TeXHOJIOTIYHMMM omepalisiMmu 3 obcayroByBaHHS ¢yrtepyBanHs [1]. Ha
Cy4yaCHOMY  eTami  pPO3BUTKY  CBITOBOI MeTasyprii ISt dyTepoBku
KMCHEBUX KOHBEpPTEPIiB BUKOPUCTOBYIOTh I€PUKIA30BYIJIEl€Bi BOTHETPUBMU.
Jy1st iX BUpOOHUIITBA BUKOPYMCTOBYIOTh ITePUKIA30Bi MOpoIku (y 3 BMictom MgO He
MeHIre 96 — 99%), KpynmHOKpuUCTaIiuyauii rpadit (Bmict Byriaemio — 90 — 98 %) ta
IOJATKOBI MaTepiaiu, 10 HAZAlOTh CIlelliajJbHi BJACTMBOCTI (3B'SI3yBajibHi
MaTepiaju Ta aHTUOKCUAAHTH) [2-3].

OCHOBHMM 3aBIaHHSIM BOTHETPUBKOI (hyTEepOBKM B KMCHEBUX KOHBeEpTepax €
130715111 BMCOKOTEMIIepaTypHOI peakiliiiHOI 30HM KOHBepTepa BiJ MeTaieBUX
eJleMeHTiB KOHCTpyKIii. [Ipy mboMy Ha Hel HilOTb Pi3HOMAaHITHI €KCTpeMaJibHi
HaBaHTaKeHHS Ta (GaKTOPH, Pi3Hi 3a CBOEIO IIPUPOA0I0. 3HOC BOTHETPUBKUX BUPOOIB
Yy KMCHEBUX KOHBepTepax 3aJekKUThb SIK BiJl IKOCTi CaMMX BOTHETPUBKMX OJIOKiB, TaK i
BiZl TeXHO/IOrii BUITJIAaBKY CTasli, 1110 BUKOPUCTOBYETHCS.

B mocmimkeHHi Oy/J0 PO3IASHYTO MOXIMBI  TPUYMHU  PYiHYBaHHS
MepUKIa30ByI/ieleBoi QyTepoBKM MPOMMUCIOBOTO KMCHEBOTO KOHBEpPTepa €MHICTIO
60-T mpoTsirom Kammadii y 2002 rutaBku. MeToauka mIocaiakeHb mepeabavasa Bigoip
3pa3kiB 3 pi3HMX 30H BOTHETPUBKOI (yTepiBKM KUCHEBOTO KOHBepTepa Iepep
eKCIUTyaTalli€l0 Ta TMiciasg 3akiHuyeHHS NOBHOI Kommnadii. I[IpoBeneHHs aHamizy
OTpMMaHMX 3pa3KiB MeTOoZaMM MIiKPOCTPYKTYPHOTO aHaji3y Ta BUSBJIEHHS
XapaKTepHUX CTPYKTYPHUX 3MiH JJjiI BCTAQHOBJIEHHS 3aKOHOMIpDHOCTel Ta
MeXaHi3MiB pyiitHyBaHHS. Binbip 3paskiB /s aHa/Ii3y ITPOBOAMBCS 3 30HU MeTaeBOi
BaHHM (HinsiHKa QyTepiBKM, 110 ITepeBaXKHO KOHTAKTYE 3 MeTajeBMM pO3ILJIaBOM), 3
UWITHAPUYHOI YaCTUHU (TTlepeBa’kHO KOHTAKTYE 3 IIJIakOBOI0 (a3010) Ta MI0JIOMOBOi

yacTUHM (TIepeBakHO KOHTAKTYE 3 OKUCIIOBAIbHOIO Ta30BOI0 (ha301o0).
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Pe3ynbTaTy MiKPOCTPYKTYPHOTO aHali3y 3pasKiB BOTHETPUBIB, IO OyIu
BimiOpaHi 3 pi3HMX OiISTHOK QyTepiBKM KOHBepTepa ITic/as KaMIlaHii, y MOpiBHSHHI 3
aHAJIOTIiYHMMM 3pa3KaMM, W0 OyaM BimiOpaHi A0 IpoBeIeHHS KaMIIaHili BKa3aiu
HaCTyIlHe: YTBOpDeHHsI 3epeH Yy Tepukiaasi ¢GyTepoBKM Ta ¥Oro Imogjabliie
pYViHYBaHHS IO MeykaxX 3epeH Bi0yBaeThCs IMiJ yac eKcIuTyaTallii KoHBepTepa uepes
BUHMKHEHHSI Pi3HOMaHITHUX HAIpyT (TepMiuyHUX, AMHAMIYHMX), [0 BUKJIMKAIOTh
nedopMailii, IKi MalTb IUKIIYHUIT XapaKTep. BkazaHa 0coOGaMBiCTh xapakTepHa
IJIs 3pasKiB BimiOpaHMxX 3 yciX 30H (yTepiBKM, IIPO Te Hail XapaKTepHillle JaHUi1
acIeKkT CIIOCTepiraeTbCsi Ha 3paskax BOTHETPUBKMX MaTepiajiB, BigiOpaHux 3
UMIIHAPMYHOI vacTuHM @yTepiBKu. I[linTBepmKeHHSIM pYMHYBAHHSI BHACIiIOK
BIUIMBY Hampyr pi3HOI NpUPOOM € BeMKa KUIbKICTb 3pYMHOBAHMX KPUCTAJIiB
MepuKIa3y Ta HasIBHICTb CMYT KOB3aHHS a00 OBiHMKYBAHHS B JIIKBAIlifHMX 30HAX
MK KpUCTa/UTiTaMM TepuKIIasy, Mo CTUKaThcs (puc. 1 c,d), i IKUX y BUXiZHOMY
ctaHi He O6yno (puc. 1 a,b). IIpu 11bOMy BCTaHOBJIEHO, IO UMM Oi/NbIINII BUXiTHUI
PO3Mip JOTMUYHMUX OKPYIVIMX KPUCTAJUTITIB TIepUKIasy, TUM OibIINMIT pO3Mip 3epeH y
nepukaasi @yTrepoBKM Mic/asi eKcIulyaTallii, pyiHyBaHHSI 3a MeXaMM SIKUX
CYIIPOBOIKYETHCSI YTBOPEHHSIM BEJIMKUX MOABITHUX HiSTHOK.

MexaHi3M B3a€MOfii KpUCTaliB IepuKIasy 3i HUIAaKOBMMM aszaMu
BU3HAYAEThCS TPUPOAOI0 ITOXOMKEHHS TepuKiIaszy (CriedeHHs abo IIIaBJe€HHS).
B3aeMoiis nu1aKky 3 miaBjieHUM MePUKIa30M MPU3BOAUTH OO OIJIaBJI€HHS MOBEPXHi
6e31ocepeIHbOr0 KOHTAKTY Ta IMPOHMKHEHHSI KOMITOHEHTIB IIIJIAKy BIVIMO KPUCTAJIiB

IIepuKiIady mjisdxom iX CcryIaB/eHHS.

L

PucyHok 1 - CTpyKTypa IiaBjaeHOro repukiaasy GyTepoBKY HUIiHAPUUHOI YaCTUHA

KMCHEBOTO KOHBepTepa 10 eKcrutyaTaliii (a,b) Ta ciaigu gedopmartiii Misk KpucTamutiTaMmmu
MepuKIasy, Mo CTUKAIThCS, Y (PyTepoBIli KMCHEBOTO KOHBepTepa Iic/s ekcrutyaTaiii (c,d):
a-d - 3BuuaiiHe cBiT/IO; a’-d’ — MOJISIPU30BaHe CBIiT/IO0
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OmnnaBieHHS MeX 3epeH Ta [ABiHMKIB TMepUKIasy IUIaBJA€HOIO TUITY He
BinmOyBaeThCsa. B3aeMofisl mitaky 3 IepuK/Ia30M CIEUYEHOTO TUITY MPU3BOAUTH A0
OIJIaBJIEHHSI TIOBEPXHi iX KOHTAaKTy MeX 3epeH, cIpusiiour (GOpMyBaHHIO Oi/lbII
HepiBHOMiIpHOI 3a CKJIaOM Ta CTPYKTYpPOIO 30HM CILJIaBJIEeHHS, HDXX Yy BUITaAKYy
IJIABJIEHOTO Mepukiaasy. Yepe3 MeHIIMII po3Mip 3epeH i BUKIMKAHY MM OijIbIry
TJIMOMHYTTPOHMKHEHHST MiK 3epHaMM, IIPOCOYEHHST KOMITOHEHTIB IIJIaKy B CIIeUeHMIA
nepukia3 € 6i/iblll iHTeHCUBHINIMM, HiX Yy TuiaBaeHuit. IIpu 11boMy po3TpPiCKyBaHHS
CIIEUEHOIo IIepuKIa3y B 30HI KOHTAKTy 3i IUIAKOM € Oi/JbIl iHTEHCMBHUM Y
MOPiBHSHHI 3 IUIaBJeHMM. BinmoBimZHO 10 LIbOrO BigOYBA€ThCS MOTipIIEHHS
KOHTAKTY BYTJIeI|eBO1 3B’I3KM 3 3epHAMM IepUKIIa3y Ta CIIOCTEPITa€ThCS CTPYKTYPHE
pyitHyBaHHS. Lle BUpaXka€TbCsl B YTBOPEHHI TPIllIMH Ta IMTOPOKHUH, SIKi CIIPUUYMHSIOTH
py/iHYBaHHS BOTHETPMBKOIO MaTepiajly IO MeXi KOHTPaKTy 3i IIJaKOBUM
po3minaBoM. OTpuMaHi 3aKOHOMIpHOCTI pyMHYBaHHS MepuKIasy Yy CKIafdi
BOTHETPUBKOiI (yTepiBKM BMMAaralTb MONAJIbIIMX CHeliaJbHUX OOCTiIKeHb 3
BM3HAYEHHS KiJIbKiCHO1 OL[IHKYM 3MiHM XiMi4YHOTO CKJIaJly.
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INVESTIGATION OF THE MECHANISMS OF DESTRUCTION OF
PERICLASE-CARBON REFRACTORIES IN THE LINING OF A
60-TON OXYGEN CONVERTER BY MICROSTRUCTURAL ANALYSIS

Molchanov Lavr, Borisenko Andriy, Golub Tetyana

Abstract. The main task of refractory lining in oxygen converters is the
isolation of the metal elements of the unit from the high-temperature reaction bath
of the converter. At the same time, it is affected by various extreme factors that are

different in nature. The wear of refractory products in oxygen converters depends on
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both the quality of the refractory units themselves and the used technology of steel
smelting.

The study examined the possible causes of the destruction of the periclase-
carbon lining of an industrial oxygen converter with a capacity of 60 tons during the
campaign of 2002 heats. The research methodology involved the selection of
samples from different areas of the refractory lining of the oxygen converter before
operation and after the end of the full company. Obtained samples were tested by
methods of microstructural analysis for detection of characteristic structural
changes to establish patterns and mechanisms of destruction. Samples for analysis
were taken from the area of the metal bath (the area of the lining, mainly in contact
with the metal melt), from the cylindrical part (preferably in contact with the slag
phase) and helmet part (preferably in contact with the oxidizing gas phase).

The results of microstructural analysis of refractory samples taken from
different parts of the converter lining after the campaign, compared with similar
samples taken before the campaign, indicated the following: the formation of grains
in the periclase of the lining and its subsequent destruction within the grain
boundaries the emergence of various stresses (thermal, dynamic) that cause cyclical
deformations. This feature is characteristic of samples taken from all areas of the
lining, and the most characteristic of this aspect was observed in samples of
refractory materials taken from the cylindrical part of the lining.

Keywords: oxygen converter, periclase-carbon lining, operating company,
microstructural analysis, structural destruction, thermal and mechanical stresses,
periclase crystals, slag phase.
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PO3POBKA TA JOCJIIIKEHHS TEXHOJIOITI TIPOKATKU-3’€THAHHS
AJIIOMIHIEBUX APMOBAHVX KOMITIO3UTIB 3 ITIIIBUITEHOIO 3JATHICTIO
10 IIOTJIMHAHHS EHEPTTI YIAPY I BOTHETPUBKICTIO
Hocko M.I., ®posos 4.B., Booyx O.C., CamcoHeHKO A.A.

Ykpaiucokuti depxcasHuli yHisepcumem HayKu i mexHonoeiti, Ykpaiwna, /IHinpo

Beryn. Po3pobka Ta yIOCKOHAJIEHHS CIIOCOOIB BUPOOHMUIITBA KOMITO3UTHUX
MarepiajiB Ta MOKPUTTIB, 10 BOJIOAiIOTb BUCOKMMM eKCIUIyaTaliiiHUMMU
MOKa3HMKAMMU, € aKTyaJIbHMUM 3aBIaHHSIM Cy4YaCHOI'O MaTepiaJlo3HaBCTBA.

Oco6muBuii iHTepec BUKJIMKAE HAIPSIMOK BUPOOHMIITBA KOMITO3UTHUX
MaTepiajiB Ta IMOKPUTTIB Ha OCHOBI aJIOMiHil0 apMOBaHOIO TBepAol0 (as30i0 3
MiABUIIEHMMM BAACTUBOCTSIMM KOMITO3UTY, 30KpeMa 3HMKEHOI MUTOMOKO Baroio,
30i/IbIIIEHOI0 €HepTi€l0 yaapy, a TaKOX BOTHETPUBKICTIO. BaXkJIMBiCTh CTBOpPEHHS
TaKMX KOMITO3UTHUX TOKPUTTIB JUKTYETbCS MigBUILIEHHSM BUMOT OO YMOB
eKCIUTyaTallii JiTaJbHMX 00'€KTiB, HAIPMKIA, 3aXO[iB 3aXMCTy BiJ 3iTKHEHHS 3
nTaxaMy abo B SIKOCTi 3aXMCHMUX 6ap’epiB, eJleMeHTiB 03/100/IeHHS, @ TAKOXK Y SIKOCTi
3arOTOBKM [Jis TOHAJIbIIIOTO BUTOTOBJIEHHS €JleMeHTiB KOHCTpPYKIii. [Ipore mo
CITPaBKHbOTO YaCy IIi TPob6JieMM B ITIOBHIil Mipi Ije He BUPillleHi.

OcHoBHMIT MaTepias. HaykoBa OCHOBaA TeXHOJIOTiI MOJSITAa€ y TMIPOTHO3YBaHHI
dbopmo3miHu CiTKM B 30HiI medopmaliii, ska GakTuuyHO chopMoBaHa aalOMiHi€BOIO
MaTpuiielo, 1o rmHe. Kpim Toro, mig yac mpokaTky Mae 6yTu 3abe3mneueHo HafiliHe
3BapIOBAHHS TUCKOM JBOX IIapiB aJlOMiHi€eBOi MaTpuili MiXk CO60I0.

EkcrieprMeHTa/bHa MPOKATKa apMOBAaHMX KOMITO3UTIB MPOBOAMIACS Ha JBOX
MPOKaTHUX CTaHax jabopartopii kKadempu O6pobkyu MetaniB TuMckoM: cTaH AyO 3
IiameTpoM BajkiB 180 MM i cTaH KBapTo 3 AiamMeTpoM pobouMx BajKiB 135 MM.
I[Tepen, MPOKATKOK KOMITO3UTH HarpiBaau go temmeparypu 500°C.

3aroToBKOI0 Jji1 TMaKeTHOI TMPOKAaTKM BUKOPUCTOBYBAJaCh allOMiHieBa
rapsiueripecoBaHa mtada posmipamu (hxbxl) 3x70x200 mm 3i crmaBy EN AW 1050. B
SIKOCTi apMylOuoro marepiany (MiK aalOMiHieBMMM I1apamu) OyJ0 BUKOPUCTAHO
BifiTlaJleHy MPOCIiYHO-BUTSIKHY CiTKy po3mipom (txbxl) 0,5 x 70 x 200 mm 3i crasni
C10, 3 po3mipoMm Biuka I'paTku 1.8 x 6 MMm.

[TpoxkaTky mpoBoauu 3i crynensimu nedopmariii 20, 30 i 40%. Ha ctaHi kKBapTo
IOlaTKOBO ITpOKATyBaaM apMOBaHi KOMMO3uUTU 3i cTyreHeM npedopmaiiii 50%.

CrymeHi pedopmaiiii  po3paxoByBaay BiIHOCHO alOMiHi€eBOi MaTpuili 0e3
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BpaxyBaHHS TOBIIMHM apmywouoi ¢asm. OkpiMm apmMoBaHMX KOMIIO3UTIB
MIPOKATyBa/IM TAKOX ¥ KOMIO3UTKU 0e3 apMyBaHHSI 3 aHAJOTIiYHMMM CTYTEHSIMU
nedopMmariii.

JI71s1 po3p0o0KM, aHATi3y Ta ONTMMIi3allii TeXHOJIOTi/ i 06POOKM MeTaliB TUCKOM
MPOBOAMIM MOJEJIIOBAHHS IPOLECY MNPOKATKM KOMIIO3UTY 3 CTaJeBOI CiTKOMO
BcepenyHi. Moae/noBaHHS IIPOBOAMIIOCS Y TPUBUMIPHIil CUCTeMi 3 BUKOPUCTAHHSIM
KOMIUIEKCY iHXXMHIPpMHTOBOrO MporpaMHOro 3abesmeueHHst — QForm (JtimeH3ist
BUKOPUCTOBYEThCS B pamkax yroau No. MSL2015 10 5 Big 28.10.2015 p.) [1].

OCHOBHMMM TTapaMeTpamy, 10 BU3HAYAKOTh 3’€JHAHHS IJIACTUH aJIOMiHiI0 Ha
MesKax po3[isly MaTpuili 3 CTaJIeBOIO CITKOIO BCepeayHi, € TeMIlepaTypa HarpiBaHHS
MaTepiaay Ta BeJIMuMHa 00TUCKY.

[Ticyis ekcriepyMMeHTaIbHOI MPOKATKM MPOBOAWIM BUIIPOOYBAHHS KOMIIO3UTY:
Ha yaapHuit BUTMH (1) Ta BOTHETPUBKICTD (2).

1) BunipobyBaHHSI Ha yaapHUii BUTMH TIPOBOAVIIMCS SIK AJISI apMOBaHMX, Tak i
171 HeapMOBAHMX KOMITO3UTiB, ITPOKaTaHMX 3 00TucHeHHSIM 20%, 30% i 40%.

306i/bIIeHHS] OOTMCHEHHS ITPYM IIPOKATIIi ITOKpAIIy€e IOMIMHAHHS eHeprii yaapy
y BCiX 3pa3kax. TakoxX MeHIIui AiaMeTp Ba/IKiB MPMU3BOAUTDH A0 KpalllMx 3HAueHb
TIOTJIMHAHHS €eHeprii Mpu yaapHOMY BUTHHI, 1[0 He 3aJIEXXKUTD Bif, TUITY KOMITO3UTY i
00THCHeHHS. Y TOI Xe 4ac OCHOBHMMM BiAMiHHOCTSIMM MpM BUIIPOOYBAaHHSIX Ha
yOapHUII BUTMH MK CTaHaMM "Iyo" Ta "KBapTo" €:

— IIpokaTHMIT CTaH «ayo» 3abe3rieuye TMPUPICT MOTIMHAHHS eHeprii ymapy B
HeapMOBaHUX KOMITO3UTaX;

—IlpokaTka B cTaHi 'KBapTO' IMiABUIINY€E IIOTJAMHAHHS eHeprii ymapy B
apMOBaHMX KOMITO3UTaX.

2) BumpoOyBaHHSI Ha BOTHETPUBKICTb IPOBOAMIMCS [JISI apMOBaHMX, i
HeapMOBaHMX KOMIIO3UTIiB, IIPOKAaTaHMX 3 00TUCHEHHSIM 30%.

Kommnosut ¢ikcyioTh Ha cTeHAi mif mieo cun 49 H (5 Kr), Ikepesio TOMyM 's
HampaB/IsIlOTh Ha IEHTP BUMIPOOyBaHOTO 3pa3ka. Ilil BIIMBOM TeMIlepaTypu,
aJlOMiHi€BUIA Iap TTOUYMHAE PYITHYBATUCh, HEAPMOBAHMI1 KOMITIO3UT PYIHHYETHCS IPU
temnepatypi 545°C ming miero cun 27,45 H (2,8 Kr), KOMOO3UT apMOBaHMIi CiTKOIO
36epirae cBoi XxapaKTepUCTUKY Ta 3AATHMII BUTPMUMATH HarpiBaHHs 6inbine 650°C, a
cuja, 1o Aisyia Ha KOMIIO3UT 3HM3miIach ax go 7,8 H (0,8 kr), mic/isi mpunmHeHHS
HarpiBy 3paska, cuja IMoBepHyJach A0 3HaueHb 11,7 H (1,2 Kr) BHACHIOOK ycaaku
micjiss HarpiBy. OCTaTOYHOTO PYHYBaHHS apMOBAHOTO KOMIIO3UTY TakK i He

BizIOy/1OCSI.
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BucHoBKM. BCTaHOB/IEHO TMOBEIiHKY  MPOCIYHO-BUTSDKHOI  CITKM 3
KOHCTPYKIIIMAHOI CTa/Ji OpM CKJIEIOBAHHI BaJKaMM MiK [BOMa QJIOMiHIEBUMU
aucTaMu, po3pobsieHa i IMpomojaeabOBaHA MOJEeNb MPOKATKM KOMIIO3UTY, OYJI0
IIPOBEIEeHO ITIOPIiBHSHHSI OTPMMAaHUX OAaHMX 3 eKCIlepMMeHTalbHMMM. IIpoBendeHi
BUITPOOYBAHHS Ha YIAPHUI BUTYH Ta BOTHETPUBKICTb.

JlitTepaTypa
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DEVELOPMENT AND RESEARCH OF ROLL BONDING TECHNOLOGY
FOR ALUMINUM REINFORCED COMPOSITES
WITH ABSORBED BENDING ENERGY AND FIRE RESISTANCE
Nosko Maksym, Frolov Yaroslav, Bobukh Oleksandr, Samsonenko Andriy

Abstract. The development and improvement of methods for the production of
composite materials and coatings with high performance is an urgent task of modern
materials science.

Particular interest is the direction of composite materials production and
coatings based on aluminum reinforced with a solid phase with improved properties
of the composite, reduced specific gravity, increased impact energy that can be
absorbed and fire resistance. The importance of creating such composite coatings is
dictated by the increasing requirements for the operating conditions of aircraft, for
example, measures to protect against bird strikes or as protective barriers, finishing
elements, and also as a blank for further production of structural elements. Serious
tasks are in terms of full or partial replacement of valuable metals and alloys with
cheap and affordable composites with higher performance. However, these problems
have not yet been fully resolved to date.

Keywords: aluminum-steel reinforced composite, expanded steel mesh inlay,
flat rolling, roll bonding, deformation parameters.
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TEXHOJIOTTI PA®IHYBAHHS ®EPOXPOMY Y KOHBEPTEPI I'KP

Bennuko K.A.

VkpaiHncokull depxcasHuli yHigepcumem HAayKu i mexHoJ102it

HocnimkeHo B 1 T KoHBepTepi rasokucHeBoro padinyBanus (I'KP) texHomorii
padiHyBaHHS BiJ BYIVIEI[I0 BMCOKOBYIJIEIIEBOTO (epOXpOoMYy 3 METOI0 OTPMMaHHS
3aTpebyBaHMX CEpeIHbO- Ta HM3bKOBYTJIELIEBOTO (pepoxpomy.

3 ypaxyBaHHSIM BigoOMuX YysiBJeHb [l] pO3IISHYTO TEpMOAMHAMIUHI Ta
KiHeTMYHI MOKJIMBOCTI IIPOIIEeCiB.

3a mepioi TeXHOJOTiYHOI CXeMOI0 BMCOKOBYTJIelleBUii (epoXpoM i3 BMiCTOM
ByIJIell0 61M3bKo 8% i xpomy = 65% mpomyBanmu B KoHBepTepi I'KP kucHeM Ta
aproHom. [IpogyBka BK/IIOYaga ABa IMepiOAM: OKUCIIOBAIbHMUI, KOJIU KUCHEM, IO
BIIYBA€TbCS, OKUC/SIM ByIJiellb i APYruii - BiTHOBIIOBAJbHUI 3 IPOAYBAHHIM
aprOHOM.

V KiHueBomy (Qepoxpomi Imicisi mpomyBaHHSI BMIcT xpomy  60...65%,
Byrjento ~2,0%.

3armporoHOBAaHO  TEeXHOJIOTIYHY CXeMy BUILIaBKM  HM3bKOBYIJIEIIEBOTO
dhepoxpoMy CHTIKOTEPMIUHMM CITOCOOOM.

BinnmoBigHO 10 3aMpONOHOBAHOI CXeMM, pO3ILJIaB/IeHMi1 B IyrOBilt eeKTpoIieydi
Fe - Si- Cr 3nuBasnu B 1 T KouBepTep I'KP. Ilicis 3anuBaHHS TPOBOAMIIN ITPOIYBAHHS
pO3IUIaBy KMCHEM JI0 AOCATHeHHs TemIiiepatyp 1680-1700°C.

[Ticyis Habopy HEOOXiHOI TeMIepaTypy IepexoaIuin 10 MIPOAYBAHHS PO3ILIaBy
aproHoM. VY lieil mepios y KOHBepTep MOPIiifHO MPUCAIKYIOTh BAITHO i IIpOKapeHy
XpOMOBY pyay. TemmepaTypy MeTally MiATPUMYyBadM 3a PaxXyHOK IMPOTiKaHHS
eK30TepMiUHMX peakllili BiTHOBIEHHSI XpOMY Ta 3ajii3a KpeMHieM (epoCUIiKoXpomy
Ta YTBOPEHHS 1U1akoBoi crioayku Ca0-SiOs.

B pesynbTati mic/ist BigHOBIEHHS ¢hepoxXpoM Ma€ HACTYITHUI cKiam, %: XpoMy
He meHIe 60%, Byriero 0,05...0,1%, kpemuiio He mene 0,8...1,0%

HocnimKeHHsT  IMATBEPAUAM  MOXIMBICTD  BUIIABKM  CepegHbO-  Ta
HU3bKOBYTIJIelleBOro ¢epoxpoMy B KoHBepTepi ['KP IHIISIXOM MHPSIMOTO OKMCJIEHHS

BYIJIEI[}0 KMCHEM Ta CYJTIKOTEpMiUHUM METOIOM.
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TECHNOLOGIES OF REFINING FEROCHROME IN GKR CONVERTER
Velichko Kostiantyn

Abstract. Investigated in a 1 ton gas-oxygen refining converter (GCR) are
technologies for refining carbon from high-carbon ferrochrome in order to obtain
high-demand medium- and low-carbon ferrochrome.

Keywords: refining, ferochrome, converter, oxygen refining.
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CEKLIA 2

IH®OPMAIIIVHI TEXHOJIOTII B ITPOIIECAX OJEP’KAHHSI MATEPIAJIIB 13

3AJAHVMMU BJIACTUBOCTSIMU

SECTION 2

INFORMATION TECHNOLOGIES IN THE PROCESSES
OF OBTAINING MATERIALS WITH SPECIFIED PROPERTIES
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MO/JEJIIOBAHHS ®A30BUX ITEPETBOPEHD ¥V
TTPOIIECI OXOJIOZIP)KEHHS JIETOBAHUX CTAJIEN
Bob6ups C.B., ITapycos E.B., T'ony6enko T.M., Jlomkapbos [I.B.

IHcmumym uopHoi memanypeii im. 3. I. Hekpacoea HAH YkpaiHu (YkpaiHa)

Beryn. CydyacHi [gocmimkeHHSI 3 MoOmeaioBaHHS (a30BUX I1€PEeTBOPEHb Y
HM3bKOJIETOBAHUX CTaJISIX II€BHOIO MipO0 BUPINIYIOTh IPO6JeMYy KiJbKiCHOTO
BCTaHOBJIEHHSI ()a30BMX IEpPeTBOPEHb MPM 3aJaHOMY XiMiUHOMY CKJIai CTali Ta
pi3HMX IIBUIKOCTSX OXOJOMKEHHS, W10 y CBOK Yepry HaJa€ MOXIUBICTb
IIPOTHO3HOTO  BM3HAUYEHHS CTPYKTYpPM METaJIOBMPOOIB  IIiC/JSI  TepMidHOIO
00po6sieHHs1 [1-5]. OpgHAK MOXJIMBOCTI YHiBepcaJbHUX IMPOTPaMHMUX IPOAYKTIB 3
KiHIIeBO-eJIeMeHTHOTO PO3paxyHKy Mofesieli 3 HeJiHiiHMMM BJIaCTUBOCTSIMM, SIKi
3MIiHIOIOTBCSI Ha KOXHOMY eTali pO3paxyHKy € OOMeXKeHMMM [JIsl — aHajildy
CKJIaTHOJIETOBAHMX CTaJIeii.

MeTa po0GOTM - MoOIe/NOBaHHS (a30BO-CTPYKTYPHUX TIE€PETBOPEHb IIPU
OXOJIOIMKeHHI CKJIagHOJIeTOBaHMX CTajieli i3 ypaxyBaHHSM YTBOPEHHS YCix
CTPYKTYPHUX CKJIaJ0BUX, 30KpeMa 3aJIUIIIKOBOrO ayCTEHITY.

PesynbraTy pociigykeHb. [l MpoBeneHHS AOCTIIKeHb BUKOPUCTOBYBAIU

ctam 25X2M1® i 38XH3M®A i3 XiMiYHMM CKJIa0M Y BiAITOBiIHOCTI 0 TaOJIMIIi.

Tabmuus — XiMiuHuii CKIaI JOCTiIKYBaHUX JIETOBAHUX CTaJIe

XimiuHnii cknam, % Bar.
Mapka

C Mn Si Cr Ni Mo \Y
25X2M1D 0,29 0,37 0,45 2,75 0,25 1,1 0,37
38XH3M®DA 0,38 0,30 0,27 1,30 3,25 0,4 0,15

I mMofentoBaHHS CTPYKTYpPM JIETOBAHOI CTali BUKOPUCTAHO aHAJIITUUHY
MOJesb TIepeTBOPEeHHS ayCTeHiTy [3] i3 po3paxyHKOM TeMIlepaTyp Ta 4acy
repeTBOpeHb 3a perpeciiiHo Moaestio [4]. PiBHsiHHS M. ABpaMi, sike BUKOPUCTAHO

IUIS1 PO3PaxXYHKY KiHeTMKM (pa30BOro IepeTBOPeHHs, Ma€ HaCTYIIHMIT BUTJIS/,:
P :1—exp(—(V-r)n), 1)

ne P, — pe3ynbTaT (pa30BOro nepeTBopeHHs (KiJIbKiCTh YTBOPEHOI0 GepuTy, nepiiTy

abo 6eiiHiTy); V — BimHOCHA MIBUIKICTb TEPETBOPEHHS; N — CTYIMiHb PiBHSHHS; T —
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yac rnepeTBOPeHHS (HIDKUe KPUTUYHOI TOUKMU Acs O dheputy, Ac; — OJis TepriTy i
Aco — 1715 GeViHITY).

BinHoCHa IIBUIKICTh repeTBOPEeHHS BM3HAYAETHCS HaCTYITHOIO
dbopmyioro [4, 5]:

V:K-AT-exp(—Q/ZRT), (2)
oe AT=Tc-T, T — norouHa TemIiepaTtypa; 1c — TemMIiepatypa KPpUTUYHUX TOYOK
repeTBOpeHHs1; Q — eHepris akTuBalii audysii Byrielio B Jeroadiin cram; K —
nocTiiiuuit koediieHT; R — yHiBepcanbHa razoBa koHcTaHnta — 1,987 [cal K'! mol™].

[Tapametrp Q nmast depuTy i IepiaiTy OOpiBHIOE eHeprii akTuBarii audysii
BYIJIELIIO B ayCTEeHiTi, a 11 OeliHiTy — eHeprii akTuBaLii nudysii Byraenio y gepuri.
Temniepatypa Aco s CTajgeil BU3HAYAETbCS BUXOIOSYM 3 YMOBM, IO MaKCUMyM
MIBUIKOCTI POCTy OeiHiTYy 30iraeTbcsl i3 TeMIepaTypolo, pO3paxOBaHOI 3a
PIBHSIHHSM (2), Ta i1 eKcriepyMeHTaJIbHMM 3HaYeHHSIM Ha i30TepMiuHil aiarpami. e
3HAUEeHHS PO3pax0BaHO IJISI JOC/IiIKYyBaHUX CTaslel, it cTaHOBUTD ~ 600 °C mjis craii
25X2M1® ta ~ 450 °C g crani 38XH3MOA.

KisbKiCTh YTBOPIOBAHOTO B CTaJi MapTEHCUTYy MOXJIMBO pO3paxyBaTu 3a
PiBHSIHHSIM, 3aITPOTIOHOBAHUM Y pO0OOTi [3]:

M, -T

P =A,|1-exp| -K,———
T-M,

: 3)

oe A, — KIJIBKICTh ayCTeHiTy, o 306epiraetbcsi mo Temmepatypu Ms; M; -
TeMIepaTypa TIIOYaTKy MapTeHCUTHOIO IiepeTBOpeHHs; M; - TemmepaTypa
3aBepIIeHHsI MapTEHCUTHOro IiepeTBopeHHs1, K, - KoedillieHT IIBUIKOCTI
dbopmMyBaHHSI MapTEHCUTY TIpU TemIiepatypi M;.

V BigMmoBimHOCTI 10 po3pob/ieH0i MeTOAUKY IMOOyI0BaHi i30TepMiuHi miarpamu
TlepeTBOPEeHHS ayCTeHITy [HOocaimkyBaHux craneit (puc.1). Crami 25X2M1® Ta
38XH3M®A 3a3HalOTh TpbOX TpaHcopMalliii aycTeHiTy: (GepuTHOI, mepsiTHOI i
oeitniTHoi. V crami 25X2M1® MiXK 1epniTHOIO i O€iHITHOK CKJIaJOBUMMU
(muB. puc. 1, a) icHye 067aCTh MigBUIIEHOI CTAabiIbLHOCTI ayCTeHITy 3a TeMIepaTypu
~600°C. V cram 38XH3M®A (auB.puc.1,6) cIiocTepiraeTbCsi TeMmIlepaTypHUIA
iHTepBaJI CTIKOCTI ayCTEHITy MiX MepIiTHOIO i 6eITHITHOI CK/IaJOBMMU, YTBOPEHHS

SIKUX TIOYMHAETDCS paHillle, y MOPiBHSIHHI 3i cTa/uiio 25X2M 1.
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a — ctaib 25X2M1® (Acs= 895 °C, Ac;= 810 °C, M= 350 °C);
6 — ctamp 38XH3M®A (Acs= 765 °C, Ac;= 710 °C, M,= 285 °C);
PucyHok 1 — I3oTepmiuHi giarpaMu JOCTiIKYBaHUX JIETOBAHUX CTAIEN
it goC/iIKyBaHMX CTajieil TakoX TMOOyIOBAaHO CTPYKTYpHi miarpamu B
3aJIESKHOCTI BiJi IIBUAKOCTI O6e3IepepBHOr0 OXOJIOAKeHHS. KilbKicTh 3a/IMIIKOBOrO
ayCTeHiTy BpaxoBaHa 3a poO3po0JeHOI  MeTOAMKOW  Brepiie  (puc. 2).
Cranp 25X2M1®, 3a O6e3mnepepBHOro oxojomkeHHs 3i mBuakictio 1,0 °C/c
(YMOBM HaOJIMKEHI 10 MOBITPSHOIO OXOJOMKEHHS), CKIamaeThcs i3 18 % depury,
1 % mepmity, 80 % OGeiniTy Ta 1 % 3amumkoBoro aycTteHity. Cramp 38XH3MOA,
oxonomkeHa 3i mBuakictio 1,0 °C/c cknamaetbes i3 2 % depury, 47,5 % OeliHiTy,
50 % mapteHcuTty Ta 0,5 % 3aMMIIKOBOTO ayCTEHITY.
OTxe, 3a pesyibTaTaMy MOZENIOBAHHS ITOKa3aHO, 110 3a YMOBMU ITOBITPSIHOTO
oxonomkeHHsT cTanib 38XH3M®A Bojofie ImepeBaskHO OelHITO-MapTEeHCUTHOO

CTPYKTYPOIO, i I1e mobpe 36iraeTbes i3 MPaKTUUYHUMM Pe3yIbTaTaMN.

Ao 8-N—<°56 M ——A -&5—® 80N b6 M——A
1,0 10,05 1,901 0,05
©
o© 3
x = x
5 § &t = g § 5
s 2 x T o5 t 0,025 @
; g 0,5 \ 0.025 g gg 0,5 X .";’.
=z 8 > = X
sg BE6- - = 33
©o B o
© 0 1—»—0& & S 0 0. 20
0,01 0,1 1,0 10 0,01
Weunakicte oxonoaxeHHs, °C/c Weuakicte oxonoaxeHHs, °C/c
a §)

a — cranb 25X2M1®; 6 — crtanb 38XH3MODA;
PucyHok 2 — CTpyKTypHi fiarpaMu JOCTiIKyBaHUX JIETOBAHUX CTasleii
BucHoBku. IIpoBeneHO KOMIUIEKCHI [OCTiIkeHHS mepebiry da3oBux i
CTPYKTYPHUX IIepeTBOPeHb IIifi 4ac OXOJOAKeHHS OCHiIKyBaHUX CTajieli Ta
aJanTOBAaHO HasIBHI aHAMITUYHI MOAeJTi JJisl MPOBeeHHS BiAIIOBIJHUX PO3PaxyHKiB.
Ha 3acagax po3po06/ieHOro MeTOHOJIOTiYHOrO IMiAX0oay IMOOYI0BaHO i30TepMiuHi Ta

CTPYKTYPHi AiarpaMy posnany ayCTeHiTy jeroBanux craieit 25X2M1@ i 38XH3MOA.
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MODELING OF PHASE TRANSFORMATIONS
DURING COOLING OF ALLOY STEELS
Bobyr Serhiy, Parusov Eduard, Golubenko Tetyana, Loshkarev Dmytro

Abstract. Modern studies on the modeling of phase transformations in low-alloy steels
to a certain extent allow solving the problem of quantitative determination of phase
transformations for a given chemical composition of steel and different cooling rates.
However, the capabilities of the available universal software products for the analysis of
complexly alloyed steels are currently very limited. To conduct research, steels 25Cr2MolV
and 38CrNi3MoV and existing analytical models were used, which were adapted to carry out
the corresponding calculations. Structural diagrams are plotted for the steels under study
depending on the rate of continuous cooling. The amount of residual austenite was taken into
account by the developed method for the first time. Steel 25Cr2MolV, with continuous
cooling at a rate of 1.0 °C/s (conditions close to natural air cooling), consists of 18 % ferrite,
1 % pearlite, 80 % bainite and 1 % residual austenite. Steel 38CrNi3MoV cooled at a rate of
1.0 °C/s consists of 2 % ferrite, 47.5 % bainite, 50 % martensite and 0.5 % retained austenite.
It is shown that for the conditions of natural air cooling, the calculated data correlate well with
practical results.

Keywords: physicochemical modeling, phase transformation, alloy steels,

cooling, nonequilibrium thermodynamics, structural diagrams.
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CTPYKTVYPA I BTACTUBOCTI TOHKOJIICTOBOI CTAJII
08IIC ITICJIA JPECUPYBAHHS

KortoBa T.B.!, KoB3enb M.A.?

TVkpaiucekuii depxcasHutl yHisepcumem Hayku i mexHonoeiti, /IHinpo, Ykpaina
2Incmumym uopuoi memanypeii im. 3.1. Hekpacoea HAH Ykpainu, IHinpo, YkpaiHa

YV 3B'3Ky 3 IIOCWJIEHHSIM BMMOI CTaHAAPTiB OO IIOKa3HMKIB SIKOCTIi
MeTaJIONPOKATy aKTyaJbHOIO € €eKOHOMisl eKCIUIyaTalliiHMX BUTpaAT Mpu IOro
BUTOTOBJIEHHi. [IpecpyBaHHSI - OfHA 3 KJKYOBMX OmMepaliiii B TEXHOJOTiYHOMY
mpolieci BUPOOHMIITBA TrapsiueKaTaHOTO JIMCTOBOTO MPOKaTy [Js XOJOJHOi
IITAMIIOBKM. 3 MeTOI0 IOKpAaIlleHHSI SIKOCTi TOHKOJIMCTOBOTO IPOKATYy BaKJIMUBOKO €
po3pobKa edeKTMBHOI TEeXHOJIOTii Impoliecy apecyBaHHsI. B pobOTi mocCiimskeHO
CTPYKTYpPY i BJIAQCTUBOCTI TrapsiueKaTaHOI TOHKOJMCTOBOI HM3bKOBYIJIElEeBOI CTasli
08mc micisi mpecupyBaHHSI HA OKPEMO pO3TalloBaHOMY CTaHi. IlokasaHo, 10 B
pe3yabTaTi OOpPOOKM MiABUIIYETHCS ILIACTUYHICTD MeTaly Ta (OPMYEThCS
OJHOpiAHA CTPYKTypa IIO Ilepepi3y J/aucTa. BCTaHOBIEHO, IO TrapsyeKkaTaHWUil
IpecoBaHMli TOHKOJIMCTOBMIA MPOKAT 3a MOKa3HMKAMM SIKOCTi BiJITIOBigae BMMOTram
0 XOJIOMHOKATaHOTOo IipokaTry 3rigHo 3 HCTY 2834-94, TomMy MOX/IMBa 3amiHa
JIOPOTOKOIITYIOYOTO XOJIOJHOKATAHOTO JIMCTA Oi/IbIN JelieBuM, aje TaKoi 3K SIKOCTi
rapsuekaTaHMM. B pe3ynbTaTi AOCATae€TbCs 3pOCTAHHSI MPOAYKTUMBHOCTI TIpali,
3HIKEHHSI BUTpPATHOTO KoedillieHTY MeTaly, €eKOHOMisl eJieKTpoeHeprii Ta
MIPUPOIHOTO Tasy.

3HauHa pOJIb y BUpIillleHHI 3aJau MiABUILEHHS TEXHIYHOTO piBHS, SIKICHUX
MOKA3HMKIB Ta eKCIUTyaTalliifHOi HaiifHOCTi aBTOMOOIJIIB HAJIEKUTh BUPOOHUIITBY
CTQJIEBOTO JIUCTA. B OCTaHHI pOKM B yMOBax IOCWIEHHS BUMOT CTaHOAPTiB [0
MOKA3HMKIB $SIKOCTI MeTaJONpPOKAaTy aKTyaJbHOKI € €KOHOMisl eKCITyaTalliliHUX
BUTpAT MpPM JOro BUTOTOBJEHHi. JIpecupyBaHHS 3aliMa€ ocoOjMBE Micile B
TEXHOJIOTil BUPOOHUIITBA CTA/JIeBUX IITA0 MPY BMKOHAHHI BasKIMBUX BUMOT 3 OOKY
MAIIMHOOYIiBHUKIB (HAIIPUKIIA/, IIPU IITaMITyBaHHI Ky30BHMX JIeTajieil aBTOMOOI/IS
HeOoOXiTHOI0 € 3AATHICTh JIUCTIB MO TJIMOOKOI BUTSDKKM). 3 METOI0 ITOKpallleHHS
SIKOCTi JIMCTOBOTO MPOKATY IPOBOMASATH POOOTM 3 PO3POOKM e(PeKTMBHOI TeXHOJIOTi]

rpolecy apecupysaHHs [1, 2].
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CrioskuBau 3allikaB/IeHMiII OTPMMATH TOPIBHSHO HeOOpPOTMii rapsiuekaTaHui
JUCTOBUIA TPOKAT [JISI XOJOAHOI IITAMIIOBKM, IO XapaKTepPU3YETbCS BUCOKUM
piBHEM CIY>KO0BMX BJIACTMBOCTEN. B 3B 3Ky 3 IIMM Ha 6araTbox MeTayPriliHMUX
KOMOiHAaTax [JOCSITHYTMIA piBeHb TEeXHOJIOrii, IO [JO3BOJISIE  BUITYCKATU
rapsiuekaTaHMi TOHKOJIMCTOBMI ITPOKAT 3 MOKA3HMKAMM SIKOCTI, SIKi BiAIIOBiZalOTh
BMMOraM CTaHIApTiB [0 XOJIOMHOKATaHOTO JucTa. LIboMy B 3HauHiil Mipi cripusie
3aCTOCYBaHHS ApeCcyBaHHS Ha 3aK/IIOUHIN CTamii o6poOKM rapsiuekaTaHuX IITab i
auctiB. e MO3BOMUTH CHOXMBAYaM METAJIOINPOKATy i3 3HAUHUMM €KOHOMiUYHUM
epeKTOM 3aMiCTh [TOPOTOKOIITYIOUOTO XOJIOMHOKATaHOTO JIMCTOBOTO IIPOKATy
BUKOPUCTOBYBATM IIOPiBHSIHO HeOOpPOTMii rapsuekaTaHuil. BupOOHUKM IIpu
BUTOTOBJIEHHI 1 IIOCTaBKax TrapsiuekaTaHOro JIMCTOBOTO IIPOKATy 3aMiCTh
X0JIOMHOKATAaHOTO TaKOXX OTPUMYIOTh €KOHOMIiI0 3a paxXyHOK 3HMKEHHS BUTpaT Ha
IOJaTKOBI onepalii — X0JIOAHYy MPOKATKy Ta Bigmars [3].

B pmijicHiit pobOTi Ha OKpeMO pO3TallOBaHOMY OIHOK/IITTHOBOMY CTaHi
IpecyBaHHIO ITiJIIaBajay MpPOKaTaHUIA Ha 6e3repepBHOMY LIMPOKOIITA00BOMY CTaHi
(BIIC) rapsiuekaTaHMii MeTa/l TOBIIMHOIO 2,0 MM i3 HM3BKOBYTJIeleBOi cTaii 08ric,
IOCTiIKYBa/IM OTO CTPYKTYpPy i BaacTMBOCTI. TpaBiieHs rapsiueKaTaHUX IITad
3ailicHIOBa/IM B Ge3mnepepBHOMY TpaBuwibHOMY arperaTi (BTA), B ckiaji o6agHaHHS
SIKOTO BiJICYTHi OKa/JIMHOJIaMay i JpecupyBajbHA KIIiTh, a iX (YHKIIiI0 BMKOHYyBaja
BUTMHHO-PO3TsDKHA MaluHa (BPM).

EKcIlepyMeHTaJIbHO BCTAHOBJIEHO, IO Ticast o6pooku B BTA BigoyBaeTbcs
3MiHEHHSI MeXaHiUHMX BJIACTUMBOCTE} rapsiuekKaTaHOro MeTaly: XapaKTepUCTUKU
TJIACTUYHOCTI 3HMKYIOTbCSI, @ MIIIHOCTHiI 3pocTawmTh. [IpmMuomy, Mpu Ipaiiodii
BPM, mo BxoauTh m0 ckiaamy BTA, 1e 3MmiHeHHs 6inbin rmomiTHo. Ha KpuBuX
PO3TSATHEHHSI 3pasKiB rapsiuekaTaHux, TpaBieHux B BTA mrab 3y6 i miomagka
TeKYUYOCTi BiICyTHi.

[MoripuieHHsT MeXaHIUHMX BJIACTUMBOCTE} TrapsyekaTaHoOro, TPaBJIE€HOIO B
BTA  TOHKOJMCTOBOTO  MpPOKAaTy, BUKJIMKAHO  IIpoliecaMyu  Hakjaemy i
nedopMalliifHOrO CTapiHHSI.

B mporeci AochiikeHb BCTAHOBJIEHO, IO HACTyIIHE ITiCas TpaBJIeHHSI B
BTA [pecyBaHHSI Ha OKpeMO pO3TalllOBAHOMY CTaHi rapsuyekaTaHuUx IITab
ToBIMHOIO 2,0 MM i3 cTani 08mc 3i ctyneHem nmedopmallii 1o 2% memnio migBUIILye

MiITHOCTHi XapaKTepUCTUKU MeTajy i 3HUKYE 1oro MIaCTUUHICTD (Tabit. 1).
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MexaHiuHi BIaCTUBOCTI IpecoBaHMX TpaBJeHMX IITad ITOBHICTIO BiAIIOBigal0Th
Bumoram JICTY 2834-94 rpynu minHocti K270B He TibkM [OJis1 rapsiyueKaTaHOTO
MIPOKATYy, ajie i 4j1s1 X0JI0JHOKATaHOrO.

HocnigkyBanyu BIUIMB OpecyBaHHSI HAa MeXaHiuHi BJIAaCTMBOCTI IOIlepegHbO
TepMOOOpOOIeHNX rapsiyekaTaHux TpaBiaeHuX B BTA pyJOHHMX IITa0d TOBIIMHOIO
2,0 mm i3 crami 08mc [4-6]. B KoBmakoBMX Meyax pyJOHUM TOHKOJIMUCTOBOL
cTani MiggaBaiv CBiTJIOMY Biamamy mpu Temnepatypax 680-710°C, yac HarpiBy
40-48 ron, yac oxonomkeHHsT 60-75 rom. [IpecupyBasy BifmajeHi B KOBITAKOBUX
rmevax PYJIOHHI IITabM Ha OKPEMO pPO3TAaIlOBAHOMY JIpecupyBaJbHOMY CTaHi 3
00TUCKYBaHHSIM 1,5 %.

Hauui Tabs. 1 cBimuaThb mpo Te, IO TepMOOOPOOKA B KOBMAKOBMX ITeuax
CYTTEBO IiABUINYE IJACTUYHICTh rapsiuekataHoi, TpaBiaeHoi B BTA TOHKOJMCTOBOI
crani. [IpecyBaHHS BifilaJieHOTO B KOBIAKOBbIX ITe4ax MeTaly Aelllo IigBUIILYE Ji0TO
MIIITHOCTHi XapaKTepUCTUKMA.

Pe3ynbTaTyt MiKpOCTPYKTYPHMX OOCTiKeHb MOKa3aau, [0 B TOHKOJUCTOBOMY
MPOKAaTi BiJIias B KOBIIAKOBMX IeYax CIIPUSIE YTBOPEHHIO PIBHOMipHOI MO mepepizy

ITaby CTPYKTYpH i3 3epHOM peputy 7,8 HoMmepiB 3rigHo 3 [JCTY 2834-94.

Tab6nuig 1 — MexaHiuHi BTaCTUBOCTI rapsiuekaTanux mrab i3 crasti 08ric

TTiCJISI TPaBJI€HHS, TEPMOOOPOOKM i IpecupyBaHHS

Mexa TeKydocTi | Meska MillHOCTi BimHocHe TBepmicts | ['NMnbmHa
nonoBxeHHs | HRB JIYHKU

MIla % of,. MM

[Ticsis rapstuoi mpoOKaTKU

255 360 34 54 12,4

[Ticns TpaBieHHS

295 380 31 60 12,0

[Ticsis TpaB/ieHHS i ApecUpPYBaHHS

305 380 30 62 12,0

[Ticnisg cBiT/IOrO BifTiaay B KOBIAKOBUX Mevax

215 340 42 37 13,0

[Micna Bignmany i ApecupyBaHHS

215 340 41 38 13,0
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OTxe, CyMapHUi CTYITiHb nedopmailii, SIKUT OTPUMYETHCS
TOHKOJIMCTOBYUM ITPOKATOM ITic/ist 06po06ky B BTA, HaXOAUTHCSI B 30Hi JOKPUTUUHUX
nedopmartiit (2-3%), 110 TMTO3UTUBHO BIUIMBAE HA CTPYKTYPOYTBOPEHHS B MeTaJIi Py
HACTYITHOMY Biffiaji.

BucHOBKM

1. BusHaueHo, 10 B pe3yiabTaTi TeEPMOOOPOOKM i IpecupyBaHHS Ha OKpPeEMO
pO3TalllOBAHOMY CTaHi TrapsdyeKaTaHOI TOHKOJMCTOBOI HM3bKOBYIJIELIEBOi CTajli
iIBUIIYETHCS TJIACTUYHICTh MeTay Ta GOPMYETbCSI OOHOPIIHA CTPYKTYpa 3TigHO 3
BuMoramu I CTV 2834-94.

2. OCKiJIbBKM rapsiuekaTaHuii ApecOBaHMI TOHKOJMCTOBMIA MpOKaT 3a
MOKa3HMKaMM SIKOCTi BiAIoOBigae BuMOram J0 XOJOAHOKATAaHOTO IIPOKATy
BignmosigHo mo IOCTY 2834-94, wmoxknauMBa 3amMiHa  [JOPOTOKOIITYHUYOTrO
XOJIOAHOKATAHOT'O JIMCTA OiJIbII IeIIeBUM, ajie TAKOi K SIKOCTi rapssueKaTaHMM.

3. BukopucTaHHS rapssyeKaTaHOTO MPOKATy IJIsl XOJI0AHOI IITAaMIIOBKM 3aMiCThb
XOJIOMHOKATaHOTO 3a0e3IeunTbh 3POCTAaHHS IIPOOYKTUBHOCTI IIpalli, 3HMKEHHS
BUTPATHOTO KoeillieHTy MeTaTy, EKOHOMilO eJIeKTPOeHeprii Ta MpUpPOLHOro rasy.
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STRUCTURE AND PROPERTIES OF
THIN SHEET STEEL 08IIC AFTER SKIN-ROLLING

Kotova Tetiana, Kovzel Maxim

Abstract. The requirements of standards for quality indicators of rolled
products are increasing. Relevant is the saving of operating costs in the manufacture
of a thin sheet. Skin rolling is one of the key operations in the technological process
of production of hot-rolled sheets for cold stamping. In order to improve the quality
of thin-sheet rolled products, it is important to develop an effective skin rolling
technology. In this work, the structure and properties of hot-rolled thin-sheet low-
carbon steel 081mic after skin pass at a separately located mill are studied. It is shown
that as a result of processing, the plasticity of the metal increases and a uniform
structure is formed over the sheet section. It has been established that hot-rolled
sheet metal in terms of quality meets the requirements for cold-rolled products in
accordance with JICTY 2834-94. It is possible to replace an expensive cold-rolled
sheet with a cheaper, but of the same quality, hot-rolled sheet. As a result, an
increase in labor productivity, a decrease in the metal consumption coefficient, and
savings in electricity and natural gas are achieved.

Keywords: low-carbon steel, hot-rolled sheet steel, skin-rolling, mechanical
properties, plasticity.
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MOJEJIIOBAHHS BIVIMBY XIMIYHOT'O CKJIAY TA CTPYKTVYPU HA
MEXAHIYHI BJIACTUBOCTI JIETOBAHOI'O ITPOKATY
JIynenko B.A., Tony6enko T.M., YUyiiko [.M., JIyiienko O.B.

Incmumym uopHoi memanypeii im. 3. I. Hekpacosa HAH YkpaiHu

Beryn. VY MeranypriiiHiii  ramy3i  YKpaiHM  BimOyBae€ThCs  3HIDKEHHS
3aBaHTaXeHHS BUPOOHMUUMX TOTYKHOCTEH i3 OAHOYACHOWI BTPATOI0 TPaAMULIiHMUX
pMHKIB  30yTy MeTaJomponyKiii. 3 MeTol MiABUIIeHHS e(deKTUBHOCTI
GyHKIIIOHYBaHHS  MiANPUEMCTB  MAaIIMHOOYIIiBHOTO  KOMILIEKCY  JIOLJIBHO
3Oi/ICHIOBAaTM  IIepPeOpi€HTallil0 Ha  BUPOOHMIITBO  KOHKYPEHTOCIIPOMOXKHOI
MIPOAYKIIii, BITPOBA/;KYBAaTH CydacHi TeXHOJOrii 3i 30epekeHHSIM PeHTabeTbHOCTi
BUPOOHUIITBA Ta €KOHOMii pecypciB [1]. BUpOOHMIITBO MTpOKATy 3 JIerTOBaHUX CTaje
0COO/IMBO BakK/MBe [JiI MamMHOOyAayBaHHS. CydyacHe MaIIMHOOYTyBaHHSI CTaBUTh
BCe OiJIbIll BMCOKiI BMMOI'M [0 €KCIUTyaTallilfiHMX BJIACTMBOCTEN maTepiajiB, TOMy B
OCTaHHi POKM 30iJbIIYETHCS UMCIO HOBMX MapoOK JieroBaHoi crami. OCHOBHA yBara
IIpy Po3poOIli HOBMX MapOK CTali 30cepemkeHa Ha MiABUINEHHI MeXaHiuHMX
BiacTuBocTel. ToMy IiKaBUM € BMBUEHHS BIUIMBY XiMi4YHOTO CKJIaay Ta 0OpoOKM Ha
CTPYKTYpPy ¥ MexaHiuHI BJIAaCTMBOCTI IPOKAaTy 3i CTajei, JieroBaHuxX XpOMOM,
MoJIi6IeHOM i BaHajieM, i3 MeTOI0 palliOHaJIbHOTO BUKOPUCTAHHS pecypciB [2-4]. B
JaHMii dYac CTadi, JIeroBaHi XpoOMOM, MOJiOJeHOM, BaHAAi€eM Ta iHIIMMMU
eJleMeHTaMy, HIMPOKO BUKOPMCTOBYIOTbCS B MamiMHOOymyBaHHI [5]. TepmiuHa
o6pobOKka CTajieBOr0 MPOKaTy B MaNIMHOOYAYyBaHHI Iiepecsily€ OCHOBHY MeTY:
CTBOPUTHM CTPYKTYpPY IIPOKaTy, IO 3abe3reuyye BUCOKOMPOAYKTUMBHY OOpPOOKY
pi3aHHSIM, XOJIOJHOI0 BMCAAKOI abo NITaMITyBaHHSIM. BuMorum HOpMaTMBIB 3a
MeXaHiYHMMM BJIACTUBOCTSIMM COPTOBOTO IMPOKATy 3 JIETOBAHMX KOHCTPYKIIAHUX
cTajneii 3a0e3MeuyrTbCsS 3aCTOCYBaHHSIM [eKiJIbKOX BUIIB TepMiuyHOi 0OpoOKuM, B
3aJIeKHOCTI BiJi MapKy CTajIi: HopMaJisaillii, Bizmamay abo ImoJiieHHs.

PesynbTaTi mociaigykeHHs. [ BUSIBIEHHSI POJIi XiMiUHOTO CKJIagy CTajli Ha
dbopMyBaHHSI BJIaCTMBOCTEN i OLIiHKM BIUIMBY CTYyIEHSI JIeTyBaHHS aHasi3yBaBCs
MacuB iHpopMallii rpo ckiam mwiaBok ctajai 31CrMoV9. BmicT XiMiuHUX eIeMeHTiB y
naHiit crtanmi  HopmyeTbcs  craHgaptom  EN 10085:2001. BukopucTOBYyBaIu

O6araTokpuTepiaabHe pillleHHs 3a4ay i3 onTuMi3alii, MoB'sI3aHe 3 JOCSTHEHHSIM
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BiITIOBiMHMX MeXaHiYHMX BJIACTMBOCTE} (IIpOorpamMHa peajisailis po3pobjeHa B
IHCcTUTYTI YopHOI Metanyprii iMm. 3.I. HekpacoBa HAH Vkpainm [6, 7]). B saxkocri
06a30B0Oi Momeai BMKOPUCTOBYBAJIACS 3aJIEKHICTh MeXaHiUHMX BJIACTMBOCTEN Bif
CTPYKTYpPHOTO MOJe/ibHOTO TMapameTrpa d (cepelHbOCTAaTUCTUUYHA MiX 'siiepHa
BiACcTaHb MiXK B3a€EMOZIUYMMM aTOMaMM [JOCHIIKYBAaHOI CTali). 3HAuYeHHS
CTPYKTYPHOTO napamMeTpy d 3aJIeKUTh BiJi BMiCTY XpOMYy, MOJIiOZIeHY i1 BaHaIiIo.

3 BMKOPMUCTAHHSIM MaTeMaTUUYHOTO Ta (i3sMKO-XiMiUHOTO MOMETIOBaHHS OyIn
MOOYyI0OBaHi MaTeMaTUYHi 3aJ1e5KHOCTi B3a€MO3B'SI3Ky CTPYKTYpHOTO mapamMetpy (d)
BiJl MeXaHIYHMX BJIACTUBOCTEI (05, 05):

o, =—115015-d +332831 (R =0,8), 5, =199,6-d*-570-d (R=0,7),
Jie oy — TPaHULISI MIITHOCTI, 85 — BiTHOCHE ITOJ0BXXEHHSI.

BusiBieno, 1o 3pocraHHsl ¢isuKo-xiMiuHOro rmapamerpa d 3HMKYE TPaHUIIIO
MIITHOCTI Ta IiABUIIYE BiIHOCHEe MoA0BXeHH cTaii 31CrMoV9.

Busnaueno, mo mis rapanTtoBaHoro BukoHaHHS Bumor (EN 10085:2001)
rpaHuili minHocTi (900-1000 MITa) i BimHOCHOro TOAOBXeHHS (> 11 %) crani
31CrMoV9 KuUIBbKIiCTb JIeTylouMx eJieMeHTiB IIOBMHHA BiAIOBigaTy HACTYITHOMY
BMicTy: 2,46...2,62 % Cr, 0,2...0,24 % Mo 1 0,17...0,19 % V.

[T BU3HAUEHHS BIUIMBY ITapaMeTpiB TepMiuyHOi 00poOKM Ha GOopMyBaHHS
CTPYKTYpM 3pas3ku cTaai 31CrMoV9 HarpiBaiu [0 TeMmepaTypu aycTeHiTu3arlii
(A3+200°C) 3 0OXOJIOMKEHHSIM A0 KiMHAaTHOI TemrepaTypyu Hpu pi3HMX yMOBax i3
HIBUAKOCTSIMU B giana3onax 0,03...0,07°C/c, 0,4...0,8°C/c Ta 2...8°C/c.

[Ticis HarpiBaHHS i1 ITOBiTBHOTO Ge3MepepBHOI0 OXOJIOMKEHHS 3i MIBUIKICTIO B
niamasodi 0,03...0,07°C/c cTpyKTypa XpOMOMOJIi6ieHOBaHAi€BOi CTasli CKIaganacs 3

depuTy it IVIACTUMHYACTOTrO MEPIIiTy pi3HOI AucnepcHocTi (puc. 1, a).

Pucynok 1 — Crpykrypa crani 31CrMoV9 micist aycteHiTM3a1ii Ta OXONIOIKeHHS 31
mBuakoctamu: 0,03...0,07°C/c (a), 0,4...0,8°C/c (6) i 2...8°C/c (B)
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HarpiBanHg i1 Ge3smnepepBHe OXOJOMKeHHS 3i mBuakictio 0,4...0,8°C/c
CIIpUSIE YTBOPEHHIO CTPYKTYpPM, IO CKIAJA€TbCs 3 OelfHiTY 3 HepiBHOMipHO
pPO3MOAiIEHMMM YaCTUHKAMM IIeMeHTUTY B ¢depuTHiin martpuili, deputy Ta
HeBeJIMKOi KilbKocTi mepimity. (puc. 1, 6) Ilicas mpouecy aycreHiTusaiii i
IIOJAJIbIIOr0 Oe3IepepBHOrO OXOJIOMKEHHSI B iHTepBaysi mBuaKocteit 2...8°C/c
CTPYKTypa XpOMOMOJTiOIeHOBaHAIi€BOI CTali CKIAMAEThCS 3 OMHITY, MApPTEHCUTY i
dbepurty (puc. 1, B).

I IOBMUINEHHS  KiJIBKOCTI  OeiHiTHOI  CTpyKTypHM, sKa  CKopile
MIepeTBOPIOETbCS TIpM BiAmycky [8, 9], Ta 3MeHIleHHS KiJIbKOCTi HebakaHOTO
TepsiTy, peKOMeHI0BaHO OXOJOAKEHHS Bif, TeMIlepaTyp ayCTeHiTu3allil MpOBOAUTU
3i mBuaxictio 0,8...2°C/c. IMomanbmmii Bigman cTani 3 IlepeBa)kHO OEIHITHOIO
CTPYKTYpOIO 3abe3meunB HeOOXigHMII piBeHb MeXaHiUHMX BJIACTUMBOCTEN CTaIi Ipu
CKOPOUEHOMY peXuMi O0OpOoOKM (3HIDKEHHS TeMIepaTypyM Ta CKOPOYEHHS
TPUBAJIOCTI BUTPUMKMN).

BucHoBKU. Pe3ynbTaTu [OOCTIIKEeHb [OO3BOJWMIM IIPOTHO3YBaTUM pPiBE€Hb
MeXaHIYHUX BJIACTUBOCTENM IS II€BHOTO XiMIYHOTO CKIamy
XpPOMOMOJIiOIeHOBaHaIi€BUX CTaJjieil, 0 J03BOJISIE pPallioHaJIbHO BMKOPUCTOBYBATH
XiMiUHi eJleMeHTH! 1 rapaHTOBAaHO BUKOHYBATM BUMOTM €BPONECbKOI HOPMAaTUBHOI
mokymenTanii EN 10085:2001. TIligBuieHHSI IIBMUIKOCTI OXOJOMKEHHSI IIPOKATy
IO3BOJIMTH CKOPOTUTY PEKMM HACTYITHOI 0OPOOKA.
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MODELING OF THE INFLUENCE OF THE CHEMICAL COMPOSITION
AND STRUCTURE ON THE MECHANICAL PROPERTIES
OF ALLOY ROLLED PRODUCTS
Lutsenko Vladislav, Golubenko Tatyana, Chuiko Thor, Lutsenko Olga

Abstract. At present, carbon steels alloyed with chromium, molybdenum and
vanadium are widely used in industry and mechanical engineering. It is known that
the complex of mechanical properties of metal products depends on the number of
alloying elements and the mode of heat treatment. With the help of mathematical
and physico-chemical modeling, dependences were constructed that allow to predict
the level of mechanical properties of alloy steel. The ranges of the number of
alloying elements for 31CrMoV?9 steel are defined, which guarantee compliance with
the requirements of regulatory documentation beyond the strength and elongation.
Metallographic studies allowed to establish the influence of heat treatment
parameters on the structure of the studied alloy steel. Recommended cooling rates,
which allow to obtain a more acceptable structure for further processing with the
required mechanical properties.

Keywords: alloy, chemical composition, heat treatment, cooling, structure,

mechanical properties.
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ITPO BU3HAYEHHS PAIIIOHAJIbHUX TEMITIEPATYP CAMOBIAITYCKY
CTPVDKHEBOI APMATYPU 3 BUCOKOBVIJIELIEBUX CTAJIEN
ITIJ4, YAC TEPMIYHOI'O 3MILITHEHHSI
[Tapycos E.B., Uyiiko [.M., ITapycos O.B., Carypa JI.B.

Incmumym uopHoi memanypeii im. 3. I. Hekpacoea HAH Ykpainu (YkpaiHa)

BceTrymn. Ha pyHKY KOHCTPYKIIIIHMX CTajeil Hapa3i CIOCTepira€TbCsl CYTTEBUI
IIONMUT Ha OYHTOBMII NMPOKAT 3 BUCOKOBYIVIELIEBUX CTajeii, SKUl y MHOOATbIIOMY
MigJal0Th  XOJOOHOMY IUIACTMYHOMY AedopMyBaHHIO, MeXaHO-TepMiuHOMY
00pOOJIEHHIO i BMKOPUCTOBYIOTb [JII BUTOTOBJEHHS XOJIOAHOAe(OpMOBaHOI
apmaTtypu, CTajJeBMX apMaTypHMX KaHariB Touo. Kommuiekc MexaHiuHUX
BJIACTMBOCTE} OYHTOBOIO MMPOKATY € CTPYKTYPHO UYTJAMBUM ITOKa3HUMKOM, a TOJIOBHA
nmpobsemMa TMif Yac #Oro BUTOTOBJIEHHSI TIOJNSTA€ y IMiABUIIEHOMY BMICTi
HeMeTajeBuX BKJIIOUEHb Ta CYTTEBOMY PO3BUTKY JIiKBallii, IO ¥ 0OOYMOBIIIOE
BUMYIIIeHe BiICOPTYBaHHS TOTOBOI TOBApPHOI MPOIYKIIii.

BupoOHUILITBO OYHTOBOTO MPOKATy 3i 3HAUHUM BigXMJIEHHSIM 3a MTOKa3HUKaMU
SIKOCTi MO/IMBO IIOTEpeIUT BKe Ha eTalli OJep>KaHHSI CTaJeBOi 3aroTOBKM.
MeTopmonoriudi migxoau no imeHTudikallii Ta MPOTHO3YBaHHS CepeHiX PO3MipiB
BKJIIOUEHb Ta Oasty JiikBallii y CTPYKTYypi MpoKaTy B 3a7€XXHOCTi BiJi BUXiIHOI SKOCTi
CTaJIeBOi 3arOTOBKY PeTe/IbHO PO3IJISTHYTO Y MoTepeiHix poboTax aBTOPIB.

Y BiJITIOBiJHOCTI bifo} paHiiie IMpOBeIeHUX JOCTiIKEHb
BCTAHOBJIEHO OCOOJMBOCTI (DOPMYBaHHS CTPYKTYPM Ta MOXKIMUBICTh ITPOMMCIOBOTO
BUTOTOBJIEHHSI TEPMIUHO3MilIHEHOI CTpU>KHEBO1 apMaTypu kiaciB mimHocTi A800 i
A1000 3i craneit, mo mictate 0,57...0,88 % C [1]. OueBMAHO, 110 BUTOTOBJIEHHS
TepPMiUHO3MIITHEHOTO ITPOKATy 3i CTajeit, sIKi MiCTSITh OiabIl BUCOKMUIT BMIiCT
BYIJIEI[I0, Ha BiAMiHY Bif TpaAuIliliHUX MapOK, MIPU3BOAUTH [0 Pi3KOTO 3MEHIIeHHS
MOKA3HMKIB ITJIACTUYHOCTI Vi yTBOpeHHsS TpinyuH. OOHMUM i3 TOJIOBHMX IMMapaMeTpiB
TEXHOJIOTi1 TepMiUyHOTO 3MillHEHHS apMaTypHUX cranein €
TemIiepaTypa CaMOBIIIYCKY (tcw), TOOTO CTYMiHb IT€PEOXOJIOMKEHHSI MPOKATy Bif
TeMIlepaTyp rapsiuoro aedopMyBaHHS, SIKUii i BM3HAuUa€ MMOBIpHICTb YTBOPEHHS

HE3BOPOTHIX JedeKTiB (TPiluH).
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HesBaskaroum Ha 3HAYHY KiJIbKICTh JOC/iIKEHb 100 BIUIMBY LOTO ITapaMeTpy
Ha SIKiCTb CTPUYKHEBOI apMaTypH, sIKa BUTOTOBJISIETHCS 13 TPAAMLIIIHUX CTajei, TakKi
JlaHi 1151 BUCOKOBYIJIELIEBUX CTasIeil Hapasi € BiICyTHIMMU.

OTske, MeTa po6OTH — BM3HAUYEHHS PAlliOHAJbHUX TEeMIIepaTyp CaMOBiIITyCKY,
SIKi 3a06€e3MevyI0Th BiIMOBiAHICTh MeXaHiYHMX BJIACTMBOCTEI apMaTypPHOTO IIPOKAaTy
3 BUCOKOByIJieleBux ctajseri Bumoram [JCTVY 3760:2019 i3 rapaHTOBaHOIO
BiACYTHICTIO TPil[MH.

PesynbTaT pOCHimKeHb. B SKOCTI BUXIZHOTO MaTepiaqy BUKOPUCTAHO
Oe3rmepepBHOJIUTY 3arOTOBKY Iepepizom 125 mm x 125 Mmm 3i craneit C56D, C70D,
C80D, C82D (EN 16120:2-2017) i3 BMICTOM BYTJIELIO 0,57...0,88 %.
[MopiBHSUIBHMIZ ~ aHaji3 MeXaHIUHMX BJIACTMBOCTEII apMaTypHOTO MPOKATy
pisHMx mpodiniB HaBemeHo B Tabia. 1 (MexaHiuHi BUIIPOOYBaHHSI OO 1 ITiC/S
TIPOBEIEHHS eJIeKTPOHArpiBy nmo3HaveHi uydpamu 1 i 2 BiAMOBigZHO, 3HAKM «+» i «—»
CBiUaTh IPO MO3UTUBHUI a00 HEraTMBHMI pe3yJbTaT BUTMHY 3pa3KiB Ha KyT 45y
XO0JIOLHOMY CTaHi) [2].

[Toka3HMKM IUIACTUYHOCTI apMaTypHOTO ITpokaTy 3i craneit C56D...C82D B psmi
BUITQAKIiB Oe3IocepelHbO TIiC/AsS IIPOKATyBaHHSI He BiANOBigaayu BuUMOTaM
HCTY 3760:2019, ane mic/isi BUTPMMYBaHHS JOCSATaIM HOPMAaTUBHUX 3HaueHb. [Ticis
HarpiBy MexaHiuHi BJIACTMBOCTI IPOKATy 3pOCTAlOTh 3a pPaxyHOK cTabimizarii
CTPYKTYpM i penakcailii HanpykeHb. Ha gesikux 3paskax micjsi HarpiBy TMMYaCOBUIA
OIlip PYIHYBAHHIO 3MEHIIYBABCS, 110 OYEBUIHO IOB’SI3aHO 3 BEJIUKUM CTyIlEeHEM
BUXiJHOTO 3MillHEHHSI IPOKATy ¥ IOJaJbIIMM IOro 3HeMillHEHHSM Yy IIpolieci
BifITyCKY.

Pe3ynbTaT, $Ki OTpUMMaHi MpM MNPOKATYyBaHHI Ta TePMiUHOMY 3Mil[HEHHI
OOCTiAHMX TIapTiii apMaTypHOTO MPOKaTy Pi3HMUX MpodisiB, NO3BOJIWIN BUZHAUUTU
pallioHa/bHI TeMmIiepaTypu camoBiAmycKy knaciB minHocti A800 i A1000 mas

CIIOCO0Y MepepuBYACTOTO 3arapTyBaHHS (Ta6I. 2).
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Tabauug 1 — 3MiHa MexXaHiYHMX BJIaCTUBOCTEN

apMaTypHOTO IIPOKATYy 3 BUCOKOBYIJIELIEBUX CTaIei

0. It MexaHiuHi BJIaCTUBOCTI
MM |°C = o o o000z |05, % &, %  |Burun
E |MIlla MIla
cranb C56D -
14 400 |1/2 |1184/1198 |1039/1041 |0,82/0,87 |14,0/13,1 |2,6/3,9 |+/+
400 |1/2 |1135/1132 |902/874 |0,82/0,87 |7,0/6,8 5,0/5,6 |+/+
20 420 |1/2 |1064/1083 |872/879  |0,88/0,87 |5,6/8,3 4,8/5,4 |+/+
490 |1/2 |1054/1056 |(837/828  |0,89/0,90 |6,1/7,5 5,0/5,6 |+/+
570 |1/2 |972/958 739/728 10,93/0,93 |5,2/11,5 |5,6/8,0 |+/+
cranb C70D
400 |1/2 (1275/1266 [1099/1112 |0,96/0,96 |14,6/14,0 |4,4/4,0 |+/+
10 420 |1/2 |[1158/1172 |956/978  |0,98/0,97 |14,4/15,0 |4,4/4,0 |+/+
440 |1/2 |1065/1064 |820/818 |0,99/1,00 |16,0/16,0 |6,6/6,0 |+/+
12 400 (1/2 [1196/1194 |1019/1022 |0,93/0,94 |13,5/12,1 |3,8/3,4 |+/+
450 |1/2 |1031/1022 |791/793 |0,79/0,99 |15,3/14,3 |6,6/6,8 |+/+
14 420 |1/2 |1149/1153 |951/968 |0,98/0,98 |12,9/13,4 |5,0/4,6 |+/+
6 410 |(1/2 |1141/1136 |954/960 |0,96/0,97 |11,5/12,5 |4,0/4,0 |+/+
420 |1/2 |1054/1052 |841/841 0,97/0,97 |13,5/14,3 |6,0/4,4 |+/+
20 400 |(1/2 |1114/1132 |859/874  |0,86/0,87 |5,6/6,8 4,6/5,6 |+/+
410 |1/2 |1116/1130 |872/877 |0,86/0,91 |7,4/8,5 4,8/5,4 |+/+
cranb C80D
12 450 |1/2 |1350/1254 |1150/1051 |0,86/0,95 |5,9/7,4 2,2/4,0 |+/+
16 490 |1/2 |(1147/1129 |877/864 |0,98/1,00 |10,1/11,1 |6,8/8,0 |+/+
590 (1/2 |1139/1126 (867/847 |0,98/0,99 |11,4/14,4 |6,2/9,0 |+/+
cranb C82D
600 |(1/2 |1195/1193 [900/898 0,99/0,99 |11,4/11,8 |7,0/6,9 |+/+
14 630 |1/2 |1169/1159 [868/859 0,99/0,98 |11,9/12,1 |6,6/7,0 |+/+
650 [1/2 |1120/1116 |813/811 0,99/0,97 |11,7/11,9 |7,6/6,0 |+/+
410 |1/2 (1147/1318 |1040/1063 |0,93/0,90 (1,9/6,3 0,4/3,0 |-/+
16 460 |1/2 |1184/1182 |903/897 0,96/0,95 16,3/10,0 |4,0/6,0 |+/+
570 |1/2 |1192/1194 |892/891 0,98/0,98 (10,0/9,5 |7,0/6,0 |+/+
620 (1/2 |1170/1173 |879/870 0,97/0,98 |5,0/11,3 |3,0/6,0 |+/+
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Tab6ymiig 2 — BusHaueHHS rpaHMYHMX TEMIIEPATYP

CaMOBIAITYCKY ITPU TEPMIYHOMY 3MillTHEHHI apMaTypu

N2 tean, °C

npodinio C56D C70D C80D C82D
10 410/390 420/400 510/460 650/480
12 400/380 410/390 500/450 640/460
14 400/380 410/390 500/450 630/460
16 400/380 410/390 490/430 620/440
20 390/370 400/380 480/420 570/430

[TpumiTka. B uncenbHMUKY BKa3aHi 3HaUeHHS /1S ITpoKaTy Kiaacy miitHocTi A800, y 3HAMeHHUKY — /IS

kiacy mitHocTi A1000.

ByucHOBKHM. 3a pe3yabTaTaMy MPOMMCIOBMX €KCIIEPUMMEHTIB IMOKa3aHo, 10 3i
3POCTAaHHSIM BMICTY BYIJIELII0 B CTali CJIil BUKOPUCTOBYBATM OiJbIII BUCOKi
TeMIepaTypM CaMOBIANYCKy apMmaTypHOro mpokaty. IIpum 1poMmy iHTepBan
TeMIIepaTyp CaMOBIAITYCKY IJISI OTPMMAaHHSI 3aJaHOIO KJIacy MiITHOCTi 30iIbIITy€ThCS:
mist crasteii C56D i C70D pi3HuIIS B TeMITepaTypax JIjIsi OMHOTO i TOTO K Kacy MillHOCTi
craHoBuUTb 10 °C, gyg craneit C70D i C80D - 80...90 °C, a gjas craneir C80D i C82D -
90...140 °C. 1le mMOSICHIOETbCSI He TiUIbKM 3MEeHIIeHHSIM KPUTUUYHOI IIBUIKOCTI
OXOJIO[IKeHHSI TIPOKaTy, a ¥ TUM, IO 3i 30i/JbIIIeHHSIM BMICTy BYIJIEII0 3pOCTa€
YYTIAUBICTD 0 CTYIIEHIO [1ePEO0X0I0IKEeHHS.

JlirepaTypa
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MmoHorpadusi. Germany-Mauritius : Palamarium Academic Publishing, 2017. 261 c.
ISBN 978-3-659-72435-0.
2. ITapycos E. B., I'ybenxko C. 1., Yyiiko 1. M., ITapycoB O. B. [Ipo TexHoJIOTiuHi 0COGIMBOCTI
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ON DETERMINATION OF RATIONAL TEMPERATURES OF
SELF-TEMPERING OF BAR REINFORCEMENT FROM
HIGH-CARBON STEELS DURING THERMAL HARDENING
Parusov Eduard, Chuiko Ihor, Parusov Oleh, Sagura Lyudmyla

Abstract. The effect of self-tempering temperatures during thermal hardening
and separate heating on the change in the mechanical properties of rebar made of
steels C56D, C70D, C80D and C82D (EN 16120-2:2017) was studied. In general,
reinforcing bars before and after heating complies with the requirements of the
DSTU 3760:2019 standard, which apply to steel of strength classes A800 and A1000.
Rational self-tempering temperature intervals have been established for guaranteed
production of reinforcing bars of strength classes A800 and A1000 with the
prevention of cracking. With an increase in the carbon content, it is necessary to
increase the self-tempering temperature of rolled products, which accordingly
reduces the level of steel hardening. In the production of rebar, strict control over
the temperature-time conditions of water cooling and the actual values of self-
tempering temperatures should be observed due to the fact that high-carbon steels
are very sensitive to cracking when using intensive water cooling modes.

Keywords: reinforcing bars, thermal hardening, cracks, self-tempering
temperature, high-carbon steel.
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ITOPIBHSVYIbHUI AHAJII3 METO/IIB BBEJEHHSA
AKTUBHUX PEATEHTIB V PIJIKUI YABVH JIJIA
3OIVICHEHHS ITPOLIECY KOMIIIEKCHOT'O PA®IHYBAHHS

[Tymkapenko M.B.!, MonuanoB JI.C.2, Kucisikos B.T'. 2

I ITncmumym npomuciosocmi ma 6i3Hec mexHoioziti YIVHIT
Z [ncmumym uopHoi memanypeii im.. 3.1. Hekpacosa HAHY

B cyyacHMx yMmMoOBaxX MeTa/ypriiiHi MiAIIpMEMCTBA 3a3HAKOTh 3HAYHOTO
nediuuTy SKiCHOI MeTajomMXTH, IO IPU3BOAUTb [0 IIOTipIIEHHSI TEeXHiKOo-
€KOHOMIiUHMX ITOKa3HMKIB MPOIeCciB BUPOOHMIITBA PigKOI CTasli Ta METATOMPOIYKIIii
3 Hei [1]. ToMy akTyaJbHOIO 33[jau€l0 CyyacHOI MeTaypriiiHOi Hayku € po3pobKa
TeXHIYHMX pillleHb 10 A0 MNOJiMIIeHHsI SIKOCTi MeTano muxtu. Cepen Bcix 1i
CKJIaOBMUX OCOO/MBE Miclle 3aiiMae pigKuii 4aByH, SIKUIi € OCHOBHOIO CKJIaJiOBOIO
IMIMXTOBUX MaTepiaiiB y GiIbIIOCTI TEXHOMOTiUHUX ITPOIIECiB 3 BUIJIABKY CTaTi.

MeTanypriiiHi IMgnpuemMcTBa 3 Cy4yacHOI0 CXeMOKO OpraHisallii BMPOOHMYOIO
mpoliecy SK OOOB’SI3KOBY CKJIaJIOBY TeXHOJIOTIYHOTO JIaHIIoTa MalOTh JIAHKY
nmosamiyHoi gecynbdyparii uaByHy. SIka Moske OyTM peasli3oBaHa 3a PaxXyHOK
MOHOIHXXeKIIil MeTaseBOro MarHilo, KOiHxeKIlii cymimeii Ha 6a3i BarHa Ta MarHiio
abo0 MexaHIYHOro IlepeMilllyBaHHSI pigkoro 4yaByHy 3 BamHoMm (KR-mpoiiec) [2].
[IpoTe, B yMOBax IiJiBMILEHHS B YaBYyHi BMiCTy KpeMHilo i ¢ocdopy TexHooTiuHa
omepalisi 3 To3amiyHoi gecyabdypallii yaByHy He MOXe Yy IOBHOMY 00Cs3i
3a[IOBOJIBHUTM CyYacHi BMMOTM [0 XiMIiUYHOTO CKJIaJgy TepepoOHOro uYaByHY,
0CcO6/IMBO 332 YMOBM 110T0 IepepoOKM y KUCHEBUX KOHBepTepax. 3 MeTOI0 BUPillleHHS
3a3HavyeHoi ImpobsiemMu Oysa po3pobsieHa 3HAYHA  KiJIbKiCTb  TEXHOJIOTI
KOMIUIEKCHOTO BUAAJIeHHS [OMIIIOK 3 4YaByHYy, IIpOTe 3/e0i/lbIIOT0 BOHU
BiIpi3HsIMCST 6araToCTafiifHOI0 CXeMOIO opraHisallii mpoiiecy padinyBaHHS. Ilpn
1IbOMY TE€XHOJIOTTUYHMI LMK/ BUITJIABKM CTaJjli 3HAYHO MO0BKYBaBCsl, a PiAKMi1 YaBYH
3a3HaBaB 3HAYHMX TeruioBTpaT [3]. ToMy aKkTyaJibHMM 3aBOAHHSM [JI1 PO3BUTKY
CY4aCHMX CITOCO0iB Io3armmiyHoro padiHyBaHHS YaBYyHY € CTBOPEHHSI KOMILIEKCHUX
TEeXHOJIOTii1 OJJTHOYaCHOTO BUIAJTIEHHS [eKiJIbKOX JOMIIOK 3 pO3IlJaBy. B KOHTeKCTi
IIbOTO OCOOJIMBUIA iHTEpeC BUKIMKAE aHa/li3 METO/iB BBeleHHSI aKTMBHUX peareHTiB

Yy PO3IJIaB 3 METOIO BUSIBJIEHHS HalOi/IbIII pallioOHaJIbHMX KOMOiHAaIIiA.
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B Tabmuui 1 mpencraBiieHi y3araJibHeHi TEXHOJIOTiUHI ITOKA3HMKM Pi3HUX
CII0CO0iB BBeIeHHS aKTUMBHMX peareHTiB y piikuii yaByH. Buxomsum 3 HaBeIdeHUX
TOKA3HMKIB Y Hili, HaOiNbII pallioHAIBHMMM CXeMaMy Iapayie/IbHOTO BUAATEeHHS
IEeKIJIbKOX JTOMIIIIOK €:

— iHXKeKIIil/iHe BBeJleHHS OJHOrO peareHTy Ta BBeJeHHS iHIIOTO peareHTy
rapaJsiejibHO 3a AOIIOMOTr0I0 ITIOPOUIKOBOTO IPOTY;

— OKpeMe iHXeKIliliHe BBeJeHHS IBOX PeareHTiB;

— iHXKeKIIiliHe BBeeHHS OJHOIO peareHTy Ta BBeOEeHHS OAPYroro peareHTy Ha
IIOBEPXHIO PO3IUIaBY B (OPMi ITOPOLIKONOAIOHOI CyMilIi.

[I[lo CTOCY€eTBHCS TEXHOJIOTIUHOI CXeMM OKpeMOi iHKeKIlil ABOX peareHTiB B
00’eMi OHOro KOBIIA, TO peayi3aliigs Takoi CXeMM MOXK/IMBA JIMIIEe B KOBIIAX
BEJIMKOT0 00’eMy, 1110 JO3BOJUTh HE3aJeKHO iCHYBaTM JBOM KOHTYpaM LIMPKYJISIIi,
SIKi He OyoyThb 3aBaskaTb OAMH ogHOMY. TOoMy BKa3aHa cxeMa He € [OCTaTHbO
TEXHOJIOTiUHOIO [JII YMOB BMPOOHMIITBA 3 Ppi3HMMM 00’€eMaMM UYaBYHY, IO
ITiIga€eThCs 00poOIIi.

TexHosioTiuHAa cxema iHXeKI[il OJHOro peareHTa Ta BBeIEHHS IiHIIOTO Ha
TIOBEPXHIO PO3IUIaBy Y (opMi ITOPOLIKOIIOIiIOHOIO peareHTy 03BOJISIE 00pPOOJISITU
YaBYH Pi3HO1 Macu, MpoOTe Yepe3 MaJOKOHTPOJbOBAHMII IIPOIIEC 3aCBOEHHS peareHTy
3 TOBEpXHi PO3IJIaBy € HepalioHAIbHOI i CKJIAJHO KepOBaHOI 3 TMO3UIIiii
OTpUMaHHS rapaHTOBAaHO HM3bKOI'O BMICTY IOMIIIIOK Yy YaBYHi.

I[Ipoiiec BBeIeHHSI OJHOTO peareHTy 3a PaxXyHOK iHXKeKIlii, a iHmoro y dopmi
TIOPOIIIKOBOTO JIPOTYy — € HAaMOiabIl MOIIIBHMM MpPM 3Oi/iCHEHHI TEeXHOJIOTii
KOMILIEKCHOTO padiHyBaHHS YaBYHY, OCKiJIbKYM JO3BOJISIE JOCSITTY BUCOKOTO CTYTIE€HS
3aCBOEHHSI peareHTiB Py MOKIMBOCTI UiTKOTO I03YBaHHSI KOXKHOTO 3 peareHTiB.

TakuM 4YMHOM, Yy3arajJbHIOUYM BUIe BUKIALEeHMII MaTepian HeoOXiJgHO
3poOUTM BMCHOBOK IIPO Te, IO HAaMOiMbII palioHAJbHOIO CXEeMOIO BBEIEHHS
peareHTiB IpU 3[AiliCHeHHI Mpollecy Iapasae/ibHOrO BUIaJIeHHS TOMIIIOK 3 YaBYHY €
rojavya OJHOTO peareHTy 3a paXyHOK iHXeKIlii, a iHIIoro y ¢gopmi mopoiikoBOro
IpOTY IIpU BUKOPUCTAHHI Tpaib amapariB. CaMme 3a3HaU€HA TEXHOJIOTISI € HaOiIbII
MepCHeKTUBHOKI 3 TeXHOJIOTiYHOro 060Ky y pasi peasisallii mpoiiecy KOMILJIEKCHOTO

pacdiHyBaHHS YaBYHY BiJ CipKy Ta KpeMHilo.
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Tabauug 1 — VsarajibHeHi TeXHOJIOTiYHi ITOKa3HUKA

BBeJleHHSI aKTUBHUX peareHTiB y piJikuii YaByH 111 padinyBaHHs [4, 5]

BapiaHT BBejeHHSI aKTMBHOTO pPeareHTy y piIkuii YaByH

BBEJIEHHS Y BBeJIeHHSI Ha TIOBEPXHIO
TexXHOMOTiYHMIA
Ne dbopmi pO3IUIaBy Yy
IIOKa3HUK 1H>KeKIIis
ITOPOIIIKOBOTO ITOPOIIKOITOIiOHi i
ApoOTY dopmi

CTyIliHb 3aCBOEHHS
1. 96 - 98 98 - 99 50 - 60
peareHry, %

MO>KIUBICTH YiTKOTO
2. | mo3yBaHHS KiJIbKOCTI | + + -

3daCBOEHOI'0O peareHTy

MOoXXIMBIiCTD
3 + + +
aBTOMaTM3aLii
4. | EKOJIOTiUHICTb + + -
JlirTepaTypa
1. boitueHKO b.M., ITonsikoB B.®,, XapaxyJsax B.®. CocrosiHMe "
Mpo6jIeMbl CTaJeIUIaBMILHOTO IIPOM3BOACTBA YKpauHbl. — BectHuk III'TY. - 1999. -

Bpim. N2 7. - C. 17 - 23.

2. A.®. IlleBuenko, N.A. Manauut, A.C. BepryH u np. BHeneuHast necynbdypalinusi 4yryHa B
KOBIIIaX TexHonorus. WccnemoBaHus. AHanus. CoBeplIeHCTBOBAaHME:
MoHorpadus.—IHenpomneTpoBck: JHinmpo—-VAL, 2017. — 256c.

3. MosmuanoB JI.C., Bakynbuyk B.B., Kobensipbkuit O.C. AHaji3 Cy4acHMX TEXHOJIOTii
ro3amiyHoi 06po6ku uaByHy / CrieliaJibHa MeTayprisi: BUOpa, CbOTOAHi, 3aBTpa: MaTepiaamn
XVI BceykpaiHCbKOi HayKOBO-TIpaKTM4HOi KoOH(QepeHuii, KuiB, 17 kBiTHa 2018 p. -
K.: KIII im. Irops Cikopcbkoro, 2018. — c. 273 — 286.

4. bantusmanckuii B.M., Benumuko A.l., McaeB E.J. BHeneuHas o6paborka cramu: Yueo.
noco6ue - K.: YMK BO, 1988. - 52 c.

5. Miogkuu [O.A., Kucunenko B.B. TlpousBopctBo cranu. Tom 2. BHemneuHast o6paboTka

KMAKOTO uyryHKa. - M.: Teruorexuuk, 2008. — 400 c.
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ARTIFICIAL NEURAL NETWORK MODEL FOR PREDICTION
OF MECHANICAL PROPERTIES OF STEEL
Togobytska Nataliya

University of Applied Sciences (HTW Berlin), Treskowallee 8, 10318 Berlin, Germany

Introduction. Structural steels are the widely used materials in almost all
industries worldwide. They have a high strength-to-weight ratio that makes them
excellent for use in the construction of large structures, such as buildings,
warehouses, bridges and factories. Especially high-strength low-alloy steels show a
great potential for many applications. These steels have greater hardenability than
structural carbon steels and can thus provide high strength and good toughness in
thicker sections by heat treatment. They typically have a manganese content of up to
2.0%. Small portions of other alloying elements, such as chromium, nickel,
molybdenum, nitrogen, vanadium, niobium and titanium can be used in different
combinations to provide improved heat and corrosion resistance.

The influence of alloying and microalloying on the mechanical properties of
high-strength steels has been investigated in many scientific works, i.e. [1 - 4]. In the
previous work [5] a multi-criteria optimization approach was introduced, based on
the regression model for mechanical properties of high-strength structural steels.
The regression model, which incorporates the parameters of interatomic interaction,
was derived based on an industrial data set containing the data of chemical
composition and tensile strength for 12 different steel grades. The advantage of this
approach proposed by Z.1. Nekrasov Iron and Steel Institute of the National Academy
of Sciences of Ukraine, is that through the dimension reduction of the parameter
space (chemical composition) to a few integral parameters of the interatomic
interaction, even the influence of new microalloying elements on the mechanical
properties of steel can be reliably estimated in advance.

In this paper, a data-driven Machine Learning (ML) - based prediction model
for tensile strength of high-strength structural steels is derived. The ML techniques
have proven to be extremely useful for predicting material properties when the
physical process is quite complex to describe and there is a significant amount of

experimental data. In the literature, different ML techniques for prediction of
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mechanical properties of steel are presented [6, 7]. For example, in [6] the authors
employed different ML techniques such as neural networks to predict critical
mechanical properties for steel tubes, namely yield strength, ultimate tensile
strength and hardness.

In this work, an ANN model was developed and validated for predicting the
tensile strength of high-strength structural steels based on the experimental data
reported in [5]. The ability of a neural network to approximate an unknown input-
output mapping makes this approach very popular in various application fields. ANN
are adaptive systems that adjust their structure based on external or internal
information that flow through the network during the learning (training) phase [8].
They consist of neurons organized into layers, where outputs from one layer are used
as inputs into the following layer mapped by an activation function. The basic

architecture of a neural network is shown in Figure 1.
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Figure 1 — Schematic representation of a classical type of ANN; each circle in the layers
represents a neuron; Xi,...,X» and yi,...,yn are the network inputs and outputs, respectively

There are typically three types of layers in ANN: input layers take raw input
from the external environment, hidden layers that take input from another layer and
pass output to another layer, and output layers that make a prediction. Each layer is
composed of a number of neurons, which can be adjusted during ANN model
training.

Results and Discussion. The ANN model for tensile strength was composed of
three layers: input layer, hidden layer and output layer. The input layer contained
two neurons, namely structural state parameter for microalloying elements dmn and
charge state of the melt Z¥[5]. The output layer with one neuron represents the value

of tensile strength oz (MPa).
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The modelling with ANNs consists of two parts, namely training and testing.
After data standardization, the entire dataset was split in training and testing
subsets. The entire experimental data set of 400 structural steel plates containing
the data of chemical composition, tensile strength and calculated parameters of
interatomic interaction is described detailed in [5]. A crucial part of the ANN
modeling is to choose an appropriate algorithm to train the network from the
experimental data set. In this work, a widely used Adam algorithm for first-order
gradient-based optimization of stochastic objective functions was applied for the
training of the neural network.

The model accuracy was measured using Mean Squared Error (MSE), which is
the average of the squared differences between the predicted and actual values, and
coefficient of determination R?, i.e. a goodness-of-fit measure for the model. The
higher R? (or lower MSE), the better the ANN model fits the experimental data.

Training of ANNs is sensitive to the number of neurons in the hidden layer.
During the training phase, different numbers of neurons in the hidden layer were
tested. Fig. 2 shows the dependence of MSE and R? on the number of neurons in the
hidden layer. In the hidden layer, the optimal number of neurons in the hidden layer

was found to be 4 as illustrated in Fig. 2.
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Figure 2 — Training curves representing R? and MSE to determine the optimal number of
hidden layer neurons for the ANN model (left). Standardized experimental data and
predicted values of tensile strength; dmi, Z¥ and oy are the parameters of interatomic

interaction and tensile strength, respectively (right)
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The accuracy of the ANN model (R?=0.78) was compared to regression model
from [5], which showed R?value of 0.72. Hence, the single hidden layer ANN model
with 4 hidden neurons showed a predictive accuracy higher than that of the
mathematical model in [5]. The ANN model can also be extended in a similar way for
other mechanical properties of steel. It might be an attractive and useful tool for
forecasting the mechanical properties and offers a potential for the further
derivative free optimization of chemical composition for special quality criteria.
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IMPOTHO3YBAHHS MEXAHIYHUX BJIACTUBOCTEN CTAJII 3A
JOITOMOI'OI0 HITYYHUX HEMPOHHUX MEPEX
Torobuiibka HaTtasis

AHoTanis. [IporHo3 MexaHiYHMX BJIACTUBOCTEN € Ay>Ke BaXKJIMBUM 3aBIaHHSIM
Y KOHTPOJII SIKOCTi CTaJii, SIKa € OOHMM i3 HaMBOKJIMBIIINX Yy CBiTi iH)KEHEpPHO-
KOHCTPYKIitHNX MaTepiaiB. [lo oCHOBHMX (haKTOpiB, 110 BIUIMBAIOTh HA MeXaHiuHi
BJIACTMBOCTi CTasi, BiZHOCUTBCSI TepMOMexXaHiyHa O00poOKa i XiMiuHMil CKiami.
XiMiyHMII ~ CcKJIad  MOKe  3MiHIOBAaTUCSI IS CIelliaJIbHOI  BMCOKOMIIIHOI
HM3bKOJIETOBAHOI cTaji, 06 BiAmoBigaTM NHeBHMM BMMOraM [0 MeXaHiuHUX
BJIaCTMBOCTeN. Y 1iii poOOTi IpeacTaB/ieHO MigXiJ MaIIMHHOTO HABYAHHS IS
MPOTHO3YBAaHHS MIIIHOCTI Ha PO3pMB B 3aJIEXKHOCTI Bif XiMIYHOTO COCTaBy
KOHCTPYKIitHUX cTasieit. Ha ocHOBi mpomMucioBoro Habopy gaHux 0yJia po3pobsieHa
OLHOIIIapOBa MOJeJIb MITYyYHOI HEMIPOHHOI MepexXi. BXigHMmMM napamerpamMu Mojesi
Oynu IapaMeTpu MiKATOMHOI B3a€MO[ii, IO XapaKTepu3yloTh XiMiuHMil i
CTPYKTYPHMI1 CTaH PO3IUIaBy. Pe3ynbTaTu MOJe/NIOBAaHHS IMMOKa3aau, 0 MOAeJb 3i
MITYYHUMM HENPOHHUMM MepeXXaMyu MoXKe OyTM KOPUCHMUM iHCTPYMEHTOM [IJis
IIPOTHO3YBAaHHS MeXaHIUYHMX BJIACTMBOCTeN cTadi. Lle TakoX € MOTeHIiaoM IJist
MOAAJIbINO0I ONTUMI3allil XiMiYHOTO CKIAAy AJ1s CrielialbHUX KPUTePiiB SIKOCTi.

KnrouoBi c/1oBa: 1ITyuyHa HeiipOHHA Mepeska, KOHCTPYKILiiiHI cTasli, MexaHiyHi
BJIACTMBOCTI, XiIMiUHMIA CKJIa[I,

ARTIFICIAL NEURAL NETWORK MODEL FOR PREDICTION
OF MECHANICAL PROPERTIES OF STEEL
Togobytska Nataliya

Abstract. The prediction of mechanical properties is very important task in the
quality control of steel, which is one of the world's most important engineering and
construction materials. To the main factors affecting the mechanical properties of
steel belongs thermomechanical treatment and the chemical composition. The
chemical composition may vary for a special high-strength low-alloy steel to meet
certain mechanical property requirements. This paper presents a machine learning
approach for prediction of tensile strength of structural steels. A single hidden layer
Artificial Neural Network (ANN) model was developed and validated based on
industrial data set. The ANN model inputs were parameters of interatomic
interaction, characterizing the chemical and structural state of the melt. The
modeling results showed that the ANN model might be an attractive and useful tool
for forecasting the mechanical properties of steel. It offers also a potential for the
further derivative free optimization of chemical composition for special quality
criteria.

Keywords: artificial neural network, structural steels, mechanical properties,
chemical composition.
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OTPUMAHHS BUCOKOI'O PIBHIO MEXAHIYHHMX BJIACTUBOCTEN B
TOHKOCTIHHHUX TPYBAX I IPO®IIAX 3 BUCOKOMIIIHUX CTAJIEN
®posnos S.B., booyx 0.C., CamcoHeHKO A.A.

VkpaiHcokull depxcasHuli yHigepcumem HAyKu i mexHosozitl, Ykpaiua, /IHinpo

Beryn. [l BUpOOGHMIITBA TOHKOCTIHHMX TMpOQdisiB Ta TpPyd 3 BUCOKUMMU
MeXaHiUHMMM BJIACTMBOCTSIMU [OIIIbHO BUKOPHUCTOBYBaTU ABodasHy (DP) crasb,
gKa Mae (pepuUTHO-MapTEHCUTHY MIiKpPOCTPYKTypy. [Jisg [OOCATHEHHSI TaKoi
MiKpOCTPYKTYpHU XiMiuHMIi CKIaf Takux craneitr mictuthb 0,05...0,17 % xapboHy i A0
3% Mapraifio, BOHM JOAATKOBO JIETOBAHI XPOMOM i MOTiOI€HOM [1JIsI YIIOBiIbHEHHSI
YTBOPEHHS IepIIiTy abo 6eiiHiTY), BaHaAieMm Ta (ab0) i Hiobiem mjis peasisaliii cxeMu
OUCIIePCiifHOrO 3MillHEeHHSI Ta 3arobiraHHsg pocTy 3epHa. OmHaK T'OJIOBHUM
TEXHOJIOTIYUHMM €JIEeMEeHTOM Yy BUPOOHMIITBI TaKuX CTajeil, SKuii 3abe3redye
TIOE€JHAHHS BMCOKOI MIIIHOCTI i IJIACTUYHOCTI € cIlelliajbHa TepMiuHa oOpoOKa B
iHTepBasmi TemmnepaTtyp Bim A; o As. Taka TepmiuHa o00pobka 3abe3neuye
MiKpPOCTPYKTYpYy, IO CK/IAZA€TbCSI 3 M’SIKOi (epuTHOI MaTpuili, IO MiCTUTh
BKJIIOUEHHSI MapTEeHCUTY, PO3TalllOBaHi 110 TPaHULISIM 3epeH.

OcHoBHUIT MaTepiasn. KomIliekc BIaCTMBOCTEV TOHKOCTIHHMX BUPOOIB 3
TaKoi cTa/li 3a7eXuThb Bif 06’eMHOI yacTKu, MopdoJorii depuTHOI Ta MapTEeHCUTHOI
da3 B cTpykTypi. TepmiuHa 06pobKka Takux cTtajgeil mpodijliB Moske IIPOBOAUTUACS Y
nBa crocobu (Puc.1): iHTerpoBaHe B JIiHiI0 CTaHa OXOJIOMKEHHS ITiCJISI rapsdoi
nmpokaTku (a), abo OKpeMMii Biamaja B [iara3oHi TeMmeparyp IIiCas XOJIOIHOI
nedopmaiiii (b). IIpu mpomy TemIiepaTypa i yac BUTPUMKM y ABoda3Hili 061acTi €
BOK/IMBUMMU TapamMeTpamu, S$IKi [OO3BOJSIOTh KepyBaTU CITIiBBiIHOIIEHHSIM MiX

dbepuTOM i MApPTEHCUTOM.
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IHTErpoBaHe OXONoAXeHHs
nicns raps4voi NpokaTkn

Temnepatypa ——

Okpema TepMiyHa
0obpobka

Yac —

PucyHok 1 — BUpoOHUIITBO TOHKOCTIHHOTO MPOKAaTy 3 ABodasHuX cTaeii 3a [1]
a — KOHTPOJIbOBaHEe OX0JIOJ;)KeHHSI iHTEerpOBAaHO B JIiHiI0 MPOKATHOTO CTaHY;

b — TepmiuHa 06po6Ka rapsiuoro rMpoKaTy

Tpybu i mpodini 3 BUCOKOMILIHMX CTajeii OTPUMYIOTb B arperaTrax
6e3repepBHOi mii, B KOTpMX 30HM HarpiBaHHs, gedopmallii Ta OXOJOMKEHHS
po3faisieHi. Y iboMy BUITA[Ky [OJis1 peanisallii cxemu 3a Puc. 1 (a) B JIiHiIO cCTaHa Ma€
OyTu  iHTerpoBaHuii  BOAO-TIOBITpSIHMIA  crpeiiep OjsI  KOHTPOJbOBAHOTO
OXOJIOIKeHHSI IPoKaTy. Y BUIMAIKy, KOJIM mpoliec medopMallii e 3a TeMIiepaTypu
HIDKYe A, palioHaJIbHUM € IIPOBEeJeHHSI TepMiuHOi 00p0oOKM 6e3rocepeIHbO B JIiHii
3 HarpiBaHHSIM 3a [JOMNOMOTOI0 MPOXigHOrO iHAYKTOpa 3 IOJAJbIINM
OXOJIOMKeHHSIM. [[OCTimkKeHHI0 IPOoLeciB 00pOOKM TMCKOM Ta TEPMiUyHOI 0OpPOOKM
BUpoO6iB mpucBsdyeHi pob6oru O. I'pupmina, T. I'epbepa, E. Mema-T'apcia, B.-A.
bepenca, JI. Boabda, k. Mopuig ta iH. OgHak OifblIicTh poOIT IIMX aBTOPIB
CTOCYEThCS JIMIIE TTUTAaHb OJEP>KaHHSI BMPOOIB JIMCTOBOIO IITAMITIOBKOIO. B poboTax
[2, 3] pO3TAIHYTO MOZEeI0BaHHS TepMiuHO1 00pOOKM MUCTIB TibKM 3i cTasi 22MnB5
i Yac 3arapTyBaHHSI B Tipeci. ABTopamu poboTu [4] TakoxX Oys0 IMpoBeneHO
aQHAJIOTIUHI JOCTIKeHHs ITif, Yyac 3arapTyBaHHS B IIpeci AJjis1 OTpUMaHHS Tpagi€eHTy
BJIACTMBOCTE} IO MOBXMHI BuUpoOOy, ase Tinbku nias crameir HPF1470 i 340Y.

Bepercom B.-A. OGyn0 pO3IJIIHYTe IITaMITyBaHHSI TPyOHOi 3arotoBku, ane Oyau
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MpOBEeJleHi Jiniie eKCIepUMEeHTA/IbHI [OOCIIIKEeHHS 3 BUKOPUCTAHHSIM ITiYHOTO
HarpiBy [5, 6]. BucokoMiliHi cTaJti MmiJi yac BOJOMOBITPSIHOI TepMiuyHOi 06pO6KM OyJin
oocJikeHi B poboTi [7], anme aBTOpM BUKOPUCTOBYBaIM IiyHE 3arapTyBaHHS,
MIPOBOAMJIM TiJIbKM €KCIIepMMEeHTa/IbHI OOC/II)KEeHHSI Ta He BUKOPUCTOBYBaIN
MaTeMaTUYHe MOJe/II0BaHHS.

BucHoBku. HaBeneHo aHami3 croco6iB BUPOOHUIITBA TOKOCTIHHUX TpyO i
npodisnieit 3 BMCOKOMIITHMX ABO(a3HMX CTajeil B arperatax 6e3repepBHOI Hii [
yMOB rapsiyoi i xomoxaroi medopmatii. BimobpaskeHO cTaH AOCTiAKeHb BIUIUBY
rapaMeTpiB OXOJIOKeHHS Ha BJaCTUBOCTI BUCOKOMIIIHMX CTaJeil.
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REACHING THE HIGH LEVEL OF MECHANICAL PROPERTIES IN THIN-
WALLED TUBULAR PRODUCTS AND SHAPES OF HIGH STRENGTH STEELS

Frolov Yaroslav, Bobukh Oleksandr, Samsonenko Andriy

Abstract. To produce thin-walled tubular products and profiles with high level
of mechanical properties, it is advisable to use two-phase (DP) steel, which has a
ferritic-martensitic microstructure. The main technological element in the
production of such products, which provides a combination of high strength and
ductility is a special heat treatment in the temperature range from A, to As. This heat
treatment provides a microstructure consisting of a soft ferrite matrix containing
martensite inclusions located at the grain boundaries. Tubular products and profiles
made of high-strength steels are obtained in continuous units, in which the areas of
heating, deformation and cooling are separated. In this case a water-air sprayer must
be integrated into the mill line for controlled cooling of the outgoing product. In the
case where the deformation process takes place at temperatures below A, it is
rational to carry out the heat treatment directly in the line with heating by means of
a through-inductor followed by cooling.

Keywords: DP sttels, in-line heat treatment, mechanical properties, microstructure.
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IVIIXW BAOCKOHAJIEHHS TEXHOJIOTITI BUPOBHUIITBA
TAPSIYEITPECOBAHHUX TPYB 3 BUCOKOJIETOBAHUX CTAJIEN I
CIIJIABIB HA OCHOBI TUTAHY
®ponos .B. !, MegseneB M.I. !, Bepesoc B.O. %, booyx O.C. !, CamcoHeHKO A.A. !
I'Vkpaiucokuti depxcastuli yHisepcumem Hayku i mexHonoeiti, Ykpaina, JIHinpo
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Bcryn. BaknuBe wMiclie B PO3BUTKY MeTaqyprii 3aiMalOTh IIUMTaHHS
BJIOCKOHAJIEHHS TEeXHOJIOTiUHMX IIPOLIeciB i 00yiamHAHHS, M0 XapaKTepU3YIThCS
BUCOKOIO e(heKTMBHICTIO BUPOOHMIITBA i BMCOKOIO SIKiCTIO IIPOAYKIIii, IO
riepeBepIIye MOCITHYTI B JaHMiT Yyac i BulepemkalTh MepCleKTUBHI mapaMeTpy Ha
cBiTOBOMYy piBHi. Oco6iMBa yBara MPUIIISETbCS PO3BUTKY BUPOOHMIITBA TPYO 3
BMCOKOJIETOBAHMX XPOMOHIiKeJeBUX 1 TUTAHOBUX CIUIaBiB [1], $Ki LIMPOKO
BUKOPUCTOBYETHCS B €HEPreTMYHOMY i  XiMiYHOMY  MAaIIMHOOYIyBaHHI.
IX BMpOGHUIITBO TOB'I3aHe 3 EBHMMM TPYAHOIIAMM, 30KpeMa 3 OTPMMAaHHIM TPy6
3  perJiaMeHTOBAaHOK CTPYKTYpOW 1 MeXaHIYHMMM  BJIACTUBOCTSIMM, IO
3abe3mevuyioTh BUMOTM HOpMmaTuBHUMX OokyMeHTiB (TOCT 5639-82, ASTM B-338,
ASTM 312 Ta iH.) [2]. Lle 3yMOBWJIO HEOOXiTHICTh PO3POOKU PSIAY TEXHOJOTIUHMUX
pillleHb 3 ONTMMi3allii TeXHOJOTrili TpecyBaHHSI TpPyd 3 KOPO3ilfHOCTIKUX
ayCTeHITHMX CTajel i TUTAHOBUX CIIABIB [3].

OcHoBHMIT MaTepias. Iy BUpillleHHSI NMTaHb IIOJAO ITiABUINEHHSI SIKOCTI
TOTOBOI MPOAYKIlii aBTOpaMu OYB 3ampoIIOHOBaHMIt cIoci6 [4] mpecyBaHHSI TPyO
IISXOM 3MiHM YMOB OXOJIO[IKEHHSI TIpecoBaHMX Tpy6 B 3aJeXHOCTi Bif
TEeXHOJIOTIUHUX TapaMeTpiB Ipollecy ITpecyBaHHS, SKi 3a0e3MeuyloTh OTPUMAHHS
perjiaMeHTOBaHOTO CepefHbOr0 [iaMeTpy 3epHa (CTPYKTypu MeTany Tpyb), sKe
BiflOBigae BMMOram BiTUM3HSHMX Ta MDKHApOAHMX CTaHAAPTIB 3 KOpPO3iliHO1
CTiViKOCTI TPYO.

TexHosorist mpecyBaHHs TPyO 3 ayCTEHITHUX CTajeit, sika BKIOYa€ HarpiB rijib3
(MOPO’XKHMUCTA  3aroTOBKA) [0 TemIlepaTypy MAaKCMMaJIbHOI  IJIACTUYHOCTI,
MpecyBaHHS B KiJIbII€BUI1 3a30p YTBOPEHUII MaTpUllEl0 Ta TOJIKOK 3 MOAATbIINM

OXOJIOAKEHHSIM 3 I0YaTKy Ha MOBITPi MOTIM B BOAi. 3a YMOB SIKIIO IMpPeCyBaHHS
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BiJIOYBAETHCS 3 BUTSDKKOIO Y Mexkax 5-30 Ta MBUIKOCTIMU HeOopMyBaHHS B Meskax
100-350 mMM/c Ta OXOJIOIKEHHSIM Ha TIIOBiTpi B iHTepBami 35-95 ¢ mepen
OXOJIO[IPDKEHHSIM Y BO[i, MPOrHO3yBaHHSI CEepegHbOro AiaMeTpy 3€epHa ayCTeHITy
MO>KHA BU3HAYUTU 32 GOPMYJIOIO:

A =039T,, +1,03-x—0307-V,, —1,21,03 -0, + 0,057 -7 —288,6 (1)
ne: 1 — cepenHiil miameTp 3epHa ayCTeHITy rOTOBUX TPYO, MKM;
T ,ep. — TEMIIEPATYPA MAKCUMA/IbHOI MIACTUYHOCTI AedopmyeMoro metany, °C;
u — KoedillieHT BUTSIKKY IIPY IIpeCyBaHHi Tpyo;

Vip. — WIBUIKICTD NepOpMyBaHHS, MM/C;

g, — MexXa MiIIHOCTi gedopMyeMOro MeTaay IIpU TeMIlepaTypi medopmailii,

KI'C/MM?;

T — YaC BUTPUMKM Ha IOBiTpi, C.

[T BUKOPMCTAHHS Y TeXHOJOTiYHOMY IIpoiieci dopmyanu 1, HeobOXimHO
00upaTy reoOMeTpUYHI PO3MipM ITOPOKHMCTOI 3arOTOBKM Ta T€OMETPUYHI po3Mipu
rOTOBOi Tpy6M, Taki mo6 KoedillieHT BUTSIKKM OyB y mMeskax 5-30. [Tpu Bigxumeni
cepelHbBOTO [liaMeTpy 3epHa AayCTeHITy Bi, BMMOI HOPMAaTUBHUX JTOKYMEHTIB
MPOBOASATh KOPEeryBaHHS TEXHOJOTIYHMX IapaMeTpiB [0 BiAIOBIZHOCTI 3HavYeHb
CepeHbOrO iiaMeTpy 3epHa ayCTeHITy.

it oTpMMaHHST TOBAapHMX TPyO ayCTEHITHOTO Kjacy 3 perjiaMeHTOBaHOi
CTPYKTYpOIO B po0O0Ti [5] 3aImpoIOHOBAaHO 3AiliCHIOBATM HarpiB 3aroTOBOK Iiepe[

€KCIIaHAYBAHHSAM 00 TeEMIIEPAaTypPH, AKa BM3HAUAETbCA 3aJIEKHICTIO:

Tope = 1180 - (1 + ke )

Ie .. — KoedillieHT BUTSIKKM IIPU eKCHaHOyBaHHi, SIKUII 3HaXOAUTHCS B

nmiamasoni 1-1,59

Hani mapameTpu HarpiBy 3aroToBOK (2) i mifirpiBy Triib3 BCTaHOBJIEHI
eKCIIepMMeHTalbHO Ha mpecoBiii ycraHoBli 44 MH B ymoBax [IpAT «CEHTPIBIC
[TPOJAKIITH IOKPEMH>» i ycmimHo peastisyBany Ipy npecyBaHHi Tpy6 ayCTeHiTHOTO

K/1aCy 3 perjiaMeHTOBaHOIO CTPYKTYPOIO 3€PEH.
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BucCHOBKU. 3anpoIioHOBaHi TEeXHOJIOTiUHi YMOBU BUPOOGHUIITBA
rapsiueripecoBaHux TPyO, 3 ayCTEeHITHMX MapoK cTajeii, 3a0e3MmeuyiTbh BUMOTHU
HOPMaTUBHUX JOKYMEHTIB, TaKi Ik MeXaHi4uHi BJIaCTUBOCTI, PO3Mip 3epHa Ta iHIIi.
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WAYS TO IMPROVE THE TECHNOLOGY OF PRODUCTION OF HOT-
EXTRUDED TUBES HIGH-ALLOYED STEELS AND TITANIUM BASED ALLOYS
Frolov Yaroslav, Berezos Volodymyr, Medvedev Michael,

Bobukh Oleksandr, Samsonenko Andriy

Abstract. Sustainable development of human civilization as well as responsible
manufacturing require new approaches to metallurgical production chains. A major
part of that requirements lies in plane of solid-state treatment of high alloyed steels
and Ti-based alloys. In this work we pay an attention to the development of
production of tubes of these alloys, which are widely used in energy and chemical
engineering. The aim of research — an excellent microstructure, what is the warrant
of the set of mechanical properties attractive for customers. The aim is reached
through the creation of the deformation mode, which includes wall-thickness and
diameter strain distribution, thermal balance along the treatment and auxiliary
operation. That mode consists of the solutions, providing measurable considering of
current chemical composition of the incoming billet. Applied approach results in
fine adjustment of the solid-state treatment to the potential of chemical
composition of the billet.

Keywords: hot-extruded, titanium, mechanical properties, microstructure,
austenitic steels.
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VYIOCKOHAJIEHHS ®OPMMU IBOBAJIKOBOTI'O KPVYIJIOI'O KAJIIBPY 3
KPYTJIMMU BUITYCKAMM CTAHY IIO3J0BXHbOI IIPOKATKU TPYB
HA KOPOTKIN OIPABLII
[ndpun €.1.1, Keitka H.I0.2, Kysbmina O.M. !, Bo6yx O.C. !, CamcoHeHKO A.A.!

I'Vkpaiucokuti depicasHull yHigepcumem HAyku i mexHoso02iil, Ykpaina, JHinpo
2 George Brown College, Kanada, Topormo

Berynm. BupoOGHuMIITBO Tpyd € OgHMM 3 0a30BMX BHUIIB OisSZTIBHOCTI
MeTaypriiiHux BUpo6HuITB YKpainu. Tak, y 2019 i 2020 pokax BUPOOGHUIITBO I[bOTO
BUAY TPOAYKIii ckiagano Ginbmie 1 maH T/pik [1, 2]. OpHielo 3 BigoMux cxem
BUPOOHUIITBA IiJIbHOKATaHUX  TPyd € 3aCTOCYBaHHS arperaris 3
KOpPOTKOOTIPAaBOUHMMM PO3KAaTHUMM CTaHamMu [3, 4]. [IjisT OTpMMaHHS SIKiICHUX TPYO
HeOoOXiTHO SIKHANOiIbIIe 3HVKATY Pi3HOCTIHHICTD, 30KpeMa MmorepevyHy. BMKoHaHHS
IIbOTO 3aBJAHHS MOXINMBE IIJIIXOM CTBOPEHHS HOBUX IapaMeTpiB KaliOpyBaHHS,
sIKe 3a0e31eunTb OTPUMMAaHHS BiAIIOBigHOI reomeTpii po3KkaTaHoi 3aroToBKu. OIHUM
3 HaMBaXIMBIIIMX MMapaMeTpiB KajgiOpyBaHHSI BaJIKiB KOPOTKOOIIPAaBOYHOIO CTaHA
MO300BKHbOI MPOKAaTKM (aBTOMAaT-CTaHa, 30KpemMa CTaHa TaHAeMm) € dopma raarei
BaJIKiB, 1[0 YTBOPIOIOTD Kajiop.

OcHoBHMIT Martepiasn. [Ipy BU3HAUeHHI MapaMeTpiB ABOBAJIKOBOTO KPYIJIOTO
Kalmiopy 3 KpyrIMMM BUITyCKaMM B 30Hi rajTesii 3a3Buuail BUXOASTb 3 KOHIIEMIii
HeOoOXiTHOCTI IJIaBHOTrO 3’e¢AHaHHS ranrteni (minsgHka 0,0, Ha puc. la) pagiycom
TaITeN 1 SIK 3 BUITycKOM (minstHka AOy), Tak i 3 pebopor0 BaiKa (HisTHKA IpaBile

TOUYKMU Oy).

o

ok~
= A ,.‘.,,,.,,,,,” - “‘0
0~ g

Pucynoxk 1 — Cxema 10 BU3HAUEHHSI ITapaMeTpiB KaJiopy B 30Hi rajiTesli: a — MjiaBHe

CTIOJTyYeHHS 3 BUITYCKOM i1 pe6opo10; 6 — MyIaBHe CIIOMyUYeHHSI TiIbKM 3 BUITYCKOM
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3arporoHOBaHO 1150010 KOHLIEIIit0 BUOODY dbopmu rajiTeli,
YCHIIIHO TMPOTEeCTOBaHy B TMPOEKTYBaHHi [ABOBAJIKOBUX KPYINIMX Kali6piB 3
KPYIVIMMM ~ BUIIYyCKaMM IS CTaHIB  IIO3LOBXHBOI  mpokatku  TITA-140.
V wiit KoHUenmii BUXoaMMo 3 HeoOXiTHOCTI MIABHOTO 3’€qHAHHS rajaTesi (IisTHKa
0,0y Ha puc. 16) pamiycom raaresi r, TiIbKM 3 BUITyckoM (AinsiHka AOy). I[Tpy ibomy,
MIPUPOOHbBO, I'h > T.

BukopucTaHHs TaJTeJli 3aIllpoOlIOHOBAHOI (opMM B CTaHi IMO3OBXKHBOI
MIPOKaTKM, TIpU 30epeskeHHi mepeBar Gopmyu ranaTesi 3 IJIABHMM CITOJIyYeHHSIM 3
BUITYCKOM ¥1 pebop/I0i0 BaJiKa, MO3BOJISIE OOMEXKUTY MOXK/IMBICTD 3aTiKaHHSI MeTaly
Tpyou mpu pedopmarii B 3a30p MiXK BajJKaMM i BiTIOBiIHO 3HM3UTU HaBeIEHY
TIOTIepevyHy Pi3HOCTIHHICTb TPyOuM.

[Ipy 11aBHOMY CITOJTYUYEHHi Ta/ITesli TIIbKM 3 KaJIiOpoM paaiycoM I, BeJIMUMHU
paniycy Kaiiopa 1mo BepinHi Ry, 0BaIbHOCTI Ka/libpy A, KyTa BUITYCKY Ob, 3230Py MiK
BaJKaMM A, KyTa raaTesi 0 i pagiycy raaresi r, 3a4al0Th, BUXOASUN 3 TEXHOJIOTTUHMX

MipKyBaHb [5]. Beuuuum x, y U p BU3HAYAETHCS 3 PiBHSHbD:

x=(p—R,)cosb,; (1)
y=(p-R,)siné,. 2)
1+4*-24cosé, )R 2 _

o= ( b) k _ A" -1 R, 3)

2(1-Acos6,) 2(1-Acos6,)

BenuunHa [OnoMiXXHOTO KyTa 0, (pUC. 2) BU3HAYATUMETbHCS 3 YMOBU
(p+r,)sing, —(y+§]

6, =arcsin . 4)

Oh

PucyHok 2 — Cxema 10 BU3HaUeHHS JOIIOMi’KHOTO KyTa 6,

ISSN-online 2708-0102 89



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

[TapameTpu Kaniopy Ha AiISHI CKPYTIeHHS (0p<0<Ow) BM3HAUATHCS HACTYITHUM

YYHOM:
b, =(p+r,)cos6, —x; 5)
2 3 .
R =00, :\/bf +(E+rn sm@nj ; (6)
- é+rn sind,
0,=20,0,0 = E—arcsm T ; (7
R,=0,0, = J(pcos 0,—x) j{EJrrn (sing, —siner)} ; 8)
. é+rn(sin¢9n —-sing,)
0, = £0,0,0, = ——arcsin 2 ; )
2 R
6 =,0,0,0. =~ _arctan A (10)
N ) 2[(p+r1,)cos6, —x—r,cos6, |

[ToTouyHe 3HAUEHHSI pajiycy Kaliopy Ry Ha mi/ISIHIT, 110 pO3TASAAETHCS (Op<0<Ow)

OTpUMaAEMO 3 piBHHHHH

R, =R, cos(0 -0, )[R cos’ (6-6,) 1]+ . (11)

[loTouHe 3HaueHHs1 pafiycy Kamiopy Rg¢ B 30HI pebopau, Oas sIKOi Ow
<O<arctan(A/21) (TyT 1 - monoBMHA MUPUHM OOUKM Ba/IKa), BUSHAUUTHCS 3 PiBHSIHHS

R-— 4 (12)

0
Zsin(”—ej
2

Takum unMHOM, OTpUMaHi GopMyIM IJis BU3HAUEHHS pafiycy Kajmiopa Re(0) 3a
/ioro repMMeTpPOM B 30HAX raiTesti it pebopan O <O<arctan(A/21).

HoBa ¢Qopma ranTeseil BaJikiB CTaHiB IO3[BOKHbOI MPOKATKU 3 KPYIIUM
Kamibpom i Kpyrioio Gopmoio Bumycky Oysia YCIIIIHO BIPOBajKeHa s
Kani6pyBaHHs BaskiB craHa TITA 140 TOB «IuTepmnaiin Hiko Tei06».

BucHOBKM. 3amporioHOBaHa HOBA (popma rajaTtesi BajaKiB KOPOTKOOIIPaBOYHMUX
CTaHiB TO3J0BXHbOI MPOKATKM, SIKA MO3BOJISIE 3HU3UTU HaBeOEHy IIONepeuHy

pi3HOCTiHHiICTb TpyO0. Po3pobiieHa MeTOAMKA PO3PaxXyHKYy TeoMeTPUUYHUX
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nmapaMeTpiB rajartesi Kajnaiopis 3 HoBow ¢opmoro. HoBe kanibpyBaHHSI BajKiB CTaHiB
MTO30BKHbOI IMTPOKATKM 3 KPYIJIMM KaliOpoM i KpyrJioio (popmMoio BUITYCKY ITPOMIIIO
ycrimHy anpo6aiiito B ymoBax TITA 140 BAT «Iutepmnaiin Hiko Thi06».
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IMPROVING THE SHAPE OF THE TWO-ROLL ROUND CALIBER OF
MILL FOR LONGITUDINAL ROLLING OF PIPES ON A SHORT MANDREL
Shifrin Yevhen, Kvitka Natallya, Kuzmina Olga,

Bobukh Oleksandr, Samsonenko Andriy

Abstract. To obtain high-quality pipes, it is necessary to minimize the
transverse diversity. To do this, experts create new calibrations of the mill rolls for
longitudinal rolling with a short mandrel (automatic, in particular tandem). This
work is devoted to improving the shape of the rolls that form the caliber. Another
concept of choosing the shape of the fillet successfully has tested in the design of
two-roll round calibers with round releases. In this concept it was assumed a smooth

connection of the fillet only with the release. The use of the proposed shape in the
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mill of longitudinal rolling allows to limit the possibility of metal pipe's flow during
deformation into the gap between the rolls and, accordingly, to reduce the
transverse diversity of the pipe. A method for calculating the geometric parameters
of the caliber with a new shape has been developed. New calibration of rolls for
longitudinally rolling mills with round caliber and round shape was successfully
tested at the rolling mill 140 of OJSC "Interpipe Nico Tube".

Keywords: longitudinal rolling, calibration, new shape of rolls, method of
calculation.
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MOJE/IIOBAHHS 3MIHU BOJIOTOCTI T'PYHTY B ITPOLIECI
POBOTU JIOIIYBAJIBHOI MAIIIMHU «®PETAT»
baiipak I.B., ITonimona O.B., Pynakosa I'.B.

XepcoHcwvKuUll HaAUiOHANbHULI MexHiuHULL yHigepcumem, YKpaiHa

ITocranoBka mpooOsemu. IIpoiec 3polIeHHS € OOHMM 3 HaAWBaKIMBIIIMX
eJleMeHTiB TeXHOJIOTi/i BUPOUIYBAHHS CUIbCbKOTOCHOAAPChKMX  KYJbTYpP Ha
nMoIMBHUX TpyHTax [1]. 3amaui 3abe3medyeHHS] ONMTMMAIbHOTO BOJHOIO PEXUMY
IPpYHTY i ¢iToKIiMaTy IOCiBiB, BUKIIOUEHHS rpaBiTalliiHMX BTpaT BOIAM 3a MeEXi
30HM aKTMBHOI'O BOJIOTOOOMiHY Ta CIIPUSHHS HAalOGiJbII ITOBHOMY BUKOPMCTAHHIO
poCIMHaMM OiOKIIMATMYHOTO TIOTEHIia/ly perioHy IOTpeOyIoTh MOIEeNTI0BaHHS
IVHAMiKM BOJIOTOCTi IPYHTY Yy TIpolleci 3BOJIOKEHHS, a TaKOX KOHCTPYKIil i
TEXHOJIOTii1, OB 'SI3aHMX 3 BOJOTOCIIOIaPChKMMM 00'€KTaMM.

MeTo0 cTaTTi € po3pobka MojeNi 3MiHM BOJIOTOCTi I'PYHTY, IO AO3BOJIMUTH
BM3HAYaTM BOJIOTOBMICT SK Yy IIPMKOPEHEBOMY TaK i y IPUIIOBEPXHEBOMY Iapi
I'PYHTY Ta IMPOTHO3YBaTy MapaMeTpy Pyxy JIaHOK AOIIYBaJbHOI MalnHu «Dperat».

3BOJIOKEHHSI [PYHTY Ha TIiBAHI YKpaiHM 3[OiJICHIOETBCSI TMepPeBakKHO
IOIIYBAHHSAM i3 3aCTOCYBaHHSIM [IOIyBaJbHOI MaliMHMU TUITy «DperaT», 10 Y
BeJIMKilt Mepi HaGMMKeHO OO0 IMPUPOIHMUX IIPOlieciB BHECEHHSI BOJIOTM B IPYHTOBI
CTPYKTYpH, OCOOIMBO 3 BMKOPUCTAHHSIM HOBITHIX moiryBauiB Tuity Xi-Wob [2], ki
3a6e3I1euyIioTh OJHOPIHE 3pOIIEHHS Ta OJHAKOBMIT pO3Mip Kparienib. st ommcy
IVHAMIKM BOJIOTOCTi I'PYHTY TPaAMUIIiiHO BUKOPUCTOBYIOTh CTaTUCTUYHI, OaIaHCOBI,
JIOTiuHi, HeiipoMepeskeBi, CTOXaCTUUHI, afganTaliiliHi Mojeai, Moae/li B YaCTUHHUX
NMoxigHMx i iH. [3], ogHAK BCi I1[i MOHeJi MalThb HeEraTMBHI BAACTUBOCTI IIpU
MPaKTUYHOMY 3aCTOCyBaHHi. [IJiI MOJe/NIIOBaHHS 3MiHM BOJIOTOCTI TIPYHTY IIpU
TOJIMBI JOIiIJIBHO 3aCTOCOBYBATH MiAXifl i3 3aCTOCYBAHHSIM JIiHEapM30BaHO1 MOJIesi B
MIPOCTOPi CTaHiB, SIKa 0O3BOJISIE aHATi3yBaTU BOJIOTICTh I'PYHTY B HeOOXiAHii Toulii
OpPHOTrO IIapy 3 ypaxyBaHHSM CTPYKTYpPM 3POIIYBaJbHOI CUCTEMM Ta MOXXJIMBUX
omnaJiB.

KoHCTpyKIIii moinyBaviB, icCHyIOUMX Ha JaHMII Yac, JO3BOJISIIOTH 3a0e3IeunTu

piBHOMipHY iHTEHCMBHICTb pO30PM3KYBaHHSI Kpamejab IO BCiii pobOouiii 30HI y
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nporieci pobotu «dperaty», TOMY [T MOETIOBAaHHS MOXXHA 00paTy OKpeMY TOUKY.
IaHi oTpMMaHi 1151 OfHi€i TOUKM MOXJIMBO MOIMIMPUTH Ha BCIO pobody 30HY. s

MaTeMaTUYHOTO OIIUCY PYXY BOIM B I'PYHTI BUKOPUCTOBYEThHCS piBHAHHSA apci [3]:

aw_g,t) _ %[k(w(z,t))w + k(W(Z't))} - 'w(z,o’ o

me wW=w(z,t) — GYHKIis BOMOTOCTi IPyHTY Ha I/IMOMHI Z B MOMeHT uacy t; k(w) -
(dYHKIIiST BOJIOTOIPOBiAHOCTI I'PYHTY, (CM/C); z//(w) — BOIOHMI MMOTEHI[ia] IPYHTY (CM);

IW(M)— 00'eM BOIM, IO BUOAISIETHCS 3 OOMHMII 00'€eMy I'DYHTY B OOVHMIIIO Uacy,

(MM/100).
[ToyaTKOBi ¥ rpaHUYHi YMOBM 3a[Jal0ThCSI B TaKuii CIIOCi0:
w(z,0)=w, = const, (2)
e K, iz, )0
), K *
—= 4 2w, —w(z,,t)]=0,
ot Y7,

me W,(X,y) — mouyaTKoBMii BOJIOrOo3amac B ODHOMY IIapi, IO TOTPe6yeTbCs s
KYJIbTYPU; Wl(Wz) — BOJIOTICTh I'PYHTY Ha BepXHiil (HMKHINI) TpaHMIli OPHOrO IIapy;
2,(z,) - BepxHs (HVKHS) TPAHMULIS OPHOTO IIApY.

Pisasinust [apci (1) € piBHSHHSM B YaCTMHHUX TOXiAHUX, AJIS OTPUMaHHS

YJCebHOTO DillleHHS SIKOTO MOXXHAa BUKOPUCTOBYBATM METOJ, KiHILIEBUX Pi3HUIIb.

Bicp z (rnmmbuHa IpyHTY) po36MBaeThcs Ha N By3/I0BMX TOYOK 3 KpokoM h=z_ /N, a
iHTepBan yacy croctepexxeHHs t, — Ha M Touok 3 Kpokom K =t /M. BosoricTb
I'PYHTYy Ha TJAMOMHI i Ta y 4Yac j y KiHIEBUX pi3HULISIX [JIs eJeMeHTa (i,j)

i=01..,N, j=01.., M, 6yme MaTy BUTJISII:

Wi 1) = wl, - ol ) /i -1 )~ (i, 1))+
(i +1 1) (i +2. ) p (G, D+l 1w 5)-K

3HaueHHS W,, Ha JiBiil CTOPOHI CITKM BMU3HAYAKTLCI 3 IOYATKOBUX YMOB

(4)

(W, =w(i,0) =w,) . KpaiioBi 3HaueHHsI W,; Ta Wy ; Ha BEpXHill i HIKHI CTOpOHAX

CiTKM BiATIOBiITHO OTPUMMYIOTHCSI Y Pe3y/IbTaTi alipOKCUMallii KiHIeBUMM PiSHUISIMU

IPAaHUYHUX YMOB (2), (3).
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[Ipn i=0:
W(l, J +1)+ h- k(W(l, J +l)) Wor
Lo H
w(o, j+1) = ) h KWL+ 1) , ©)
+
7]

e W, —BOJIOTICTb Ha IIOBepXHi IPYHTy, fIKa 3aJa€TbC pPIBHOWO 1, gKIIO Ha

TOBEPXHIO I'PYHTY MOCTYNMB IIap omnajiB abo 0, SKIo Ha IMTOBEPXHi I'PYHTY CyX0; i —

KiHeMaTHM4Ha B'SI3KiCTb BOIM.

I[Ipn i=N:
W(N, j+1)=w(N -1, j +1).(1_ h-k(w(N -1, j +1))j+
. ©)
+h.k(w(N ~1,j+1))-w2(j+1)
y7]

ne W2(j +1) — BOJIOTiCTh Ha BepXHiii rpaHulli MiIOPHOTO IIapy, OJsI BU3HAUEHHS KOl
MIPOTIOHYETHCST popMyia:

w(N, j+1)-w(N, j)

w2(j+1)= >
0

kg +w2(j) (7)

Ie ko(kolj - KoedinieHT ¢inbTpaliii opHOro (IiJopHOro) mapy.

Ha ocHOBI piBHSIHB (4) — (7) MOXHA BM3HAYUTU 3HAYEHHS BOJIOTOCTI W(i, j) 13(0)
BCilt TIMOMHI OPHOTO IIapy MPOTSTOM OYIb-SKOTO iHTepBajay yacy 3 BereTallilfHOTO
nepiony.

HuvickpeTnsoBaHe piBHAHHSA [lapci (4) MOXXHaA MpeACTaBUTU B MPOCTOPi CTaHIB

SIK

% —f(2)+b(2)u+q, ®)

ne z=(zy,2,,...,2,...,Zy )’ — BEKTOp CTaHy (3HaueHb BOJIOTOCTi I'PYHTY MO IIMOMHI);
f(z) i b(z) - 6esnepepsHi GyHKIUii, 3a/MeXHi Bifl eleMeHTIB BeKTOpa CTaHy, IO
dbopMyIOTbCSI Ha OCHOBiI TiApodi3aMUHMX XapaKTEePUCTUK IPYHTIB; (- BEKTOP
30BHIIIIHiX BIUVIMBIB, 1[0 BK/IIYA€E OTMaAy, BOOOCIIOKUBAHHS KyJIbTYp, @ TAKOX BiTiK
B MMiOpPHMIT 1Iap; U — BEKTOp KepyBaHHs, CpOPMOBaHUI 3 ypaxXyBaHHSIM TUITY
TOJIMBHOI CUCTEMM.

Jlineapusalisi piBHgIHb (8) Hajia MOXIMUBICTb OTPMMATU iX y BEKTOPHO-
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MaTpuuHiit dopmi. 3 ypaxyBaHHsIM 2, =7, -7, G=u—u, (i= O,_N) OyJI0 pO3KIaZeHO

is ?

piBHSHHS (8) B psig Teityiopa, 06MeXYIOUMCh YIeHaMM MePIIOro MopsiaKy. PiBHIHHS

OyHaMiky Oyay JliHeapu30BaHi HAaBKOJIO JESKOTO CTalOr0 CTaHy Z=(Z,...,Zye) 1

3ajlaHVX KepyBaHb U, .

7=A2+B0+q, 9)
oe marpuni A,B, q MawTh MOCTiiHY CTPYKTYpy ajie iX eJeMeHTU 3MiHIOITbCS
3aJIE3KHO BiJi yMOB (DYHKI[iIOHYBaHHS CUCTEMMU:

BucHoBku. Po3pobsieHa MaTeMaTM4YHa MOJeNb 3MiHM BOJIOTOCTI I'PYHTY B
IPOCTOpPi CTaHIB [03BOJISIE BU3HAUYaTM BOJIOTOBMICT Yy MPUKOPEHEBOMY i
TIPUIIOBEPXHEBOMY IlIapax I'PYHTY 3aJIEXKHO BiJ, OTO TiAPOJOTiYHMX XapaKTEPUCTHUK,
BUAY KyJIbTMBOBAHUX POCIMH, 00’€éMy BOAM, IO ITOCTYIIA€ Ha IIOJIS Bif MOJMBHUX
cucteM ab0 BUIIAJAKOBMX OIIAAiB Ta MOXKE BUKOPUCTOBYBATHMCh [JiSI IPOTHO3Y
rapaMeTpiB pyxy JJaHOK JOITyBa/JIbHOI MaliHu «Dperat».
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pacripesiesieHMsT KUMIKOCTEI B arpoTeXHOJOTMSIX: MoHorpadus 3epHorpan: A30Bo-
YepHomopckuii mHkeHepHbIn MHCTUTYT GI'BOY BO [loHckoii T'AY, 2016. 208 c.
2. Ilepec6opynoBaune MY ®@perat crpuHkiepamu Kommanuu CenuuHrep. URL:
https://ua.tegraco.com/irrigation/modernizirovannye-dozhdevlok/  (mata  o6pamieHus:
11.03.2022).

3. CI/IpOTeHKO O.l. MaremaTuyeckoe MoOAe/MpOoBaHMe BOOHO-TEIJIOBOTO peXumMa U

MPOLYKTUBHOCTU arposkocucteM. JI.:I'mapomereonsgar, 1981. 167c.

SIMULATION OF SOIL HUMIDITY CHANGES IN
THE PROCESS OF THE FRIGATE IRRIGATION MACHINE OPERATION
Bayrak Ihor, Polyvoda Oksana, Rudakova Hanna

Abstract. In this article, the authors analyze the modern methods and means
of soil moistening, as well as existing mathematical models of soil moisture
dynamics during the operation of the "Frigate" sprinkler. The necessity of developing
a model of moisture distribution in the root and near-surface layers of the soil is

substantiated. A mathematical model of soil moisture dynamics in the space of
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states has been developed, which takes into account the volumes of water consumed
by plants and fed to the fields by sprinklers, and also comes naturally in the form of
random precipitation and groundwater.

Keywords: soil moisture, sprinkling machine, modeling, discretization, finite
difference method, state space, linearization.
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BUKOPUCTAHHS MATEMATUYHUX MOJIEJIEN B 3AJTAUYAX OLITHIOBAHHS
HACJIIJIKIB EKCTPEMAJIbHUX CUTVYAIII HA ITIPOMUCJIOBUX OB’EKTAX

binses M.M.!, binsieBa B.B.2, Pycakosa T.I.%, BepioB O.B.3, Ko3aunna B.A.!

TVkpaiucokuii depxcasHutl yHigepcumem Hayku i mexHosozitl, Ykpaina
2JTHinposcwkull HayioHanvHutl yHisepcumem imeni O. ['oHuapa, Ykpaina
S[IpudHinposcvka depxcasHa akademist 6yJisHUYMea ma apximekmypu, Ykpaina

O1uiHlOBaHHST PiBHS 3a0pyIoHEHHS AOBKI/IISI, OILIiHIOBAaHHS PU3UKY ypaskeHHS
IepCOHa/ly, HaceJeHHS IIpU eKCTpeMaJbHUX CUTyallisX Ha IOTEeHIiiiHO
HebOe3meuyHuX 006'eKTaxX 3[iliCHIOETbCS IISXOM BUKOPUCTAHHS MaTeMaTUUHUX
Mopeseit. Hait6inpI mommpeHo BUKOPUCTOBYIOThCS CIIPOIIEHi iHKeHepHi MeTOIUKA
OIIiIHIOBAHHSI HACJiIKIiB TakKMX €eKCTpeMa/IbHMX CUTyalliii. 3apa3, OO0 MPOTHO3HUX
Mopesneil Mmpep 'siBAsSETbCS P, BUMOT: BpaxyBaHHS MPOCTOPOBOTO PpO3CilOBaHHS
TOKCUYHUX PEUYOBMH B aTmocdepi; BpaxyBaHHS MPOQili0 IMBUIKOCTI BiTPOBOro
MOTOKYy, aTMocdepHoi audy3ii; BpaxyBaHHSI pi3HMUX ClLieHapiiB eMicii TOKCMUHUX
peuoBMH B atmocdepyirT.n[1, 2].

3apa3 B YKpaiHi ISl IIPOTrHO3y aBapiifHOro 3a0pygHEHHS HaBKOJIMIIHbOIO
cepenOBuUINA ITPAKTUUYHO He BUKOPUCTOBYIOThCS TiApoaepoanHamiuHi mogeni. Tomy
aKTyaJIbHOIO MPOO6JIEMOI0 € Po3poOKa KOMII'IOTEPHMX OGaraTo(akTOPHUX MOJeeit,
0 AO03BOJISIIOTh OINEPAaTUBHO IMPOBOAUTU CePiliHI PO3paxyHKM II0 OI[iHIOBAHHIO
HACTIAKIB IPM MOSKIMBUX €KCTPEMAaJbHUX CUTYALisIX Ha MOTEHIifHO Hebe3IeuHnx
00'eKTax.

Cnig migKpecauTH, IO OCTAaHHIM 4YacoM 3HA4YHO MOCUIMBCS IHTepec A0
Mpo06JieMM OIIiHIOBAHHS HACJIJIKIB €KCTpeMaJIbHMX CUTYyallili Ha IIOTeHIiifHO
Hebe3reyHux 00'ekTax came B YKpaiHi. Ile moB’si3aHO 3 BUKOPUCTAHHSI 3aCTapijioro
ob6sagHaHHS Ha 6araTbhboX IMiANPUEMCTBAX, TOMY PM3UK BUHMKHEHHS eKCTpeMaTbHUX
CUTYyalIili y>kKe BeJTMKUIA.

B po6oTi po3rnsgmaTbCs <«HMIBUAKO PO3PaxXyHKOBi» UMCENbHI MOJesi, IO
po3po06JieHi i pillleHHSI KOMIIJIeKCY TPUKIaIHUX 3a1a4:

1. [TporHO3yBaHHS AMHAMiKM 3a0pyIHEHHS TIOBITPSI IIpM aBapiiitHOMYy BUKUII B

pasi posrepmeTrusariii TpyoornpoBoay 3 XiMiYHO HEOE3ITEeUHOI0 PEUYOBIUHOIO.
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2. IIporHo3yBaHHSI AMHAMiKM 3a0pyIHEHHS TMOBITPSI B pO60OYOMY MPUMillleHHi
IIPY aBapiliHOMY BUTOKY TOKCMYHOI pEYOBUHMN.

3. IlporHo3yBaHHSI AMHAMiKM 3a0pygHEHHS BOJHOIO CepemoBMINA IIpU
MOTPAIUISIHHI B PiUKy XiMiYHO He6e3MeyHOi PeYOBMHM 3 ITOLMIKOIKEHOTO ITiIBOAHOIO
TPYOOIIPOBOMY.

4. [TporHO3yBaHHS pU3MKY OAPMUYHOTO YpaskeHHSI IMepcoHaIy Ipu pyci yaapHoi
XBWII ITiC/ISI BUOYXY.

5. OuiHoBaHHSI e(dEeKTUBHOCTI BMKOPUCTAHHSI 3aXUCHUX €KpaHiB  [IJist
3HIVDKEHHS PiBHS 3a0pyIHEHHS ITOBITPs B pOO0YMX 30HAX.

Po3paxyHOK aepoamMHaMiKyM BiTPOBMX ITOTOKIB 3MilICHIOETHCSI Ha 6a3i Mmomeneii
NOoTeHLiayIbHOI Teuil Ta piBHSIHHS Hap’e-Crokca. [Iyist pO3paxyHKy IOJSI TUCKY TIPU
pyci ymapHOI XBWIi BUKOPUCTOBYIOTbCS piBHSIHHS Ejimepa. OliHKa piBHS
3a0pymHeHHsT aTMOChepHOro MOBITPS i BOJHOIO cepenoBuIlla MIPOBOAUTHLCS Ha 6asi
TPUBUMIipPHOTO i IBOMIPHOTO PiBHSIHb MacOMepeHoCy. [Jisi 4MCebHOrO iHTerpyBaHHS
MOJIeIIOIYMX PiBHSIHb BUMKOPUCTOBYIOThCSI KiHII€BO-Pi3HUIIEBI CXeMM UMCEIbHOTO
inTerpyBanHsi. Ha 6asi po3po6iieHMX UMCEeIbHMUX MOfeJieii CTBOPEeHi KOMILJIEKCU
crieliiajii3oBaHMX MMPOrpPaMm.

[IpencraBiieHi pe3y/ibTaTy IIPOBEIEHUX KOMIT'IOTEPHUX €eKCIIEPUMMEHTIB II0
OIIiIHIOBAHHIO JMHAMiKM 3a0pygHEHHS TOBITpS TMpPM Pi3HMX eKCTpeMaJbHUX
CUTyallisIX Ha TMOTEeHIi/IHO Hebe3meuyHMX o06'ekrax M. JIHIIpO, a TaKOX IIpu
eKCITepTHOI OIIiHKM Pi3HMUX 3aC00iB 3aXUCTY IMpalliBHUKIB BiJl NIKiAJIMBUX HaKTOPiB.
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TOpeHMM TBEPAOro pakeTHOro TorummBa B xpaHunuiie / H. H. Benses, A. B. Bepnos // 36.

Hayk. np. HI'Y. — [THinponeTpoBceK, 2013. — N2 42. — C. 160-167.
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USE OF MATHEMATICAL MODELS IN THE PROBLEMS OF ASSESSING THE
CONSEQUENCES OF EXTREME SITUATIONS ON INDUSTRIAL FACILITIES
Bilyayev Mykola, Bilyayeva Viktoriya, Rusakova Tetyana,

Berlov Oleksandr, Kozachyna Vitaliy

Abstract. The report considers some classes of numerical models that were
built to predict the consequences of emergencies at industrial enterprises. The first
class of models has been developed to predict chemical air pollution in case of
accidental emissions of toxic substances. Modeling is carried out on the basis of the
fundamental equations of aerodynamics and mass transfer. Difference splitting
schemes are used for the numerical solution of the modeling equations. The second
class of numerical models has been developed to assess the risk of chemical injury to
people in industrial rooms. The third class of models was developed to assess the risk
of injury to people when a shock wave moves. To solve this problem Euler equations
were used. The fourth class of models was developed to predict river pollution in
case of accident chemical pollution. The fifth class of models was developed to
assess the influence of protection barriers to reduce air pollution Computer codes
were developed on the base of proposed numerical models.

Keywords: mathematical modeling, numerical models, labor protection,
extreme situations, environmental pollution
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TOITOJIOTTYHO 3AIVIVTAHA EHEPTIA IK MOJEJIb
EJIEMEHTAPHUX YACTHHOK
I'puieHko A.A.

JHinposcbkuli depycasHuli mexHiuHuli yHieepcumem, Ykpaina

BeTym: He 3BajkarouyM Ha Te, IO Y TEOPETUUHIN (i3ulli BXke CTBOpeHO 6araTo
MaTeMaTUYHMX MofeJieli ejeMeHTapHUX YaCTMHOK, Ile IIMTaHHS Bce IIe
3aJIMIIAETHCS BiAKpUTHUM, 60 MOJ€e/b eJleMEeHTapHOI YaCTUHKY sIKa 6 3a0BOJIbHSIIA
yciM BMMOraMm i eKCIlepMMeHTaJIbHMM [OaHMM [OO0Ci He 3HaligeHa. Mu BUpIIIMIU
3alpoIIOHYBATH illle OAHY MOJe/b eJieMeHTapHMUX YaCTMHOK, sIka Ha Halll IOTJIs, €
TaKolo, 110 J00pe CIiBBiIHOCUTHCSI 3 pe3yJbTaTaMM CIIOCTepekeHb. Haimra momens
MoJIisITa€ y TOMY, IO ejleMeHTapHa YaCTMHKa - Il eHepris, sKa IpuiiMae
TOMOJIOTiUHO 3arutyTaHy Gopmy. EneMeHTapHi YaCTMHKM Bifpi3HSIIOTHCS HE CaMOIO
eHeprielo, sika iX ckiaagae, a GOpPMOI0 SIKOIO ISl €Hepris HUPKYIIoE. SIKIIo IS
TOIOJIOTiuHa GopMa MOsKe 3a SIKMXOCh OOCTaBMH PO3IUIYTATUCh, TO YAaCTMHKA He
oyme eneMeHTapHOIO. SKIIO X 151 ¢opMa Taka, IO PO3IUIYTATM ii Hi 3a SIKUX
00CTaBMH He MOXINMBO, ab0 MOyKe CKIagHO, TO IS YaCTUMHKA Oyae BUIJISAATU

CTabi/IbHOIO Y pe3yJIbTaTi CIIOCTepeskeHHs ii Y eKcIiepMMeHTax.

VY Tomonorii, sIK pO3Aii MAaTEeMaTHUKH SKUH BHUBYAE XAPAKTEPUCTHKH IPOCTOPIB Ta
00’€KTIB, SIKI 3aJUIIAIOTHCS MOCTIMHUMHU MIpHU HenepepBHUX nedopmanisx|l], Bigomi hopmu,
AKl HI 3a SKUX OOCTaBUH HE MOXYTb OyTH mepeBesneHi 0e3 po3puBiB y ¢opmy, sKa
romeomophHa chepi[2]. 1li GopmMu MOKHA Ha3WBAaTH CKIATHO 3alUTyTaHUMH, 00 BOHH HE
MaloTh BIACTUBOCTEH, fKI aHAJOTIYHI BIacTUBOCTAM cdepu. A cdepa, sSK BigoMmoO, €
HaAMMpOCTIIIO TOMONOTIYHOK (iryporo. 3 iHIIOI CTOPOHM ICHYIOTH (OPMH 1 Taki, sKi y
pe3yNbTaTi JesKUX HemepepBHUX Aedopmaliiii MOXyTh OyTu mepeBeseHl y cepy, ToOTo 11l
¢bopMu TomonoriuHo romeoMopdHi cepi 1 3HaUUTh MAKOTH ii BIACTHUBOCTI.

[l TomonoriuHi ¢popMU MOXHa MPEACTABUTU K MATEMATUYHY MOJIEIb €leMEHTapHOI
gyacTuHKH. Cama I YacTUHKA CKJIAJA€ThCs 13 €HEeprii, aje I eHEepris IHUPKYJIe abo
3HAaXOAMTHCS y pi3HUX (popMax, came MM 1 BIIPI3HAIOTHCA Pi3HI €JIEeMEHTAapHI YaCTHHKH.
TobTo y exkcnmepuMeHTaX MU CIOCTEpIraeMO He MNPHUHLIMIIOBO Pi3HI 00 €KTH 13 PI3HUM
BHYTPIIIHIM CKJIAJIOM, alie JIUIie 00’ €KTH, SIKi MalOTh Pi3HY TOMOJOTIYHY CTpYyKTypy. Lle €
MPUYMHOIO TOTO, 10 B OJIHOMY €KCIIEPUMEHTI MU 0a4nMO, HANPUKJIIAJI, €IEKTPOH, a B iHIIOMY
HEUTPOH.

SAxmo eHepris eleMEHTapHOI YaCTHMHKMA 13 CaMOro MOYaTKy MpuiiMae ¢opmy, ska
romeoMopdHa cdepi, TO 3a SIKUXOCh OOCTaBUH (SIKIIO MPUKIACTH JOCTATHIO KITBKICTh
eHeprii, sikoi 0yn0 OM AOCTaTHBO, 1100 MepeBecTH 10 (opMy y OUIBII MPOCTY) YaCTHHKA

Morja Ou po3macTucs, ToOTO B €KCIIEpUMEHTaX BOHAa O crocTepirajiach SK HecTaOilmbHA.
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SIKImo JK HaBMAaKM YacTHMHKa mpuiiMae GopMy, sika He Moxe OyTH posmiyraHa, abo
nepeBeieHa SKUMOCh YHHOM Y OUTBII MPOCTy GpopMy, TO 1l YACTUHKA BUTIIATAE CTAOUIBHOIO,
TOOTO TaKO0, 1110 HE PO3MAIAETHCS.

TakoX MOXJIMBUM BapiaHT ICHYBaHHS e€Heprii He TUbKM y dopmi diryp, ski
BKJIQIAIOTBCS Y TPUBHUMIPHHUMA TPOCTip, ane i y dopmi diryp, sKi ICHYIOTh Y YOTHPHOX
BUMIpHOMY IpoOcTOpi abo y mpocropax Oinbiioi po3mipHocTi. ToOTO mpuHIMNU 1 i7ei, sKi
Oynu 3arpONOHOBAHI BUIIIE, TETIEP PO3MOBCIOKYIOTHCS 1 HA TPOCTOPHU OUITBIIOT pO3MIPHOCTI.

BHCHOBOK: y HamIiii MOJeli eJIeMeHTapHI YaCTUHKU MPECTaBISIIOTh COO0I0 E€Hepriio,
sIKa UPKYJIOE 110 TOMOJIOTIYHO 3aruTyTaHiil ¢popmi. SKino eHepris wiei YacTUHKU Mae Gopmy,
Ky PO3IUIYTaTH JIETKO, TO Il YaCTHHKA Oyne HecTaOLIbHOI, TOOTO po3magatucs. SIKIo x
dopmMa Taka, MmO PO3IUIyTaTH ii HEMOXJIMBO ab0 OyXe CKIagHO, TO 4YacTUHKA Yy

CIIOCTEPEIKEHHSX OyJ1e BUTJISAIATH CTAOUIBHOIO.
JlirTepaTypa
1. Bopucosuu 0. T., BaususgkoB H. M., IspaineBuu f. A., ®omenko T. H. BBemeHHS B
TomoJorilo. - Buga. 3-te. - M.: IEHAH/I, 2015.
2. IIpacosioB B. B. Haouna Tomosorist. - M: MITHMO, 1995.

TOPOLOGICALLY ENTANGLED ENERGY AS
A MODEL OF ELEMENTARY PARTICLES
Hryshchenko Alisa

Abstract. Despite the fact that many mathematical models of elementary
particles have already been created in theoretical physics, this question still remains
open, because a model of an elementary particle that would meet all the
requirements and experimental data has not yet been found. We decided to propose
another model of elementary particles, which in our opinion is one that correlates
well with the results of observations. Our model is that an elementary particle is an
energy that takes on a topologically entangled shape. Elementary particles differ not
in the energy that makes them up, but in the form in which this energy circulates. If
this topological form can unravel under some circumstances, then the particle will
not be elementary. If this form is such that it is impossible or very difficult to
unravel it under any circumstances, then this particle will look stable as a result of
our observation in experiments.

Keywords: elementary particle, topology, energy, entangle, complex system,
mathematical modeling.
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MOJEJTIOBAHHS KOJIMUBAHHS CTAJIEBOI INTACTUHM YV BOJI IIJ, JIEIO0
HABAHTAXXEHD JIJI OLIIHKU! BE3IEKY KOHCTPYKIIII

IOmvutpiesa I.C.

IHcmumym npomucnosux ma 6i3Hec mexHoJ102ill YKpaiHcbK020 depicasHozo
yHigepcumemy HayKu i mexHoJ102itl, YKpaiHa

B nuBinbHOI iHKeHepii OiNbIIICTh KOHCTPYKILiM CXMJIbHI OO BIUIMBY IIOTOKIB
TOBITP 1 pigvHMU. TaKMM UMHOM, 3arajbHi UMBUJIbHI CIOPYAY ITOBMHHI BiAnoBigaTn
KpuUTepisiM 6e3mekyu, TaKUM SIK CTaTUUHMIA OITip i HasABHICTb O€3IIeYHOr0 CIIeKTpa
peakliiii Ha BIUIMB Bif, OOPOXXHBOIO TPAHCIIOPTY, 3€eMJIeTPYCiB i T.O. BHacmigok
3HAUHOI'O YMcjla pPYiiHYBaHb KOHCTPYKIIiMA, $IKi B TIIeBHMII 4Yac BBaskaJuCs
iHHOBaMifHMMM, OY/IM MIPUITHATI OO0 yBaru aeporipykHi epekTy Ipyu MOJe/TI0BaHHi
JIeTKOBarux KOHCTPYKIIii, SIKi CUIbHillle CXUJIbHI IO BIUIMBY MOTOKY. Biibil TOrO,
aepornpykHa 6esrmeka i aepoaAMHAMIUHMII KOHTPOJb CTalOTh BUPIMIAJIbHUMU
dakTopamMm /IS BCiX KOHCTPYKIIIA.

K HacTigok, iHkeHepaM BigTermep HEOOXiTHO AOTPUMYBATUCS HOIYCTUMMUX
MIPaBMJI IIPOEKTYBAHHS i OIiHKM 0e3MeKy KOHCTPYKILiii, 110 ITigaaroThCsl BiOpallisim.
OnHaK CKIAAHICTh OiMBIIOCTI SIBMII B3a€EMOZii piiyHM i KOHCTPYKIIi 03HAuae, II0
BCe Ie Iy)Ke BaXKKO BM3HAUMTM HailiHi i TOYHI OIIiIHKM PU3UKY, SIKi OYIyTb
3aCTOCOBHI /10 IIMPOKOTO JIiama3oHy eKCIUTyaTalliliHMX CTaHiB.

BigcyTHicTh yHiBepca/JibHOI i MPOCTOI MOJesi B3aeEMOZil PiAMHM i KOHCTPYKIIil
(FSI - fluid-structure interaction) CIIOHYKAJIO CTBOPUTU 0071aCTh
eKCIIePUMMEHTAbHOTO i YMCEeTbHOTO AOC/TiAKEeHHS KOMMBAaHb, BUKIMKAHUX TOTOKOM.

MeTow maHoi po6oTM 6yJI0 AOCTIIKEeHHS TMOBEOiHKM IIJIaCTUHI, 3aHYPEeHOi B
piIvMHy, 10 3MifiCHIOE BUMYVIIEHi KOJMBAHHSI M [i€l0 MPUKIaZeHOro
HaBaHTa)XeHHS; MeXaHi3M IOBeAiHKM JaHOI B3a€MO/Iil Ta BU3HAUEHHS MPUEAHAHUX
Mac piayvHKU. 3HaHHS IPUEIHAHMX Mac J0IIOMAara€e OL[iHUTY BIUIMB PiIVHMN.

BusHaueHHSI MPUEIHAHMUX MacC CKIAJAETbCS 3 IEKiJbKOX BaKJIMBUX KPOKIiB:
BU3HAUEHHS MOJeJi BUKOPUCTOBYBAHOI PiIMHM, OMUC PYXy KOHCTPYKIii i OLIiHKMU
CUJI piIyHM, IO BUKIMKAIOTH 1ieit pyX. ETam oIiHKM BK/IIOUae B cebe 0O0UMCIeHHS
YYTJIMBOCTI CWJI PigMHM TI0 MoaaM pyxy i Aedopmaiiii TBepmoro Tina 3 6a30BUX
piBHSIHb Mogesni piguHM. Ile Moke OYTM TOCSTHYTO 3a IOIIOMOTOI0 HAaOIMKEeHUX
pimeHb. SIKII0 3aCTOCOBYETHCS MOZE/b PiIMHY i 006/1aCTh Teuii He HAaJTO CKIaIHi, TO
MIpMETHAHI Macy MOKYTb OYTM BM3HAU€Hi 3a IOMIOMOTOI0 aHAITUUHMX pillleHb [1].

Po6oty meTtomy FSI mocmimskyBaim, BUPILTyIOUn IpeCTaBIeHy 3329y METOIOM
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KiHIIeBUX ejeMeHTiB 3acobamu Komiuiekcy ANSYS CFX. [Ins maHoi 3amadi Oyso
BBEJIEHO TIPUITYIIEHHS IPO Te, 110 KOJMBAHHS IUIACTMHM CTBOPIOIOTH JIaMiHApHUIA
MOTIK PiAMHM, 110 OXOIUIIE IJIACTUMHY. TakuMM UMHOM, IIBUAKOCTI MOTOKY PiAVHH,
10 YTBOPIOIOTHCSI MIPU KOJMBAHHSIX IUIACTMHM, MAlOTh MaJli 3HaueHHS. Pyx pignHu
OIUCYEThCS cucTemMolo audepeHiianbHMX piBHSIHb HaB'e-CTokca. PimieHHs 3amay
JIaMiHapHOI Teuil piAVHM MPOCTillle OTPUMATHU YUCETbHO, HiXK €eKCIIepUMEHTaIbHO.

[Ipu po3paxyHKy IUIACTMH 3a3BUYail IPUAMAIOTh TakKi IPUITYLIEHHS :

1) 3ruHanbHI medopmallii IJIACTUH IIPY KOJMBAHHSIX MaJli B IOPiBHSIHHI 3 ii
TOBIIMHOIO, TIPY>XHI Hedopmallii MmiaKopsiIoThCs 3aKoHY ['yka;

2) II1IaCTMHA Mae€ IOCTiViHY TOBLIUHY;

3) B MJIACTMHI € HeNTpaJbHMIA IIap, KU MpPU 3TUMHATBHUX KOJMBAHHSIX
TJIACTUHYU He CXWIbHUIL 10 AedopMmalliii po3Tsry - CTUCKY,;

4) MmaTepias IaCTUHMU igeanbHO MPYKHMI, OOHOPIAHMIA i i30TPOITHMIA.

B po6oTi 6ys0 mOCIiIsKeHO KOJMBAHHSI CTAJIEBOi IJIACTMHM Y BOJi T Ii€r0
JIBOX BU/IiB HaBaHTakeHb: iIMITy/IbCHOTO Ta MePioAMUYHOro. 3a JOMOMOI0I0 KOJIMBaHb
IJIACTUHU TIiJ [i€l0 iMITyJIbCHOTO HAaBAaHTaXeHHSI OYJI0 OTPMMAHO OIiHKY MepIIoi
BJIACHOI YaCTOTM BUIbHMX KOJMBAaHb IUVIACTMHU Yy BOJi. BM3HaueHO Iiepiny BJIaCHY
YacTOTy KOJMBaHb IJIACTMHM B TOBiTpi. [ani 6yna BupimeHa cepis 3amau FSI ms
IJIACTUHY TIiJT Oi€l0 IepiogMUYHOro HaBaHTaXkKeHHs, mobygoBaHa AUX KonauBaHb, 3a
SIKOI0 BM3HAUE€HO OI[iHKY Pe30HaHCHOI 4YacTOTM. 3a AOIIOMOIOI0 MepIioi YacTOTU
KOJIMBAaHb IJIACTMHM Y TIOBITpi Ta BoAi Oyna OTpuMMaHa OLiHKA MpUETHAHOI Macu
BOIM TP KOJMBAHHSX IUIacTUHM. Takosk Oyma 3pobsieHa cripoba YHUKHYTH PillleHHS
cepii 3amau FSI pnasg KoauBaHb MJIACTMHM Y BOAI OO BUpIillleHHSI 3aBAAaHHS
rapMOHIITHOTO aHa/li3y KOJMBaHb IIJIACTMHM, 3 ypaxyBaHHSIM HasIBHOCTI
pO3MNOAUIEHMX 0 IUIACTUMHI MpUEAHAHMX Mac BoAu. [Jsi TapMOHITHOTO aHami3y
KOJMBAHb IIAaCTUMHM Oys0 1mobymoBaHO BiacHi AUX, aKi mopiBHoBaym 3 AUX,
OTpUMAaHOI LIJISIXOM BupilieHHs1 cepii 3amau FSI. 3 mopiBHSHHS oTpuMaHux AUYX
3p00JIeHO BUCHOBOK ITPO MOXKJIMBICTb BUKOPUCTAHHS TapMOHIHOTO aHAaIi3y s
IOCTiIKeHHST HaIpyXeHO-IedhOopMOBaHOTO CTaHy IUIACTUHU MPU ii KOJIMBAHHSX.
MeTon, rapMOHIYHOrO aHaji3y i3 JoJaBaHHSIM MpPUEAHAHOI Macu BOAM MOXKHA
BUMKOPUCTOBYBATM Ha HU3bKMX YaCTOTaX KOJMBAHb OO pe30HAHCY (Y MPOMIXKY Bif, 3
no 13 pan/c). Ha pemti BAacCHMX 4YacTOT KOJMBAHb BUKOPUCTOBYBATUM METO[,
rapMOHIITHOTO aHali3y 3 ypaxXyBaHHSIM IIPUEIHAHOI Macyu BOOU He PeKOMEeHAY€EThCS.

PinieHHs1 3aBHAHHS PO 3MYyIleHi KOJMBAHHS IUIOCKOI IIJIACTMHU B PiAVHU
IIOTIOMOKEe B IIOJA/IBIIOMY MEpPeNTH N0 HOCTiIKeHHS B3a€eMOii OiJbII CKIagHUX

00’€eKTiB 3 BOLOIO0.
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MODELING OF OSCILLATIONS OF A STEEL PLATE IN WATER UNDER THE
ACTION OF LOADS TO ASSESS THE SAFETY OF THE STRUCTURE

Dmytriieva Iryna

Abstract. Modeling the oscillations of a steel plate in water under the action of
loads to assess the safety of the structure is an urgent task of modern design. The
aim of this work was to study the behavior of a plate immersed in a fluid that
performs forced oscillations under the action of an applied load; the mechanism of
behavior of this interaction and the determination of the attached masses of fluid.
Knowledge of the attached masses helps to assess the effect of the liquid.

The oscillations of a steel plate in water under the action of two types of loads
were studied. For the harmonic analysis of the oscillations of the plate, our own
frequency response was constructed, which was compared with the frequency
response obtained by solving a series of FSI problems. From the comparison of the
obtained frequency response it is concluded that the possibility of using harmonic
analysis to study the stress-strain state of the plate during its oscillations. The
method of harmonic analysis with the addition of the attached mass of water can be
used at low oscillation frequencies to resonance.

Keywords: plate and fluid interaction, forced oscillations, ANSYS.
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OOCJ/III>KEHHSA ITPOAYKTHUBHOCTI AJITOPUTMIB
MACHITABYBAHHS BIJEO BIBJIIOTEKU LIBSWSCALE

3inueHko A.B., bnariit O.10.

Incmumym mpancnopmHux cucmem i mexHoJioziti HAH YkpaiHu, Ykpaina

AHoTamnist. Y po6oTi Aoc/iIsKeHO MPOAYKTUBHICTh METOMAIB MacIITaOyBaHHS
Bimeo 3i ckmamy 6i6mioTeku libswscale Bepcii 5.9.100 3 Habopy 6i6mioTexk 3
Bigkputum Kogom FFmpeg. JlomaTKOBO BMBYABCS BIIMB PO3OUIbHOI 3OATHOCTI
pe3yJbTYIOUOI'O BiIE€OIIOTOKY HA IPOAYKTUBHICTb 0OpOoOKM Bimeo. OTpumaHi
pe3yJbTaTH CBigyaTh IIPO Te, IO HAMOIMBINTY HPOAYKTUBHICTH IMPU 30epeskeHHi
I0OpOi  SKOCTi pe3ylbTyI0UOTO 300paskeHHSI IPOAEMOHCTPYBa/IM  aJITOPUTMU
fast bilinear Ta neighbor. [TpogyKTUBHICTb aJTOPUTMY SinC BUSIBMJIACS HAHIKUOIO.

KmwouoBi coroBa: ffmpeg, macimrrabyBaHHsI Bimeo, 6i6mioTreka libswscale,

TPaHCKOIyBaHHS BiJleo, TPOOYKTUBHICTh 0OPOOKM BiZleo.

MacirrabyBaHHSI 300paskeHHsI — Ile 3MiHa PO3MiIbHOI 3HATHOCTI IIM(POBOIo
300paykeHHs i3 30epeskeHHSIM ITPOIIOPIIiii Y CTOPOHY 30i/bIlIeHHS 400 3MeHILIEeHHSI.
Take mepeTBOpeHHS IIMPOKO 3aCTOCOBYETHCS y KOMII'IOTEpHil rpadiii, o6pobiri
Bijeo, 30KpeMa, peali3yeTbCsI Ha amnapaTHOMY piBHI Yy TejeBi3opax Ta
BimeornporpaBavax. Y 6Gi6mioreni libswscale, mo BxomuTh mo ckiamy 06ibjioTek 3
BiIkpuTUM KojgoMm FFmpeg, peasnizoBaHO Oisibllle Hixk IiBTOpa OeCSITKM pPi3HUX
METOiB MacIiTabyBaHHS Bimeo. VY Bimomiii siTepaTypi NMMUTaHHSI TEeCTYBaHHS iX
MIPOIYKTUBHOCTI 3a/IMIIIAJINCS T103a YBArow He3Ba)kalouu Ha Te, 10 MPOAYKTUBHICTb
€ Iy>Xe BaKIMBUM ITOKa3HUMKOM, 30KpeMa [IJiss 06poOKM Bifleo y peskumi peasibHOTO
yacy.

HocnimkeHHSI MPOMYKTMBHOCTI METO[iB MacIITabyBaHHS Bimeo 3i ckiagy
6ibmioTekn libswscale Bepcii 5.9.100 6yno nmpoBemeHo Ha 6asi Ha mporiecopy Intel
G2020 @ 2.90GHz ming kepyBaHHSIM orepaitiiiiHoi cuctemu Linux UbuntuCore 18.04.
JlJ1s1 TeCTiB BUKOPUCTOBYBaBCs Bimeodparment craumapry H.264: “Big Buck Bunny”
TpuBaIicTIO 596 cekyHp (6iTpeitT 9725 K6/c, 1920x1080 mikcesmis).

TecTu mpoBeieHi [J1 BCiX HasSIBHUX Y JaHil Bepcii 6i61i0TeKM aropuTMiB, 110

3a7al0Thcsl MapaMeTpoM -sws_flags mjisi TpboX pi3HUX Pe3yabTYIOUMX PO3AiTbHUX
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sgaTtHocTet 1080x1920 mikcemiB — mepeBepHyTe Bimeo, 1728x972 Ta 2112x1188
TiKCeJIiB — 3MeHIIIeHHsI Ta 30ibIneHHsT MaciiTady Ha 10% BimmoBigHO.

V 3B’SI3Ky 3 LIMM [IesIKi aJITOPpUTMM MaciiTabyBaHHSI TuIiry -sws_flags neighbor
TEOPETUYHO [IeMOHCTPYIOTh Kpallli pe3yJabTaTy IpyU MaclTabyBaHHI B KpaTHY
KiJIBKiCTh pa3iB, JOHATKOBO Oy/iIM MpOBelIeHi TeCTH Ha 30iJbIIeHHS pPO3IiJIbHOI
3JAaTHOCTi 300paskeHHsI B 2 i 3 pa3u Bim ITOYaTKOBOi, a TAaKOXX 3MEeHIIeHHS B 2, 31 4
pa3u BiAMOBiAHO.

Pe3ynbTaTu TeCTyBaHHSI IOKa3aiM, L0 METOZ SiNC AEeMOHCTPYE HaMHVOKUY
MPOAYKTUBHICTh 3 YyCix MpoTecToBaHMX (Y 2,3-3,5 pasu MeHIle ITOPiBHSHO 3i
3HaueHHsIM sws_flags 3a 3amoBuyBaHHsAM). Haiikpamymu anaropurMamy, U0
MoKasaqy HaiOiMbIIy TPOAYKTUBHICTD MpM  30epeskeHHi 1006poi  SIKOCTi
pesyIbTyIouoro 306paskeHHs, BusiBuancs fast bilinear i neighbor. ITpu kpaTHOMY
36ispIIeHHI MacIITaby MpoayKTUBHICTh neighbor Tpoxu menme, Hix y fast bilinear,
Mpy KpPaTHOMY 3MEHIIEeHHI — TpoxXm Oinplne. 3arajioM MaKCMMajbHa Pi3HUIIS
MMPOAYKTMBHOCTI MK LIMMM aJITOPUTMaMM CKiagana meniie 10%.

[Ipy mOpiBHSIHHI SIKOCTi 300pa’keHb, OTPMMAaHMUX 3 BUKOPMUCTAHHSIM METO/IiB
fast bilinear i neighbor, 3 moyaTkoBMMM He OYI0 BUSIBJIEHO SIBHMX CIIOTBOPEHb, UM
apredaKkTiB Ase B IiIOMY SIKiCTb Oyj1a TPOXM TipIIOI0, HisK B OPUTiHAITY.

TakumM  UMHOM, JJg  JOCATHEHHS  MAaKCUMMaJIbHOI ~ MPOAYKTUBHOCTI
MacITabyBaHHS Bijieo 3a moromorow 6ibsioreku libswscale pekoMeHIyeThCST IBHO

3amaBaTy napameTtp -sws_flags 3i 3HauenHsim fast_bilinear abo neighbor.
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MOZJE/JIFOBAHHS TEIIJIOOBMIHHUX ITPOLIECIB B
TEXHOJIOT'TYHIM CUCTEMI BTOPVMHHOI ITEPEPOBKU
METAJIEBUX BOJIb®@PAMOBUX CTPV>KHIB
IBaHuyK {.B., IckoBuu-JloToupkuii P./1., Kosanb K.O., Kyu §.10., Bososuk B.I1.
BinHuysKuti HayioHanbHUlli mexHiuHutlli yHigepcumem, Yxkpaiua, BinHuys

Bceryn. BropuHHa mepepo6Ka, ab0 PeLMKIiHT BiIXOHdiB, M0O3BOJISIE HE JIMIIE
3BUIBHUTM MicClle Ha CMITT€30ipHMX IOJIirOHaxX, aje i 3aJy4uTy OTPUMaHy CUPOBUHY
IJISI BUTOTOBJIEHHSI HOBOI TIPOAYKIIiI HapOAHOTrO BXMUTKY. OOHMM i3 TakuX BUIIB
1epepoOKyM BiIXOMdiB JIIOACHKOI [isIIBHOCTI € OTPMMAHHSI MeTaJIeBMX ITOPOIIKIB
BoJbpaMy i3 CTPIWOKHIB KYMY/ISITUBHMX CHAapSIIiB BifiCbKOBOTO CIIOPSIIKEHHS i3
obmexkeHMM TepMiHOM TIipuaaTHocTi [1]. Tlopanblile BUMKOPUCTAHHS OTPMUMAaHOI
BTOPMHHOI CUPOBMHM Yy BUIJISAI MeTajJieBUX T[OPOIIKiB BoJabdpaMy [Jis
BUTOTOBJIEHHSI MAaIIMHOOYIIiBHOI TMPOMYKIlii 3arajoM [O3BOJUTH 3MEHIIUTU
cobOiBapTiCTh ii BUTOTOBJIEHHS i MiABUIIUTY €KOHOMIUHY He3aJIeXKHICTh KpaiHM Bif
iMITOPTY TYTOIJIaBKMX MeTaJliB.

HeoOxigHicTb  pO3poOKM i  BIOPOBA[KeHHS  HOBMUX  pecypco-  Ta
eHeprosbepiraloumMx TEeXHOJOTiii J03BOJMMIO Yy BiHHMIIbKOMY HalliOHAJTbHOMY
TeXHIYHOMY YHiBepCUTETi pO3pOOUTM YCTAHOBKY [JISI PO3MUIEeHHS BOJIbOPaMOBUX
CTpIOKHIB. Po3po6Kka edeKTHMBHOI KOHCTPYKIIii HeMOxIuBa 0e3 IpOBeIeHHS
BCEOIUHMX HAYKOBUX MOC/TIIKEHb IS BMOOPY OINTMMAIbHOTO Ta OOGI'PYHTOBAHOTO
TeXHIYHOro pimeHHs. CBiTOBa MpaKTUKa JOBOAMUTH, IO MPOBEOEHHS TAaKOTO POy
IOCTiIKeHb 6araTo B YOMy I'PYHTYETbCSI Ha MeTOlaX MaTeMaTUYHOTO MO e/TI0OBaHHS
3 MPOBEJEHHSIM PO3pPaxyHKiB 3a JOMOMOIOK KOMIT'IOTepHUX cucteM. lle mo3Boisie
3amobirTM  HeBUNpaBOAHO  BEJIMKOI  KiJIbKOCTI  CKJIAJAHMX Ta  JOPOTIUX
eKCIlepMMeHTaIbHUX AOCTiIKeHb, 3HAYHO CKOPOTUTU YacC Ta BApPTiCThb MPOEKTHUX
poO6iT, MPOBOAUTHU SIKiCHI Ta KiJIbKiCHI OLIHKM (QiSMUHMX SBUII, 3 JTOCTATHHOKO [IJISI
iH>)KeHepHOI MPaKTUKM TOUHICTIO.

MeTta pocriaigkeHHsI. OCHOBHOIO METOI JOCTIMKEHHSI € BU3HAUEHHS
po3noAuly TemMIlepaTypu IJs OLIHKM Tpale3JaTHOCTI MiAIIUIIHMUKIB KOYEHHS Y

MINMHAEILHOMY BY3Jli YCTAaHOBKM [JIsI PO3NMJIEHHS IIOPOIIKiB BoJibdpamMy IIpu
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3aCTOCYBaHHI CIeliaJbHOI CUCTeMM OXOJI0AKEHHS.

OcHoBHMIT Mmartepian. [nuHOenbHMUIT BY30J YCTAHOBKM [JISI OTPUMAHHS
MOPOIIKIiB MeTasiB [2] 300pakeHuit Ha PUCYHKY 1. Po3nuieHHS MOPOIIKiB
BosibpaMy BimOyBa€eTbCs PpO3IUIABIEHHSIM BOJb(DPaMOBOro CTPMKHSA 3  3a
IOTIOMOTOI0 eeKTPUYHOI Iyru (KaTOIHMI By30Js 5), 06epTaHHSM IUMMHAEIbHOTO

BY3JIa, Ta MMOB340BXHbOI MOAAYi CTPUIKHS 3 3@ AOMOMOI0I0 MeXaHi3My Iojaui 6.

Jowa
poannabnerHs
-

PucyHoxk 1 — 3arajibHui1 BUTJISLA, KOHCTPYKIii LINMHAEIBHOTO By3/1a YCTAHOBKU

I71S1 pO3TMJIEHHS BOJIbPaMOBUX CTPVOKHIB

[Mpouiec  po3miaB/ieHHS ~ CYIIPOBOMKYETbCSI ~ CYTTEBUM  ITiABUILEHHSIM
TeMIlepaTypy, sIka BUKJIMKAE HArpiB BaXKJIMBUX eJIeMEHTIiB By3Jia, OMHUM 3 SIKUX €
MiAIUITHUKOBUIA BY30J1 B 30HI A (ouB. puc. 1). Tomy npu BiICYTHOCTI BiATIOBiTHOTO
OXOJIOIKEeHHS 1Ie MO’Ke IPM3BeCTM OO0 BUXOAY 3 JaAy MigIIUITHMUKIB KOUEeHHS.
Po3pobsieHa y BiHHMIIbKOMY HalliOH&JIbHOMY TeXHIiYHOMY YHiBepCUTeTi,
OXOJIOAKYBaJibHA CUCTeMa UINMHIEJIbHOTO BYy3jda YCTAaHOBKM [JISI PO3IMMIEHHS
Bombdpamy [3] € 00’€KTOM [OCTiIKeHHS TMpOolleciB Tervionepenadvi. Bona
rpeJicTaB/ieHa y BUTJISIAL CIIelia/IbHMX OXOJIO/KYBaJbHMUX MiABIAHMX 1 Ta BiABiAHUX
2 kaHamiB (auB. puc. 1). 3 mMeTow OIiHKM e(deKTUBHOCTI pO3pob6/ieHoi cucTemMu
OXOJIO[IKEHHSI B MIMIMHJE/NbHOMY BY3Jli YCTAHOBKM IJIsI pO3IWIEHHS BoJibdpamy,
HeOOXiTHO OOYMCIAUTM TeIUIollepenauyy Bil BOJIb(PPaMOBOrO CTPMIKHS, B 3O0Hi
po3maBjeHHsI SIKOro ImifgBeneHa Temmeparypa 3380 C°, mo BHYTpPIlIHIX Kijlellb
MiJMIUITHUKIB, 1[0 BCTAHOBJIEHI HA BaJTy IIMMHAES B 30Hi A.

Po3B’s130K 3a/1au CIIPSKEHOTO TEIJIO00MiHY, B SIKMX OJHOUYACHO PO3TJ/ISIAEThCS

Teyvis piAMHM ¥ TeIUIONMPOBIOHICTh y TBEPAOMY Tijli, HAIITOBXYETbCS HA IEBHI
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TPYOHOILI — XapaKTepHUI yac MpOTiKaHHSA (i3MUHMX IIPOIECiB B PilMHiI CYTTEBO
MeHIlle XapaKTepHOro vyacy B TBepaomy Tiii. Lle mpm3BOAUTH OO TOrO, IO TUIIOBI
3a7aui HeOOXigHO PO3B’S3yBaTM i3 MiHIMaJbHMM YacOM iHTErpyBaHHS IO uacy,
HACJTiZKOM SIKOTO € 3HAauHMii Yac KOMITIOTEPHMX OOuMcCiaeHb. Y BUIAOKY
CTallioHapHOI 3amaui I IMpobyieMa BUPIIIYETHCSI ABOMA CIIOCOO6aMM: BBeIEHHSIM
BJIACHOTO KPOKY iHTerpyBaHHS I10 Yacy B ITil06/acTi TBEPAOTO Tisia a00 BBeIeHHSIM
(iKTMBHOI TEIJIOEMKOCTi TBEPIOrO Tija.

Pe3ynbTaTyt 06UMCIEHHS CTAl[iOHAPHOTO IMPOIeCy TeII00O0MiHy ITPOrpaMHUMMU
3aco6amu CFD-cucreMm [1, 4] Ha 6a3i MeTomy KiHIIEBUX eJIeMeHTiB [5] 6y oTpuMaHi
HACTyHI pe3yJbTaTU MOZENIOBaHHS (puc. 2). AHami3ylouuM OTpuMaHi, B
nporpamHoMy CFD-kommuiekci, pe3yabTaTy YMCENIbHOTO MOAEIIOBAHHS PO3IOILTY
TeMIlepaTypy B3HOBX BeJeHOi YaCTMHM ITyCTOTIJIOTO MIMMHAENS MOKHA Mo6aunTu
(puc. 2, a), W0 B MiCI[i BCTAaHOBJIEHHS MigIIMITHMKIB MakCUMMajJbHa TemIepaTypa
nmocsirae 60 C°, M0 € eKCIUTyaTalliifHUM PeXMMOM POOOTHM ITiIIIUITHMUKIB KOUEHHS.
Takox pe3ylbTaT¥ OOUYMCIIOBAIBHOTO eKCIIePUMEHTY [I03BOJM  BU3HAUUTU
3HAYEHHSI MaKCMMaJIbHOI TeMIlepaTypu Ha MoBepxHi rpadiToBoi BTyaKM (puc. 2, 6),
sKka ckaasia 1800 C°, 110 y CBOIO Uepry € TaKoK eKCILTyaTalliiHUM peskMMoM pPoOOTH

IeTasieil Ha OCHOBI rpadirty.

a) 0)

PucyHok 2 — CxemMa po3IOfiisly TeMnepaTypu:
a) — B3I0BXX BeI€HOI YaCTUHY ITyCTOTIJIOTO IIMUHAENs; 6) — y rpadiToBiit BTy

BucHoBku. OTpuMaHMii, B pe3yabTaTi UMCeIbHOIO MO/IEIIOBAHHS, PO3IIOIia
TeMIlepaTyp, IOoKasaB IepeBarM OOpaHOTO MigXOay A0 IMPOEKTYBaHHS, a TaKOX
IIO3BOJIMUB TOBECTU e(PeKTUBHICTb pO3p00/IeHOi KOHCTPYKIIii CMCTEMM OXOJIOIKEHHS
HIMUMHIEIbHOTO BY3/Jla YCTAaHOBKM [JjII OTPMMAaHHSI IOPOIIKIB MeTalay HUISIXOM

pO3MMIeHHS BOJIbPaMOBUX CTPUSKHIB.
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MODELING OF HEAT EXCHANGE PROCESSES IN THE TECHNOLOGICAL
SYSTEM FOR THE RECYCLING OF METALLIC TUNGSTEN RODS
Ivanchuk Yaroslav, Iskovych-Lototsky Rostislav,

Koval Kostyantyn, Kush Yaroslav, Volovyk Bohdan

Abstract. A computational experiment was carried out to study heat exchange
processes. They flow in the installation for the production of metal powders, by
spraying tungsten rods. This unit uses a special cooling system. The thermophysical

problem is solved by one of the numerous methods of mathematical modeling of
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heat transfer processes. The finite element method was used, which is implemented
in the CFD software package. The design and principle of operation of the spindle
unit of the installation for sputtering tungsten rods are analyzed. It is represented by
the object of mathematical modeling of heat transfer processes. The temperature
distributions in the characteristic studied working areas of the parts of the
installation units are obtained. Based on the simulation results in the CFD software
package, the calculation results were analyzed. The results showed the high
efficiency of the developed cooling system for the installation for spraying metal
powders.

Keywords: heat transfer, temperature, spindle, cooling, bearing.
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MATEMATUYHA MOJIE/Ib 3AKPUTOI 3POIITYBAJIbHOI
CUCTEMU 4K OB’EKTY KEPYBAHHS
Kapnenko C.JI., Pygakosa I'.B.

XepcoHcwvKuUll HaAUiOHANbHULI MexHiuHULL yHigepcumem, YKpaiHa

[TepeTBOpEHHSI CiJIbCHKOTOCIIOAAPCHKOTO BUPOOHUIITBA Y BUCOKO PO3BUHYTUIA
CeKTOp €eKOHOMiKM HeMOXxauBe 0e3 mocjaabjeHHsS #oro 3ajJieXkKHOCTi Bif
HECTIPUSATIAMUBUX IPUPOAHO-KIIMAaTUYHUX YMOB [1].

BaknMBUM acCnekTOM MiATPMMAHHSI TEXHOJIOTIYHOTO IMPOILieCy BUPOILIYBaHHS
arpoxkyJIbTyp OCOOJIMBO Ha TiBAHI KpaiHM € aBTOMAaTM30BaHi CUCTEMMU IIOJUBY,
onst  eekTMBHOI poOOTM SIKMX HeOOXiZHO HajallTyBaHHS 3 YpaxXyBaHHSIM
reBHUX (HaKTOPiB.

B 3akpuTHX 3polIyBaJbHMX CUCTE€Max Ha IiBOHI YKpaiHM IepeBakKHO
3aCTOCOBYIOTh AOILIYBajibHI MamuHu cepii «@perat» [2]. [Ipu ekcruryaranili Takux
CUCTEeM BMHMKAIOThb TMpo0OJeMM KOHTPOJAIO TUCKYy Y CuUCTeMi, Ipobiiema
IVMCTaHIifHOTO KepyBaHHS ipUraliiiHuM OOK/IaJaHHSIM.

st edekTUBHOI poOOTM TaKOi CUCTeMM HEOOXiJTHO CBOE€YACHE TepeMMUKAHHS
MiX peskuMaMy poO0OTH HAaCOCHOTO arperary, o MOXK/IMBO IIpU iCHyBaHHI HaJIeKHO1
cucteMu KepyBaHHS. IIpM po3poOliii MeTOoHmiB KepyBaHHS Ta BMOOPI TEeXHIiUHMX
3ac06iB HacamIepe/ rocTae 3agava aHanizy 33C Ik 06’eKTa KepyBaHHS.

s mobymoBu maTemaTuuHoi mogesi 33C sIK 06’€KTy KepyBaHHS PO3TJISTHEMO
B33a€EMO3B’SI3KM MiXX OKpeMMMM KOMIIOHEeHTamMu cuctemu. CxeMmy B3aeMoOpii
CKJIQJOBUX KOMITOHEHTIB HaBeJeHO Ha puc. 1.

o cknagy 33C BXOSITh HACTYIHI KOMIIOHEHTMU

1) Hacocumit arperatr (HA), mo 3abe3redye momayy BOAM OO CUCTEMU
TpyOOITPOBOAIB 3 mKepesna pimyuu (JIP), IKMM MoKe BUCTYIIATU BiIKpuTa BomoiimMa
abo maricTpaabHMIT TPYyOOIIPOBI/I;

2) posmominbHMii Ta 3poiryBaabHMiT TpyboripoBoau (PT Ta 3T), siki 1oeaHaHi B
€OVHY CUCTEMY 3a JOIIOMOTOI0 BY3JIiB Bogopo3snoziny (BP);

3) samipHa apmarypa (3A) O MiAK/IOYEHHS/BiAK/IOUEHHS AOIIyBaJbHOTO

ob6jagHAaHHS Ta pEeryaloBaHHS IIOTOKY PiAMHM 3a JOIOMOIOK BMKOHABYOTO
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MmexaHizMmy (BM) ta maposoro kpany (I1IK);

4) pomyBaJbHI MaNIMHM  yHiBepcasbHi (IMY), sKi 6e3mocepeiHbO
3a6e3I1euyIoTh 3POIIeHHS Ta € OCHOBHMMM CITOXXMBayaMu;

5) cucrema KepyBaHHSI 3aKpuTOl 3poinryBasbHOW cucrtemor (CK33C) Ta

cucTeMa yrnpasJiiHHS 3amipHoio apMmaTtyporo (CY3A).

CK33C
P P P P
I[P N HA H (DHk PTl 11 Qll‘ BPl 12 lek PT2 13 le; BP2
P2 Qo P2 Qz
5 3A 5 3A
1 2
» CY3A [P BM %Kl > BM %Kz
3Tl 3T2
PHl Ql'll PHZ QH2

PucyHok 1 — Cxema B3a€MO3B’SI3KiB MiXX CKJIaJ0BUMM KOMITOHeHTaMu 33C

[TpoananizyBaBmM ckaamoBi momdeai 33C K 00’€KTy YIIpaBIiHHSI, MOXXHA
BUIIMTY BXigHi, BUXiZIHI Ta BHYTPIIIHI TapaMeTpu CUCTEMIA.

BxifiHMMM IapameTpamy, SIKi IilOTb Ha CUCTEMY €: 1) cxema poO3TallyBaHHS
aKTMBHOTO 3POIIYyBaJIbHOTO OOJIaAHAHHS , IKa 3aJa€ThCSI OTIEPATOPOM 3TiTHO IUIaHy
MOJMBIB; 2) CHUTHaJ 3aBOAHHS BUTpAT pPiAMHM HEOOXiTHMUX [JISI 3POIIEHHS
arpoKyabTyp, SIKMII 3aJa€TbCSl OMepaTOpOM 3rifHO IUIAHy MOJIMBIB; 3) CUTHAJ
3aBIAHHST TUCKY HEOOXiTHOTrO 11 KOPEKTHOI poOOTH 3POIIyBaJbHOTO O6aJHAHHS,
SIKUIA 3aIa€TbCS OIMEpaTOpPOM 3TiJHO TeXHIUYHMX XapaKTepPUCTUK 3POILTyBaJIbHOTO
obnagHaHHS; 4) CUTHA 3 TaTYMKiB TeMIepaTypu, po3TalioBaHMUX Yy BOMIOWMI 3 SIKOi
ime 3a6ip Boau 17151 TIONUBY, TlepeiiaeThCss aBTOMaTUUHO.

o BUXimHUX TMapaMeTpiB CUCTeMM BigHOCSITbCS: 1) TMCK Ha Pi3HUX OiISTHKAX
TPyOOIIPOBOAY, 2) HAITip Ta BUTPATH PiguHM, 1110 ITOAa0Thcs Ha [IMY.

Jlo BHYTPIllIHiX IMTapaMeTpiB CUCTeMM BiTHOCSITbCS: 1) yacToTa obGepTiB Basy

IBUTYHA/HACOCy HACOCHOI CTaHIii; 2) KyT BiOKPUTTSI 3acyBOK Ha BXO[i B
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3pOITYBaIbHMI TPYOOIIPOBif; 3) KiJIbKiCTh aKTMBHOTO 3POIITYBATbHOTO OOGIaHAHHSI.

EdbekTnBHe KepyBaHHSI TEXHOJIOTIYHMM OOJIaHAHHSIM ITOBMHHE 3a6e3MeunTi
PIBHOMIipHICTb Ta BUKOHAHHS HOPM MOJIMBY 3TiAHO IUIAHY 3BOJIOKEHHS I'pyHTY. JlJis
BM3HAUEHHSI AaJeKBAaTHOCTI MaTeMaTUMYHOI MOjesi, SKa CTBOPIOEThCS 3a
3aIlIPOIIOHOBAHMM MiAXOAOM, HOOLJIBHO 3OiAICHUTM IMiTalliliHe MOZIeI0BaHHS
po6otu 33C mjs1 peaJibHMX YMOB B Pi3HUX peskumax poboTu. [Ijisi BM3HAUEHHS
BractuBocTeit 33C sIK 00’€KTa KepyBaHHS, TaKMX SIK iHEpIiliHiCTb, KepOBaHICTbh,
CTiliKiCTh, CIIOCTEPEKINBICTh, HEOOXiTHO OTPUMATU MOJIe/Ib KOMILJIEKCY Y ITPOCTOPi
CTaHiB.
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MATHEMATICAL MODEL OF THE CLOSED IRRIGATION SYSTEM
AS THE CONTROL OBJECT

Karpenko Serhii, Rudakova Hanna

Abstract. The article considers the scheme of relationships between the main
components of a closed irrigation system such as pumping unit, distribution and
irrigation pipeline, shut-off valves, universal sprinklers, control system with their
subsequent mathematical description. The system as an object of control is
analyzed, input, output and internal parameters of the system are revealed.

Keywords: pumping unit, valves, closed irrigation system, irrigation
equipment, mathematical model.
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TEPMOJIVNHAMIYHE MOJEJTIOBAHHS CWIIKOTEPMIYHOI'O METOY
OTPUMAHHS CEPEJHBOBYVYIJIEHEBOI'O ®EPOMAPTAHIIO YV KOHBEPTEPI

Kupnuox B.C., HagTouiit A.A., BeinkoHcbka H.M.

YkpaiHcokutl depxcasHuli yHisepcumem Hayku i mexHonoeiti, m. [IHinpo, YkpaiHa

MapraHenp Bigirpae Ba>kIMBY pPOJb y YOpHIN MeTanyprii. BukopucTaHHS
MapraHil0 MOAUISETbCS Y BiICOTKOBOMY CITiBBigHOIIeHHi: 30% 3acTOCOBYIOTb B
mpolecax BUMPOOHMIITBA CTasli AJis mecysbdypalii i B SKocTi poskuctoBava [1], a
70% - BUKIIOYHO B SIKOCTi JIETYIOUOTO eJieMeHTa MNPy OTPUMaHHI Pi3HUX MapoK
cTasei i criyaBiB Ha 3asi3Hilt ocHOBi. IToTpeba cTanenaaBWIbHOI MPOMUCIOBOCTI Y
cepeTHbOBYT/IelleBOMY ¢epoMapraHili i MeTajeBOMY MapraHIli 3aJ0BOJIbHSIACS
3aCTOCYBAaHHSIM  JOCUMTh  CKJIQZHOI  TEXHOJIOTii: BMILIaBKA  I1epepOOHOro
masnodocdopucrtoro MapraHiieBoro J1aKy, BUIIAaBKa repepoOHOro
CUJIIKOMapraHiilo, OTPMMaHHSI MeTaJieBOTO MapraHiio. HackpisHe BUIyUeHHS
MapraHiio 3HV/OKYBaIOCS.

[[Ipoke BMKOPMUCTAHHSI MapraHIilo Py OJlepsKaHHi CTasli Aelio 0OMeXye oro
3aCTOCYBaHHS IIPU PO3KMUCIE€HHI HU3bKOBYT/IEI€BMX MAapOK CTaJieli B CUTY BXXMBAHHS
MapraHiijo IepeBa)kHO y BUIVISIAI BMCOKOBYTJeleBOro (epomapranifio. Di3mko-
XiMiuHa CYTHICTh CHMJIIKOTEPMIUHOTO CIIOCOOY OTpMMAaHHS MapraHiil0 MeTajeBoro,
HU3bKO- i cepeJHbOBYTJEleBOro ¢epomMapraHiio Mosxke OyTHU IIpe[cTaBjieHa SK
TOENHAHMIT TIpolleC BigHOBJIEHHS-padiHyBaHHSI 3 OTPMMAHHSM MapraHileBUX
depocriiaBiB i3 3aJaHMM CTAaHAAPTHUM BMIiCTOM KpeMHilo. Y 3B’SI3Ky 3 IIUM,
aKTyaJbHMM € BM3HAUEHHSI TepMOAMHAMIYHMX XapaKTepPUCTUK IPOIeCiB
BiITHOBJIEHHSI-OKMCIeHHS B cucTeMi Mn-Si-Fe-P-O-C mnuiak-meTan-ra3 Ta po3pooka
TEXHOJIOTii 3HEeBYIJIelIbOBYBAaHHSI BMCOKOBYTJIEIIEBMX MapraHileBUX pO3IMJaBiB Ipu
3aCTOCYBaHHI MPOAYBKM Ta30MOMiOHMM KMUCHEM Ta OOpOOKM IUIAKOBUMU
po3IIaBaMy IIEBHOTO CKIamy.

ABTopu [2, 3] BUIpoOyBaJM TEXHOJIOTiI0 CUJIIKOTEPMIUHOTO BiTHOBJIEHHS
OKCHU[IiB MapraHIl0 i3 ILIJaKy B KOHBepTepi 3 AOHHUM AYTTSIM. [lOoCHifHI IJTaBKU
TIPOBOJIVIIMCSI B KOHBEPTEPi éMHICTIO 1 T 3 TphbOMa JOHHMMM QypMaMu TUITY «Tpyba

B TpyOi», BUTOTOBJIEHMMM 3 MiZHUX i HepKaBiroumx TpyO. s po3IiaBieHHSs
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cuwiikoMaprasuo Mapku MnCl17 BMKOpUCTOBYBaJacsl AyroBa CTajeriaBiibHa Miy
emuictio 1,5 T (OCII-1,5). AaropuTm IpoBeAeHHS IUIaBKM OyB TakuM. Ilicist
posmiaBiieHHs 950-970 kr MnC17 i HarpiBaHHS #1oro go Temriepatypu 1620-1630 °C
BiH 3anMBaBCI B KOHBepTep, Ha MIOHDKKS SKOTO TMepepn 3JMBOM Pigkoro
CWJIIKOMapraHIilo NpuUcaaKyBajoCh BAllHO B KiJIBKOCTiI 20 Kr/T. 3 MeTOI MiJirpiBy
MeTajieBOi BaHHM B KOHBepTep BAYBaIM KUCEHb IIPOTSITOM 5-6 XBUIMH 3
inTeHcuBHicTi0O 0,98-1,02 m%/T-xB i mpupoaHuii ra3 3 iHTeHCUBHicTIO 7-10 % Bif
BUTpPaATU KMUCHIO. 3a 1ieil mepiod MeTana migirpiBaBcs mo temiepatypu 1670-1680 °C.
[loTim mnepexoaunM Ha NOPOAYBKY aproHOM, SKuii IOAAaBaBCS i3 CyMapHOIO
iHTeHcuBHicTIO 0,7 M%/T'XxB. 3 IepexodoM Ha IPOAYBKY KOHBEpPTEPHOI BaHHU
HeMTpaJbHUM Ta30M B KOHBepTep IpucamkyBayu 6113bKo 800 Kr odiiocOBaHOTO
arjoMepary. 3a Lieii repiog TemrepaTypa MeTajaeBoi BaHHM KOHBepTepa 3HU3UIACs
no 1320-1340 °C. [Ins migirpiBy posmjaBy Mepexoauin Ha 6-7 XBUJIMHHY KUCHEBY
MpoAyBKYy. Y 1ieii repion MeTtas mifgirpisascs go temnepatypu 1600 - 1620 °C. ITicas
pO3irpiBy CIUIaBy MHepexoauauM Ha IMPOAYBKY HEUTpaJbHUM ra3oM. Y KOHBeEpTep
MpucapKyBain 25 Kr/T BamHa i 6am3bko 650 Kr oduirocoBaHoro ariaomepary. Jpyra
MPOJAyBKa HEWMTpaJbHUM Ta30M IIPOJOBXKYBagacsi mpoTsarom 7-9 xB. [Ipu upomy
TeMIlepaTypa MeTally 3Hu3mIach o sHayeHsb 1300-1320 °C [2].

Po3paxyHOK TepMOAMHAMIiUHMX IlapaMeTpiB  IIpolleciB B  CKJIAAHIiN
reteporeHHii cuctemi Mn-Si-Fe-P-O-C BuMKOHaHO i3 3aCTOCYBaHHSIM MpPOTrpaMHOTrO
komiuiekcy “HSC Chemistry 6.0”. [ljsg [geTaabHOrO BMBYEHHSI ITOBeIiHKM
KOMIIOHEHTIB MeTaly Ta IIJaKy pO3paxyHOK PiBHOBaru MpPOBOOMIIM [IJiSI KOXKHOTO
nepiogy okpemo. OTpuMaHi JaHHI Ha KOKHOMY mepiony OyaM BXiZHUMU AAaHUMU
JIJISI HACTYIHOTO Tiepiony. B SIKOCTI BUXiZHMUX JaHMUX IJisl PO3PaxyHKy piBHOBaru Ha
IepIioMy mnepioai B3sM cuiikomapraHenp (16,15% Si, 67,20% Mn, 1,74 % C,
0,37% P, 0,027% S) B KimbkocTi 950 Kr Ta BaItHO B KiJIbKOCTi 20 Kr, KMCHIO — 7,145 KT i
npuponHoro rasy — 0,357 xr. Po3paxyHok mpoBenu mis temnepatyp 1620-1680 °C.
PesynpTaT poO3paxyHKy [ BMICTy KOMIIOHEHTIB HUIAKOBOI CUCTEMM ITOKa3aB
MO>XJ/IBE YTBOPEHHSI CKIQAHMUX CHOMYK: CUiKaTiB Kaiblito (3Ca0-2Si0,, Ca0-SiO,,
2Ca0-Si0;, 3Ca0-Si02, 3Ca0-Si0,), cuimikatiB maprauipw (2Mn0O-Si0O,;, MnO-Si0,), a
TakoX BifbHI okcuay SiO;, MnO Ta CaO, nmpuyomy 3i 36iJbIIIEHHSIM TeMIlepaTypu

BifIOyBa€TbCs HeBeJIMKi 3MiHM B KiJIbKOCTi IIMX CITOAYK. Maca OTpMMAaHOTO IIJIaKy
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ckinagae 39,80 Kr, OCHOBHICTb IIJIAKy Ha Mepiiomy Iepioai cknangae 1,04. PesynbraTu
pO3paxyHKy CKJIaay MeTaneBoi cuctemu, % mac.: 67,88 Mn, 15,32 Si, 14,68 Fe,
1,73 C, 0,384 P, 0,0008 S. PospaxyHkoBa maca Metany ckiamae 940 kr,
KpaTHiCcThb 1uiaky — 0,042.

V gpyromy mnepiofi y po3paxyHKy OO0 HIMXTOBUMX MmaTepiamiB gomanu 800 Kr
0¢II0COBAaHOTO MapraHIeBOro arjioMepary ckiaamy, % mac.: 44 MnO, 28,3 CaO,
14,8 SiO,, 4,7 MgO, 4,5 Al,0s, 3,4 FeO, 0,3 P;0s. Po3paxyHOK 1151 Ipyroro Iepiomy
rposenu st remmepatyp 1680-1330 °C. Maca oTpuMaHOro 1jiaky ckiagae 628,9 xr,
maca metany — 1151 kr, kpaTHicTh nwtaky — 0,55, ocHoBHicTh mutaky - 0,83.
SIk moka3aB po3paxyHOK piBHOBAru, BMiCT MapraHiiio 3pocrae 3 67,88% mo 79,45%, a
BMIiCT KpeMHi0 3HMUKYETbCS 3 15,32% mo 6,2%.

VY Tperiii mepiom po3paxyHKy O00aBMIM KMUCEHb B KiJbKocTi 10 Kr Ta
npuponuuii ras — 0,5 kr mis Temnepatyp 1330-1610 °C. Maca oTpMMaHOro MeTany
cknagae 1120 kr. Ckaan Ta KiJbKiCTh KOMIIOHEHTIB IIJTAKOBOI CHMCTEMM Ha MpPOTs3i
TPETbOro mepiofy 3MIHMIMUCS He3HAauyHO, Maca OTPUMAHOro Iuiaky — 633,8 Kr,
KpaTHicTh m1aky — 0,56 Ta ocHOBHICTb 11aKy — 0,86.

VYV d4erBepTuit mepiom B po3paxyHOK mobaBmwim 600 Kr o¢acoBaHHOTO
arjiomepary Ta 28 Kr BamHa. [Ipy 11boMy pO3paxyHOK MPOBOIAWIN IIJISI TeMIlepaTyp
1610-1330°C. Maca oTpuMMaHOro IuiaKy ckiaamae 1154 xr, maca merany — 1771 xr,
KpaTHicTh nuiaky — 0,9, ocHOBHicTb 1iiaky — 0,92.

BMiCcT KOMIIOHEHTIB MeTajieBOi CUCTEMM B Y3JIOBi MOMEHTU PO3PAXYHKY
npencTaBiieHi y Tabauii 1.

Tabnuus 1 — XimiuHnit ckiaa MeTaay Ha BCixX Mepiofiax po3paxyHKy

KoMrmoHeHT | BMiCT KOMIIOHEHTIB MeTaJly, UMCeIbHUK — KI/ 3HAMEHHUK - %
1 mepiop, 2 nepiop, 3 nepiop, 4 niepion

Mn 638/67,878 901/79,447 876/78,209 1070/83,8

Fe 138/15,320 159/14,02 159/14,19 176/13,784

Si 144/14,682 70,3/6,20 64,1/5,72 8,98/0,703

C 16,3/1,734 16,3/1,437 16,3/1,45 15,3/1,277
3,61/0,384 4,66/0,411 4,66/0,416 5,51/0,431

S 0,012/0,001 |8,07-10%7,12-10° | 0,0136/0,001 | 0,00157/0,000123
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AHati3 po3paxyHKOBUX JaHMX MMOKa3aB 3HMKEHHSI BMICTY KpeMHiio 3 16,05% y
BuXimHOMy Mmatepiasi mo 0,7 y KiHileBoMy ¢depomaprasiiio. Bmict Byriellio
3HVDKYETbCS He3HauHo 3 1,72% no 1,28%. 3HMKeHHS BMICTy BYIVIELIO y MeTajli
1IOB’SI3aHO, BipOTiZHO, 3 JiOro «po30aBjJeHHSIM» MapraHiieM, IO BiJTHOBMUBCS.
BMmicTt MmapraHiio 36iabiryeTbest 3 67,25% y BuximHomy Mmartepiany mo 83,8% y
KiHiieBomy (pepomapranio. st pocdopy crioctepiraeTbes IMiIiioM BMIiCTY Ha YCix
nepiomax, y KiHIleBOMYy IpoAykTi BMmicT ¢ocdopy Bxke 0,43%. [ns mOCSTHEHHS
NPpUMHATHUX KOHIleHTpaliii ¢ocdhopy B Meranmi HeoOXiZHO 3aCTOCOBYBATHU
HMU3bKodochopuCTi BUXiIHI IIMXTOBI MaTepiain.

Ha pucyHky 1 npeacraBieHUii pO3paxyHOK KiJIbKOCTi OKCUIHMX KOMIIOHEHTIB,
110 BHECEHI 3a yCi mepioay MiaBKu, Ta KiIbKOCTI KOMIIOHEHTIB IIJIAaKy HaIIPUKIiHI
yeTBEPTOro mnepiomy. MapraHelb BiTHOBIIOETbCS OifibInl HiXX Ha 87%, a KpeMHiit

OKMCIIOETHCS Ha 56 %.
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PucyHoK 1 - KiZibKiCTh KOMIIOHEHTiB IIVIAKOBOTO PO3MJIaBy, 1[0 BHECEHI,
Ta OTPUMAaHHI Yy KiHIIi [IJIaBKA

V pe3ynbTaTi NpOBeAeHHS OOCTIAHMX IUIaBOK [2] HaBedeHO XiMiuHMI1 CKaafg,
cepeHbOBYTJIEIIEBOr0 (hepoMapraHiiio, mo orpumanu, % mac.: 1,55 Si, 84,75 Mn,
1,47 C, 0,40 P, 0,026 S. IopiBHSIHHS HMX OaHMX 3 JaHMMM Tabauili 1 rokasye
6/IM3UTh OTPUMAHMUX TAaHUX.

BucHoBku. OTKe, pe3yJabTaTy TEOPETUUHUX MOCTiMKeHb Ta JOCTITHMUX TIJIaBOK
[2, 3] cBiguaTh TMpPO TEpPCIEKTUBHICTh TMOAAIBIIOI PO3POOKM  TEXHOJIOTil
3HEBYIJIEIIbOBYBAHHSI ~ BMCOKOBYTJIEIIEBMX  MapraHlleBMX  pO3IUIaBiB  MIpu
3aCTOCYBaHHI MPOAYBKM Ta30MOAIOHMM KMUCHEM Ta OOpOOKM IIAaKOBUMMU

pO3IJIaBaMy MIEBHOTO CKJIAJTy, ajie MoTpebye MpoBeAeHHS MOAAIbIINX AOCTiIKeHb.
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THERMODYNAMIC SIMULATION OF SILICOTHERMAL METHOD FOR
PRODUCTION OF MEDIUM CARBON MANGANESE IN A CONVERTER
Kyrychok Vladyslav, Nadtochij Anzhela, Velikonska Nataliya

Abstract. The widespread use of manganese in the production of steel
somewhat limits its use in the deoxidation of low-carbon steel grades due to the use
of manganese, mainly in the form of high-carbon ferromanganese. Thermodynamic
modeling of equilibrium in a complex heterogeneous Mn-Si-Fe-P-O-C slag-metal-
gas system was carried out for a detailed study of the behavior of metal and slag
components for each period separately using the technology of silicothermal
reduction of manganese oxides from slag in an envelope with bottom blast.

An analysis of the calculated data showed a decrease in the silicon content
from 16.05% in the starting material to 0.7 in the final ferromanganese. The carbon
content decreases slightly from 1.72 to 1.28%. The manganese content increases
from 67.25% in the starting material to 83.8% in the final ferromanganese. For
phosphorus, an increase in content is observed in all periods. To achieve acceptable
concentrations of phosphorus in the metal, it is necessary to use low-phosphorus
initial charge materials. The results of theoretical studies indicate the prospects for
further development of the technology for decarburization of high-carbon
manganese melts using blowing with gaseous oxygen and treatment with slag melts
of a certain composition.

Keywords: silicomanganese, medium carbon ferromanganese, converter,

oxygen, slag melt, equilibrium.
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MVYJIBTU®PI3SNYHA MATEMATUYHA MOJEJIb TEINIOMACOOBMIHY B
CUCTEMI TIPUMIOMY TA AKYMYJIIOBAHHSI COHSIYHOI EHEPTTI
Kuym JI.I., Macanukin C.C., IOpkos P.C., Bopucenko A.T.

Hinposcevkuti HayioHanvHuti yHigepcumem imeHi Onecs I'onuapa, Ykpaina

BukopucTaHHSI HeBMYEpPHaHUX MOXIMBOCTEN eHeprii COHLE B Ha3eMHIiil Ta
KOCMiUHiii eHepreTuili rajJbMye€TbCSI CKJIAQOHMMM HAYKOBMMM IIpobsieMamMu, IO
BMHUKAIOTh I 4Yac TpOeKTyBaHHS Ta GYHKI[IOHYBAaHHS BiJMOBIAHMUX CUCTEM
nepeTBopeHHs. [IyisT mpsiMmoro ¢OTOeNeKTPUYHOTO TIepeTBOPeHHS Ii mpobaemu
0OMEXYIOTbCSI pPiBHEM TEXHOJIOTii, IO HeOOXimHi IJisI CTBOPEHHSI HOBMX, OiJIbII
epekTuBHUX (HOTOENEKTPUYHMX HAIiBIPOBIZHMKOBMX MaTepianiB. HaykoBa
npobjema, 10 BMHMKAE IIiJl YaC CTBOPEHHSI TePMOAVMHAMIUHMX CUCTeM, € OijbIl
T7IMO0KOI0 Ta BcebiuHomw. [ 6e3mepebiitHOro GyHKIiOHYBaHHS TePMOIMHAMIUHUX
eHepreTMYHMX CUCTEM 3 MAIIMHHMM IepeTBOpeHHSIM eHeprii CoHISI HeoOXigHO
BUPIITyBaTM KOMILIEKCHY MYAbTUQi3MUHy 3amady, sKa I0JsArae y 3abe3mneueHHi
BiAmoBigHOI (diKcoBaHOiI TeMmepaTypM TeIUIOHOCiISSI Ha BXOAi B LMKI IIpHU
HEepPiBHOMipHOMY PO3IIOIi/li COHSITYHOTO CsIiiBa IIPOTSITOM 4Yacy, m00i, poky. B maHiii
poOOTi pPO3MISIHYTI JMIe Je-gKi acleKTM IIbOro MHUTAHHS, a came, OITMMi3arllis
reOMETpUYHUX Ta EeHepreTMYHMUX IapaMeTpiB CUCTEMM «KOHIIEHTpAToOp -
TeIUIoNpuiiMayd»; BMOip TUITY TEIUIOHOCISI, 10r0 IMHAMiUHMX TTOKAa3HMKIB, METO/iB
iHTeHcUikallii KOHBEKTUBHOTO TEIIOOOMiHY; BUOIp TUITY CMCTEMM aKyMYJIIOBaHHS
TeIlJIOBOI eHeprii, MOKIMBUX BUAIB TEIUIOAKYMYJ/IIOIOUOrO0 Marepialy, BU3HAYEHHS
PO3IMOAiy TeMIepaTypHUX Ta eHepreTUUHMX MOJiB B TEIVIOBOTO aKyMYJISITOPI.

OnTumiszailisi reomMeTpii CUCTEMM <«KOHLIEHTpPaATOp — TeIUIONpuiiMau»
nmpoBoAMIach, 6a3yluuch Ha Yy3arajJbHeHili MaTeMaTMUHOi Mojeni, sKka Oyma
pO3B’si3aHa MeTOJIOM CTaTUCTUYHMUX BUMpPoOyBaHb MoHTe-Kapio. Ha ocHOBI
CTBOPEHOTO IIPOTPAaMHOTO KOOy OynaM TIpoBeAeHi MapamMeTpuyHi UMCIIOBi
OOCTiI)KeHHSI, 1[0 BM3HAUWIM BiATIOBiAHI TMapaMeTpu KOHIIEHTpaTopa Ta
TeIIoNpuiiMaya 3 ypaxyBaHHSIM iX B3a€MHOT'0 pO3TalllyBaHHSs, opieHTallii Ha CoHile,
MOSKIMBOCTI medokycyBaHHs Toio [1]. [JaHi HepiBHOMipHOTO PO3IOIiTY IIiTbHOCTI
TeIIOBOTO TOTOKY, SIKi OTpMMaHi MeTogoM MoHTe-KapJio, mepenaBanach B OKpeMuit

MIpOrpaMHMUII MOZYJb, SIKMIA OYB pPO3pOOJIeHMi Ojs1 BU3HAYEHHSI TeMIIepaTypHUX
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MOJiB  TEIUVIOHOCIS B  TEIUIONPUIIMAabHOMY KaHaldi. YMCIOBUII  aJITOPUTM
KOHBEKTMBHOTO TIepeHOCY B TeIUIONpuiiMaJbHOMY KaHalii Oyj0 IMoOyJoBaHO Ha
OCHOBI po3po6seHoi 3D MaTeMaTUYHOI MOAeJIi, sIKa CKJaianaach i3 piBHSIHHS eHeprii
Ta PiBHSIHHS PyXY IJISI TEMJIOHOCIS i OOIOBHIOBAJACh IPaHUMYHMMM YMOBaMH, IO
BM3HAYa/JM HEPiBHOMIPHMI1I PO3IOAIJ TEMJ0BOTO IIOTOKY BiJl KOHIIEHTpATOpa,
KOHBEKTMBHI Ta pajialliiiHi BTpaTu 3 MOBEpPXHi TeIUIoNpuiiMauya B HaBKOJMIIHE
cepemoBuiie. I[loOymoBaHMIT UMCIOBUIT aJIrOpUTM OYyJI0 pO3B’SI3aHO METOAOM
KOHTPOJIbHUX 00’€MiB B HeJIiHiliHili IOCTAHOBILI, SKa Ilepenbavasa BU3HAUEHHS
3a7IeKHOCTI  Teriodi3sMUyHMX BJIACTUBOCTEN TEIUIOHOCISI Bim  TemIlepaTypu.
[Tlim yac pocsimKeHHS CTaBUIach OKpeMa 3ajaua, MOB’s3aHa i3 MOXKJIMBICTIO
iHTeHcudikalii KOHBEKTMBHOIO TeIUIOOOMiHY B TeIUIONPUIIMAJIbHOMY KaHaTi.
Taka 3amaua Moxke OyTM pO3B’sSI3aHa NMUISIXOM 30iJbIIeHHS TUIOIII KOHIIEHTpPaTOpa,
[0 TIPUBOAUTH OO 3MeHIIeHHS HaAiliHOCTI CUCTeMM «KOHLIEHTpaTop -—
TeIIoNpuiiMay»; IUISIXOM BBeIEHHS B TeIUIONPUIIMaJIbHMII KaHal [OJATKOBUX
cucTeM TypOyiisallii IOTOKy, IO VYCKIAJHIOE KOHCTPYKIIIO TeIUIoNpuiiMaua,
30i/IbIIIly€ TIOTYKHICTb HACOCHOI CMCTEMM; IUISIXOM BIOCKOHAJE€HHS IapaMeTpiB
camoro TeruioHocist. CaMe OCTaHHIN MiaXxim 6y/JI0 06paHO B SIKOCTi TOJIOBHOTO MJIST
inTeHcudikalii KOHBEKTMBHOTO TeruioooMiHy. Ilepembavanoch, IO ITapaMeTpu
TEeIVIOHOCISI OyAyTh YAOCKOHA/IEHi IIISIXOM [OJaBaHHS B HBOTO YaCTUHOK
HAaHOMETpPOBOro po3Mipy. Taki HAHOYACTMHKM ITOKPAIIYIOTh TeImodi3muuHi Ta
IMHAMIiUHi TTOKa3HUKMY 6a30BOT0 TEIUIOHOCIS, CIIPUSIOTh ITiABUINEHHIO KoedillieHTy
KOHBEKTMBHOI TeIUIOBiAfayi, 10 MPU3BOAUTD MO IiJABUILIEHHS 3arajbHOI TEIIOBOI
edeKTUBHOCTI cuUCTeMU IpuiioMy [2].

BesmnepebiiiHicTh (QYHKIIIOHYBAHHSI CUCTEMM IIePEeTBOPEHHSI HEMOX/INBE 0e3
BBEJIEHHS B TEepPMOAMHAMiUHMII KOHTYpP CUCTEMM aKyMyJIOBaHHS eHeprii, sika
3IJIQJKy€ TMiKYM HaBaHTa)KeHHs, MOB’S3aHi i3 HepiBHOMIpHMM HaJXOJKeHHS
COHSIYHOI pafialiii. 3amporoHoBaHuli da3orepexiTHnii TeIIOAKyMYJISITOpP «TBepje
TUIO — piAuHa» Mae€ CYTTEBi MepeBaru mepeq iHIIMMMU TUIIAMM aKyMyIOBaHHS [3].
Po3pobsieHa MaTeMaTMYHa MOJieJib Ta CTBOPEHO UMCIOBUIA aJTOPUTM [IJIsSt
BU3HAUYEHHS PO3IIO/iy TeMIepaTyp, TelJ0BUX MOTOKIB Ta MBUAKICTb PyXy IPaHMUIIL
posnofiny ¢a3 B TeII0aKymMy/al0uoMy MaTepiasi. Bubip Tuiy Teroakymy/ai0m0uoro
MaTepiajly BM3HauaBCs Oro TeMIlepaTypoio ¢a30BOro Iepexony, sika BifiloBimae

TeMIlepaTypi TeNJI0OHOCISI B CUCTeMi IIepeTBOPEHHSI.
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MULTIPHYSICAL MATHEMATICAL MODEL OF HEAT AND MASS EXCHANGE
IN RECEIVER AND THERMAL STORAGE SYSTEM OF
THE SOLAR THERMODYNAMIC PLANT
Knysh Lyudmyla, Masalykin Stanislav, Yurkov Roman, Borysenko Andriy

Abstract. The main stages of creation of the multiphysical mathematical
model of heat exchange in receiver system of the solar thermodynamic system with
concentrator are presented in this study. The statistic approach for modeling of the
heat fluxes in system «concentrator — heat receiver» is used in first stage. Obtained
distribution of concentrated solar flow at outer heat receiver surface is applied as
boundary condition for numerical modeling of the convective heat exchange in the
heat transfer fluid. The average heat transfer fluid temperature is found in the
second stage research. This temperature is determined type of the thermal storage
material for the thermal storage module with phase change «solid - liquid».
Geometry of the thermal storage module, temperature fields in the thermal storage
material, heat transfer flow rate, which ensures given input temperature in energy
conversion system were determined.

Keywords: mathematical model, solar energy, concentrator, heat receiver,
thermal storage module, numerical modeling.
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BIIJIMB IIPYXHUX TA IHEPLIIMHUX ITAPAMETPIB IIKIBA 3MIHHOTI'O
MOMEHTY IHEPIIIi HA IOT'0 JIMHAMIUHI XAPAKTEPUCTUKU
Kypor’atauxk O. C.

Vkpaincokull depxcasHuli yHigepcumem HAyKu i mexHoJ102itl, YkpaiHa

BeTryn. V KOXHOI MeXaHIYHOI CMCTeMM € IJIMI1 CIIeKTP BJIACHMUX 4acToT. lle
TeBHi 3HaUeHHS BJIACHMUX YaCTOT (4ACTOT BiJIbHMX KOJIMBAHb), 3a SKUX CUCTEMAa MOKe
YBiliTM B pe30HAHC Yy pasi, KOJIM 4acToTa 3MiHM 30BHIIIHbOI'O HAaBaHTa)KeHHS Oyme
OJMM3bKOI 10 OAHi€l 3 BJIACHUMX YaCTOT CUCTEeMMU. B Mekax maHoi pobGOTHU
MeXaHiYHOK CUCTEMOIO € IIPUBiZ KaHATHOI Aoporu. Joc/igkeHHS oKasaau, o ITif
Yyac po3roHy IPUBiA, J0Ja€ OeKiJibKka pe30HaHCHMX 30H 3a BJIACHMMM yacToTamu [1].
3Ba)kKalouM Ha Te, 110 BUHMKHEHHS SIBUIIA Pe30HAHCY /ISl IPUBO/IiB € HeOe3IeuHUM i
BKpail HebakaHMM, y HaHiii poOOTi IMPOIOHYETHCS 3MiHUTM KOHCTPYKIIIO IIKiBa.
3MiHeHMII WKiB Oyme Bigpi3HATHMCS Bim TUIIOBOTO TMM, IO ITif, Yac pO3roHY Ta
CITOBi/IbHEHHSI IPUBOMY JOT0 MOMEHT iHepIii Oyme 3miHIOBaTMCS. Takuii IIKiB
OymeMo Ha3MBaTH IIKiBOM 3MiHHOTO MOMEHTY iHepIIii.

3MiHMTM MOMEHT iHepIii IIKiBa MOXJIMBO MOeKiJibKOMa cIlocobamm: 3a
JIOTIOMOTOI0 iHePLiHUX IMCKIB, SIKi BBOJSITHCS B 3aUeIlJIEeHHS 3i IIIKiBOM ITOCJIiJOBHO
[2]; UUISIXOM BMKOPMCTAHHS OOOATKOBUX BAHTAXKIB Ha BakessX, SIKi BiAXWIISIIOTbCS
Bil BepTUKa/JIbHOI OCi 0OepTaHHSI CUCTEMM IMiJ Hi€l0 BiAIeHTPOBMUX CUJI IIiJI, yac
pPO3roHy [3]; 3a paxyHOK 3MiHM pafiyca iHepiil LIJISIXOM 3MiHM BPYYHY KyTa HaXWUIy
paniaJbHMUX WITAHT, OO KiHLIB SIKUX MPUKPIIUIEHO BaHTaxi [4]; 3a paXyHOK 3MiHM
GdisuKo-MexaHiUHMX BJIACTMBOCTEl ¢epoMarHiTHOI piguMuHu, y $Kiii mepebyBae
TTOPOKHUCTUI IUCK 3 MArHiTOM’SIKOrO mMaTepiany, I Ai€l0 3MiHHOTO MarHiTHOTO
noss [5]; iHmi cmoco6u [6, 7]. Taki cmocobu MaioTh psif, HEOOJIIKiB: CYTTEBe
30i/bllIeHHsT Macu Ta rabapuTiB  IIKiBa; HEOOXigHICTb  BUKOPUCTAHHS
iHAMBiAyanbHUX JIKepeJsl eHeprii; CKIagHICTh BUTOTOBJEeHHS. [lelo MpoCTilnii Ta
6inibil eeKTUBHMUIT CIIOCIO 3MiHM MOMEHTY iHepliii peasi3oBaHO y KOHCTPYKIIii
IIKiBa, CXeMy Ta MPUHLMUI Ail IKOro 3aXUILEeHO MaTeEHTOM Ha KOPUCHY MOJeb [8].
BinnmoBigHO A0 1LbOro IATEeHTy, IIKiB 3MiHHOTO MOMEHTY iHepIiii CKIaJaeTbCsl 3
06a30BOi KOHCTPYKIIii, HAIPSIMHMX, Y3HOBX SIKMX IT€PEMIIIYIOThCSI BaHTaXi, SIKi
3’¢HAHO 3 MAaTOYMHOIO IIIKiBa 3a JTOIOMOTIOI0 IPYKHUX OJIOKIB. Horo IPUHIMI Al

(peanizallisi 3MiHM MOMEHTY iHepIiii) MOJsAra€ B HACTYIIHOMY: IIif 4ac PO3TOHY
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MIPUBOAY BaHTaXi ITiJl Oi€l0 CvI iHepIlii pyXaloTbCS Big MaTOUYMHM OO 0001y, 3a
paxXyHOK 4YOTO MiABUIIYETHCS pajiyc iHepiiii, a OTKe, Ji MOMEHT iHepIlil I1IKiBa, L0
IIO3BOJISIE JOJIaTY PE30HAHCHY 30HY paHillie Ta IBUALIE.

MeTo0 maHOi poOOTM € BU3HAUEHHS BIUIMBY MPYKHMUX Ta iHepPIiifHUX
rapaMeTpiB Ha MOMEHT iHepIIil mKiBa.

JIJ1s1 MOCSITHEHHS IIOCTaBI€HOI MeTU HeoOXiTHO po3B’sI3aT TaKi 3a7aui:

1. po3pobuTH MOJIeb IIKiBa 3MiHHOTO MOMEHTY iHepIIii;

2. DOCTiANTY KiHEeMaTUKYy IIKiBa 3a Pi3HUX IO€NHAHb IMPYXKHUX Ta iHEPLiHUX
rapamMeTpiB;

3. OL[iHUTYM BIUIMB MNPY)XKHUX Ta iHEpIiiiHMX MapamMeTpiB HA MOMEHT iHepiiii
IIIKiBa;

4. BUKOHATH MOIlepeqHIO OLiHKY BIUIMBY IapaMeTpiB IIKiBa Ha JiOTO BJIaCHY
YacToTy.

B sKkocTi amapaTty [jis1 IIPOBEIEHHSI OOC/iIKeHb OyIeMO BUKOPMCTOBYBATU
imiTalliiine MOJeJ/IIOBaHHS, IO TOJSIra€ y BiATBOPEHHI IMPOLECY «PO3TiH — pyX 3
yCTajleHOl IIBUAKICTIO — CIIOBUJIBHEHHS» B CUCTEeMi aBTOMAaTM30BaHOTO
MOJIeII0BaHHS Ta mpoekTyBaHHs Solidworks i3 3acTocyBanHs momatky SW Motion.

Po3po6ka momeni mkiBa. Ilim yac po3pobku 3D-mopesti IIKiBa 3MiHHOI'O
MOMEHTY iHepIlii 6ymeMo opieHTyBaTUCS Ha iioro cxemy (puc. 1) Ta mapamMeTpu, siki
nmogaHo B Tao6u. 1. Ilpu 1bomMy IpuiiMaeMo [iaMeTp IKiBa piBHMM 3 M, a
MaKCUMMaJbHy IIBUIKICTh Ha ¥0ro 060/i (IIBUAKICTb YCTaJIeHOTO PyXy) — 5 m/c.
BigmoBimHO 10 BKasaHMX [JAHUX IIiCJIS  KOHCTPYKTMBHOTO  OIpAallOBaHHS
O0yso po3pobsieHO Mopesi IIKiBa THUIIOBOI KOHCTPYKIIi Ta IIKiBa 3MiHHOTO

MOMEHTY iHepIIii.

Tab6muiig 1 — ITapameTpu IIKiBa

KoedimieHt
Maca JKopcTkicTh
H/ Jycunaiii,
BaHTaXYy, KT npy>xuHu, H/m
H/(m/c)
1 -umie 2 - BaHTaXK 60 1200 120
3 - HanmpsAMHI
4 - NpY>xUHHMH OJI0K 120 2400 240
PucyHok 1 — Cxema IIKiBa 200 4000 400

Omuc imiTamiiHOlI Mozeai Ta MeETOOMKM OOCaimKeHb. g 3D-moperti
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IIKiBa 3MiHHOTO MOMEHTY iHeplii O0yJ0 po3pobjeHo iMiTallifiHy MopJenb Yy
cepemoBuili Solidworks Motion, sika mO3BoJIsIE MOAEIIOBATH KiHEMATMUKy IIKiBa
BIIPOJIOBX I€PiOAYy «PO3TiH — PyX 3 YCTAJEHOK UIBUIKICTIO — CIOBIJIbHEHHS».
By3HaueHHSI MOMEHTY iHepilil IIIKiBa B OKpeMMii MOMEHT Yacy 37iliCHIOBaJI0Cs 3a
dopmynow J=2E /w®, ne E, - cymapHa KiHeTMYHA eHepris cucremu (IIKiBa B
300pi); ® — KyTOBa UIBUAKICTb 00epTaHHs MIKiBa. Beanunuu E_ Ta w O6y10 oTpuMaHo
Ha OCHOBI MOKAa3HMKIB JAaTUYMKiB, pO3TAIlIOBAHUX Ha ejieMeHTax 3D-Momenti:

— OaTUYMK CYMapHOI KiHeTUYHOI eHeprii;

— IATUYMK KYTOBOI IBUIKOCTi 06epTaHHSI.

PeecTpailist 3MiHM BiITIOBiIHMX BeJIMUMH 3/i/iCHIOBaacsl BIPOAOBXK 20 CeKyH]I.

AHaji3z pe3ynbTaTiB AOCTiAKeHHA. 3a HaBeleHOI0 Buile (QOpMy/IOK0 Ha
OCHOBi pe3y/bTaTiB iMiTaIifHOTO MOMEMIOBaHHSI OyJIOo OTpuMaHO Trpadiku, IO
BimoOpaykaloTh 3MiHY MOMEHTY iHepIIii IIKiBa y yaci mpy peasisaliii mpoliecy «po3riH
— PyX 3 yCTaJeHOI0 MIBUIKICTIO — CIIOBiIbHEHHS» (puc. 2). Y Tabj. 2 mpeacTaBiIeHO
MiHiIMa/IbHiI Ta MaKCMMaJbHI 3HAaU€HHS MOMEHTY iHepIlii 1IKiBa, a TAKOX 1X Pi3HUIIS
3a pi3HMX 3HAueHb Macy BaHTaXiB. K 6auMmo, 3i 30i/JIbIIEHHSIM Macy BaHTaXKiB
Iiara30H 3MiHM MOMEHTY iHepIlii IIKiBa pO3IIMPIOEThCS, HAOyBalOUyM HaOiIbIIOTO
3HAUeHHS OJi1 KOHCTPYKIii 3 BaHTaxkamy Macow 200 kr. IIpu 1iboMy MiHiMajbHe

3HAUEeHHSI MOMEHTY iHepIlii [IJIs IKiBa € Mali’ke He3MiHHUM.

200 Tab6nuig 2 — PesynbTaTn
0 MOAeI0BaHHS (MOMEHT iHepIii)
0o 1206 4700 Maca MomeHTHM iHep1lii, KT-M?
4600
BaHTaXYy, ) )
" min max max — min
4350 KF
4260
4200 4200
60 4200 4380 180
4OOOO 2 4 6 8 10 12 14 16 18 20 22 120 4260 4700 440
PucyHok 2 — I'padik 3MiHM MOMEHTY
iHepIIii mKiBa 6a30BO1 KOHCTPYKIIii 3a 200 4350 5140 790
pi3HMX 3HAUEeHb Macy BaHTaXiB

Takox 3a pe3yabTaTaMu JOC/TiIKeHb Oy/I0 OTPUMMAHO KPUBi, IO Bimo6paxkaloThb
3MiHy BJIACHOI YaCTOTM WIKiBa BIIPOJOBX LMKIY <«PO3TiH — PyX 3 YCTAJIEHOI

IMIBUAKICTIO — COOBUIbHEHHSI» (puc. 3). Ilig yac mpoBeAeHHs iMiTalliliHUX JOCTiIKeHb
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6yJI0 pO3TJITHYTO ¥ KOHCTPYKILiIO 32 HAsSIBHOCTI OOMeXXyBaya XOMy BaHTaXKiB, STKUi
MpU3HAUYEeHO /IS 3yMMHKM PYyXy BaHTaXKiB Ha MeBHiii BifcTaHi 6inst 0bomy IIKiBa.
3aCTOCYBaHHS TaKOrO KOHCTPYKTMBHOTO eJieMeHTa € BUIIpaBAaHUMM Yy pasi, Koiu
SKOPCTKICTb TIPY>KMH € MajiOl, IO IPU3BOAUTL TEOPETUYHO — [0 BiAgaieHHS
BaHTaXiB 3a MeXi 0007y, a MPakKTMYHO — [0 yAapy BaHTaXiB IO 000my IIiJ 4ac
pPO3roHy MTpMBOIY. JOIibHICTh 3aCTOCYBaHHS OOMEKyBadiB TaKOXK BUIIpaBIaHA i
TUM, IO IIPU [[bOMY IHTEHCUBHICTb MPOXO/>KEHHSI Pe30HAHCHOI 30HM ITiABUIILYETHCS,
a pe30oHAaHCHA YacTOTa 3HIDKYEThCS (1@ BUAHO HA YKPYIMHEHOMY 300paskeHHi,

pO3MillleHOMY B MesKaxX puC. 3).

34
32 21 /

KYTOE2 MEHIKICTE
SEMHAMHUI IIKIE
200 kr

120 kr

60 kr

200 kr*

* 1lIkie 2 oOMexyEaYaMH
X0y BaHTZKIE

0 2 4 6 8 10 12 14
PucyHok 3 — I'padik 3MiHM BJIaCHOI YaCTOTHM IIKiBa 6a30BOi KOHCTPYKIIii y uaci
3a pi3sHUX 3HAUeHb Macy BaHTaXiB

AHani3 pe3ynabTaTiB, OTPUMaHUX ITiJl 4ac MPOBeIeHHS MOCTiIKeHb, T03BOJISIE
IiATU TaKX BUCHOBKIB:

— 3MEeHIIIeHHSI Macu BaHTaXiB 3 MPOMNOPLiiHUM ITiABUIIEHHSIM >KOPCTKOCTi Ta
KoedilieHTa myucumanii MPyKMHHUX OJIOKiB MPU3BOOUTH IO 3HMKEHHS BJIACHOI
YaCTOTU 1IKiBa;

— 3MEHIIIEHHSI KOPCTKOCTi TPYKMHHMX OJIOKiB 3a yMOBM HE3MiHHOI Macu
BAaHTaXIB COPUUYMHIOE CYTTEBE 3HVDKEHHS BJIACHOI YaCTOTM IIKiBa, OOHAK BUMAarae
3aCTOCYBaHHSI 0OMeKyBaviB X0y BAHTaXiB;

— MigBUIIEHHST YaCTKM Macy BaHTaKiB Yy 3arajbHili Maci 1IKiBa MPU3BOAUTD 10
pO3IIMpPeHHS [iana30Hy 3MiHM MOMEHTY iHepIIii 1IKiBa.
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INFLUENCE OF ELASTIC AND INERTIAL PARAMETERS OF THE PULLEY OF
VARIABLE MOMENT OF INERTIA ON ITS DYNAMIC CHARACTERISTICS
Kuropiatnyk Oleksiy

Abstract. In order to reduce the dangerous effects of resonant phenomena that
occur during the start of the ropeway drive, this paper proposes the use of a pulley of
variable moment of inertia. The influence of elastic and inertial parameters of the
pulley on the values of eigenfrequencies was investigated using simulation modeling
in the Solidworks computer-aided design system with Motion application. As a
result, it was found that a decrease in the mass of the load with a proportional
increase in stiffness and dissipation coefficient of the spring blocks leads to a
decrease in the eigenfrequency of the pulley; reducing the stiffness of the spring
blocks under conditions of constant weight of the load causes a significant reduction
in the eigenfrequency of the pulley, but requires the use of load limiters; increasing
the share of the mass of the load in the total mass of the pulley leads to an expansion
of the range of changes in the moment of inertia of the pulley.

Keywords: imiTallifiHe MOJie/lIOBaHHS ; KiHeMaTMKa; BjlaCHa 4aCTOTa; pe30HaHC;

MOMEHT iHepIIii.
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ABTOMATUM3ALISA AHAJII3Y KOPEKTHOCTI YMOBHUX IIO3HAYEHD VY
HAYKOBUX POBOTAX

Kypomr’atauk O.C., llmukapenko B.I.

Vkpaincokull depxcasHuli yHigepcumem HAyKu i mexHoJ102itl, YkpaiHa

Berym. ChoromHi 3HayHa KibKicTh iH@opMallii mpeacTaBieHa y TEKCTOBOMY
Bursaai. TekcTu MOXyTh OyTM KiacudikoBaHi 3a 6araTbMa KpUTEPiSIMM, B TOMY
yucsai 3a MOBOW0 HamucaHHs. Cepen, TUITIB MOB CJIif, BUSHAUMUTHU JBA MPUHIIUIIOBO
pi3Hi: mpupoaHi Ta GopmanbHi. [1o OCTaHHIX BiTHOCSITHCSI MaTeMaTUUHI BUKIATeHHS
Ta MOBM IIporpamyBaHHS. [IJ1s1 TO3HAUE€HHS TEKCTiB, 1[0 MalOThb ()parMeHTU ABOMa
3a3HaYeHMMM TUIIAMU MOB, OyJIeMO BUKOPMUCTOBYBATY T€PMiH TiOpUIHMUX MOB.

o riOpMIOMOBHMX TEKCTiB BiJHOCSITbCSI HAYKOBi pPoOOTH, TeXHiuHi
MOKYMEHTAllisl, HaBYaJbHi IMOCIOHMKM, BUXIOHMII TEKCT MPOrpaM 3 KOMEHTapSIMU
tomlo. Taki TeKcTu, MO MiCTITh MaTeMaTUUHi BUKIAOKM, TTOTPEOYIOTh IOSICHEHHS
BUKOPUCTAaHMX II03HAUYeHb 3MiHHMX, OIlepallili Ta BiJHOIIeHb. 3a3BUYaii BOHU
HaBOSTHCS OOMH pa3s, 6e3rnocepenHbO IIiC/sl Mepuioro BXomxkeHHs. [IpoTe BBedeHi
MTO3HAYEHHST MOXKYTb BUKOPYCTOBYBATUCS IIPOTSITOM BCi€i poOOTH, TOXK HOIIIBHUM €
dbopMyBaHHSI KOPEKTHOTO IepeTiKy YMOBHMX ITO3HaueHb. [Tifg KopeKkTHicTio 6ygeMo
PO3YMIiTHM HasIBHICTb ITOBHOTO, TOYHOTO Ta OJHO3HAYHOTO ormmcy (crenndikairii) Bcix
BBeJleHMX 03HaueHb Ta BiICYTHICTb /i0ro Ay6II0BaHHSI.

Ocob6mmBicTio 3amaui GOpMYBaHHS CIIMCKY ITO3HAUEHb € HEOOXiTHICTh poO6OTH 3
TekcToM. JlaHa pob6oTa HallpaBjeHa Ha pPOo3pOOKy 3aco6iB GOPMYBaHHS CITUCKY JIJISI
TEeKCTiB, IpeacTaBiaeHux y ¢popmarti Tex.

OcHoBHMIT MaTepias. DopMyBaHHS Tepesiky Mo3HaueHb mnepenbavae po3dip
dbparmeHTiB dopMasibHMMM MOBaMu — (opMyJs, Ta MPUPOJHUMU — TEKCT HABKOJIO
dbopmys, 1O MICTUTh TIOSCHEHHS TI03HaueHb. IcHyloUi MeToau po36opy
nepenbavyaloTb poOOTY 3 Bi3yaIbHUM IIpeficTaBieHHSIM ¢GopMya y I1ndbpoBuUX
nmokymeHTtax [1, 2], 3 meperBopeHHsSIM B LaTex-TokeHu [3], po36opy dopmyn B
MOKYMEHTax Ta iX MpefCcTaBeHHs Y JepeBOBUIHIN CTPYKTYPi [4], B TOMY UMCIIi AJ1sST
crieriianizoBaHux ¢gopmariB [5]. OCHOBHOIO MeTOIO BXXe MPOBeNeHUX NOCTiIKeHb €

posmizHaBaHHSI ¢opMysl. 3afauerd AaHOI poboTH € po36ip TiOpUAHUX TEKCTiB i
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dbopmyBaHHsa crneuu@ikalliii Mo3HayeHb, BUKOPUCTaHMX Yy (opmynax, IO
3a6e3IeuYnTh KOPEKTHICTh CIMCKY YMOBHMX IT03HAYEHb.

3 MeTolw aBTOMaTM30BaHOrO (OPMYBaHHSI CIIMCKY YMOBHMX TII03HAaueHb
MIPOIIOHYETHCSI PO3POOKA CUCTEMM, KA CKIATAETHCS 3 TAKMUX MOJTYJIiB:

— iHTepdeiicHoro — 3aBaHTakeHHsS Qaiiry poboTH, IOJAHHS 3aIlUTy HAa
dbopmMyBaHHS CIMCKY YMOBHMX ITO3HAUE€Hb Ta JOTO MMeperis,.

— JIEKCMYHO-CEeMAaHAaTUYHOTO aHali3y - po36ip TeKCTy, BUOKpPEeMJIEHHS
imenTudikaTopiB 3MIiHHMX Ta BiJHOIIEHb Yy i30JbOBAaHMX Ta BOYIOBaHUX
dopmyrnax [4];

— TIOILITYKY B TE€KCTi MOSICHEHD A0 3HalJeHMX IT03HAU€EHb;

— bopMyBaHHS CMMCKY YMOBHMX [TO3HAY€EHb.

JIeKCMYHO-CeMaHTUUYHMII aHa/lli3 BUKOHYETbCSI Ha oOcHOBI LL1 rpamaTuku,
o6y moBaHOi JIJIsI OKpeMoro Buay (aiiris: tex, doc, pdf.

st dopmaty tex rpaMaTuKa Ma€ TakKuii BUTJISI:

G=(T,N,c,P), (1)

ne T — MHOXMHA Te€pMiHaJiB, IO BK/IIOYA€ MHOXUHM KUPUIUIHUX Ta JTATUHCHKUX
CMMBOJIiB, 10 (OPMYIOTh OCHOBHMIA TEKCT HAYKOBOi poOOTH, Ta MHOXMHU
MO3HAYeHi, SIKi BUKOPUCTOBYIOThCS B LaTex: rpeupKi cuMBoiM, GiHapHi omepariii,
BiJHOIIIEHHSI, MaTeMaTU4Hi (QPyHKIIii, JOJATKOBI CMMBOJIM, B TOMY UMCIi 3 TaKeTiB
amssymb, Ay>kku pisHUX BUZIB [6]. Takoxk 00 TepMiHasiB BijHeceMO CMMBOJIM Ta iX
crionyuenHs: $, $$, \begin{equation}, \end{equation}, , *. [lo He TepMiHaJ/liB BXOASTb
JIOTIOMikKHI CMMBOJIM. [IJIs1 30ibIIeHHST YMTa0e/JbHOCTI MPaBUI rpaMaTUKU OyIeMo
Mo3HauvaTy IX CJoBaMM aHIilicbKOoi MOBU: paragraph, formula, body, bracket,
variables, rel (relation) Tomo. oeN — akcioma, TOYAaTKOBMII HeTepMiHaN [Jis
BUBEIEHHS.

[IpaBuia po360py [/ TEKCTY MalOTh BUTJIS:

o — paragraph formula o (2)

o — paragraph | formula 3)

formula — $body$|$Sbody $$ 4

formula — \begin{equation}body \ end{equation}$ (5)
body — operand (6)
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body — bracket operand rel body bracket (7
bracket — ¢ |(|{])... 8)

V mpaBunax (6) — (7) onmepaHgamMy MOXKYTb BUCTYIIATH: iTeHTUDIKATOPH, IO
M03HAvaloTh Ha3BM 3MiHHMX ab0 mMaTemMaTMuHMX GyHKIINM, gdiTepanu. [TpaBuiio (8)
MO3Ke OYTM JOMOBHEHE Pi3HMMM BUAAMM TYKOK, IO HAOMPaThCs 6e3mocepeaHbo 3
KJIaBiaTypu Ta BBOLSTHCS 3a OOIIOMOIOK0 CIIelia/IbHMX IMOC/TiLOBHOCTE CUMMBOJIIB
tex. & — MMOPO3KHIN eleMeHT (CMMBOJ).

[t popMyBaHHS CITMCKY YMOBHMX MO3HauUeHb 0COOAMBY yBary CJIiJi MpUAiIIUTIA
BUSIBJIEHHIO B TeKCTi Ta Tiji (GopMysn IMO3HAUYOK 3MiHHMX. 3MiHHI MOXyTb OyTHU
NpeACcTaB/leHi CMMBOJIaMI I'PeLbKOro andaiTy, JIaTMHUIIEI0, KUPWINIIEIO.

st dopmarty tex BiAIOBiAHI ITpaBua po3Ili3HaBaHHS 3MiHHUX MalOTh BUTJIS,:

variable — title 9)

variables — title _index |title {index}|{ index}title (10)
variables — title” index | title™{index} (11)
variables —{ index”index}title|{title _index}"index (12)

ITpaBuim (10) Ta (11) mo3Ha4YalTh 3MiHHi, 1[0 MalTh HIKHIi ab0 BepxHii
ingekc BigmnosigHo. IIpaBmno (11) onucye HasIBHICTb y 3MiHHOI BepPXHBOrO Ta
HIDKHBOTO iHJI€KCY OHOYACHO.

[IporpamHa peasti3aliisi MiIXoAy Ha OCHOBi rpamMaTuKy Iependavyae CTBOPEHHS
aBTOMATHOI CTPYKTypu AaHux. CTaHM OMMUCYIOTbCS Y BUTJISIAI 3amuciB Tabaulli, 1110
MIiCTSIThb: HOMEp CTaHy, OUiKyBaHMII TepMiHa/, HOMep CTaHy, [0 SKOTO MOXKIMBUIL
repexi, MO3HAUKy MpPo NpuUiHATTA. [Io3HauKa IMpPO MPUITHATTS BKa3ye Ha Te, IO
34YMTaHa JIeKCeMa TEKCTY HayKOBOI1 poOOTHM po3ITli3HaHA.

[Tonryky B TEKCTi MOSICHEHDb 40 3HalIeHUX MMO3HaYeHb BUKOHYETHCSI HA OCHOBI
pesy/ibTaTiB IoNepeaHbOro eTamy. D@opMyBaHHS CHOMUCKY YMOBHMX I103HauYe€Hb
nojsra€e y GopMyBaHHi acOIiaTMBHOI CTPYKTYpU [OaHMUX, SIKa B SIKOCTi KJIoua
MpUiiMae MO3HAYKy 3MiHHOI UM BiTHOIIIEHHSI.

BucHoBku. BukopucranHus LL1 rpamaTuku Ojisi po3poOKM aBTOMAaTM30BaHOi
cuctemMu GOpMYBaHHSI CIIMCKY TO3HA4YeHb [103BOjsie  MoaudikyBaTU  Ta
IIOTIOBHIOBATU CUCTEMY IpaBWJ/I, BPaxXOBYKOUM CIiel] CMUMBOJIM JOJATKOBMUX MaKeTiB.

Bx/toueHHs y TpaMaTUKY [Iili TO3BOJISIE CYMICTUTY €Taly JeKCUUHO-CUHTAKCUYHOTO
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aHasmizy Ta GopMmyBaHHS crnucKy. OTpuMaHa cUCTeMa MOXKe OYyTM KOPMCHOIO [IJIsi

ITi IBUIIIEHHS SIKOCTi IIpeICTaBJIeHHS TeKCTiB, HallMCAHUX TiOpUIHMMM MOBAMM.
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AUTOMATION OF THE OF SYMBOLS CORRECTNESS ANALYSIS
IN SCIENTIFIC WORKS
Kuropiatnyk Olena, Shynkarenko Viktor

Abstract. In paper we propose the system of automated formation of the list of
symbols in scientific works as kind of hybrid language texts, which are presented in
the format of Tex. We describe the main system components. To analyze the text, it
is suggested to use LL1 grammar. For grammar, terminal and nonterminal sets and a
set of rules are defined. The rules for recognizing variables are described. The usage
of LL1 grammar allows expanding the system for new characters of mathematical
packages and combining the stages of parsing the text and forming a list. The system
can be useful for improving the quality of presentation of texts in hybrid languages.

Keywords: lexical analysis, semantic analysis, formulas, tex, LL1-grammar.
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JOCJIII>KEHHSA TA ITIOPIBHSIHHSA KJTACUYHOT'O TA MOJVI®IKOBAHOI'O
KPUTEPIIO BYIIA-BIHJA B 3AZTAYAX KIBEPBE3IIEKUA

Mamnariuyk B.I1., Knumenko C.B., JIucenko H.O.

JHinposecekuli HayioHanvHutl yHigepcumem imeHi Onecs T'oHuapa, Ykpaina

[Ipu TmpoekTyBaHHi i BUIIPOOYBaHHI TeXHIYHMX 00’€KTiB iHdopMallisi mpo ix
IIPUYMHHO-HACTIAKOBI  3B’SI3KM  MICTUTBhCSI Yy BUOIpKax eKCIIepMMEeHTaJIbHUX
BUMIpIOBaHb, SK IIPaBWJIO, 3 HEBIIOMMMMU CTAaTUCTUUHMMM 3aKOHOMipHOCTSIMM.
Po3ymMiHHS LIMX 3aKOHOMipHOCTE) MOKe OYyTM OTPMMAHO IIISIXOM KOMII'IOTEPHOI
00pOOKM eKCcrepMMEeHTAIbHUX BUMipIOBaHb.

[TpakTMUHa 3HAUYIIiCTh KpUTepisl byma-BiHaa 11iibHO MOB’sI3aHa 3 JOBXWHOIO
BMOipOK BUMiploBaHb. SIKIIO KPUTEPiil XapaKTepPMU3YEThCSI BUCOKMMM 3HAUEHHSIMU
JIMOBipHOCTE} BipHOrO pO3Ii3HABaHHSI HAaBiTh B YMOBaX OOMEKEHOCTi BXiTHUX
IaHUX, TO JOro0 MOKHA pPEeKOMEeHAyBaTu [Jis IIPaKTUYHOTO 3aCTOCYBaHHS.
HocimkeHo edeKTUBHICTh KJIaCMYHOTO Ta MoaudikoBaHoro Kpurtepiis byma-Binga,
3aCTOCOBYIOUM KOPOTKi BMOipky BuMiptoBanb n=10;20. [Ipu BUKopucTaHHi BUOGipoK

BUMIipIOBaHb JOBXMHOW n=10u 20 cepenHi 3HaueHHS KJIACMYHOIO i

Mo M(diKOBaHOrO IOKAa3HMKIB KpuTepiio byma-Binma 3anumiaioTbcsi 6€3 CyTTEBUX
3MiH i BiIXMISIOTHCS Bif cepeHix 3HaUue€Hb, OTPMMAaHMX IIPU BUKOPUCTAHHI BUOipOK
moBxkuHoio n=100, He Ginbiie Hixk Ha 7%. IIpu 3MeHIIEeHHi MOBXMHM BUOIpOK
BUMipIOBaHb 3BY)KYETHCS [Iialla30H PO3Maxy, a BUOIpKOBi AycIiepcii 3MeHIIYIOThCS B
cepemHbOMY Ha 16%. OcoOGJMBO CJIiJi 3BEpHYTM yBary Ha Te, IO 3HAYEHHS
JAMOBipHOCTE MPUIHSTTS BipHOTO pillleHHS, SIK 32 KJIaCUMUYHUM Kputepiem byiia-
Binpga, Tak i 3a toro aHajaorom, Ipu 3aCTOCYBaHHI KOPOTKMX BMOIpOK BUMMipIOBaHb
(n=10 u 20) 3anuIIalOTbCS HA TAKOMY X BMCOKOMY PiBHi, SIK i MPU 3aCTOCYBaHHi
IOBTMX BMOIpOK BUMipIOBaHb BUITAAKOBMX BenmumH (n=100). OTXKe, MOKHA
3p0oOUTM BUCHOBOK MpPO epeKTUBHICTb KIaCMUHOTO Ta MOAMGpiKOBAaHOTO KpUTepiiB
byma-BiHma mpyu 3acTocyBaHHI KOpPOTKMX BMOipok BuMipioBaHb (n=10 u 20), ane
came MoaudiKoBaHUII KPUTEPiii XapaKTepPU3yEThCSI 3MEHIIIEeHHSIM 00UMC/TIOBAIbHOT

CKJIaIHOCTi TIpM #0T0 3aCTOCYBaHHI B 3a/lauax Kibepoesmnekiu.
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STUDY AND COMPARISON OF CLASSICAL AND MODIFIED
BUSH-WIND CRITERIA IN CYBER SECURITY TASKS
Malaychuk Valentin, Klymenko Svitlana, Lycenko Natalia

Abstract. A study of the use of the classical Bush-Wind test in cybersecurity
problems has been conducted and it has been determined that this criterion has
shortcomings. A new modified Bush-Wind criterion is proposed, which allows to
reduce the calculated complexity while maintaining its efficiency in conditions of
limited experimental data. Studies have been conducted to assess the
informativeness of classical and modified Bush-Wind criteria for samples of logistic,
Rayleigh and exponential random variables by computer processing of experimental
measurements.

Keywords: recognition, criterion, mathematical statistics, empirical
probabilities, random variables, cybersecurity.
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MO>K/IMBOCTI 3MEHIIEHHS OBCATI'IB EJIEKTPOCITIOJKVUBAHHS
PYIHOTEPMIYHOIO ITIYY10
Mimenko B.10., Kauan 10.T.

HauioHanvHuti yHisepcumem «3anopi3vka nojimexHika», Ykpaiua

Bcryn. CyvyacHuii piBeHb PO3BUTKY e€JeKTPOTEpMil CIIpUSIE€E iHTEHCUBHOMY
BUKOPUCTAHHIO iCHYIOUMX eJIeKTPOIiYHMX YCTAaHOBOK Ta BBeJEHHIO B eKCIUTyaTallilo
HOBMX €JIEKTPOAYTOBUX Iieveli 3MiHHOTO CTpymy. IIpy 1bOMY akKTyaJIlbHUM
3aJIMIIAETHCS TMTUTAHHS 3aCTOCYBAaHHSI eHepro3bepiranumx TexHo orii. Tak 3aBOsIKA
KOMIIIEKCHOMY MiJIXOAy IIbOTO MaTeMaTUYHOTO MO/IeTI0OBaHHS 3 BpaxyBaHHSIM TOTO,
[0 Yy BaHHI OJHOYACHO MPOTiKAalOTh Oe3rnocepeaHbO IIOB’SI3aHi MK €000
eJIeKTPpUYHi, TeIlJIOBI Ta XiMiuHi IIpollec CTa€ MOSKIMBUM HOCSIITU €KOHOMii
eHepropecypcis.

OcHoBHMIT MmaTepian. B mpaisix [1-3] po3rnsigaroTbCs eleMeHTU AMHAMIYHO1
JITOPUTMIYHOI MOJesIi po6OTH KPYIVIOI TPhOXEJIEKTPOIHOI PYIHOTEPMIUHOI Iieui,
sika BpaxoBye crenudiky IMPOTiKAHHS eJeKTPUUYHMX, TEeIJIOBUMX Ta XiMiUHUX
TpolieciB, 10 Oe3rocepegHbO B3a€EMOIOB'SI3aHi MiK C000I0, IIpM oOfdepsKaHi
depocruiasis. [IpeacraBiieHa MOBHA y3arajbHeHa CTPYKTypa TaKoi MOJeTi.

['010BHOIO MeETOW ii CTBOPEHHS € MOX/IMBICTh KOHTPOJIO Ta BIUVIMBY Ha
TeXHOJIOTiUHMI ITpoliec 3a4/1s1 3MeHIIIeHHS IMTOMMX BUTPAT eJIeKTPUUHOI eHeprii Ha
OIVHMIIIO TOTOBOI MPOAYKIIii.

AJTOPUTM pO3paxyHKiB pO30MUTHIT HA OCHOBHI OJIOKM: BBEIEHHS ITOYAaTKOBUX
rapaMeTpiB; pO3OMUTTS BHYTPIIIHLOI 00JIacTi meui Ha ejeMeHTapHi o6’emu (mJist
MPOBEIEHHSI B HMUX PO3PaxyHKiB); BU3HAUEHHSI IUISIXiB PO3TiKaHHS CTPyMYy;
pO3paxyHOK e€Heprii, o BUIIIMIACh B eJeMeHTapHuX o0’eMax BHACTIIOK
MPOXOXEHHS CTPYMy uepe3 IIUXTY; PO3PaxyHOK TeMIlepaTypHOro TOJisSi BaHHMU;
BM3HAUEHHSI MOMEHTY CamoO3aliMaHHSI KOKCMKA; MepepaxyHOK TeMIlepaTypHOTro
MOJII BAaHHM BHACIIZOK IIPOLleCiB TeIljionepenadi; BU3HAUeHHS  KiJIbKOCTi
YTBOPEHOI'O PO3IUIABY; PO3PaXyHOK KiJTbKOCTi IIMXTU, IO HEOOXiTHO IiJCUIIATU Y
BaHHY; BUBEIEHHS ITapaMeTpiB pobOoTH meui.

Tak sK M4 TofieHa Ha ejeMeHTapHi 00’eMu, TO IIMXTAa B KOKHii
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OIHOOO’€MHIill ejleMeHTapHil CKIamoBiii AV 3a IIeBHOI TeMIlepaTypy Mae€ CBiii
MIAUTOMMIA €JIeKTPUYHMIL ormip. Takok MaouM MUISIXM PO3TiKAaHHS CTPYyMY B po60UOMY
ripoctopi PTII moskHa po3paxyBaTu KUJIbKICTh BBeAE€HOI B HUX eJIeKTPUYHOI eHeprii
3a MeBHMUI MPOMiKOK vacy. [IJis IIbOTO HEOOXiTHO BUIIINTI KOHKPETHY TPAEKTOPIIO
TPOTIKaHHS CTPYMYy i po3paxyBaTu 11 TOBHUI eneKTpudyHMii omip. Ilicis mporo 3a
3akoHOM OMa BM3HAYa€EMO BeJIMUYMHY CTPyMy. B pesysbTaTi KiJbKICTb €Heprii, 1110
BUOIIMIACh B eJeMEeHTapHOMY 00’€Mi 3a paxyHOK €JIeKTPUYHOIO CTPyMy 3a

IIPOMIKOK Yacy Az MOske 6yTY BM3HAUEHA SIK:

2

Quripzy = ki 'XR,¢,z At (1)
ne I — BeaMuMHA CWIM CTPyMy, IO MPOXOAUTh 4Yepe3 ejleMeHTapHUil 00'eM;
X,z — €1€KTPUYHMIL OIIip e7leMeHTapHOro 06’eMy; At — IPOMIXKOK dacy.

OT>Ke, 3HAIOUM KiJIbKICTb €Heprii, 10 BUAUINIACh B KOKHOMY eJleMEeHTapHOMY
00’eMi 3a paxyHOK IIPOXO/KeHHSI uepe3 HbOTO €eJeKTPUUYHOTO CTPyMy Ta
MiACyMyBaBIIM I1X, MO’KHa BU3HAUUTHU KiJIbKiCThb CHOXMUTOI €JIeKTPUUHOI eHeprii

Y40 3a MeBHMI IIPOMiKOK Yacy:
Wf (AT) = ZQe(R,¢‘z) ’ (2)

e W{(Ar) — KiIbKICTb CIIOXXMBAHOI €JIEKTPUYHOI eHeprii Mivy4io 3a MPOMIXKOK vacy Ar,
KBT-T0I; Qeryo — KUIBKICTb eHeprii 10 BUAUIMIACL B OJHOMY €JIeMEeHTapHOMY
06’eMi.

[licis 1bOro pO3paxOBYETHCS TemIlepaTypHe I10jie BaHHM BHAC/IZOK YOro
MOXXHa BM3HAUUTU KiJIbKiCTh YTBOPEHOrO PO3IJIaBy Ta LIIaky. [ani ajaroputm
Mpale LUUKIIYHO, IO J[Aa€ MOXKIMBICTD Ha KOXHOMY KpOIi PO3paxyHKiB
OTPUMYBATU OIlepaTUBHY iH@opMallilo Tpo 00CSITU CIIOXKUTOI eeKTPUUHOI eHeprii
Ta KiJIbKiCTh YTBOPEHOT'O PO3ILJIaBY.

BucHoBKu. BuUKOpMUCTOBYIOUM pO3pOOJIEHY KOMIUIEKCHY MOZenb poboTu
PYOHOTEPMIUHOI Tedi CTa€e MOXKIMBMM 3a 3aJaHMMM BXiIHMMM IlapamMeTpamu
CIIPOTHO3YBATU KUJIBKICTb CIIOKUTOI €JIeKTPUUYHOI eHeprii Ajsg KOXHOI TJIaBKH,
BU3HAUUTU KUIBKICTb YTBOPEHOrO PO3IUIaBYy Ta LIIaky. A 1je, B CBOIO yepry, Aae
MOXJIMBICTh pO3paxyBaTU NUTOMi BUTpaTU eJIEeKTpOeHeprii Ha TOHY TOTOBOI
npoaykiii. Takoxk mMopgenb OO3BOJSIE 3a 3MPOTHO30BAHOIO KiJIbKiCTIO YTBOPEHOIO
pO3IIJIaBy 3YIMHUTHK TUIaBKY Ta MOYaTy 3/IMB QepocriaBiB, 10 B CBOIO Yepry MOXe

3MEHIIUTH Yac MIaBKY Ta KiJIbKiCTb CIIOKMBAHOI €JIEKTPUYHOI eHeprii.
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POSSIBILITIES OF REDUCING THE VOLUME OF
ORE THERMAL FURNACES ELECTRIC CONSUMPTION
Mishchenko Vladyslav, Kachan Yuriy

Abstract. An analysis of existing models of electric current distribution in an
ore thermal furnace is presented. A complex algorithmic model of operation of such
a furnace is proposed. With the help of this mathematical description it becomes
possible to predict the consumption of electrical energy in obtaining different types
of ferroalloys. The model also allows the predicted amount of melt formed to stop
the process and start draining ferroalloys, which in turn will reduce the melting time
and the amount of electricity consumed.

Keywords: ore-thermal furnace, electric power, complex model, charge
electrical resistance, elementary volume.
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THEORETICAL INVESTIGATION OF HYDRAULIC CHARACTERISTICS
OF A DOWNHOLE EJECTION SYSTEM

Panevnyk Denis

Ivano-Frankivsk National Technical University of Oil and Gas, Ukraine

Abstract. To analyze the peculiarities of the local swirling of injected flow,
there are studied design and technological parameters in the form of the inclination
angle of guiding elements and the flow rates of the swirling flow. Based on the
application of the conservation law of fluid momentum in adjacent jets with a
parabolic pressure distribution, there are obtained equations to determine the
pressure characteristic of a jet pump, taking into account the additional dynamic
pressure made by swirling the injected flow. In the process of analyzing the obtained
relations, there has been set the dependence of the relative pressure growth and the
efficiency of the ejection system under the conditions of injected flow swirling on
the relative flow rate of a jet pump and an inversely proportional dependence of the
above parameters on its main geometric parameter in the form of the ratio of cross-
sectional areas of the mixing chamber and the nozzle.

Keywords: jet pump, ejection system, swirling the flow.

The first oil downhole jet pump was used in 1875. The jet pump was steam
driven and required a significant borehole diameter, with the result that it did not
find wide commercial use in the oil industry. In 1933, the University of California
published the theoretical foundations for the use of jet pumps. In the 50s of the last
century, computational algorithms were developed to select the design and
operating parameters of borehole jet pumps, and in 2005 the ejection system was
first placed under water to operate a well the mouth of which was on the seabed [1].
The above-bit ejection system began to be used simultaneously with oil jet
pumps. The use of above-bit ejection systems made it possible to intensify
bottomhole flushing [2] and reduce the pressure in the well during the initial
opening of the productive horizon [3]. Further spread of borehole jet pumps is

limited by their low energy efficiency: the efficiency of an ejection system, as a rule,
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does not exceed 35% [4]. The need to improve the energy efficiency of borehole jet
pumps is of particular relevance in the implementation of long-term technological
operations and, in particular, in the operation of oil wells. One of the ways to
optimize the characteristics of ejection systems is to swirl mixed flows in the flow
path of jet devices [5], [6]. Despite a simple design, mechanism of mixing swirling
flows is insufficiently studied today.

The purpose of the research, the results of which are presented in this article, is
to simulate the characteristics of a jet vortex pump.

The construction of a hydraulic model of the ejection system operation process
is based on the use of the equation for conservation of the fluid momentum in the
characteristic sections of the flow path of the jet pump [7]. The force created by
injected flow swirling in the inlet section of the mixing chamber is determined by
integrating the unit forces acting on the elementary section area. The flow rates in
the characteristic sections of the jet pump are determined taking into account the
specific density of the operating, injected and mixed flows. The relationship between
the hydrodynamic parameters of the mixing chamber and characteristic cross-
sections of a jet pump is carried out using the Bernoulli equation.

Taking into above the latter dependences, head characteristics of the jet pump
under conditions of injected flow swirling have the following form
h= z—f{Z% +(2(p2 —éj Kiz_l ~(2-¢3) (1;)2 ++ z(fizlig;o;iy I_<p11)) ,

p p p

p 4 p

1)

where ¢,,0,,¢,,¢, — the velocity factor for the nozzle, inlet section of the mixing

chamber; mixing chamber outlet and a suction port;

K, - the basic geometric parameter of the jet pump;

i — the injection coefficient;

a, — the inclination angle of guiding elements for swirling the injected flow.

The efficiency of using the guiding elements in the flow path of the jet pump
can be determined by comparing the value of the relative head obtained for the
direct and swirling flows

h—h,

Ah = x100%,, )
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where h,h_ - the relative head for swirling and direct injected flows.

The dependencies are made using equations (1), (2) and have an upward

character (Figure 1).

T U;"
50 &'P_. “ 0 N
1/ %T/J'
25 / it i
s — i
1] 1 2 3

Figure 1 — Dependence of the pressure growth on the injection coefficient
of the jet pump for different values of the main geometric parameter:
1-K,=4.0;2- K, =5.0;3~ K,=6.0;4-K =7.0;5- K =8.0

The proposed and theoretically substantiated mechanism of local circulation of
mixed flows is based on the use of the law of momentum conservation of fluid in
adjacent jets with parabolic pressure distribution. The obtained equations make it
possible to additionally take into account the presence of guiding elements in the
flow path of the jet pump for swirling the flow and to establish the features of the
operating process of vortex ejection systems:

- additional pressure, caused by the rotation of the fluid, is determined by the
value of rotating and axial velocities of swirling flows;

- in the case of zero values of the injected flow rate and the value of the
injection coefficient, there is no additional dynamic pressure caused by the rotation
of the operating medium;

- an increase in the relative pressure and efficiency caused by swirling of the
mixed flows, in direct proportion to the flow rate of the injected flow and the value
of the injection coefficient of the jet pump;

- an increase in the main geometric parameter of the jet pump reduces the
efficiency of swirling the mixed flows.
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OLIIHKA PEAJII3OBAHOCTI AJITOPUTMY 3A
MOro CTPYKTYPHUMMU EJIEMEHTAMU

IMonicekuii FO. 0.

Haykoe0-0docaioHull iHcmumym asmomamusayii HopHoi memannypeii, m./IHinpo

ITocTaHoBKa 3agauvi. [Ipy cKiagaHHI aITOPUTMY MOXK/IMBA T0SIBa y 110T0 Cxemi
KOHTYpPiB pi3HOi HOBXMHM. BimmoBimHo mo BuMoOr TexHosorii pobotu o6'eKra B
OOHMX BMIIQAKAX Ii KOHTYPU MOXYTh OYTM HeOOXigHi, B IHIIMX BUIAAKaX -
HebakaHi. AHaJIi3 pPi3HMX CITiBBiZHOIIEHDb CTPYKTYPHMUX €JIeMEeHTIiB, TOOTO JIaHIJIOTiB
Ta KOHTYPiB, aJITOPUTMY J03BOJISIE OTPMMATH OLIIHKU JIOTO peai30BaHOCTI.

AHaji3 ocTaHHiX FOCTiIKeHb i myOsikamiin. Y psimi pobiT 3amporioHoBaHi
pi3Hi 3a CKJAOHICTIO METOAM BMpIillleHHS 3aJadi OI[iHIOBAaHHS peasi30BaHOCTI
npoekTiB. IlyGsikaliiii I0m0 OIliHIOBAaHHSI peayi30BAaHOCTI aJrOpMTMy 3a JOoro
CTPYKTYPHUMU eJieMeHTaMM aBTOP He 3yCTPiB.

@opMy/IIOBAaHHA MeTU MOOCHIIKeHHsI. MeTOow [OOCTiI’)KeHHS € OlliHKa
peasii3oBaHOCTiI aJITOPUTMY 3a JOTO CTPYKTYPHMUMMU eJieMeHTaMM.

Buknan ocCHOBHOro mMarepiaaxy. Hexaii cxema anropuTmy 3ajaHa

opienToBanuM rpadom D =(V,X) - puc.l, e V={v,=1v,=2,v, =3,v, =4,v, =5} -

Bepumuu rpada. X ={x, =a,x, =b,x, =c,x, =d,x; =e,x, = f,x, = g} - nyru rpada.

Pucynok 1 - I'pad anroputmy

Po6oTa aHa/li30BAaHOTO QJTOPUTMY IIOJsATAa€ Yy Ilepexofi BiJl ITOYAaTKOBOI
BepiyHM 1 10 KiHIIeBOi BepIIMHM 5.
Ha migcraBi CTpYKTYpHOrO aHalizy CXeMM aJropuTMy OTPUMAaHO:

eJleMeHTapHMI1 KOHTYp ApPYyroro nopsaky K, =db 3 JOBXMHOIO oyru, WO JOPiBHIOE
2; IBa eJleMeHTapHi KOHTYPU TpeTboro nopsanky K, =acb i K, =def 3 nOBXMHOIO
Iyru, MO0 OOPIBHIOE 3; ejJleMeHTapHMUII KOHTYp 4deTBepToro nopsaxy K, =acef 3
TOBXWHOIO IyTH, IO JOPIiBHIOE 4; efeMeHTapHuii naHuor C, =dg NOBXMHOW 2 Bif,

BepUIMHM 1 10 BepIIMHM 5 Ta ejeMeHTapHMii JIAaHUIOT d,. =acg LOBXWHOK 3 Bif
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BepIIVHY 1 10 BEPIIVHMA 5.
YV psapai BumaakiB po6oTa 06'ekTa mOTpeOye HASIBHOCTI KOHTYpIiB y cxemi

anroputMy. Hexaii 3a yMOB 3aBAaHHs NOTPiOHO BUKMIOYMTY KOHTYp K, =db mpu
36epexxeHHi KOHTYpiB K, =ach, K,,=def i K, =acef. L0 BumMOry MOXHa

BUCJIOBUTU CUCTEMOIO PiBHSIHb

ach=1,
def =1,
acef =1,
db =0.

3 mepuoro Ta APyroro piBHsHb BuiinBae b=11i d =1 . [Ipore 3a yeTBepTUM
piBHsIHHAM bd =0. OTXe, cucTeMa piBHSHb He CyMiCHA, i 3@ TaKMX YMOB 3aBAaHHS

aJITOPUTM He MOsKe OyTU peasi30BaHMIA.

&
&

f | S— 3
— 3
&

[& ]

Pucynok 2 — Mogenwowunii aBToMmar 1

OTpumaHuit BUCHOBOK MOsKe OyTU IMPOMO/ie/IbOBaHO Ha JIOTiIYHOMY aBTOMATi —
puc.2.
Hexait 3a yMOB 3aBOaHHSI MOTPiOHO BUKIIOUMUTU BCi KOHTypu. L0 BUMOTY

MO>XHa BUCJIOBUTU CUCTEMOIO piBHHHb

dg =1,
acg =1,
db =0,
acb =0,
def =0,
acef =0.

3 mnepmoro piBHgHHS d=1. [limcraHoBka y Apyre piBHsHHSI nmae b=0.
[TincranoBka d =1 y m’sgre piBHsaHHS Aae ef =0. OTke, cucTema CyMmicHa, i 3a TaKuUX

YMOB 3aBAdaHHS aJITOPUTM pea]’[i3y€TbCH.
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PucyHok 3 — Mogesnwowounii aBToMar 2

it
‘

OTpumaHMii BUCHOBOK MOsKe OyTHM MpOMOAeabOBaHO Ha JIOTiYHOMY aBTOMAaTi —
puc. 3.

[TpomoBKMBIIM MOMIOHMIA aHaJli3 PIi3HMX CIIBBiZHOIIEHb CTPYKTYPHUX
eJIeMEeHTIB aJITOPUTMY, OTPUMA€EMO OLIiIHKM A0TO peasi30BaHOCTI.

BucHOBKM. PO3rnsgHyTMii  MiaxXiA  BUpIilIeHHS  3a4adi  OLiHOBaHHS
peasii3oBaHOCTI aJrOPUTMY 3a MOro CTPYKTYpHMMM eynemeHTamu. [lokasaHo, 110

BaHPOHOHOBaHI/Iﬁ Hi,U,Xi,I[ 3a6e3neqye OTpMMaHHA IIYKAHOI'O pe3yJIbTaTy.

EVALUATION OF THE ALGORITHM IMPLEMENTATION
ON ITS STRUCTURAL ELEMENTS
Polis'kyy Yuryy

Abstract. When compiling the algorithm, the appearance of circuits and chains
of different lengths in its scheme is possible. In a number of works methods of the
decision of a problem of an estimation of realization of projects are offered. The
author did not meet any publications on estimating the feasibility of the algorithm
according to its structural elements. The aim of the study is to assess the feasibility
of the algorithm for its structural elements. The research methodology is based on
the analysis of different variants of the relationship between the structural elements,
on the basis of which a conclusion is made about the possibility or impossibility of
the algorithm. The result of the work is the completed theoretical substantiation of
the proposed approach to the effective solution of the problem of estimating the
feasibility of the algorithm by its structural elements. This approach provides the
desired result.

Keywords: algorithm, graph, contour, circuit, modeling machine.
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K/IIACU®IKALIIMHUM MIAXIA OO0 IMTOBYJ0BU MATEMATUYHNX MOJEJIEN
HAIIMHOCTI CKJIATHUX CUCTEM

ITommmBanos B.II., TanieB }0.D.

Incmumym mexuiunoi mexaviku HAH Ykpainu u /IKA Ykpainu

MatematuyHa MOJENb HAIIHHOCTI CHUCTEMH BCTAHOBIIOE 3B'I30K MDK OKPEMHUMH
MMOKa3HUKAMH HQTIHHOCTI CHUCTEMH, XapaKTepPUCTUKAMHU HAIIHHOCTI OKPEMHUX CJIEMEHTIB Ta
napameTpamH ii mpouecy GyHKIIOHYBaHHS.

VY mopeni HaIIHHOCTI CHCTEMH TOBUHHI OyTH BiOOpa)XeH1 TUILKHM Ti BJIACTUBOCTI 200
XapaKTePUCTHKU CJIEMEHTIB 1 Ti iX B3a€MHI 3B'S3KM B CHCTEMi, SIKi € CYTTEBUMHU 3 MO3UIIIT
HAJIIHOCTI CUCTEMH B LIIJIOMY.

BukopucroByroun kimacudikamiiHuid Imiaxin, MoOJeNi HaIlHOCTI CKJIAaJHOI CHCTEMH
MO>KHA MOJIIJTUTH Ha:

— MOJIeJII CTOCOBHO 70 MOCTYIMOBHUX Ta PANTOBUX BIJIMOB JUJIsl HEBIIHOBIIOBAaHUX Ta
BiJIHOBJIIOBAaHUX CHUCTEM OJHOPA30BOro Ta 6araTopa3oBOr0 BUKOPUCTAHHS;

— MOJIeNII HaAIMHOCTI €JIeMEHTIB 3a CTyNeHeM JeTainizaiii obmniky (akTopiB, Taki sk
MoOJieTl TUIY "HAaBaHTAKEHHS-MIIHICTE", JIe SIK HABAHTAXCHHS PO3TISAIAIOTHCS MEXaHIvHI,
TEIUIOBI, EJICKTPUYHI, paIialiifHi Ta 1HII BILUTUBY;

— MOJIei 32 MPUHIMIIAMH TOOYI0BH (aHATITHYHI, CTATUCTHYHI Ta KOMOIHOBaH1).

B nmanmii yac po3mIsHYTI MareMaTH4YHI MOJENi IIUPOKO BUKOPUCTOBYIOTHCS IIPH
MPOEKTYBAaHHI CKJIAJHUX TEXHIYHUX CHUCTEM, TaKUX SK PaKETHO-KOCMIYHI KOMILUIEKCH,
CUCTEeMHM TEXHOJOTIYHOrO OOJIagHaHHSA [ aTOMHOi, MeTalypriiHoi Ta XIMIYHOI
MIPOMHUCIIOBOCT1, EHEPTeTUKHU TOIIIO.

Tak K ckjgagHI TEXHIYHI CHUCTEMHM MalOTh BEIMKY KUIBKICTh (DYHKIIIOHAJIBHUX
€JIEMEHTIB, TO IIPOBEJIEHHS PO3paXyHKy BCIX €JIEeMEHTIB Ha HaJIIHHICTh € JIOCUTb
TPYIOMICTKHUM TPOIECOM 1 METOAMKU JJIS MPOBEACHHS BIAMOBIAHUX PO3PAXYHKIB JOCUTH
CKJIa/IHI.

Tomy nominbHO, MO0 y KOXKHOTO CHeIliaidicTa 3 eKcruryaTanii BupoOy Oyma 0 y
PO3MOPSAIHKEHHI 00YNCITIOBAIbHA CUCTEMA IS BUPIIIICHHS] KOHKPETHUX MPAKTUYHUX 3aBJaHb.

Taka cucrema s aHamizy HaJiHHOCTI TMOBMHHA MICTHUTH QJITOPUTM BUPILICHHS
HACTYITHUX 3a7au:

— PO3paxyHOK HWMOBIPHOCTI 0€3BIIMOBHOI POOOTH Ta CEPEIHHOTO KBAIPATHUYHOTO
BIJIXWJIEHHSI CHUCTEM 3 IMOCTIHHUM pPE3epBYBaHHSAM 3 IUIOI0 Ta IpOOOBOIO KPaTHICTIO (TIpU
PIBHOHAIIMHUX Ta HEPIBHOHAAIMHUX €JIEMEHTaX);

—aHaM3 HAMIMHOCTI TPU pEe3epBYBAHHI 3aMIMICHHSAM 3 IIUIOK0 KpPATHICTIO Ta
HEHABAaHTA)XCHUM PE3EPBOM;

— pO3paxyHOK 3HaueHb WMOBIpPHOCTI 0€3BIIMOBHOI POOOTH CKIJIAZIOBUX YaCTHH NpPHU
BUKOHAHHI TEXHOJIOTTYHUX OMepalliii;

— pO3paxyHOK 3HA4eHb IMMOKAa3HUKIB HAAIMHOCTI CKJIAJOBOI YAaCTHMHHM 3arajioM Ta

MOPIBHSIHHS OTPUMAaHUX 3HAUY€Hb MOKA3HUKIB HAIIMHOCTI 3 BUMOTaMH TEXHIYHOI'O 3aB/IaHHS.
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FRACTAL HEAT AND MASS TRANSFER FOR SIMULATION OF PROCESSES IN
THE TWO-PHASE ZONE OF METAL SOLIDIFICATION

Selivorstova Tetiana, Selivorstov Vadim

Abstract. The work is devoted to the development of the fundamental
foundations of mathematical modeling of non-local processes of heat and mass
transfer in media with a fractal structure - in complex systems modeled by fractals,
the study of initial and mixed boundary value problems for the main types of local
and non-local differential equations of state and transfer.

Keywords: modeling, heat transfer, mass transfer, solidification, metal, alloy,

two-phase zone, fractal.

The need to develop new mathematical methods and highly efficient
computational algorithms was demanded by the problems of modeling non-local
processes and phenomena of a fractal nature and, first of all, the processes of heat
and mass transfer in media with a fractal organization and memory, anomalous
transfer of particles with a finite speed of free motion. These problems lead to
fundamentally new initial, boundary and mixed problems for fractal differential
equations and equations of mixed type of the first and second kind.

In particular, loaded differential equations containing fractional partial
derivatives serve as an adequate apparatus for the analytical description of
anomalous diffusion found in a wide variety of physical processes, and in the
absence of diffusion through the fractal boundary of two media, where the effective
diffusion coefficient of ideal molecules vanishes, the role such a mathematical
apparatus can be played by an equation of a parabolic type with a sign-changing
characteristic form.
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MOJEJIBHE ITPOTHO3YBAHHS ®I3UKO-XIMIYHHUX I TEIIVIO®PI3NYHUX
BJIACTUBOCTEIN KOMIVIEKCHOI'O ®EPOIIVIPKOHIIO
Cuirypa I.P., ITetpos O.II., I'noBko JI.A., Xogotosa H.€., Kykca O.B.

Incmumym uopHoi memanypeii im. 3. I. Hekpacosa HAH YkpaiHu, M. /IHinpo

AHoramniis. OOrpyHTOBAaHO HeOOXiZHICTh PO3POOKM HOBMX KOMILJIEKCHUX
depocmiaBiB, 30kpeMa (pepoCHITiKOLMPKOHi0, SIK BaXK/IMBOI CKIAI0BOI y IIpoliecax
PO3KNUCIEeHHSI MeTa/IypriiiHMX PO3IUIaBiB i JieryBaHHiI 3 MeTOI OAep>KaHHS SIKiCHOTO
MeTasy. 3po0JieHO aKIeHT Ha BasKIMBOCTI PO3BUTKY pPO3PaxyYHKOBUX METOIB
BY3HAUEHHSI TepuioyeproBMx BJIACTMBOCTel depocruiaBiB, 110 3abe3reyvaTb
olep>KaHHS MeTaJypram-IpoOMUC/IOBLSIM aJeKBaTHMUX [OAHUX [JIS1 IOJa/bIIOro
TIPUIHSITTS. OMEpPaTUBHUX DpillleHb IPU BUIUIABII KOHKYPEHTO3OATHOI Ta SIKiCHOI
CTasi i iX BIIpOBaJykeHHSI B aBTOMAaTM30BaHi CCTeMM YIPaB/IiHHS TeXHOJIOTIYUHUMU
MpolecaMmy Ha CTajlelylaBUIbHMX 3Bogax VYKpaiHu. Ha ocHOBI KOHIemii
CIIPSIMOBAHOTO XiMIUHOTO 3B’SI3Ky OTPMMAHO AaHa/IITMYHiI 3a/JeKHOCTi, IO
IO3BOJISIIOTh ~ MpPOrHO3yBaTy  (i3MKO-XiMiuHi Ta Temnodi3MuHi BIACTUBOCTI
bepoCHMITiKOLIMPKOHII0 CTAaHAAPTHUMX MapoK 3 OOCTAaTHHOIO TOYHICTb  [IJISI
TIPOMMCJIOBOTO BUKOPUCTAHHSI.

Kimio4oBi ciioBa: KOHIIEMIlisl CIIPSIMOBAHOTO XiMi4yHOTO 3B’s3Ky, depociaBu,

BJIACTUBOCTi, MOZ€J/IbHI MapaMeTpu, KpUTepii, aHTITUUHI 3a/1€>XKHOCTI.

depociiaBHe BUPOOHMUIITBO 3a3HA/NIO CYTTEBUX 3MiH 3a OCTaHHI POKM, IO
CIIPUYMHEHO TIPUIIBUJIIEHHSIM TEeMIIiB PO3BUTKY MeETaJNyprifiHoi ramysi, sK
Halo6iabIIOro ii croXkmMBaya 3 METOI0 3aJI0BOJIEHHSI HEBIIMHHO 3POCTAIOUMX MOTPed
MEeTaJIOCMIOXMBAUiB Ta BUCHAXXEHHSIM MiHepa/JibHO-CUMPOBMHHUX 3aMaciB KpaiHu.
IMomyk mISXiB MigBUIeHHS (Di3MKO-XiMiYHMX Ta eKCIUTyaTalliifHMX BJIaCTMBOCTEN
CTasieil i CIIaBiB CIIeliaJIbHOTO MPU3HAYEHHS iHII[II0€ pO3IIMpPEeHHS HOMEHK/IATypu
depocriaBiB. OpHMM i3 BapiaHTiB BUpillleHHST BKa3aHOi 3ajadi € po3poOka,
IOCTiIKeHHS MOXIMBOCTI CTBOPEHHSI KOMIUJIEKCHMX (epocCIiyiaBiB Ta OCBOEHHS
TEXHOJIOTii iX BMPOOHMIITBA 3 3aJIyUEHHSM Y SIKOCTi OCHOBM CIUIaBY — XiMiuHMIt
CKJIaJ BITUM3HSIHUX DepocIiaBiB.

BBeneHHs y (bepocrmaB CTaHOAPTHOTIO CKIagy AJO0O4aTKOBOI'O €JIEMEHTY Ta
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repexiJi Ha KOMIUIEKCHiI (pepOocCIiyiaBy CIIPOIIY€E IPOLleC JieryBaHHS Ta JOBeAeHHS
CTaJi y MeTaypTiifHUX arperaTax, OCKiJIbKM He MOTPiOHO BBOAUTH 1€ JIeTyBaTbHUIA
uy padiHyBaJIbHMII KOMIIOHEHT OKpPEMO, IO 3MEHIIYE€ BUTPATy IOPOTrOBapTiCHOI
CUpPOBUMHM, yac OOpoOKM i paiioHamizye edeKTMBiCTb BUKOPUCTAHHS T00aBOK. Y
BUIIAIKy BMOOPY eJIeMEHTy, IO CIPUSITHMME pO3poOIi KOMIIIEKCHUX CILIaBiB Yy
Mepiry 4yepry CJiJ BiAIITOBXYBaTUCh Bif JOTO MPMUPOAHMX 3amaciB, Tak IO 3aracam
LMPKOHIEBMUX TIICKiB YKpaiHa MOCiJae omHe 3 IMPOBiAHMX MICIb Y CBITI Ta Mepiie
Mmiciie y €EBpori. [IMpKOHili BOJIOMi€ pSOAOM BaXKIMBUX BJIACTUBOCTEN [JIsT
BUPOOHMIITBA CIIEIlia/IbHMX CTajeil Ta CIUIaBiB, a caMe yBaru 3acayroBye€ IOro
PO3KUC/IIOYM 30aTHICTD, SIKa MepeBMILYy€E HaBiTh aliOMiHiii. OgHAK JO0ro 3HavyHa
BapTiCTh OOMesKY€ IMPOKe BUKOPUCTAHHS Y YOPHii MeTanyprii [1].

He3BakarouM Ha HasgBHI BiZOMOCTi, [OaHi TIpO BJIACTUBOCTI OiJbIIOCTI
Mikposieryiounx ¢GepocIiaBiB  3aJMIIAIOThCS 1€ Maj0 BUBUYEHMMM. IcHyIoUi
eKCIIepMMEHTa/IbHI MeTOAM iX BM3HAUEHHS [OCUTh TPYAOMICTKi i obOmeskeHi
TeXHIUYHMMM MOSKIMBOCTSIMM BUKOPUCTOBYBAHOTO O6JafHAHHS Ta, TOJIOBHe, uepe3
XiMiUHy Ta CTPYKTYpHY HEOJHOPiAHICTh aHali30BaHMX [O00OABOK, He 3aBXAU
II03BOJIIIOTh OTPUMYBATU ajeKkBaTHi pe3ynbTaTu. TOMy 0COO6JMBMUIT HAyKOBUII Ta
MpaKTUYHUI iHTepec MpeICTaB/IsIOTh PO3PaXyHKOBI MeTOAM BU3HAYeHHS iX (i3uKo-
XiMiYHMX Ta Teruiogi3sMYHMX BJIACTUBOCTEN, 1[0 TO3BOJISIOTh IIPOrHO3YBaTH CKJIAaMN
3 ONTUMaJbHUMM XapakTepucTuKamMu. Y 1iiii pobOTi aBTOpamMyu pO3IJISIHYTa
MOSK/IMBOCTi BMKOPUCTAHHSI paHillle pO3poOJeHUX KPUTEPiiB Ta METOAMKU IS
TIPOTHO3HOI OLiHKM (i3MKO-XiMiuHMX Ta TeruioQi3MUHUX BIACTUBOCTEN CIUIABiB 3
pigKicHMMM MeTasamu, sSIka 3aCHOBaHA Ha OMMCi OyI0BM Ta BJIACTUBOCTEN OiHApHUX
pO31IaBiB Ta TBepAUX po3uMHiB [2]. XiMiuHMIT cKiIaf AOCTIIKYBaHMX (epOoCIiiaBiB
Ta po3paxoOBaHi mapamMeTpu MiXXaTOMHOI B3aemogii mo Mmetoauii IIpuxoapko E.B.
HaBegeHi y Tab.1.

VY pesynbTaTi MPOBEIEHOTO KOpeJsIiiiHO-perpeciiiHoro aHasisy BIaCTUBOCTE
depolupkoHilo  (TeMmepaTypa TMOYaTKy Ta KiHIg ILIaBJAe€HHSI, TYCTUHA,
TeIJIONPOBIIHICTh, TEIVIOEMHICTb, TEIJIOBA IVIABJIEHHS) Ta MapaMeTpiB Mi’KaTOMHOI
B3a€MO/Iii BCTAHOBJIEHO HAMOi/MbIN 3HAUMMI 3 TOUKM 30py iX iHPOpMATUMBHOCTI, 110
IO3BOIMJIO 1X CTPYKTYpPU3YBaTu y MOAEJi HACTyNmHOi KomruiekTtanii (r > 0,94):
D, T nounn, Txin.na, 4, C, Q= f (2,427, Ad, d).

Tabnuig 1 — XiMiuHMit ckaajg Ta po3paxoBaHi
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MoJesibHi TapameTpu GepoCcHTiKoIMPKOHiI0

Mapka XimiuHwnii cknan, % Bec. MopenbHi mapamMmeTpu
®epocnnasy | Zr C | Al |S P Zr:Si | 7Y d AZY Ad

1 | ®CLp50 45,010,2]9,00,02 | 0,14 | 0,55 | 1,8604 | 2,6834 | 0,7707 | -0,0723
®ClLIp40 38,010,2(7,5/0,02 0,15 1,1 1,7108 | 2,5284 | 0,6197 | -0,0166
®ClLIp35 38,0 0,2 |6,0|0,02|0,15| 1,3 | 1,6815 | 2,4943 | 0,5832 | +0,0026
®ClLIp30 38,0 0,4 |6,0]0,04 0,20 | 1,5 |1,7269 | 2,4816 | 0,6354 | -0,0121
®ClLip20 38,0 0,5|5,010,04 |0,25| 1,7 | 1,7842 | 2,4967 | 0,6912 | -0,0302

ol | V| DN

HasiBHi B HayKoOBili JiTepaTypi eKcliepMMeHTa/IbHi 3HAueHHS BJIaCTUBOCTEN
nesikux po3risHyTux depocmiaBiBe @Clp40, OCLp50 [3] nepebyBaioTh ycepenuHi
iHTepBany IiX pO3PaxXyHKOBMX 3HAaueHb II0 3allPOMIOHOBAHMM MOJeNsIM. TaKum
YMHOM, pO3pO0JIeHi aHaTITUUHI 3a/JIeKHOCTI Ha OCHOBI iHTerpajabHUX ITapaMeTpiB
Mi’KaTOMHOI B3a€MOii O3BOJISIIOTh IIPOTHO3YBAaTM BIUVIMB 3MiHM CKJIagy Ha
BJIACTMBOCTI CTAHAAPTHMUX MapoK HepoCUIiKOLMPKOHIiI0. [X MOKHA peKOMeHIyBaTu
IJisT  OLiHKM BJIAQCTMBOCTEl KOHKpPEeTHMX CIUIaBiB IIOA0 e(QeKTUBHOCTI iX
3aCTOCYBaHHS Ha OCHOBHMX €eTallax CTaJIeIIaBUIbHOTO Iepeniny.
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KPUTEPII TA MOJEJI JJi1 TIPOTHO3YBAHHS KOE®IIIIEHTIB PO3IIOILITY
EJIEMEHTIB V CUCTEMI «METAJI-IIIJIAK» ITPU ITO3AIIIYHIM OBPOBIII CTAJII
Cuirypa I.P., Toro6uipka I.M., Ctenanenko /1.0.

Incmumym uopuoi memanypeii im. 3. I. Hekpacosa HAH Ykpainu, m. [IHinpo

MeranyprifiHa Trajy3b € OIHI€I0 3 OCHOBHMX CKJIAJOBUX (GyHIAMEHTY
€KOHOMiKM KpaiHM Ta BMMYIIeHa WTUM B HOTYy 3 CYYaCHMMU MiKHAapOJHUMU
TEHJEHLiSIMM PO3BUTKY, a CaMe pal[iOHAJIbHMM BUKOPUCTAHHSIM CUPOBMHHUX,
eHepreTMYHMX 3aIrlaciB, MaKCMMaJbHMM 3aJlyueHHSIM IIOTeHIlialy mo6aBOK i ix
CTyIeHS 3aCBOEHHSI IPM  BUTOTOBJIEHHI  SKiCHOTO  MeTasly, pPO3POOKOI0
aJbTePHATUBHMUX TEXHOJOTIYHMX Ta 0e3BigZXOmHMX CXeM BUPOOHMIITBA. 3a3HauveHi
chepy € 6e3yMOBHO aKTyaJIbHMMM [JIsI OCBOEHHS, OCKi/JIbKM BUPIIIYIOTh He JIMIIIe
HarajbHi MMUTAHHS  MeTaaypriiHOI MNPOMMUCIOBOCTI, IO IiJIECTIPSIMOBAaHI Ha
3a[J0BOJIEHHSI 3pOCTAalOuMX IMOTped MeTaJoCMOXUBAUiB i YTPUMaHHS JTiAMPYIOUMUX
KOHKYPEHTO3JaTHMX ITO3MIIili Ha CBITOBOMY PMHKY, aje i BiIKpPMBAlOTb HAIil0 Ha
IUISIXM  PO3B’SI3aHHSI MAacCIITaOHUX €eKOJIOTiYHUX TMuTaHb. [loranbieHHsI 3HaHb
CTOCOBHO €KOHOMHOTO BMKOPMCTAHHS [OpOTMX JiiraTyp Ta (Qi3uKo-XiMiuHUX
ocob6iMBOCTel X B3a€EMOMii B CHCTEMi «MeTal-IIIaK-I00aBKa», PO3IOIUTY i
3aCBOEHHS MeTajieBMM pO3IJIaBOM, pO3poOKa HOBMX CKIAAiB KOMILIEKCHUX
depocriaBiB 3 BUMKOPUCTAHHSIM BIiTUM3HSIHOI CUPOBMHHOI 0a3m 3abesmevaTh
cripsimoBaHe (opMyBaHHS SIKICHO HOBUMX BJIACTMBOCTEI TOTOBOi CTasi. 3HAYHMIA
BKIag Y ((OpMYBaHHSI HAyKOBOTO [IOPOOKY Ta TIIPOMMCJIIOBOTO OCBOEHHS
iHHOBAIiIMHMX TEXHOJIOTIYHMUX pillleHb 3 BMPOOHMIITBA Ta AOBEAEHHS CTali Ha
BiTUM3HSHUX 3aBoJax Ta IANPUEMCTBAX OJVDKHBOTO 3apyOiKKs — CKIAIN
HampamoBaHHg lacuka M.I., BixneBmyka B.A., HikitinHa M.C., JKyukoBa B.I.,
JIskimesa M.II. Ta iHIMX.

daxkTopM, TaKi IK MOMEHT MpHUCcaaku N006aBKM, arperaTHuit ctaH, ¢gopma,
CIIOCiO BBeIeHHS, MexaHi3M pO3IUIaBJeHHSI uM ii pO3UMHEHHS, KOHKPEeTHUIA
CUPOBUHHO-IIMXTOBUI Ta TEXHIYHMI TMOTEHIiaJl BUPOOHMIITBA, JIIMITYIOTh
dbopMyBaHHS €IMHOTO HAYKOBO-OOI'PYHTOBAHOIO ITiAXOAY MJjsI ITPOTHO3YBaHHS

KoeillieHTiB pO3MOily Ta OIIHKM CTYIIeHI 3aCBOEHHS ¥ eQeKTUBHOCTI
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BUKOPUCTAHHS H00aBOK. BaraTokpurepiaspHicTh MibXK(asHMX B3a€EMO/Iiil y cuUCTEMi
«MeTaJI-1IJIaK» MOXXHA CIIPOCTUTU i3 3aCTOCYBAHHSIM METOZIB «3TOPTKU» XiMIYHOTO
cKIamy, amapaty ¢akTOpHOrO aHalidy Ta TeHepallii Momeneil ONTUMAaIbHOI
CTPYKTYpPM 3 3aJy4eHHSM KOMIIJIEKCHUX CITiBBiJHOIIIEHb BJIACTUBOCTEN PO3IIaBiB
[1]. 3HauHi gOoCsATHEHHS B 06/1aCTi MOJe/I0OBaHHS MeTaypTiiiHUX MpolleciB Ha PiBHi
Mi’KaTOMHOI B3a€EMOZi]l peasi3oBaHi B KOHIIEIIii CIIPSIMOBAHOTO XiMiYHOTO 3B'SI3KY,
po3pob6iieHoi Ipuxoabko E.B. B IHcTUTYTI yopHOi MeTanyprii im. 3.1. Hekpacosa [2].

T'ostoBHA ifleosiorist KOHIIEMIIii CIIPSIMOBAHOTO XiMiUYHOTO 3B’SI3KY, 1110 POOUTH ii
VHiKJIbHMM iHQOpMallifiHO-aJITOpUTMIUHMM arapatoM oGOpMIeHMM Yy IIPOorpaMHi
komruieken  «Metan» Ta «llmak», 3aKIIOUa€TbCAd Y PO3MISAL  MeTanypriliHUX
pO3MJIaBiB, SIK XIMIiYHO €AMHUX CUCTEM, a He IMPOCTO MeXaHIYHOI CyMillli CKIag0BUX
Ta BMPaXeHHIO iX 3B’SI3KiB B iHTerpajJibHMX IIapaMeTpax MikaTOMHOI B3aeMofii: ZY —
rapaMeTp 3apsiloBOTO CTaHy CUCTeMM, e; d — cepeJHbOCTATUCTUUHA MiX’ saepHa
BigcTtaHb, 10'HM; tga — KOHCTAHTa [JisI KOXXHOTO €eJIeMEHTY, Sika XapaKTepusye
rpajiieHT 3MiHM pafiyCy iOHa MpM 3MiHi Oro 3apsay; pi — COpSIMOBaHa 3apsigoBa
II[iJIbHICTb, €/HM. Y SKOCTi BUXITHUX JaHUX MMPU MOIEJTI0BaHHI HaMM BUKOPUCTAHO
ctBopeHi B [YM HAHY - pernpeseHTaTVBHi 6a3u JaHux «baHka maHux «MeTamypris»
(bIMer) — «MeTan», «Illnak», «@epocruiaBu» [4], IKi 3HAXOOATHCS B CTaZil MOCTiliHO1
eKCIUTyaTallii i1 aKTMBHOTO IIOTIOBHEHHSI Cy4yaCHMMM IIPOMUCIOBUMM  Ta
niTepaTypHMMM JAHMMM. [ PYHTYIOUMCh Ha JOCTOBIpHMX OAHMX Ta BKa3aHUX
HampalloBaHHSIX paHille po3pobjieHi oIepaTMBHI IIPOTHO3HI Mopjeni s
BU3HAUEHHSI TeMIlepaTyp IUIaBJe€HHS Ta KpUCTalri3allii, B’SI3KOCTi Ta IIiJIbHOCTI
3aJ1i30BYI/IEelIeBMX Ta XPOMOHiKeNeBUX CTajeil IUMPOKOTO COPTAaMEHTHOIO Py,
aJIOMiHi€BMX, MAarHi€BUX, >KAapOMIIIHMX HiKeJeBUX CIJIaBiB 3 BUCOKUMU
MOKa3HMKaMM JIeTepMiHOBaHOCTi Ha piBHi R? > 0,97 i mpoiiluiM eKCIIepTHY OIiHKY iX
npaue3naTHocTi [4].

Haii6inpm 3aTpeOyBaHMMM IpM I03alliyHiii 0OpOOIIi cTayseit Ha YCTAHOBII
«KIBII-TIiY» B yMOBax BiTUM3HSHOTO BUPOOHMIITBA € [MO06aBKM depocuiiliio,
dbepomapraHifio Ta GepocuiikomapraHiiio, came ToMy oOpaHi SIK HaCTyIHi 00’€KTHU
JOCTiIKeHHSI TpU B3aeEMOZii B CUCTeMi «MeTas-IIjaK». AHAaJli3 B3a€EMO3B’SI3KiB
TepIIovYeproBux BJIaCTUBOCTEN (hepOoCIyIaBiB cepell SKMX - TeMIlepaTypa IUIaBJIeHHs,

II[iJIbHICTb, OKUCIIOBAHICTh, TEIJIOMMPOBIAHICTh, TEIVIOEMHICTb, TEMJIOTA IJIaBJIEHHS,
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Koe(illieHT TeMIlepaTypONpoBiAHOCTI Ta iHIII 3 IlapamMeTpaMy MiKaTOMHOI
B3a€MO/Iii JO3BOJIMB BCTAHOBUTHM iX iHOOpMATUMBHY HaBaHTaXKEHiICTh Ta chOpMyBaTH
CTPYKTYpYy IIPOTHO3HMUX MoAeJieli. BpaxoByroum OCHOBiI IIOJIOKEHHSI KOHIIEIIIil
CIIPSIMOBAHOTO XiMiYHOTO 3B’SI3Ky Ta BCTAHOBJIEHI 3a/IeXKHOCTI MiXX MapameTpaMu
MiXKQTOMHOI ~ B3a€EMO[ii 3 BJACTMBOCTSIMM PpO3IJIaBiB depocuiiiiio oTpuMaHi
aHATITUYHI BUpasu, ki mawoTb BuUI: Tn, = f (ZY, p1) R? = 0,6488; D = f (ZY) R? = 0,9607 ;
Cws =f(d)R2=0,7696 ; L = f (p)) R*=0,9843; Q = f (p)) R2=0,9537; p = f (;) R = 0,9666;
c = f (tga) R? = 0,9817. ChopmoBaHmii 610K OJepKaHMUX 3aKOHOMipHOCTEN s
MPOTHO3YBaHHSA  (i3uKo-XiMiuHMX, TeImaodi3sMUHMX BJIACTMBOCTEN PpO3IUIABiB
cTajsieit, criaBiB Ta ¢epocIiaBiB, MOKIAAEeHO B OCHOBY aJrOpPUTMY IPOTHO3YBaHHS
3aKOHOMIPHOCTEe PO3IOAITY eJleMeHTiB Ipu AoBeaeHHi craji Ha YKII.

VY 9KOCTi OIiHKM e(deKTUBHOCTI MpPOILIeCiB AOBOIKM CTaji 3aIllpOIOHOBAHO
TIOKa3HMKM PO3IOITy eJIeEMEHTIB B CUCTEMi «MeTal-IJIaKk» Lej, sIKi € pe3yJIbTaToM
peasni3sallii HepO3pMBHOIO JIAHIIOTOBOIO 3B’513Ky «Ckiag — TexHonorisi — CTpyKTypa
— BmactuBocti». B pesynbTaTi NMpoBeAeHOr0 aHaIi3y OTPUMMAHO afeKBaTHI MOAei
IJIs1 o6uMcieHHsT KoedillieHTiB po3mnoaiy Si Ta Mn B 3a/IeXKHOCTI Bifl iHTerpaJbHUX
rmapaMeTpiB IMOYAaTKOBOTO XiMiUYHOrO CKJagy CTajdi, IIJIaKy Ta IapaMeTpiB
TEXHOJIOT1, 5IKi MatoTh BUTJISIA: Lsi = f (Z¥nou Me, Trnkemn /Teraniy Inpon); Livin = f (Arow Me, t€0nou
mn, Trrresi /Teraniy, Trou Me, Inpon). ATEKBATHICTh PO3POOJEHUX aHATITUUYHMX BUpPaA3iB Ta
OIL[iHKa 1IX CTiMiKOCTi IPOBOAMJIACh IUISIXOM  3ITiBCTABJI€HHS OTPUMMAaHUX

pPO3paxyHKOBMX 3HaUeHb 3 PaKTUUHMUM KiHIIeBUM PO3IIOZiIOM efleMeHTiB (puc.1).
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PucyHox 1 - ITopiBHSIbHA OlliHKA TOYHOCTI PO3pax0OBaHMX 3HAUEHb 3 KiHIIeBUM (aKTUUHUM

BMiCTOM KpeMHilo (a), Maprasiio (6) KOHCTPYKIIIITHUX CcTaiei
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OpnepkaHi B pobOTi pesynbTaTy MO MPOTHO3YBAaHHIO KoeillieHTiB po3Iomiry
e/leMeHTiB MK KIHLEeBUMMU MPOAYKTaMU y CUCTEeMi «MeTal-lIIakK» Ha YCTAaHOBLL
«KIBII-TIiY» € TATPYHTSIM i1  BUPOOJIEHHS peKOMeHpalliii IIogo BuOopy
epekTMBHMX H00ABOK Ta TEXHOJOTiUHMX (aKTOpiB, SKi 3abe3reuvaTh OHepsKaHHS
CTaJIi, IO BiATIOBiZaTKMe 3aTpeO0yBaHUM METaIOCIIOKMBAUYAMM ITOKa3HMUKAM.
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CRITERIA AND MODELS FOR FORECASTING THE DISTRIBUTION
COEFFICIENTS OF ELEMENTS IN THE «<METAL-SLAG» SYSTEM IN
OUT-OF-FURNACE STEEL PROCESSING
Snihura Iryna, Tohobytska Darya, Stepanenko Dmytro

Abstract. Based on the analysis of experimental information accumulated in
the Metallurgy Data Bank, models were developed to predict the properties of special
purpose steels and alloys (chromium-nickel, ferrocarbon steels of wide assortment,
aluminum, magnesium, heat-resistant nickel alloys) and domestic ferroalloys. The
obtained high accuracy of the forecast (R? > 0,97) and the stability of analytical

expressions was confirmed on data that were not included in the initial samples and
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by comparison with calculations performed on a well-known foreign software
computer complex. Based on the starting positions of the concept of directed
chemical bonding and taking into account significant parameters of interatomic
interaction of metallurgical melts (slags, steels, additives) in combination with
factors of processing technology, we obtained analytical expressions for quantifying
the distribution of elements, in particular silicon, manganese in out-of-furnace
processing of bearing and structural steels. The research results are recommended
for use in industrial conditions in order to scientifically substantiate the choice of
alloying additives and targeted formation of the final product, which will reduce
energy costs by integrating the developed models into the Automated Control
System of Steelmaking Technological Processes.

Keywords: interatomic interaction parameters, criteria, predictive models,
metal melts, distribution coefficients, out-of-furnace steel processing.
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YMCJIOBUI METOJ, BUSHAUEHHS AEPOJIMHAMIYHUX XAPAKTEPUCTHUK
BUCOKOIBUAKICHUX TPAHCIIOPTHUX AITAPATIB

Coxaupkui A.B.

Vuigepcumem mumHoi cnpasu ma ¢iHawcis, Ykpaina
Incmumym mpaxcnopmHux cucmem ma mexuonoziti HAH Yxkpaiuu

Abstract. The problem of determination of aerodynamic descriptions of
aircrafts is in-process examined. Methods are examined: Direct Numerical
Simulation(DNS); Large Eddy Simulation( LES); Reynolds Averaged Navier-
Stokes(RANS). For the mathematical modeling of turbulent flow of the Navier-
Stokes equations averaged by Reynolds are used. The problem of shorting of
equalizations of Navier-Stokes is analysed. For shorting of the Navier-Stokes
equations averaged by Reynolds the one-parameter model of turbulence Spalart —
Allmaras. Methodology, algorithm of numeral decision of task and software, is
worked out. For numeral integration of the initial system of differential equations a
by certainly-volume method is used. Testing of the worked out methodology is
conducted on the standard tasks of aerodynamics. A task is decided on
determination of aerodynamic descriptions of aircraft of type bearing wing.

Keywords: aerodynamics of transport vehicles, numerical simulation, Navier-

Stokes equations, model of turbulence.

[TocTaHoBKa IpobsieMN. AepoAMHaAMiUHi XapaKTepPUCTUKY BUCOKOUIBUAKICHUX
TPaHCIIOPTHMX 3aC00iB € BaXKIMBMMMU TIOKa3HMKAMM iX JTOCKOHAJIOCTi. BoHMU
BIUIMBAIOTh Ha eKCIUTyaTalliiiHi napaMeTpu Ta TIOKas3ylOThb 1X piBeHb
eHeprocroxmBaHHs. OKpiM I1IbOTO aepoAVHaMiuHi XapakTepuUcTuku GHOpMYIOTh
BiAMOBiAHI MTOKa3HMKM CTiMAKOCTi Ta KEPOBAHOCTI BMCOKOMIBUIKICHMX TPAHCIIOPTHUX
3aco6iB. IIpu OOCSIrHEeHHI 3HAYHMX IIBUAKOCTEN aepoayHaMika TPaHCIIOPTHOIO
3ac00y CTa€e OJHMM 3 IIepPeBAXHMX UMHHMKIB OI[iIHKM eKCIUTyaTalliliHuX
XapaKTepUCTUK Ta AMHAMIKM PyXy i OTKe BMMarae OeTaJbHOTO BUMBUYEHHS. PaHille
IS OLIiHKM eKCIUTyaTalliifHMX ITOKa3HMKIB Ha3eMHMX TPaHCIOPTHMUX 3acobiB
aepoaMHaMiUHi XapaKTepUCTUKM TPAHCIIOPTHMX 3ac00iB 3aCTOCOBYBA/IM HAOIMKEHI
MiAX0AM 3 BUKOPUCTAHHSIM €KCIIepMMEHTAJIbHUX JaHMX [MJISE Tid  IPOCTOi
reomeTpuyHoi ¢popmu. IIpoTe CTpiMKMiIt PO3BUTOK TPAHCIIOPTY BMMAara€e ypaxyBaHHSI

aepO,ZU/IHaMi‘-IHI/IX XapaKTepUCTUK 3 BUKOPUCTAHHSIM CKIAIHUX MaTe€éMaTMUYHUX
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Moneneir @isMuHMX MpoleciB. PO3BUTOK uMCeNbHUX METOMIB Pi3HOTO piBHSA
CKJIAaHOCTi, KOMIT'IOTEPHOI TEeXHiKM [OO3BOJIMB MPUCTYNUTU OO CUCTEMATUYHOTO
3aCTOCYBaHHS MoOJejieil i MeTOAiB MeXaHiKM PiiMHM i rasy npu aepoauHaMiuHOMY
MIPOEKTYBaHHI BMCOKOMBUAKICHMX TPAHCIIOPTHMUX 3aCO0iB.

AHaJti3 oCTaHHIX JOCTiIKeHb. PeasbHi Teuii HABKOJIO TPAHCIIOPTHUX 3aC00iB €
TypOysieHTHMMM. CK/IaJiHa CTOXaCTMUHA MPUPOJA YCKIAAHIOE Mpoliec iX BUBUEHHS.
MogenoBaHHS TaKMUX TeUiil € HaA3BMUYalHO CKIAJHMUM, SIK (i3MUHOI TakK i 3
MaTeMaTUYHOI TOUKM 30py. PO3paxyHOK XapakKTepUCTUK TypOyJTeHTHUX MOTOKIB i Ha
CbOTOAHI 3aJIMIIAETBCS CKOpillle BCbOTO MMCTEUTBOM obOumciaioBaua. lLle
TIOSICHIOETHCSI HAA3BUYAHOI (Pi3MUHOI CKIAOHICTIO TypOyJIeHTHOCTi i Takox ii
CTOXaCTMYHOI TIPMUPOAOI0. MaTeMaTUUYHe MOMETIOBAHHSI TYpPOYJIEHTHUX Teuiii
3aJIMIIAETHCS HEBUPIIIIEHOIO ITPOOIEMOI0 aepPOIVTHAMIKMA.

Ha chorogHi BUOIISIFOTHCSI HACTYIHI IiAXOAM MOMAEIIOBAHHSI TYpOy/JIeHTHUX
Tedui HaBKOJIO TPAHCIIOPTHUX 3aCOO0iB: METOJ MPSIMOTO YMCEIbHOTO MOIETIOBAHHS
(Direct Numerical Simulation a6o DNS); MeTon MoaeaiOBaHHSI BEJIMKUX BUXOPiB
(Large Eddy Simulation a6o LES); ocepennenux 3a PeiiHonbacom piBHSHHSIX Hap’e-
Croxkca (Reynolds Averaged Navier-Stokes — RANS).

[x mmpoke 3acTocyBaHHS OOMekeHe uYepe3 KpaiHI0O OOUMCIIIOBAIbHY
TPYOOMIiCTKicTh. TypOyJeHTHa Tedis HOCUTb TPUBMMIpHMII HecTalliOHApHMUIA
xapakTep. Ma€ mMpOKMii CIIeKTP MPOCTOPOBO-UYACOBMX MacIiTabiB. BBaxkaeTbcsl, 110
IIMPOKe MpakTuuyHe BUKOpucTaHHS wmeToniB DNS Ta LES mis posB’si3yBaHHS
CKIAaAHMX 3a7ad aepoAMHaMiKM MOsKe MOoYaTuUcs Jiuile Yy KiHIi HUHIIIHbOTO
cropiuug [1, 2]. Hamnpuknan cymapHi BUTpAaTM Ha IIPOBENEHHS MOZENI0OBAHHS

1Y4  Takum

Metogamyu DNS 3pocTaioTh i3 36inbIIeHHSIM umciaa PeitHonbaca SIK Re
YYHOM B AaHuii yac i DNS Moke BUKOPUCTOBYBATUCS JIMIIE AJIS PO3PAXyHKY Teuiil 3
BiJHOCHO HU3bKUMM uKciaMyu PelfHO/bACA i 3aCTOCOBYETHCS, TOJIOBHUM UYMHOM, Y
dbyHIaMeHTa/JIbHUX OOCHIMKEHHSIX, METOW SKUMX € OTpMMAaHHS [JeTajabHOi
iHdpopMallii mpo CTPYKTYpy i OCHOBHi 3aKOHOMipHOCTi TypOyneHTHOCTI. Ile
HICKIJIbKM He 3MEHIIYyE BAKIMBOCTI I[bOTO MiAXOAY, OCKUIbBKM OTpUMaHi 3a
nonomoror DNS pesynbratit, pa3oM 3 eKCepUMMEHTAJIbHUMU JaHUMU, CKIaJal0Th
OCHOBY [IJi1  KajiOpyBaHHS i TeCTyBaHHS  HamMiBeMIIipUUHUX  MoAeseii

TypOyJieHTHOCTi. BinbIie Toro, ciifg ypaxoByBaTu, 1o B Maii6yTHboMy DNS Moske

cTaTu MabyTh, TOMiHYIOUMM MigX0I0M i1 pO3B’SI3yBaHHS aepoAMHaAMIiUuHMX 3a7adu.
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ITlepen6auaernhcst, mo DNS Moke OTpMMATM PO3IOBCIOIKEHHSI i B CYMDKHUX
00J1aCTSIX TeXHiKM, TAKMX SIK XiMiUHi TeXHOJIOrii, aTOMHAa eHepreTuKa i T. II.

Merton LES € pgpyrum 1o TpyOOMICTKOCTI 3 ICHYIOUMX IiAXOHiB [0
MOJEIOBaHHSI B  OOUMC/IIOBa/IbHIM  aepogmMHaMiili. MeTon  MOJe/IOBaHHS
TypOyJIeHTHUX TeUili Ha OCHOBi Mojie/ifoBaHHS Besimkux BuxopiB (LES) copmyBaBcs
Ha noyaTky 80-x pokiB 20-ro cromiTTsa [3]. Iges upro migxony moJisira€ B 3aMiHi
"r106aMbHOTO" yCepeqHIOBAHHSI XapaKTePUCTUK peaibHOI TypOy/leHTHOi Tedii 3a
yacoM, Ha SIKOMYy 0asyeTbCs BMBEIEHHs piBHSAHb PeiiHoybAca, "¢iabTpalico” mux
XapaKTepUCTUK iX IMPOCTOPOBUM yCepeqHIOBAHHSIM 3a 00JIacTsIMM 3 pO3Mipamu
TOPSIAKY PO3Mipy PinbTpy.

Cucrema piBHsSHb LES 3a dopmoro aHanoriuHa cuctemi piBHsIHb RANS. IIpoTte
di3sMuHMii  3MicT 1IMX OBOX cuUcTeM pi3HuMit. Tak, [OOJATKOBI (Hampy>KeHHS
PeiltHonbaca, 1o MicTuTh) wieHn RANS ommcyioTh BIUIMB YCiX TypOYyJIeHTHUX
HEOOHOPIJAHOCTEN HA ycepeqHeHe pillleHHs, TO/i SIK aHaJIOTiuHi wieHu piBHSIHb LES
("migciTKOBA" HAIPY)KEHHICTh) OIMCYIOTh BIUIMB TiIbKM BiTHOCHO HOpiOHMX (3
po3MipaMu MeHHIMMM po3Mipy GinbTpy A) BUXOpPiB Ha 3ajiexXHe Big 4acy
pO3B’sI3yBaHHS BindibTpoBaHMX PiBHSIHL. [HIIMMM ci1oBaMu, y pamKax LES BuxpoBi
CTPYKTYpMU 3 poO3MipaMu, IO IepeBUIIYIOTbh Po3Mipu GiIbTPY, PO3Pi3HSIOTHCS
"TOYHO" [2], @ MOAEIOITHCS JINIILE BUXPOBi CTPYKTYPM MeHILIMX po3mipis. s Toro,
100 ITiaKpecanTH 1ie, Mojiei TypOyneHTHOCTi ajist LES Ha3MBarOTh "MiCiTKOBUMM".

3po3ymiso, 110 K0 po3Mipy GiibTPy BiiNOBigae XBUIbOBE kj UMCIIO K, , 110
JeXUTh B YyHiBepcanbHiit ("iHepIiiiHii1") o006sacTi eHepreTUUYHOro CIIEKTPY
TYypOYJI€HTHOCTi, TOOTO, SKIIO K| <kj <Kq, TO MOJENIOBAHHIO IiJJISITalOTh TiIbKU
BiJHOCHO YHiBepcaJ/ibHi (He 3aJieXXHi BiJi KOHKPETHOI reomeTpii i MeXOBUX YMOB)
Buxopu [1, 2]. B pesynbrarti, posb mifciTkoBoi mopeni B LES 3BoguTbCs [0
3a6e3reueHHs] MPaBMUIbHOI MIBUIKOCTI KackagHOI nepeaayvi eHeprii TypOyIeHTHOCTI
BiJl BeJIMKUX A0 NPiOHMX BUXOPIB B MeXKaX iHEPIiAHOTO iHTepBaly XBMIbOBUX UMCel
abo, iHmMMM cja0BaMM, - IIPaBWIbHINM INIBMAKOCTI AMUCHUIIALNI HaMeHIIMX 3
"po3pi3HI0OBaIbHUX" BUXOPIB.

Came y nboMy mossrae npuHiuiioBa rnepesara LES nepen RANS migxomom, y
paMKax SIKOTO MOTPiOHe MOZeIOBaHHS YCiX, y TOMY UM BeIMKUX BUXOPIB, 10 €
€HeproMiCTKMMM i He MiAjsAraoTb MeBHMM YHiIBepCaJbHMM 3aKOHAM. 3 MPaKTUIHOI

TOUKM 30py I IlepeBara O3HAUYa€ iCTOTHe 3HIDKEHHSI BMMOT 0 ITiCiTKOBUX
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Mogeneit musg LES B MopiBHSHHI 3 MomeasiMu TypOYJ€HTHOCTI IJISI 3aMMKaHHS
piBHsIHb RANS.

HocBin 3actocyBanHst LES mepeKoOHIMBO CBiIUMTD PO Te, IO BiH 3a0e3Ieuye
BMCOKY TOUHICTbh PO3paxyHKY He JIMile ycepeJHEeHMX i OCHOBHMUX CTaTUCTUUYHUX, ajie
i mybcaliiiHuX XapaKTepPUCTUK TYpOYJI€HTHOCTI HaBiTh MPY BUKOPUCTAHHI ITPOCTUX
MigCiTKOBUX mojenei, HaMpuUKIamd, KJIACUYHOI anredpaivyHoi MozeJti
CMaropmHCbKOro [2].

Meta pocmimkeHHs. PeanbHi Teuii HABKOJIO TPaHCHOPTHMX 3acobiB €
TypOyJIeHTHMMM. MaTeMaTMYHa MOMAENIb MJIsI PO3PaxyHKy aepoayHaMiuHUX
XapaKTepUCTUK IIOBMHHA BpaxXOBYBaTM IiIMii PO 0COOJMBOCTEN  (i3MUHUX
nmporecis. MeToo poboTM € mepeBipka NPUAATHOCTI BUOpaHOi Mope,
pO3pO6JIEHOr0 YMCJIOBOTO METOAYy Ta IIPOTPAaMHOro  3abe3IeueHHsT IS
pO3B’sI3yBaHHS ITOCTaBJI€HOI 3a/ayi.

MaTemaTuuHa Mozesb Ta METOAMKA PO3B’SI3yBaHHS 3aAaui. [IJisl po3B’SI3yBaHHS
3a/aui 3 BM3HAUEHHS aepoAMHaAMIUYHMX XapaKTepUCTUK TPAHCIIOPTHOIO araparTy
00paHO MOIe/b TeUii B’SI3KOr0 CTUCIMBOTO ra3y, IO OMMCYETbCS OCepegHEHMMHU 3a
PeitHonmpmom  piBHSHHSMM Hap’e-Crokca. Po3paxyHKoBa 007acTb  HaBKOJIO
TPaHCIIOPTHOTO arapaTa € CKIaJHOI, TOMY He600XiIlHO BMKOPMCTOBYBATU
KPUBOJTiHIIHY cuctemy KoopauHaT. Cucrema piBHSHb Hap’e-CTokca B ¢opmi
PeiiHonbACa [1J151 JOBiJIbHOI KPMBOJIiHIMAHOI CMCTEMM KOOPAMHAT 3aIlMIIeThCsl.

Q5+a(é—év)+a(lf—|fv)+a(é—év):ﬁ’
a 29 an x

IeQ - BeKTOp HeBimoMmux 3MiHHMX, E,F,G — BEKTOpM HEeB’SI3KMX IIOTOKIB;

(D

E, =&Ey +&y Ry +&,6y, F, =nyEy+nyF +1,6y ,G, =xEy +{yFy +¢;G, — BEKTOPU B’I3KUX
IOTOKIB; H =1/jH — BEKTOP [KepeIbHMUX UIEeHiB.

Iy 3aMMUKaHHSI cUCcTeMU PiBHSIHD (1) BMKOPMCTAaHO MO/e/ib TypOy/JIeHTHOCTi
Cnanaprta —Annmapaca [3] B peasnisaiiii DES. Po3paxyHkoBa 0671aCTh Tedii HAaBKOJIO
TPaHCIIOPTHMX allapaTiB Ma€ CKJIagHy reoMmerpiio. Tomy 6ysno o06paHO
6araTob6ysouHMit migxig. Po3pob6yieHO BiAMOBIZHY METOOMKY [JIsI Iepeadi
napaMeTpiB Teuii MiX po3paxyHKOBMMM Oyiokamu. [Ijisi moOymoBM CKiHUEHHO-
pi3HMIIEBMX aHa/loriB  OudepeHIiaibHUX PiBHSHb  3aCTOCOBYBAaBCS  METO[,

KOHTPOJIbHOTO O6’€My. HpOBe,Z[eHO TEeCTyBaHHA p03p06neHo'1' METOAMKHM Ha 3aJaudax
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00TiKaHHSI KOJIOBOIO IMIIHApPY, Mpodiso Kpuiaa Ta Kyjai B IIMPOKOMY Hialla3oHi
yucen Peitnonbpca. OTpumani pes3yabTaTu MMOPiBHIOBAINCS 3
eKCIIepMMEeHTAJbHMMM JaHMMM Ta po3paxXyHKamu iHIIMX  daxiBIiB, M0
MiATBEPAMIIO IIPUAATHICTh PO3POOIEHOI METOAMKY Ta IIPOrPaMHOI0 3a0e3I1eueHHsI.
BUKOHAaHO pO3paxyHKM aepoAMHAMIUHMX XapaKTEPUCTUK BUCOKOLIBUIKICHUX
TPaHCIIOPTHMX amapariB Tuiry Maglev, 1o pyxamTbCcs IOOJM3Yy  HUISIXOBOI
CTPYKTYPMU Ta JIITAJIbHOTO ariapaTa TUILY JiiTaloye Kpuiio.

BucHoBKu. P03p0o6/ieHO MEeTOINKY, aJIFOPUTMM Ta MPOrpaMHe 3abe3redyeHHs
MOJe/JIOBaHHS Tedil B’SI3KOr0 CTUCAMBOTO Tra3y 3 Ha OCHOBI pO3B’SI3yBaHHS
ocepenHeHUx 3a PeliHonbaoMm piBHsIHb HaB’e-Crokca. IlpoBedeHi mOCTiIKeHHS
ToKa3ajau, o po3pobeHa MeTOIMKa € IMpalle3IaTHO i MOKe BUKOPUCTOBYBATHUCS
IJISI OLIIHKM aepoOAMHAMIUHMX XapaKTePUCTUK TPAHCIIOPTHMUX 3ac00iB. B momanbimmx
OOCTIIKeHHSIX TOTPiOHO TPOBOAMTM TIOWIYKM 3 YIOCKOHAJIeHHS Mojesieit
TypOyJIEHTHUX TeYiii.

JlirTepaTypa
1. Bonkos K.H, EmenbsinoB B.H. MopgenupoBaHHMe  KpPYIHBIX BUXpel B pacyerax
TypOy/eHTHbIX TedeHuit. M.: dusmatiaut, 2008. 368c.
2.Tap6apyk A.B., Ctpenen; M.X., TpaBun A.K., llyp M.JI. CoBpemMeHHble MOOXOObI K
MoenupoBaHuio TypoyaeHTHOCTH. CI16. M3p-Bo [TonuTexH. yH-Ta, 2016. 234 c.
3. Spalart P.R., Allmaras S.R. A one-equations turbulence model for aerodynamic flows.
AIAA paper.1992. Vol. 0439. 21p.

References
1. Volkov K.N, Emelyanov V.N. Modelirovannie krupnyih vihrey v raschetah turbulentnyih
techeniy. M.: Fizmatlit, 2008. 368s.
2. Garbaruk A. V., Strelets M.H., Travin A.K., Shur M.L. Sovremennyie podhodyi k
modelirovaniyu turbulentnosti. SPb. Izd-vo Politehn. un-ta, 2016. 234 s.

3. Spalart P.R., Allmaras S.R. A one-equations turbulence model for aerodynamic flows.

ATAA paper.1992. Vol. 0439. 21p.

ISSN-online 2708-0102 165



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

DOI: 10.34185/1991-7848.itmm.2022.01.032
MATHEMATICAL MODELING OF TECHNICAL CONDITION OF MECHANISMS
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Abstract. The research is aimed at revealing the problems of modeling
technical diagnostics of mechanisms and machines. To assess the technical
condition of machines and the formation of diagnostic features, a method based on
the application of the mathematical theory of pattern recognition is proposed. It is
shown that technical diagnostics of machines and mechanisms can be interpreted as
the recognition of classes of technical condition of the object by the set of its
technical characteristics. At the same time, it is established to what class the current
recognized state belongs. The conducted studies are covered against the background
of the assessment of gear defects. Such studies have shown that in the early stages of
defect development there is a process when synchronous components do not grow,
and all the extra power from the defect is concentrated in asynchronous harmonics.

Keywords: diagnostics, mechanisms, machines, pattern recognition, technical

status, defects, gear transmissions.

Introduction. Mathematical modeling of machines is carried out in order
to determine the technical condition of machines and individual
mechanisms, identify feasibility, conditions and terms of safe operation,
taking into account the actual mode of operation, as well as the need
for repairs, reconstruction or decommissioning. The organization of work
on the technical diagnosis of machines includes the construction of information
models of machines [1]. The information model is a database consisting of
operational, design, repair, and other documentation. A dynamic model of a
particular machine is built to study the operating conditions to determine the places
of control and modes of operation [2 - 3].

The mathematical model of diagnosis is chosen depending on the definition
and provision of goals. An algorithmic model of diagnosis, which can be complicated

or simplified depending on the goals and operating conditions, is built [4]. With the
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help of Petri nets, a graph of the state of the machine is formed and limited in terms
of information set of diagnostic parameters for different operating conditions is
determined. For diagnostic parameters, the program is used to build reference
surfaces (based on information model data) that correspond to normal or optimal
functioning and surfaces of the current state, which are constantly changing over
time in the process of monitoring diagnostics [5].

Based on the mathematical theory of pattern recognition, the reference surface
and the state surface are compared and a diagnosis, which determines the further
operation of the machine, is made. The actual technical condition of the machine is
assessed by the results of comparison of surfaces and predicting changes in
diagnostic parameters allows to determine the period of safe operation before the
appearance of signs of a sharp decrease in reliability.

The purpose of the study. Based on the review of literature sources
and the results of the analysis of the current state of development of
problems of technical diagnostics of mechanisms and machines propose a method of
estimating the diagnostics of devices based on the theory of pattern recognition.
To show that technical diagnostics of machines and mechanisms can be
interpreted as the recognition of classes of technical condition of the object
based on the set of its technical characteristics. The efficiency of the proposed
mathematical models should be illustrated by conducting a numerical experiment
and comparative analysis of the obtained estimates against the background of the
study of gear defects.

Main research material statement. In relation to machine diagnostics, the
recognition problem can be formulated as follows.

Let the initial set W of phenomena, situations, processes in the object is
divided into classes:

W ={W1,W2,...,Wm}_

Different technical characteristics of the object are combined into range of

features:

U ={u;Uy;. Uy}

Let's make the description of each class W, (i =1, m) in the language of features
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uj(jzl,ﬁ), i.e, make the functional dependence W, =p,(Uy,U,,..U,). The

information contained in this relationship is a priori information of the recognition
system.

Suppose that as a result of experiments it is established that for the located
state of the sign following values are accepted:

Uy =Uy; Uy =U, =U3,.L, =Up

It needs to be determined to which class the currently recognized state belongs.
The solution of the recognition problem is based on the comparison of a posteriori
information on the a priori description of classes using the recognition algorithm.

Signs of states of machines and mechanisms that are being recognized can be
deterministic, probabilistic, and logical.

Recognition algorithms are based on comparing the recognized state with each
class carrying one or another degree of proximity. If selected degree of proximity L

of features U of a given state W with the features of any class W, exceeds the

degree of proximity to the characteristics of other classes, the decision is made on

the affiliation of the state W to the class W, i.e., W eW..

Information about the technical condition while the programming diagnostic
studies of gears is generalized, i.e., it describes the change in structural parameters
over time. This raises the problem of rapid response as a function of time to
deviations of structural parameters from their standard. This can be achieved by
moving from general functional descriptions of gear characteristics to operational
commands as a function of time for executive bodies.

Prediction of gear performance is directly related to the detailed analysis of the
operation of the teeth at the corresponding points of contact. In contrast to the
engagement of non-actuated teeth, which have a constant value of the gear ratio, for
the profile of the actuated teeth, the gear ratio is variable and is a function of the
angle of rotation of the traction link. To describe such a profile, piecewise-spline
approximations, which are modulated by introducing a state function are used.

The technical condition of any, even almost perfectly made, gear-pair can be
assessed in the course of work by means of signals of sensors of speed of rotation

(SSR). This statement is true for a single pair of gears, as well as for complex
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gearboxes and multipliers. The advantage of this method when it's used
for the analysis of the state of the gearbox is that the diagnosis is carried
out ‘"indiscriminately" in operating modes. All other methods, except
vibration and analysis of the composition of impurities in the oil, require
disassembly of equipment.

By changing the gear, experiments were performed for different types of
defects. The magnetic measuring equipment was the same as in previous
experiments. Gear module m= 5,0 mm, number of teeth z = 49. Measurements were
performed in a mode close to static (=1 mm, = 2,5 mm, = 1 mm, = 2,5 mm).

Obviously, when the tooth is broken, the information signal can be obtained by
simply subtracting the reference and real signals using an amplitude discriminator.
Wear of the teeth reduces the amplitude of the sensor signal in proportion to the
change in the parameter &. Change of the parameter & from 0 to 0,2 mm
corresponds to the change in signal amplitude by 1,5 — 2%. A defect in the tooth in
the form of a crack or chip distorts the shape of the output signal of the sensor of the
corresponding tooth with the defect. The discrepancy between the experimental data
and the data obtained by theoretical calculation does not exceed 7-8%.

Conclusions. The research is aimed at revealing the problems of modeling
technical diagnostics of mechanisms and machines. To assess the technical
condition of machines and the formation of diagnostic features, a method based on
the use of mathematical theory of pattern recognition is proposed. It is shown that
technical diagnostics of machines and mechanisms can be interpreted as recognition
of classes of technical condition of object on set of its technical characteristics. At
the same time, it is established to what class the current recognized state belongs.
The solution of the recognition problem is based on the comparison of a posteriori
information on the a priori description of classes using the recognition algorithm. It
is revealed that the states of recognizable machines and mechanisms can be
deterministic, probabilistic, and logical. Deterministic features take specific
numerical values on the set U and geometrically represent the coordinates of a point
in the n -dimensional space of features Probabilistic features are random; they
determine the probability of correct measurement of numerical values of

deterministic features. It is shown that for classification of states of machines and
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mechanisms it is more convenient to use not a reference vector, and a reference
surface. For each class of machines and mechanisms, reference curves are formed -
in some way approximated and averaged within the class values of diagnostic
features, as well as their threshold values are formed, which correspond to the limit
values of the diagnosed parameters of the technical condition.

Such studies have shown that in the early stages of defect development there is
a process when synchronous components do not grow, and all the extra power from
the defect is concentrated in asynchronous harmonics.
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CTPYKTVYPHO-ITAPAMETPUYHA IJEHTU®IKAIIS SIK 3ACIb BUBHAUYEHHS
MATPMUIII ITEPEJATOYHUX ®YHKIINA BATATOBUMIPHOI'O OB’EKTA 3
PO3IIOAIVIEHUMU ITAPAMETPAMMU 1 3AIII3BHEHHSIM
®enoroBa M. O., CkpuHHiK 1.0., Bepe3siok [.A.,

Tpymakos [I.B., 3ybenko B.O., Cepbyr O.M.

LlenmpanvHOYKpATHCLKUT HAYIOHAIBHUTL MeXHIUHULL YHIsepcumem, YKpaiHa

AHortaniis. B pganiit  po6GoTi  3aCTOCOBAHO METOAVKM  CTPYKTYPHO-
nmapaMeTpuuHoi imeHTMdikalii a1 BM3HAUEHHS [OMHAMiKM 0araTOBMMipHOTO
00’eKTa 3 PO3MNOAiJIeHMMM apaMeTpaMM i3 3aIi3HEHHSIM.

KinwouoBi cioBa: KUIUISUMIA 1Iap, 3epHOCyIIapka, KacKaau, TeIJIOHOCIH,
CIeKTpajbHa IIJIbHICTh BXiZHOTO i BUXiZHOTO CUTHay, MaTpuUlsl MepegaTOYHUX

dyHK11ii, 3ani3HeHHs, (pakTOpMU3allis, cernapaiis.

Beryn. CymriHHS pisHMX OMCOEPCHUX MaTepiajiB y KUIUISTYUOMY Iapi Mae
BEJIMKi TepeBaru B IOPIBHSIHHI 3 iHIIMMM CIIOCOOaMM CYIIiHHS, a caMe: ITpoIec
TEeIIO0OMIiHY MiK TEIUIOHOCIEM i 3€pHOBOIO MacOI0 BilOyBAa€ThCS iHTEHCMBHIIllE 3a
pPaxXyHOK 30i/IbIIIEHHSI TeOMETPUYHOI IUIOIIi JOTMKY MIiXK areHTOM i MaTepiajiom;
HarpiB 3epHa II0 BCbOMY 00’€My piBHOMipHMI, IO AYyKe BasKJIMBO JISI CYIIKU
TepPMOJIaOiIbHMX MPOAYKTIB; MOKIMBICTD 0OpOOKM CHPOTO, HEOUMILEHOrO 3€epHa,
110, MMPAKTUYHO, MOXK€ 3aMiHMTM OOMH 3 eTalliB MOTOYHOI JIiHil — cemapaiiiio;
MPOCTOTAa i KOMIIAKTHICTb KOHCTPYKIIil HaJa€ MOKIMBICTh BUKOPUCTOBYBATU 1i
MOOITbHO; CTBOPIOIOTHCS CIIPUSTAMBI yMOBM [IJIS aBTOMaTH3allii (KOHTPOJIb,
peryJiloBaHHSI, yIpaBjiHHS). ABTOMAaTH3allisi KOHTPOJIO i yIpaB/liHHS IMpolLiecaMu
CYILIiHHS OMUCIIEPCHOrO0 MaTepially B Cyllapkax KUIUISTUOTO IIapy BiIKpUBA€ MIMUPOKi
MOXJ/IMBOCTI  [IJIsI  MigBUIIEHHSI e(QeKTUMBHOCTI BUKOPUCTAHHS, 30iJbIIEHHS
MPOAYKTUBHOCTI TMOTOYHMX JIiHiNM, [MOAAJbIIOrO 3HWKEHHSI 3aTpar mpani i
TIOKpaIlleHHS SIKOCTi 00pOOKM MaTepiamy.

AHajniz JiTepaTypHMX [Kepesl T[OKas3aB, M0 [JjsI OMNMCYy [OUMHAMiKU
6araToBMMipHOTO O0’€KTy, A0 KaTeropii SIKMX i HajgexkaTh CyIIapKyU 3 KUIUISTUUM
IapoM,  AOLJIBHO  BUKOPUCTATM  METOAMKY  CTPYKTYpPHO-IIapaMeTpUYHOi
imeHTudikanii [6]. A BpaxoByluM Te, IO Yy CTaTTi [4] Hamu Bxke 3HaligeHa
MaTeMaTU4YHa MOJejb CUTHAIIB BXi-BUXi[ y BUIJSAI CIIEKTPJIbHMUX 1 B3a€EMHO
CIIeKTpa/IbHUX IIiJIbHOCTEN, TO Telep MM BUKOPHUCTAaEMO 10 iHdopmaliito mjs
3HAXO/IKEeHHSI MaTpulli IepegaTouyHuX QYHKIIi CylIapKy AUCIIEPCHOrO MaTepiany B

KUIUIASYOMY HIapi.

ISSN-online 2708-0102 171



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

OcHoBHMIT MaTepia. BignoBigHo [0 1i€l MeTOAMKY, BUXITHUMU JaHUMU [IJIS1

pO3B’SI3aHHS TIOCTAaBJIEHOI 33a7a4yi € TPaHCIIOHOBAHI MaTpUlli CHEKTPaJIbHUX

HIiJIbHOCTEN (S"W Y, (S"XX )/ Ta B3a€EMHMX CIIEKTPaIbHUX IIIIbHOCTEN (S"ux ) CUTHaJIiB

«BXif-BUXim» 3epHocymapku, chopMoBaHi Ijsi Kackamy 3 Homepom k. Hipkue

II0KAa3aHO MoeTanHe 3aCTOCYBaHHS 3a3Haue€HOI MeTOAMKY Ha MpUKIIaai Kackamy No7.
Pemita po3paxoBaHMX TaKMM UMHOM MoOjiesieii 06’e€KTa i 30ypeHb Ha OCHOBi JaHUX
IHIIMX 1IeCTV KackaaiB HaBeneHi y [1].

BuxinHi gaHi 6yiu 3HalineHi y [4]

3rifHO TeXHOJOoril MiACTAaHOBKY BUpa3iB

BMKOHA€EMO CIIEKTpaJIbHUX

IIiIbHOCTe! Yy BIANOBiAHEe pIBHSIHHS, B pe3yJbTaTi 4YOro 3HalIeMO HaCTYIIHi
matpuni S|, S/ Ta S IJIst CbOMOTO KacKansy

~1718.2642(s +0.05)(s —0.05)(s* + 0.108s +0.0081)(s*> —0.108s + 0.0081) 0 1
(s+0.025)(s—0.025)(s +0.4)(s —0.4) ( )
~512.8649(s +0.006)(s — 0.006)(s> +0.0965s +0.0064)(s> — 0.0965 +0.0064)
(s+0.5)(s—0.5)(s +0.0055)(s —0.0055)

S, =
0

~0.0003(s +0.025)(s — 0.025)(s +0.09)(s + 0.4)(s — 0.4)
s, =| (s+0.026)(s +0.05)(s —0.05)(s* +0.108s +0.0081)(s —0.108s +0.0081)
0
~0.00037(s +0.025)(s —0.025)(s +0.07)(s + 0.4)(s — 0.4)
(s+0.009)(s +0.05)(s — 0.05)(s” +0.108s + 0.0081)(s* — 0.108s + 0.0081)

—0.00035(s +0.5)(s —0.5)(s +0.07)(s + 0.0055)(s — 0.0055)
(s+0.01)(s +0.006)(s —0.006)(s* +0.096s + 0.0064)(s> —0.0965s +0.0064) (2)

—0.0009(s +0.09)(s —0.09)(s +0.4)(s - 0.4)
s - (5+0.05)(s—0.05)(s* +0.108s +0.0081)(s* —0.108s +0.0081)
o —0.0022(s +0.0012)(s +0.1)(s* —0.072s + 0.0081)(s* —0.145 +0.0196) (3)
(5+0.0015)(s +0.03)(s +0.05)(s —0.05)(s* +0.1085s +0.0081)(s* —0.108s +0.0081)

~0.0022(s —0.0012)(s — 0.1)(s> +0.072s +0.0081)(s* + 0.145 +0.0196)
(s+0.0015)(s +0.03)(s +0.05)(s —0.05)(s* +0.108s + 0.0081)(s* — 0.108s +0.0081)
-0.010843
(s—0.012)(s +0.012)

HacTyrnHuM KpoKom € hopMyBaHHSI MaTPUILi S'yy ,

—0.0058‘ (s+0.4)(s+0.025) ‘2 0
|(s+0.05)(s? +0.108s +0.0081))| 4)
2
S, = 0 70'00195\ (s+0.25)(s+0.055) \
|(5+0.006)(s* +0.0965 +0.0064))|
0 0
L 0 0
daxkTopu3allisi piBHSIHHS 3B’S13KY, J03BOJIMIAa OTPUMATY MATPUIIIO Sax
0.027(s+0.1523)(s*+0.1357s+0.0071)  0.072894(s +0.026)(s* +0.036s +0.0088) (5)

S

| (s+0.05)(s+ 0.03)(s*+0.1085+0.0081)
- -0.01025(s +0.003)(s +0.096)

(s+0.012)(s+0.05)(s* +0.108s +0.0081)
0.072281(s +0.09194)(s* +0.046s +0.0041)

(s+0.05)(s+0.03)(s* +0.108s +0.0081)

B pesynbTaTi akTOpu3aliii MaTpuiri S'yy Oysna oTpuMaHa matputsi D

(s+0.012)(s+0.05)(s* +0.108s +0.0081)
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[ 0.024124(s+0.025)(s +0.4) 0 0_
(s+0.05)(s*+0.108s +0.0081) (6)
0.044157(s+0.5(s +0.0055)
D= (s+0.006)(s* +0.0965 + 0.0064)
0 0 1 0
] 0 0 0 1]
MaTtpuus T Mae HaCTYIIHY CTPYKTYPY
- (7)

;_[TAD TA2) TA3) TA4)],
T(2.1) T2.2) T2.3) T(24)

3aBeplIaJIbHMM KPOKOM MeTOAMKM imeHTHU@iKallii € BM3HAUeHHSI IIyKaHOI
6mounoi marpuii @, cTpykrypa sKkoi HactymnHa: @®=[Fy, Fi2], me marpuug
repenaTouyHux (PYHKIIiM BiJ BEKTOPY CUTHAJIiB KepyBaHHSI A0 BEKTOPY BUXiTHUX

KOOpauHaT F1; JOPiBHIOE

0.51373%e —05(s +0.09) a,(A)(s+w (1)) @

0 0 :
= (s+0.03) B S+w,(4) ’ (8)
"1 0.64413e—-02(s—0.07) 0.17955(s+0.07) az(s—qﬁ)e,s,w a3(5+¢)e,sm
(s+0.01) (s+0.01) s+p, S+p,

e Tgy, , Tgy»Tpn, — 3aIi3HEHHS MDK CMTHalaMM «BXif-BMXif»: mnbep — BMUCOTA
MaTepiany Ha KOKHOMY Kackazi (Sy —h), mmbep — BosoricTh (S, — w), TeMmIieparypa —

BoJsioTicTh (T — w) BigmoBigHo. B Tab61.. 1 3BeeHi 1aHi 110 BCiM ceMy KacKaaaM.

Ta6bmuus 1 — [TapameTpu eiemeHTiB Matpuii F "H

Kackan, (k) @ MM 2, 76/ as, %/°C | wi, ¢t | wy, ! | g,ct | py, ! A
x 10! x 102 x 102

Ne1 1.0389 | 0.64413 | 0.17955 |0.15 0.022 |0.07 |0.01 |15
Ne2 0.83932 | 0.64413 | 0.17955 | 0.1 0.015 |0.07 [0.01 |30
Ne3 0.7166 | 0.64413 | 0.17955 | 0.1 0.018 |0.07 [0.01 |45
Ne4 0.62788 | 0.64413 | 0.17955 |0.09 | 0.02 0.07 |0.01 |60
Ne5 0.55393 | 0.64413 | 0.17955 |0.085 |0.022 |0.07 |0.01 |75
N26 0.53007 | 0.64413 | 0.17955 | 0.08 0.025 |0.07 |0.01 |90
Ne7 0.51373 | 0.64413 | 0.17955 |0.09 |0.026 |0.07 |0.01 | 105

ne kackam N21 — BepxHiii, Kackag N7 — HaliHMOKUMIi; A — BiICTaHb MiXXK KacKagaMu

BucHoBku. OTpyMaHi TakKMM UMHOM MAaTpUIli IlepedaTOUYHUX (QYHKIIii

3€PpHOCYIIAPKM OO3BOJISATb PO3IOYATU Mpoueaypy CMHTe3y CMCTEMNM aBTOMATUYHOTI'O

KepyBaHHS 3 ypaxyBaHHS OCOOIMBOCTEN CyIIapku, a came: 6araTOBMMipHOCTI,

PO3MOAJIEHOCTI Ta 3aMi3HEHOCTI B KaHaJIaX KepyBaHHSI.
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FEATURES OF FRACTIONAL APPLICATION DERIVATIVES FOR MODELING
TEMPERATURE AND MASS TRANSFER IN NON-EQUILIBRIUM CONDITIONS

Chunikhin Artem, Selivorstova Tetiana

Abstract. A new class of problems on heat and mass transfer in fractal media,
which is extremely topical for polymer structures, percolation clusters, amorphous
semiconductors, porous materials, etc., is considered. The ideology of considering
these problems stems from deep statistical, thermodynamic considerations and
mathematically reduces to solving differential equations with fractional derivatives
with respect to time and spatial variables.

Keywords: fractal environment, equations with fractional derivative, anomal
diffusion (heat conductivity), thermoelasticity, laplace transform, function mittag -

leflera, qualitative and quantitative regularities.

The processes of particle and energy transfer (diffusion and
thermal conductivity, respectively) that occur in porous materials,
amorphous semiconductors, percolation clusters, and polymer structures are
called anomalous and sometimes fractal because of their connection with fractional
differential calculus [1-5]. The most natural and convenient mathematical apparatus
for describing the processes of anomalous diffusion (heat conduction) on a
certain set are equations in partial fractional derivatives both in space coordinates
and in time [6, 7].

The fractional derivative is a non-local characteristic of a function: it depends
not only on the behavior of the function in the neighborhood of the point x under
consideration, but also on the values it takes on the entire interval (a x, ) (or (x b, )).
This nonlocality means that the change in the particle flux density depends not only
on its values in the vicinity of the considered point (as is the case in the case of
normal diffusion or classical heat conduction), but also on its values at remote
points in space. A random process, the rate of change of density of which depends on
the density values at previous moments of time, is called hereditary. Such processes
are conveniently described by equations containing a fractional derivative with

respect to time [8 - 11].
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Numerical procedures for solving a new three-dimensional boundary value
problem of fractal heat conduction for a layer with a through cylindrical cavity are
considered. Numerical results are presented that characterize the evolution of
temperature in time for various values of the order of the derivative under the action

of an impulse load on the body surface.
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Figure 1 - Dependence of temperature on Figure 2 - Dependence of temperature on
time for various values 0 < o < 1 time for various values 1 < o< 2

Analyzing the graphs depicted in fig. 1, we can conclude that heat propagation
(heating) in a layer with a cavity for media with an index of a < 1 is slower, in
contrast to media for which a = 1. At 1 2 < < a (Fig. 2), the process occurring in a
fractal medium, can be characterized as a process of transition from classical heat
conduction to wave behavior.
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ONTOLOGICAL SUPPORT OF METALLURGICAL AND
MACHINE-BUILDING TECHNOLOGICAL PROCESSES
Shynkarenko V. I., Zhuchyi L. I.

Ukrainian State University of Science and Technologies

Technological processes of metallurgical and machine-building enterprises
include such stages as obtaining material, casting, rolling, welding, workpiece
processing and assembly.

When working with metallurgical processes materials, various disparate
databases are used, such as the Inorganic Crystal database and the thermodynamic
FactSage database at the University of Qld. The MatOnto ontology contains concepts
representing materials at a high level of abstraction, is based on the DOLCE
ontology, and reuses concepts from such ontologies as Ontolingua's Standard Units
and Dimensions, the joint academic classification of Subjects (JACS), OWL Time
Ontology, and AIFB's Semantic Web for Research Communities ontology, EXPO
ontology. An ontology represents a general dictionary of concepts about data (table,
histogram), measurement results, processes and material properties, etc.

Functionally graded materials (produced by powder metallurgy processes) are
featured in (FGM) Ontology, developed in Protégé and reusing concepts from
ontologies such as Basic Formal Ontology, Ontology for Biomedical Investigation,
and MatOnto. The ontology provides a general vocabulary and includes the following
classifications: material properties, including properties such as resistance and
hardness, FGM properties, and their production processes and applications. FGMO
2.0 is enriched with logical definitions of functionally graded materials. After filling
with instances of the ontology, queries can be performed into the knowledge base,
for example, searching for materials that have biological compatibility.

Materials ontology from YAGO (MMOQY) is the metals ontology, populated in an
automated way with concepts and facts from YAGO (Yet Another Great Ontology) in
contrast to MatOnto and FGM, developed according to literary sources such as
"Materials science and engineering: an introduction" by Callister and Rethwisch. The
method for automated ontology development is searching for synonyms of the initial
data set (metal, steel, iron, alloy) in the wordnet and then comparing the strings of

the resulting synonyms with classes and instances of Yago.
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Another automated ontology development method is Named-entity
recognition implemented in the Helping Interdisciplinary Vocabulary Engineering
for Materials Science (HIVE-4-MAT) domain-specific application based on ten
existing ontologies such as the US Geological Survey and Physico-chemical process.
HIVE-4-MAT allows one to perform knowledge extraction from natural language
texts for automated ontology population.

To conceptualize the ontology, the taxonomy of the thesaurus ASM Thesaurus
of Metallurgical Terms and the properties of alloys defined in the domain-specific
markup language MatML are used by Japanese scientists in [1]. Through inference,
algorithms can be obtained to calculate the creep curve of a material. In
continuation of the work [1], the Materials Ontology was developed in OWL in the
Protégé ontology editor, integrating databases of National Institute of Advanced
Industrial Science and Technology, National Institute of Materials Science and
MatDB data schema.

Steel Cold Rolling Ontology (SCRO) developed in OWL in Protégé, reuses OWL
Time Ontology and was tested on data of the Talbot plant. The ontology allows one
to integrate disparate tables data, such as Roll, Roll Grinding and Roll Storage using
the Ontop method.

Polish scientists developed the CastNode platform based on ontology [2] for
Foundry employees Research Institute in Cracow. The ontology is used to integrate
databases that include information about metallurgical companies, rolling, casting
and forging processes, patents and innovations and allows one to search for relevant
information with SPARQL queries.

Welding processes of the OWL ontology [3] are classified by material, physical
form of materials and energy source, are linked by logical definitions and contain
restrictions, for example, such that the classes of welding of homogeneous and
inhomogeneous materials do not intersect. The ontology makes it possible to
formalize the specifications of welding processes and check their consistency using
logical inferences.

The Ontological Assembly Model is developed in OWL in Protégé and contains
SWRL (Semantic Web Rule Language) rules, a logical definition of the assembly and
constraints such as that an artefact cannot be part of itself. The problem is relevant
since the components of the assembly can be produced by different manufacturers

and it is necessary to ensure the interoperability of their information support. The
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ontology allows one to check the consistency of assembly part specifications
heterogeneous data.

The OntoSTEP ontology is a formalized model of STandard for Exchange of
Product model data, a standard for describing machine building parts. Thanks to
formalization, it becomes possible to execute SQWRL (Semantic Query-Enhanced
Web Rule Language) queries, for example, about detail functions. The ontology is
implemented as a Protégé plugin. The principle of separating classes and instances
into separate files makes it possible to check the data for consistency with the
schema.

Metallurgical and machine-building enterprises and research institutes include
many disparate databases that can be integrated using ontologies, which are not just
general vocabularies but allow one to perform logical inferences to get implicit

knowledge.

ONTOLOGICAL SUPPORT OF METALLURGICAL AND
MACHINE-BUILDING TECHNOLOGICAL PROCESSES
Shynkarenko Viktor, Zhuchyi Larysa

Abstract. The analysis of ontological developments for materials of the
metallurgical industry and finished products, such as functionally graded materials,
processing of machine-building workpieces, both for practitioners and researchers,
is carried out. Ontologies are used to integrate databases of materials and steel
companies as common vocabularies and to check the consistency of welding
specifications and part assemblies.

Keywords: ontology, metallurgy, materials, welding, OWL, Protégé.
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KEPYBAHHSA CTPYKTVYPOIO ITOTOKA ITOBITPA
3A JOITIOMOI'OIO ITVTABMOBUX AKTYATOPIB
Pemuuup [1.!, TyunHa V.!, 3aika B.!, Moiceenko C.?,

Crapyn H.2, Manomyxk T.2, Burognep 1.2

I Incmumym mpauncnopmuux cucmem i mexuonoziii HAH Ykpaivu (Ykpaina)

2XepcoHcKutl HayioHanvbHuli mexHiuHuti yHisepcumem (Ykpaina)

Po3po6sieH0 HOBY (i3MUHO OGI'PYHTOBAHY MAaTeMaTUYHY MOMETb PO3BUTKY B
yaci MmpoleciB aepoauMHaMiKy, eIeKTPOAMHAMIKM, AMHAMIKM YaCTMHOK 1 XiMiuyHOI1
KiHeTUMKM [JIsI MOJETIOBaHHSI O0OCOOJMBOCTE B3a€EMOii CYIJIBHOTO B'SI3KOTO
cepeloBUINA 3 IJIa3MOIO [lieJIeKTPUYHOro Gap'epHOro po3psiay. AHali3 mpobiiemu
6a3yeTbCcsl Ha PO3B'SI3KYy piBHSIHb HaB'e-CTOKca, 3aMKHEHUX IMQepeHIiabHO0
MO/JIeJUTIO TYPOYIEHTHOCTI, a TAaKOK MOJIEJITIO JJaMiHapHO-TYypOYJI€HTHOIO Iepexoay,
i piBHSIHB, 1110 ONMCYIOTh OBEIiIHKY HU3bKOTEMIIEePATYPHOI MIa3MM.

[To6ymoBaHO HOBY MaTeMaTU4YHy MOZesb HU3bKOTEMIIEPATYPHOI
HepiBHOBAKHOI ilea/IbHOI TJIa3MM AieJIeKTPUUYHOIO 6ap'€pHOro po3psiay B MOBITPi. Y
SIKOCTi 6a30Boro obpanuit nudysiiitHo-aperidoBuit migxim oas ommucy MpoCTOPOBO-
TUMYACOBO1 CTPYKTYpM, BKJIKOYAKUM HECTAl[IOHAPHI eJeKTPOAMHAMIUHI IMpOIecH,
KiHeTMYHi SIBUIIA Ta IJIa3MOXiMiuHi peakilii. Y Mojesi BpaXOBYIOTbCS €JIeKTPOHHO-
30y[KeHi Ta mMeTacTabibHI CTaHM MOJIEKYJ a30Ty Ta KUCHIO, HeiTpaabHi aTomu
KMCHIO, €JIEKTPOHM, a TAaKOXX MO3UTUBHI Ta HEraTUBHI i0HU, y 1IiJIoMY 14 4aCTUHOK i
97 1w1a3mMoOxiMiUHMX peakiliii, BKIOUYaKuM MOBEpxHeBi mpoiecu. XiMidyHi peakiiii
BK/IIOUAIOTh: MpOILecH aucoliiailii, ioHi3allii MoJieKyJ eJIeKTpOHHMM YyAapoM 3
OCHOBHOT'O CTaHy, CTYIIiHYaCTy, acoIlliaTUMBHY iOHi3alil0 Ta ¢OTOiOHi3allii0;
30yIKeHHS ~ MOJIEKYJ; iOHi3allil0 30ymKeHMX (MeTacTabiibHUX) MOJIEKYI;
TIPWINIIAHHS 1 BiIJIMIIAHHS €JIEKTPOHIB; PEKOMOiHAIlil0 €JIEKTPOHIB i MO3UTUBHUX
iOHIB; XiMiuHi MepeTBOpPEHHS HeNTpaJbHMX ATOMiB, MOJIEKYJ] Ta iOHiB, a TaKOX
MpoLeCc BTOPMHHOI eMicCii eJIeKTpOHIB 3 BiAKPUTOTO eJIeKTPOoAa i AieeKTPUUYHOI
TTOBEPXHi.

OCHOBHOI0 OCOOJMBICTIO PO3pO6JEHOI UMCeNIbHO-aHATITUYHOI MOJeni €
BUKOPUCTAHHS PAal[iOHAIbHOI KiJIbKOCTI piBHSIHb [JiI ONUCY BCiX OCHOBHUX

HecTalliOHapHUX TlapaMeTpiB [dieJleKTPUMUHOTO Oap'epHOTO po3psay B IIOBIiTPi.
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O6paHi 14 BuUAIB YACTMHOK 3a6e3MeYyloTh BMCOKY TOYHICTh MAaTe€MaTUUHOTO
MOJEJ/IIOBaHHSI OCHOBHMX IIJIa3MOXIMIiUYHMX peakllili, BK/IUYAOUM SIK [OBEpPXHEBI
Mpolecu, TakK 1 IIBUOKOIUIMHHI $BUIA B MOPOCTOpi (PO3BUTOK CTpUMepa M
eeKTPOHHUX  JIaBMH). Po3pobsieHa HOBA  YMCEIbHO-aHAJITMYHA  MOZENb
JieJIEKTPUYHOIO 6ap'€pHOrO po3psimy MO3BOJISIE SIKiCHO Ta KiJIbKiCHO BiITBOpPIOBATHU
TIpoLiecH [ieJIeKTPUYHOro 6ap'€pHOr0 po3psiay Ipu poOOTi MIa3MOBOTO aKTyaTopa
Ta IIpM3HAuUeHa MOjs aJdeKBaTHOTO BiATBOpeHHs1 cuiau JIopeHIa, IO [i€ Ha
TYypOYJI€HTHMII IMOTiK YacCTKOBO iOHi30BaHOIO IIOBITpSl, Y IIMPOKOMY Jialta30Hi
aMIUIITYZ, i 4aCTOT IPUKIAAeHOl HaIlpyruM, a TaKoX IlapaMeTpiB i BIacTUBOCTeN
JlieJIeKTPUYHO]I ITOBEPXHi.

CucrteMa BUXiTHUX DPiBHSHb aepoAMHaMiKM, 3amucyBajacs IIOAO0 AOBUIbHOL
KPMBOJIiHIIIHOI CMCTeMM KOOPAMHAT Ha PYXJAMUBUX CiTKaX. Y3TOMKEHHS I10JIiB TUCKY
Ta IIBUIAKOCTI 3AiMACHIOBAJIOCS 3a [OIIOMOrOI METOAy IITYYHOI CTMCJIMBOCTI,
Mo (iKOBAaHOTO [JIS PO3PaxyHKYy HeCTallioHapHMX 3ajay. IHTerpyBaHHSI CUCTEMU
BUXiAHMX PpiBHSIHb IPOBOAWIOCSI UMCEJIbHO 3  BUKOPUCTAHHSIM  METOIY
KOHTpPOJIbHOTO 00'eMy. [Ii1  KOHBEKTMBHMX IIOTOKiB  BMKOPMCTOBYBajacs
MPOTUIIOTOYHA amnpokcumallis Rogers-Kwak TpeTboro mopsiiky TOUHOCTI, sKa
3acHOBaHa Ha cxeMi Roe. 3ampomnoHoBaHO Moaudikaililo cxemu Rogers-Kwak
MepIIoTO Ta TPETbOro MOPSIAKY TOYHOCTI [AJjii KOHBEKTUMBHMX ujeHiB. OCHOBHa
BigMiHHicTh MomMdikoBaHoi cxemy Rogers-Kwak Bij Kj1acM4YHOI I0oJIsITa€ B TOMY, 110
TIOTOKM PO3PAXOBYIOThCSI 3 BUKOPUCTAHHSIM METPUUYHMX Koe(illieHTiB Ha IpaHSIX
KOHTPOJIBHOTO 00'€éMy 3a 3HAUEHHSIMM TilpOAMHAMIUYHMX IMapaMeTpiB y TOUKax. Y
MOJle/IIX ~ TypOyJIEeHTHOCTI Ta  JlaMiHApHO-TYpOYJE€HTHOTO  Iepexomy s
anmpoKkcumallii KOHBEKTMBHMX CKJIQJOBMX 3acTOCOByBajacs cxema TVD 3
obmeskyBaueM 1OTOKiB ISNAS TpeTboro mopsiaky. [1o6ygoBaHO HeSIBHUIT aqTOpUTM
st moaudikoBaHoi cxemu Rogers-Kwak riepiiioro ta TpeTboro mopsiiky TOUHOCTI.

HoBa B3a€MHO y3TOo/p)KeHa CUCTeMa BUXITHUX PiBHSIHb HM3bKOTEMIIEpATypPHOI
IJIa3MM, IO CKIAJAETbCSI 3 PIBHSHHS IJISI €JIEKTPUYHOIO TMOTEHIially Ta PiBHSIHb
IVHaMiKM YaCTUMHOK, 3aMMCyBaiacs y JOBiIbHIN KPUBOJIiHINHIN CMCTeMi KOOpPAVHAT.
Brniepiie BBOAMTHCS HECUMMETPUMUYHA CKiHUEHHO-00'€éMHA aIlpOKCHMMAIIisT APYrux
MOXiTHUX OJIs1 eJIeKTPUYHOTrO MOTeHIliaay B PiBHSIHHSX IJISI IMHAMIKM 3apsIKeHUX

YaCTMHOK TUIA3MM 3 METOI0 30epeskeHHs Pi3MuHMX 0COBIMBOCTEN MPOLIeCy aaBeKIlii.
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Anpoxkcumaliisi IPOBOAUTHCSI 3 ypaxyBaHHSIM HECMMETPUUHO «BiAdibTPOBAHOTO»
3HAUeHHS TYCTMHM 3apsiIKeHMX UYacTMHOK IUIa3MM, Tomy 10 ¢opMaibHa
MaTeMaTHM4yHa aIllpoKCMMallisl ornepaTopa 3a JOMOMOTOI0 CMMETPUUYHUX CKiHYeHHO-
Pi3HUIEBUX CIIiBBigHOIIEHDb (K mis1 AUGY3iiHUX TOMAHKIB) IPU3BOIUTH 10 BTPATU
GisuUHMX 0COOJMBOCTEN TIPOIleCy IepPeHOCy IIOTOKY 3apsIKeHUX YacTUHOK Y
CYLJIbHOMY Ce€peAOBUIILi.

Po3po6ieHO  umMcenbHO-aHAMITUMUHY Moauikailito piBHSHHS IlyaccoHa st
€JIEKTPUYHOIO TIOJII B KPMBOJIHIIHINA CcUcTEMi KOOpAMHAT [JjIs1 6e3IocepemHbOro
BUJIiJIEHHS OIepaTopiB eJIeKTPUUYHOTO ITOTEHIliaay, 3aMiCTb OIOCepeaKOBAHOTO BILUIMBY
yepe3 3HAUeHHSI TYCTUHM 3apsIKeHMX YaCTUMHOK B [KepeJbHOMY [OJAHKY, 3
BUKOPUCTAHHSIM IIPOTUIIOTOYHOI aIlpoOKCMMallili TYCTMHM 3apsIKeHUX YaCTUHOK Y
IPYTUX TTOXiTHUX IJ151 €JIEKTPUYHOTO MOTeHIIiaTy.

it HecTaliOHApHMX PiBHSIHb [OMHAMiKM IIJIa3MM PO3POOJEHO HEesIBHUIA
YMCENbHUI aATOPUTM 3 IMiAiTepallisiMM 3a IICEBIOYACOM, SIKMII 0a3yeThCcsl Ha
CKiHUEHHO-00'€MHOMY TMigxofi. PiBHSHHS [/ eJeKTPUUYHOTO ITOTeHIialy 3
JI>kepejlaMM BUMpIlIyBaJIOCSI 3@ [OIIOMOrOl MeToAy MiHiMi3zallii y3arajbHeHOI1
HeB's13ku (GMRES) 3 HemoBHuM LU-poskinaganHsMm (ILU) 3arajipHOI MaTpuili
CUCTEMU Y SIKOCTi Mepeas3yMOBJIIOBaHHS. Y HeCTalliOHApHUX PiBHSHb IJi TYCTUHU
YaCTMHOK IUIa3MM  ampokcumallis  apeiidboBux  (aABEKTUBHUX)  IMOXiJTHUX
3ailicHIOBasiacs 3a moromoroio cxemyu TVD 3 dyHKIi€-o6MeskyBaueM MinMod.
PeasizoBaHO €IMHMIT HESIBHUII UMCEJIbHUI anrOpUTM IJjis1 e(eKTUBHOTO pPO3B'SI3KY
HEeOJHOPiITHOI CUCTeMM BUXiAHMX PiBHSIHb.

[IpoBemeHO cepil0 OOUMCIIOBAIBHUX €KCIIEPUMEHTIB 3  MOJe/IOBaHHS
HeCTal[iOHapHMUX MPOLECiB  HMU3bKOTEMIIEpATypHOiI  HEPIiBHOBAXXHOI  IJIa3MU
NlieJIeKTPUYHOTO 6ap'epHOTO pO3psAy, a TAaKOXK 1i BIUIMB HA KePYBaHHSI CTPYKTYPOIO
TIOTOKY TOBIiTps. [IpoBefeHO AeTajibHe BUBUYEHHS CTafllili 3apOAKeHHSI, PO3BUTKY i
raciHHS KaTOHOCIIPSIMOBAHOTO CTpUMepa [JIsl peaJibHUX KOHQirypaiiiii miasmoBux
aKTyaTOPOB Ha OCHOBi po3po6sieHOi MaTeMaTMuHOi Mojeini. I[TpoaHanizoBaHO
HecTallioOHapHi XapaKTepUCTUKU TJIa3My B 06/1aCTi HaZ, AieJIeKTPUUHOIO TTOBEPXHEIO,
BKJIIOUAIOUM PO3IIOJIiJI TYCTUMHM YaCTUHOK, €JIEeKTPUUHOTO MOTeHIliaay i KOMIIOHEHT
cunn JIopeHiia.

Bnepme BCTAHOBJIEHO BIUVIMB CTPYKTYPM UYaCTMHOK IIVIa3MM Ta TYCTUMHU
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3apsKeHMX YaCTMHOK Ha 3MiHy cuian JlopeHna B yaci. [TokaszaHo, 110 OCHOBHMI
BHECOK B ¢opMyBaHHSI cuiayu JlopeHIla Ha MO3UTMBHOMY HaIliBIIepiodi KOJIMBaHHS
MpUKIageHol HampyrM HaAaAlwTb 10HM KMUCHIO. [l BUIIQAKy HEraTMBHOTO
HaITiBIIepioly OCHOBHMII BHECOK 3[i/ICHIOETHCSI 32 pPaXYHOK HEraTUBHO 3apsIpKeHUX
iOHiB KMCHIO.

[IpoBeleHO mapamMeTpUyHi  AOCTIIKEHHS TeOMEeTPUUYHMX [apamMeTpiB
IUIa3MOBUX aKTyaTOPOB Ta iX BIUIMB Ha IIBUIKICTh IIOBITPS, IO T€HEPYETHCS.
[TokasaHo, IO 3i 30iJbIIEHHSIM aMIULTYIM IIPUK/IAJEHOI HAmIpyru BigOyBaeTbCs
3pOCTaHHSI WIBMUAKOCTI TMOBITPSl, IO TEeHEePYETbCS, SIKA HOCUTb ACUMIITOTUYHMIA
XapakTep. 3MeHIIeHHSI TOBIIMHM [ieJIeKTPMKa MPU3BOAUTb MO0 30iJbIIeHHS
HIBUAKOCTI IMMOBIiTPSI.

[IpogeMOHCTPOBAaHO BUMHMKHEHHSI PYIIiIIHOI CUIM IWIIHApa B pe3yJbTarTi
BIUIMBY YOTMPbOX IIJIa3MOBMX aKTyaTOPOB Ha OCHOBi [lieJleKTpMYHOTO Oap'€pHOro
pO3psily Ha TIOBITPS, IO 3HAXOAUTBHCS Y CTaHi CIOKOw. [IoKa3aHO MOKIUBICTh
3MeHIlIeHHs KoedillieHTa onopy UMIiHApa 3a JOTIOMOTOI0 MIa3MOBUX aKTyaTOPOB 3a

paxXyHOK ITPUAYILIeHHS BUXPOBOi Jopixkku KapmaHa.
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CEKLIA 4

IHTEJIEKTYAJIbHI IH®OPMAIIIITHO- VITPABJISIIOUI

CUCTEMM TA TEXHOJIOTTI

SECTION 4

INTELLIGENT INFORMATION MANAGEMENT
SYSTEMS AND TECHNOLOGIES
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3ACTOCYBAHHSA ACUMIITOTUYHOI'O METOAY ITPU
PO3B'SI3AHHI JESKUX 3AJAY MEXAHIKA
binosa O.B.

Ykpaincokuti depxcasHuli yHigepcumem Hayku i mexHoJioz2iti, J[Hinpo, Ykpaina

AHoTamnis. 3a monoMoroio mMetonmy 30ypeHb PO3B’si3aHi IUIOCKi 3amaui Teopii
MPYKHOCTi. OTpMMaHO TOYHEe PO3B'SA3aHHS 3a4aui OJjs aHi30TPOMHOI IUIACTUHU 3
KPYrOBMM OTBOPOM Ta MNPUKIAJEHUM MEepiOAMYHMM HABAHTAXKEHHSM Ha JOro
KOHTYpi, a TaKOX 3aJada IIpO OJHOBICHMUI pO3TAT aHi30TPOMHOI IUIACTUHU,
10oc/1a6/IeHOi KPYTOBMM OTBOPOM.

OcTaHHS 3a7a4a TakKoX PO3B’SI3YETHCSI aCUMIITOTUYHUM MeToaoM. [Ipu 1iboMy
OTPMMAaHO pPO3B’SI30K y BUIVISIAI POy 3a CTENeHsIMM MaJlorO IlapameTpa, o
xapakTepusye aHizoTpomilo. [TokazaHo, 1[0 Mepili YJeHU PO3KJIaJaHHS B psp 3a
CTeMeHsSIMM MaJIOTO TMapaMeTpa OTPMMAHOTO TOYHOTO pO3B’SI3Ky 30iraloThcsl 3
aCMMIITOTMYHUM OTPUMAHUM PillleHHSIM.

BcTaHOBIeHO, IO Yy pa3si i30TpPOIMHOro MaTepiasy IUIAaCTMHMU Ieii pO3B’SI30K
repexoauThb Y BimomMuii po3B’s130K 3amadi Kipia.

KnouoBi cioBa: acMMNOTOTMYHMIA aHaji3, MeTon 30ypeHb, MaTeMaTUMUYHa

MOJenb, 3aaa4va Kipiiia, aHi30TpoIHa MaacTMHA, KPpMBOJIiHiIHA aHi30TPOMis.

BceTym. [IMTaHHSI TOYHOCTI aCMMITTOTUYHMUX METO/IiB, 1110 3aCTOCOBYIOTHCS TP
pO3B’SI3aHHI 3aJauy MexaHiku, € Oyxe akTyaabHuM [l1]. He 3aBXIu BOaeTbCA
TIOPiBHSATU ACUMIITOTUUHMIA PO3B'SI30K 3 TOYHMM, OO 3'sicyBaTu e(deKTUBHICTh
3aCTOCOBYBAHOro Metony [2]. V 1iil cTaTTi OTpMMAaHO pillleHHs 3a4adi JeKibkoMa
MeToJaMM, IO Ja€ 3MOTy 3pOOMTM  BMCHOBKM  IIOAO0  e(deKTMBHOCTI

3aIIpOIMOHOBAHOTI'O METOAY 36Yp€Hb.

OcHoBHa vacTtuHa. Po3risiHeMO 3aJauy i1 HeCKiHUeHHO1 KPUBOJIiHIIHO-
aHi30TPOMNHOI IUIACTUHKM 3 KPYrOBMM OTBOPOM Ta MPUKJIAJAEHMM Ha 0TO KOHTYpi
repiogMYHMM HaBaHTa)KeHHSIM. Hexait TpykHa HeCKiHUYe€HHA ILIaCTMHA, IO Mae€
IWIHAPUYHY aHi30TpOIi0, ocjaabjgeHa KPyroBMM OTBOpoM pajiyca r. KoHTyp
OTBOPY HaBaHTaOXeHMIi pagiaibHMM Ta JOTUYHMM  HAIMpPYKeHHSIMM, Ha

HECKiHUeHHOCTi Hallpy>KeHHSI OOpiBHIOIOTb Hyao (puc.l). Po3B'sa3aHHS 3apaui
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3BOAUTHCS IO iHTErPyBaHHS PiBHSIHb PiBHOBATM IJIACTUHM [3]

do, 10z, %, =% _j

or r 06 r

or,, +l do, N 2t _0; (1)
or r 06 r
3a HACTYITHUX TPAaHUYHbIX YMOB:
o, =A, +iAn cosng (r=1), z,,=B, +iBn sinng (r=1),
n=1 n=1
o, —>0; 7,0 (r—o). (2
y ea
- —
4 - L
7 sy -« 7 .
\/ ‘ G/ :
<
<
-« —>
-« —
PucyHoxk 1 Pucynox 2

Pe3synbTaTyt poO3B'SI3aHHS 1Ii€i 3aadi 3acTOCOBYIOTbCS [JisI  PO3B'SI3aHHS
HACTYITHOI 3a/1aui MpO OOHOOCHMIT PO3TST aHi30TPOITHOI TUIACTUHY 3 KPUBOJIiHIJIHOIO
aHi30TpoTIi€l0, ITOCIa0IeHOi KPYTOBUM OTBOPOM.

PosrnsiHeMO HeCKiHUEHHY IUIaCTMHY, II0 Ma€ KPUBOJIiHIVHY aHi30TpOITiio.
[lnacTuHa ocnabieHa KPyroBUM OTBOPOM OOMHUUYHOTO pafiycy (puc. 2).

3oKkpeMa, po3I/IsIHEMO IepIry OCHOBHY 3aJiauy, KOJIM KOHTYpP OTBOPY BiJIbHUIA
Bi[, 30BHIIIHIX 3yCUJb, @ Ha HECKIHUEHHOCTi AiIOTh 3yCWUIS, IO PO3TITYIOTh
IUIaCTUHY, iIHTEHCUMBHOCTI p (3amava Kipima).

[nactTMHa Ma€ y KOXKHIiM TOUli TJIOUMHY MPYKHOI CUMeTpii, mapasneabHy
cepeaMHHiN momyHi Xoy. Y CyIibHil IIJIacTUHI 6€3 0TBOPY

0'3=p; GS=O; 7 =0. (3)

BBenemMo TMOJISIPHY CUCTeMY KOOpAMHAT. SKIIo ckopuctatucst dhopmyiaMu

repeTBOpeHHS [4], To 3a yMOB (3) OTpMMa€EMO, 110 B CYILIiJIbHil MJIaCTMHI 6€3 OTBOpY

r
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OCKiJIbKM KOHTYP OTBOPY BiJIbHMIA BiJy HOPMaJIbHUX i TOTUUHUX HATIPYKEHb, TO
YTBOPEHHSI B IUIACTUHI OTBOPY PiBHOCUJIbHE NOHATKY A0 TOYOK YSBHOTO KOHTYpPY
HarpyXeHb

0
=—7

__ 0.
o =—0,;, T 0

r re
His HamnpyXeHb i NMPU3BOAUTH [0 BUHMKHEHHS APYTOro IOJS HAmpyru, SKe
BU3HAYAETHCS 3 PO3’BSA3KY 3a/4aui, PO3IJISIHYTOI BUIIIE.
[ToBHMIA PO3B’I30K MOCTABJIEHOI 3a4aui CKIama€TbCs i3 CyMM PO3B'si3aHHS (4)
Ta 3a3HAYEHOTO JPYTOTO IOJIsT HAIPYTH, SIKe HeOOXiqHO BUSHAYUTH.
LIs >k 3agava Npo OJHOBICHMUI PO3TST KPUBOJIIHIAHO-aHI30TPOMHOI IJIACTUHM
BUPIIIYETHCS aCUMIOTOTUYHUM METOIOM.

Tab6muiisg 1 — TTopiBHSIHHSI aCMMITTOTMYHOTO Ta

TOYHOTO pillleHHS [IJIS MaKCMMa/IbHOI HAaIllpyrM Ha KOHTYPi OTBOPY

OTpumaHUm
Bigomunit | OTpumannii
€ aCUMITOTUYHUI [MorpinHicThb
PO3B’SI30K | pO3B’SI30K
PO3B’SI30K
1/3
(i3oTpomHMit | 3p 3p 2,85p ~ 5%
BUIIAJ0K)
1/4 - 3,22p 3,25p ~0,93%
1/9 - 3,658p 3,667p = 0,24%

BucHoBKM. HaBiTh y caMOMy HeCIpUSTIUBOMY, 3 MOTJSAY 3aCTOCOBYBAHOTO
MeTOAY, BUITAAKY i30TPOITHOI IUIACTMHKM (TlapaMeTp Ma€ MaKCUMMa/ibHe 3HAUeHHS)
Mox1oKa HabIMsKeHHS He IepeBuinye 5% (p-koedimieHT ITyaccoHa) i B HyJbOBOMY

HaOJMKeHHI OTPMMAaHMI po3B’SI30K MePeXoIuTh Y BimoMe pimeHHs 3agaui Kipira.
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ITPOEKTYBAHHS I CTBOPEHHS OBOJIOHOK
IO OB>XEHUX CITEIITAJIbHUX 3APS/IIB
['ynses A.B., ®unb P.C., MenbHUK B.E.

Hepxcasruti Hayko8o-docaionuti incmumym MBC Ykpaiuu

Bcerym. OO60JI0HKHA MOJIOBXKEHUX creuiaJbHUX 3apsaiB (OIIC3)
BUKOPUCTOBYIOTb  [IJI1  3HENIKOMKEHHS  BUOyXOHeOe3NeuHuxX IMpeaMeTiB i
CaMOpOOHMX BMOYXOBUX MPUCTPOIB. 3amadyamMy 1O 3HENIKOMKEHHIO 3aiiMaloThCsI
migpo3niniu  HamionanpHoi mosinii  Ykpainm, [epskaBHOi «Iy:k6M VYKpainu 3
HaI3BMYAMHUX CUTYyalliil, JlepskaBHOI IMPUKOPAOHHOI Cayk6m YKpainu, 36poitHuX
Cun YKpaiHu Ta iHIIi, 30KpeMa Npy po3MiHyBaHHI MOyKHA 3aayd4aTy Mi>KHapOJHi Ta
iHo3emHi opranisaiiii [1]. 3 mouaTky 2022 poky, Ha 8 ntotoro, JJICHC 6yJio BUIyYeHO
Ta 3HMIIeHO 2908 BMOyxoHe6e3MeyHuX IMpeaMeTiB, TOMY CTBOPEHHS 00JiaJHAHHS
I71S1 3HENTKOKeHHSI BUOYXOHeOe3MeuHux MpeiMeTiB € aKTyaabHOI0 3afauelo [2].

OcHoBHMIT Mmarepian. B  Vkpaini, Hapa3si, [Oad  3HEIIKOMIXeHHS
BUOYXOHeOe3IeyHX MpeaMeTiB BUKOPUCTOBYIOTh HAKJIAIHMUI 3apsia, Xoua BiH i €
edeKTUBHUM ajie Ma€ HelOJiKMu, 30KpeMa: MoTpebye 0cobIMBi 3axou Oe3rneku, He
eKOJIOTiUHMI1, TOTpebye OiMbI0i BMOYXOBOi peUOBMHM (B ITOPiBHSIHI 3 ITOJIOBXKEHUMMU
sapsimamu). Tak, 6e3reyHa BifAcTaHb IMiJl Yac 3HMIIEHHSI Ha BigKpUTiii MiclleBOCTi
apTuiepiicbKux 6oemnpunacis moHan 200 MM, cknagae nmoHan 1500 m [3]. B saxigHux
KpaiHax HaOyBa€ PO3MOBCIO/IKEHHS 3HEIIKOKeHHSI BUOYXOHeOe3MeUyHMX IIpeIMeTiB
3a JIOIMIOMOTI'OI0 BOIM, TOOTO TiAPOKYMYJISITUBHUX IIPUCTPOIB, B HAIIIOMY BUIIAJIKY 1€
OIIC3. IIepeBaroio TakOro 3HEMIKOIXEHHSI € Te IO BOja MpM BMOYXy BTpava€e CBOIO
pDYIHIBHY CWJIly BXe 3a KiJibka MeTpiB. Boma He MIKOAUTL HAaBKOJIUIIHbOMY
cepemoBuly. Haxkanb, B YKpaiHi [0 Termep HeMa€ CepiifHOro BUMPOOHMUIITBA TaKUX
060/10HOK. CTBOpeHHSI TaKuX OOOJOHOK JO3BOJIMTH YHi(iKyBaTH IMiIrTOTOBKY
daxiBIiB BuUIe3ragjaHux MiApo3/isiB. OCHOBHOIO MPo6aeMOI0 MPYU CTBOPEHi TaKuUxX
000JIOHOK € Te IO AJisl iX BMUPOOHMIITBA HEOOXiIHO BUTOTOBUTHU IIpec-GhopMH,
BApPTiCTh SIKMX CKJIQJa€ MOeCSITKM TUCIY TPUBEHb, a IIpU BUTOTOBJIEHI BCiX
CKIaaJbHUX OAVHUIIL BapTicTh mpec-dopm byme cknagatu 61m3bko 200 TuC. IpH.

Kpim Toro, a5 BUKopucTaHHs npec-dbopM HeobXiHi TepMorIacTaBTOMAaTH.
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OcTaHHI OBa AeCATWIITTS B YKpaiHi aKTMBHO PO3BMBAIOTHCSI TeXHOJOrii 3D-
Ipyky. [Tpy HeBUCOKIV BapTOCTi 3D-NIpUHTEPiB B MOPIBHSIHHI 3 BApTICTIO BEPCTATIB,
MOXJIMBE iX BUKOPUCTaHHS. TOMy pallioHaJbHO BUTOTOBJISITU AOCIOHI TapTii i
Ipi6bHOcepiitHi mapTii 000JOHOK ITOHOBKEHMX CIHeL3apsiiiB 3a JIOIOMOrol 3D-
npuHTepiB. ag 3D-Apyky HeobOxigHO cTBOpuTUM 3D-MOeNb KOXHOI CKJIaJoBOi
000/IoOHKM i TiepeBecTM ii B g-Koau. B cCBiTi icHye muMpokuit Bubip cucrem
aBTOMAaTU30BaHOIO MPOEKTYBaHHS, TOMY CTBOpeHHs 3D-Mofesi He 3ajimae Oisbiie
yacy HiXK CTBOpeHHS KpecjieHb I mpec-(Gopm. OCHOBHOI BUMOTOIO [JisI 3D-ApyKy
OIIC3 € ix repMeTUUHICTb, Uepe3 Te L0 B HUX BUKOPUCTOBYETHCS Boa. MaTepianiomM,
1110 BUKOPUCTOBYBABCS AJist 3D-npyKy 6yB 006panuit inskeHepHuit mactuk PETG. Leit
IJIACTMK € eKOJIOTiYHMM, MIIlHUI, BOHOCTIiViKMii, Ma€ HeOOXigHy CTiliKicTb OO
ynbTpadionery. Bapricts PETG omHa 3 HallHMKUMX cepe[l, iHKeHepHUX IIJIaCTUKIB.

B Jlep>kaBHOMY HayKOBO-gocCaimHOMY iHCTUTYTI MBC YKpainu pospobieHi i

BUTOTOBJIEH] 3pa3Ky TaKMX 000JIOHOK, Pi3HMUX TUITOPO3MipiB puUC.

PricyHOK — O60JIOHKM ITOHOBKEHMX CIIel3apsiIiB

CTBOpeHi 000OJOHKM TIOAOBXKEHMUX CHel3apsiiiB MPOMIUIM  KIiMaTUYHi
Burpo6byBanHsa 3rimHo I'OCT 15150-69, 3a Temmepatyp -40°C i +60°C. 3a
pe3ysbTaTaMyu BUIPOOYBAHb OOOJOHKM BiATIOBiIal0Th 3a[aHUM TeOMETPUYHUM
po3MipaM i BUMOTaMm III0JI0 TePMETUYHOCTI, 1[0 JO3BOJISIE iX BUKOPUCTOBYBATU [IJISI

3HEIKOO >KeHHSI B]/I6YXOH€6€3H€‘—IHI/IX Hpe,H,MeTiB.
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BucHoBKu. BuxopucraHHs 3D-npuHTepiB 3HAYHO CKOPOTUJIO TPOILOBI
BUTPATHU i Yac AJ1s1 IPOEKTYBAHHS i CTBOPEHHSI 0O0JIOHOK MOJOBKEHMX CHeliaTbHUX
3apsniB. B mopanbiiomy B CTBOpeHHI 3D-Mojesi MOKIMBO BHOCUTU KOPEKTUBU 3
ypaxyBaHHSIM eKcIuTyaTallii 000I0HOK MOIOBKeHMX CIelliaIbHUX 3apsiIiB.
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DESIGN AND CREATION OF EXTENDED SPECIAL CHARGERS
Huliaiev Andrii, Fyl Ruslan, Melnyk Volodymyr

Abstract. Current data on seized and destroyed explosive devices are given.
The design and creation of shells of elongated special charges using the system of
automated design and 3D printing for the needs of the National Police of Ukraine are
considered. Data on the disadvantages and advantages of using an overhead charge
and hydro-cumulative devices (shells of elongated special charges) are given. A
comparison of the traditional manufacture of shells of elongated special charges and
using 3D printing. The basic requirement for the created shells of the extended
special charges is defined. Material for 3D printing, its advantages are considered.
The results of researches of shells of the extended special charges on influence of
climatic factors according to GOST are resulted. Conclusions are made on the
advantages of the technology, the obtained samples of shells of extended special
charges, over traditional technologies.

Keywords: National Police of Ukraine, explosive devices, shells of extended

charges, 3D-printing, 3D-printer.
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COMPUTER SYSTEM FOR MECHANISMS DIAGNOSIS
Ivashchenko Valeriy!, Shvachych Gennady!, Sushko Larysa?

"Ukrainian State University of Science and Technology, Dnipro, Ukraine

“State Agrarian and Economic University, Ukraine, Dnipro,

Abstract. The computer system proposed in this work is aimed at solving the
problem of automating a comprehensive assessment of the technical functioning of
mechanisms. The system’s computational equipment have the minimum necessary
computing requirements. No additional paid software is required for installation. Unlike
existing systems, the proposed one has a moderate cost. For the majority of industrial
enterprises, this factor is crucial when choosing the most beneficial computer system. In
addition, the developed system is simple and comfortable to use. Thus, the system has an
intuitive and intelligible interface for the operator, which allows the operator to quickly
familiarize themselves with it and put it to use immediately; the system monitors the
correctness entries in the electronic history - it corrects basic fields that are not properly
indicated (repair data, repair requests, part price, etc.). The system has the ability to add
individual templates for a specific unit. Unlike existing systems, the proposed system is
multifunctional.

Keywords: computer system, system window, software, equipment, diagnostics.

Introduction. Today, documenting the technical state of the functioning of
mechanisms takes a large part of the working engineer’s time, but is a necessary
attribute of any technological institution. Nowadays there are systems for computer
diagnostics of the technical state of mechanisms, but they are far from ubiquitously
[1, 2]. Due to the increasing amount of information in the technical diagnosis
arrangements, there is a need to automate processes of the basic flow of documents.
Collection, storage, analysis of information, structuring the informational flows,
their distribution, and other operations with diverse types of data are impossible
without the use of computer technology.

However, note that computer systems for diagnostics automation of

mechanisms and machines, are perhaps the most frequently changed component in
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the management structure of a modern enterprise. In addition to the traditional
directions of modernization, one of the recently demanded ways of developing
computer systems is the integration of systems of various levels of control.
Technological safety management is added to the list of functions of these systems.

A variety of hardware and software, structural and architectural solutions,
functional capabilities, as well as various degrees of participation of information
tools in production and enterprise technology control channels are the main
defining characteristics of existing computer automation systems in modern
enterprises, in all industries. The management of the automation departments of
various enterprises have problems regarding choosing the path of further system
development.

On the one hand; the volume of automation, the complexity, and the cost of
hardware and software have increased. Along with this, the expences of resources
and time for design work as well as the requirements for the qualification of staff and
maintenance costs have also dramatically increased.

On the other hand, there is a “patchwork” nature of automation in general, at
all levels of management, as a result of which there are losses i.e. non-compliance
with the regulations: violations of the operating standards of equipment. Production
losses are frequent due to conflicts in the flow of “technological actions” planned by
staff who control the technological processes of repair and preventive work, which is
organized at the level of production management. The "transparency" of the
processes for monitoring the technical diagnostics of systems for external
technology control loops is insufficient. In addition, it should be noted that so far,
the coordination of actions has been minimal. This was due to the various
requirements of the departments and services of enterprises uutilizing multiple
means of automating the process of system diagnostics.

The purpose of the study. The main objective of the developed information
system is a complex solution for the collection and analysis of information about the
technical condition and functioning of mechanisms as well as the management tasks
of the enterprise in general. Respectively, specific tasks are solved for each unit of
the enterprise. However, difficulties in determining the main focus or priorities of

the enterprise’s activities significantly complicates the development and
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implementation of such information systems. The developed computer system
primarily optimizes information gathering, helps an engineer in monitoring and
diagnosing the technical condition of the functioning of mechanisms, as well as aid
in reducing errors and eliminating negative consequences. The existing experience
in the developing of information systems allows one to conclude that as a result of
designing such a class of systems, it is necessary to pay attention to both the
diagnostic component (the decision support function) and the statistical component
(analysis of heterogeneous data, reporting for analysis and forecasting of the
functioning of mechanisms), and also economic (optimization of the financial
activities of the organization).

Main research material statement. The process of automating the
information support of the processes of monitoring the status and maintenance of
technological equipment is based off the following principle: at the first stage, the
operator enters information into a single database of equipment status for the
current period. At the second stage, this information goes to the person in charge,
who decides on the appropriate equipment work that needs to be done.

If the decision is made to perform certain work tasks with equipment and
mechanisms, then:

— data on necessary work are entered into the computer system;

—the entered data goes to the operators through the means of a computer
system;

— after completing certain work tasks, data on performed actions is entered.

Diagnostics of equipment occurs at one- month intervals, carried out by the
specialists responsible for it. The reports give indications of the current status of the
equipment. It also contains information about the condition of the equipment at the
beginning of the month, possible problems with the equipment, and
recommendations for further work.

The context diagram of the developed computer system is shown in Fig. 1.
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data data
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»  hardware Repair report
data >
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Fig. 1 — The context diagram of the developed computer system

Input and output data of the system. The input data of the system includes data
on equipment, data on guarantees, warranty information, data on checking the
condition of the equipment. The output data includes information on depreciation,
information on repairs performed, information on contracts, equipment health
check information. In addition, it is possible to output the data on depreciation of
the equipment in and Excel file and sort it by year, as well as output the data on
specific repair work in a Word file.

Design features of the computer system. The following tables were created during
the design of the computer system:

— table “Depreciation” stores information on depreciation of the equipment;

- table "Equipment" stores information about the types of equipment in
manufacturing;

— table "Repair" stores information about the repair work performed;

- the "Employees" table stores information about employees;

— the "Authorization" table stores information about authorization data;

— table “Reports” stores the information about authorization data;

- the “Inspection” table stores information about equipment inspections.

The principal feature of the created tables is the organization of connection
between them. In this connection, one of the main requirements for the
organization of the developed database is to provide the ability to find certain
entities according to the purposes of others, so that specific connections are
established between them.

The user of the computer system is given the opportunity to make the required
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report and print it out. Here also can be generated a report on the dynamics of the
work performed for each type of equipment.

Conclusions. The developed computer system solves the problem of
automating an integrated assessment of the technical functioning of mechanisms.
The proposed system has the following qualities. First of all, it is ideal for its
moderate cost, which is one of the decisive factors for most industrial enterprises
when choosing a computer system to use.

Secondly, the proposed system is simple and comfortable to use. The system
has an intuitive and understandable interface for the operator, which allows the
operator to quickly go through the familiarization stage and increase effective use
and productivity; the system monitors the correctness of filling in the electronic
history fields - it will correct, if basic fields are not indicated (repair data, repair
requests, part price, etc.).

The system has the ability to add users' own templates for a specific unit. When
working, it displays only system templates and does not display a huge list of
additional embedded templates, i.e. has customization feature for a specific
workplace. The system includes a built-in, editable directory of necessary parts and
equipment.

Another advantage of the developed system is its stability and reliability. At the
same time, the system containing important information about the enterprise is not
only stable in operation but also protected from unauthorized access attempts. In
addition, it is multifunctional and easily adapts to the profile of the unit.

The computer system is constantly updating, taking into account the wishes of
its users. Also, it has minimal requirements for the computer hardware. No
additional paid software is required to install the system.
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3ACTOCYBAHHS EKPAHYBAHHS B3/10BXX ABTOA0OPOT /111 3SMEHIIEHHSA
TA30BOI'O HABAHTAJKEHHS HA ITPUJIEIJIIA TEPUTOPIT
Pycakosa T.I.!, Binsge M.M. 2

I [Tninposcokuti HayioHanvHutli yHisepcumem imeni O. [oHuapa, YkpaiHa
2 Vkpaiucokuii depicasHull yHisepcumem HayKu i mexHos102iti, Ykpaina
3a0pygHeHHS aTMOC(epHOro MOBITPS 3aJMINAETbCS HA ChOTOAHIIIHIN TeHb
OJIHi€I0 3 HaliCepiio3HIilINX EeKOJOTIYHMX Mpo6JsieM YCiX BeJIMKUX ypOaHi30BaHUX
perioHiB. BukuMau BiJ aBTOTPAHCIOPTYy Yy MiCTaXx ICTOTHO BIUVIMBAaKOTh Ha
3a0pyIHEHHST BCiX KOMIIOHEHTIB IOBKiJUIsI. Benyka KiJIbKiCTh TOKCUMYHUX PEUYOBUH,
10 HAOXOIsITh B aTMocdepHe TOBITPsS 3a paxyHOK HEIMOBHOTO 3TOPSIHHS MajuBa,
MOIIMPIOETLCSI HA PiBHI OpraHiB JOMXaHHS JIIOOMHM, BUKIMKAKOUM Pi3Hi
3axBoproBaHHS. IIIKigaMBi peuOBMHM MOMIMPIOIOTHCS K Y3[I0BX aBTOIISXIB, TaK i B
iX OKOJIMIIi, HeraTMBHO BILJIMBAlOUM SIK Ha BOJiiB i MilIOXOAiB, TaK i Ha HaceJIeHHs,
MiCIII MPOXXMBAHHS SIKMX 3HAXOMASIThCSI B3[O0BX aBTOIUISIXiB. AHAji3 CTaTUCTUYHUX
IaHMX 3a0pyoHEeHHS aTMOC(epHOro MoBiTpsS IOKa3ye, M0 IMPOTSIroM ocTaHHix 10
POKiB CITOCTEpiTaeThCsl TEHMAEHIlis] 30iabllIeHHS BUKUIIB Bil aBTOTPAHCIIOPTY,
OCKiJIbKM 30iJIbIIYETHCS KiJIbKiCTh aBTOTPAHCHOPTY. TaKOK aBTOZOPOIM, 30HM [JIsI
MapKyBaHHS 3aiiMaloThb MoHapd 40% TepuTopii micTa, 3MEHIIYIOUM UMM KiJIbKiCTh
IJIONI CaHITapHO-3aXMCHUX 30H. 3rifHO 3 JaHuMMM [0JIOBHOTO YIIpaBJ/IiHHS
CTaTUCTUKM B JIHIIpPOMeTpPOBCHKiii 006jacTi, aBTOMOOiIbHMIT TapK Mmicta JIHinpa
MOCTIfHO 3poCcTa€ i mpencTaBAeHUii: JIeTKOBUMM aBTOMOOiiaMM Ha 85%,
BaHTaKHMMM Ha 13% Ta aBTOOycamm Ha 2%.

AHani3 po6iT [1-2] CTOCOBHO OIIiHKM BIUIMBY aBTOMOOIJIbHMX NOpIir Ha CTaH
aTMocepHOro TIIOBITpPsI TOKa3ye, IO (OPMYIOTbCS 30HM, e KOHIIeHTpallis
BiAMMpalnbOBaHMX Tra3iB 3HAYHO MepeBUIYE TPAHMUHO MOOMYCTMMi ITOKa3HMKMU.
3HavueHHs] KOHIEHTpallil WKigAMBUX [OOMIIIOK Yy TOBITPi B3H0BX aBTONUISIXiB
3aJIeKUTh Bif 0COOMMBOCTeN opraHisalii pyxy Ha [goporax, XapaKTepUCTUK
TPAHCIOPTHOTO MOTOKY Ta MapaMeTpiB HaBKOJMIIHLOTO CepeloBMINA, a TAKOX BiJl
po3TalryBaHHS OyZiBesb Ta CIOpPYHA, HAsABHOCTI 3eJeHMX HacamkeHb. Y MiCISX 3

HM3bKOI TIPOIMYCKHOIO 3[aTHICTIO, O6iJii 3YMMHOK TPOMAaJIChKOTO TPaHCIIOPTY
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KOHIIEHTpAIlis 3a0PYAHIOIOUMX PEUOBMH JTOCSITAE TIIKOBUX 3HAUEHb.

3acTocyBaHHSI eKpaHyYBaHHSI — OOMH i3 TeXHIUHMX 3aco0iB Oesmeku
SKUTTELISIIBHOCTI, IO BUKOPUCTOBYETHCS [JIsI MiHIMi3alil piBHI XiMiYHOTO
3a0pyIHEeHHST B3[OBX aBTOLUISIXiB. 3aCTOCYBaHHS €KpaHYBaHHS J0O3BOJISIE 3MiHUTHU
TPAEKTOPII0 PyXy YaCTMHOK IIKiJJIMBUX Ta30BUX BUKUIAIB Ta JIOKAJIbHO 3HU3UTU
piBeHb XiMiUHOTO 3a0pymHeHHs. 3HAUYHOIO IIepeBarold eKpaHyBaHHS € Te, IO
e(eKkTMBHICTh BUKOPUCTAHHS €KpaHiB Yy IOPIiBHSHHI i3 3eJeHMMM HacaIKeHHSIMU
HacTa€ 3 MOMEHTY iX BCTAHOBJIEHHSI, He3aJIe;KHO Bijl ITepioy pOKy.

B po60Ti Ha OCHOBiI MaTeMaTUYHOIO MOJIe/IIOBAHHS Ha 6a3i UuMCeIbHUX METO/IiB
CTBOpEHO Tporpamy «Barrier» ajist ipoBeileHHS 00UMCIIOBAIbHUX pO3paxyHKiB. Lle
JI03BOJISIE BUPIIIyBaTM TIpaKTUYHE 3aBAaHHS II0 OLHII piBHA 3a0pygHEeHHS
arMoc¢epHOro IOBITPSI IIKiAJIMBMMM Ta3s0BMMM BUKMAAMM Oilisl aBTOAOPOTM 3a
HasIBHOCTi IkKepeyia HebOe3IleKu — aBTOTPAHCIIOPTY, 3 HASBHICTIO €KpaHiB pi3HOIi
BUCOTH.

PosrnsimaeTbcsi nepeHeceHHs1 pedyoBuHM CO B aTtmocdepHOMY TIOBITpi i
BPaxOBY€ETbHCS, 110 HAa 3MiHY KOHIEHTpallili BIUIMBAKOTh: IMIBUAKICTb IOBITPSHOTO
IIOTOKy, aTmocdepHa nudysisi, iHTEHCUMBHICTb BUKUIIB. [IJIsI MOIENIOBAHHS
BUKOPUCTOBYETHCS PiBHSIHHS MacorepeHocy (1) [2].

aCCO a(ucco ) 0 (VCCO ) 0 oC o) 0 GCCO n
- + =— (U, —)+— +3°0..,.5(x,y,), (1
oy e Tyt gy ) 2 ey, ()

ne C., (x, y, t) — KoHUeHTpauis wkigamsoro rasy CO, [kr/m®]; Q., — IHTEHCUMBHICTb
Bukugy CO OT i-0ro AKepea IIKiJJIMBOIO YMHHMKA (aBTOTPAHCIIOPTY), Kr/(c-M°);
U, Vv — KOMIIOHEHTM BEKTOpa IIBMAKOCTI BiTPY, [M/c]; u=(u,,4,) — KoedilieHTH
TypOysneHTHOI nudysii, [M%/c]; x,,y, — KoOOpAMHATH IKepesa LIKiAJMBOTO YMHHMUKA
(aBTOTpaHCIOPTY), [M]; 5(x;,y,) — menbra-QyHKUis Jlipaka.

IOns BupimeHHsT piBHSIHHS (1) CTaBASITBCS BiATIOBiIAHI I'PaHMYHI YMOBM: Ha
rpaHuIli BXOMy IMOTOKY Y PO3PaxXyHKOBY 00J1aCTh KOHIIEHTpAIlisl TOpiBHIOE POHOBI;
Ha IpaHUIli BUXOAY i3 pO3paxyHKOBOi 00JIacTi He BpaxOBY€EThCS Ipoliec Andy3ii; Ha
BCiX TBepAuX CTiHKaX (eKpaHM, aBTOMOOIJI) 3a/JIeXKHO BiJ HampsIMKy HOpMaJji Mae
BUKOHYBATUCSI yMOBA HEIIPOHMKHEHHS.

Y pobOoTi pO3IISIAaeThCsl PO3CiIOBAaHHSI BUKMUAIB Bif, aBTOTPaHCIOPTY
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IJIST  BUIAJAKy, KOAM Oifis  aBTOHOpPOTM  PpO3TAllOBaHi 3aXMCHI  eKpaHMu.
YV 1npoMy BMIIQAKYy B 00JacTi mgocmimkeHHS (GoOpMyeTbCsl HepiBHOMipHe ToJie
IIBUAKOCTI IIOBITPSIHOTO TOTOKY. /[l pO3paxyHKy KOMIIOHEHT IIBUIKOCTI
MOBITPSIHOTO ITOTOKY 3a TaKMX YMOB BMKOPMCTOBYETHCSI MOZeJIb ITOTEHIIiAHOI Teuil,
a came piBHsiHHS Jlamiaca (2) [2].
o°P 0°P
2T T
OX oy
P  oP
x’ oy

Iisi BupilleHHsST piBHSHHS (2) CTaBJSITHCS BIATIOBiOHI TPaHMYHI YMOBM: Ha

0, (2)

()

TpaHMIi BXOAY TIOTOKY Yy pPO3paxyHKOBY 00JiacThb [JISI IIOTEeHIliajia IIBUIKOCTI

. oP . .
CTaBUTbHCA I'PaHMYHA YMOBaA HeiimaHa a—=U , Je U — BlooMe 3HaYeHHS IIBUIKOCTI
X

TIOBITPSIHOTO IMOTOKY; Ha TPaHMI BUXOOY i3 PO3pPaxyHKOBOi 00JacTi — yMoBa
Hupuxie P=P,+const; Ha BCiX TBepAMX CTiHKax — yMOBa HENPOHUKHeHHS. [jis
KOMIIOHEHT LIBUIKOCTiI MOBITPSIHOTO MOTOKY BUKOPUCTAHO (3) [2].

st po3B’sizanHs (1)-(3) BUKOPUCTAHO KiHIIEBO-pi3HMIIEBI MeToau. [TobygoBaHa
METOIMKA YMCeIbHOTO PO3PAaXYHKY AO3BOJISIE OTPUMATH KapTUHM 30H 3a0pyIHEHHS
CO (puc.1-2) Ta BUIOIIUTYU TiA30HM, JIe TaKe 3a0pymAHEHHS € Oi/bII iHTEeHCUBHUM.
BusiBneHHsI TakuxX TMiJ30H [I03BOJISIE PEKOMEHIyBaTM 3axXOAu 3axUCTy [IJIsl
MiHiMi3alii piBHS 3a0pyaHeHHSs, HAIIPUKJIA/, 32 PAXYHOK 3MiHM BMUCOTM €KpaHiB. 3
OTPMMAHOTO PO3IOAITy IONST KOHIleHTpamii (puc.1-2) BUIHO, 1O 30iJbIIEeHHS
BJMCOTH €KpaHiB MPU3BOIUTD 10 3HVDKEHHS iHTEHCUMBHOCTI 3a6pyIHEHHS B 06/1aCTi A
3a APYTUM eKpaHOM (MOX/IMBe Miclle MPOXKMBaHHS HacejaeHHs). [IpoTe, SIK BUIHO 3
pPUCYHKA 2, Yy 30HI MiXX JBOMA €eKpaHaMM CIIOCTEPIiraeTbCs 30iJbIIeHHS
iHTeHCMBHOCTI 3a0pyIHEHHS IOBiTPSHOrO cepemoBuia. lle Mop’si3aHO 3 TUM, IO
HasIBHICTb €KpaHiB i3 IBOX CTOPiH Bif JOPOrY MPU3BOAUTD 10 YTBOPEHHS 3aCTiliHUX
30H, Jie MBUKICTh TTOBITPSIHOTO MOTOKY HeBeauKa. TakKMM UMHOM, Y IIMX 00J1aCTSIX
CITOCTEpiraloTbCs JIOKAJbHO BMCOKI KOHIIeHTpallii 3a0pymHeHHs, 10 TOTpebye
BIPOBAKeHHS  JOJATKOBUMX TeXHiUHMX 3acobiB mjag MiHimiszalii piBHS

3a0pyIHEHHS.
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PucyHoxk 1 - ITone koHueHnTpaiiii CO mpy HasIBHOCTI eKpaHiB BucoToio H=2,8 m:

1 — aBTOMOGii, 2 — eKpaHu
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Pucynok 2 - INone koHueHTpailii CO rnpu HasIBHOCTi eKpaHiB BUcoTow H=5 m:

1 — aBTOMOOITi, 2 — eKpaHu

BucHoBoK. IIporHo3yBaHHSI piBHS KOHIEHTpallil IIKiAJIMBUX PEUYOBUH €
HeoOXiTHOI0 CKJIaJOBOI0 Ha eTalli IPOeKTyBaHHS HOBMUX aBTOLUISIXiB abo Iipu
pPeiHKMHIpUHTY, IJISE OOIPYHTYBaHHSI 3MiHM TpadiKy pyxXy aBTOTPAHCIOPTY,
OCKiJTbKM OpraHisallis 6e3repepBHOIO Pyxy TPaHCIIOPTHUX 3aC06iB MPU3BOIUTH OO
3MeHIIIeHHS BUKUIIB 3a0pyJHIOIOUMX PEYOBMH Bil  aBTOTpaHcmopTy. Ha
eeKTUBHICTb eKpaHyBaHHSI BIUIMBAaE psiA (GaKTOPiB: MeTeOpOJIOTiUHI yMOBU
(WUBMIKICTh Ta HAIpPSIMOK BITPY), IHTEHCUBHICTb BUKMAIB IIKIIJIUMBUX Tra3iB
aBTOTPAHCIIOPTOM, HASIBHICTb JIOKAJbHUX MepPelKOd, pO3MipM eKpaHiB Ta Ix

reoMeTpmiHa (l)opMa, criocobmu po3TalllyBaHHS B3JOBX aBTOOOPOTN.

202 ISSN-online 2708-0102



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2022

JlirepaTtypa / References
1. Hagler, Gayle S.W. et al. Model evaluation of roadside barrier impact on near-road air
pollution. Atmospheric Environment. 2011. Vol. 45, Is. 15, P. 2522-2530. https://doi.org/
10.1016/j.atmosenv.2011.02.030
2. Biliaiev M., Pshinko O., Rusakova T., Biliaieva V., Stadkowski A. Computing model for
simulation of the pollution dispersion near the road with solid barriers. Transport problems.

2021. V. 16. Is. 2. P. 73-86. ISSN:1896-0596

APPLICATION OF SCREENING ALONG HIGHWAYS TO
REDUCE THE GAS LOAD IN THE SURROUNDING AREA

Rusakova Tetiana, Biliaiev Mykola

Abstract. This work is devoted to the development of a method for numerical
calculation the concentration field of a harmful substance CO along the road and in
the territory adjacent to it. The method takes into account not only the physical and
meteorological parameters, but also the location and height of the screens. The
implementation of the method is based on the mass transfer equation for the
impurity concentration and the potential flow equation for the velocity vector
components. The solution of equations is based on finite difference methods. Based
on this method, a software package has been developed that allows you to conduct
computational experiments and does not require large amounts of computer time.
Based on the results obtained, an assessment was made of the effectiveness of the
use of screens to reduce the level of air pollution near highways. It has been
established that an increase in the height of the screens from 2.8 m to 5 m reduces
the level of pollution behind the road by up to 50%.

Keywords: shielding, technical means, concentration of harmful gases, sources

of pollution, automobile transport, computational experiments.
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AHAJII3 METPUK SIKOCTI ITPOTPAMHOTI'O 3ABE3INEYEHHSI
Mana 10.A., KoBanbos B.B.
YHigepcumem mumHoi cnpasu ma givaxcis, /IHinpo, Ykpaina

BUpOOHUIITBO BUCOKOSIKICHOTO ITporpaMHoro 3abesreueHHst ([13) € omHieio 3
BaK/IMBUX 3aBlIaHb PO3BUTKY OYIb SIKOi cepu M0ACHKOI TisIIbHOCTI. B 3a/meskHOCTi
BiJl TOr0, HACKiJIbKM SIKiCHO 3p00JIeHO ITpoTrpaMHe 3a0e3IeueHHs CUCTEMMU, 3a/IEXKUTD
B pe3yibTaTi epeKTUBHICTh poOOTM 00’€KTiB Pi3HOMAHITHOIO MpM3HAUYeHHs. IIpu
HU3bKil IKOCTi IMpOrpaMHOro 3abe3IeuyeHHsI CMCTeM MOXKYTb BUHMKATY €KOHOMiuHi
BUTPATH, a B IIEBHMUX CIIeIia/li30BaHMX CMCTEMAaX — 3arPOKyBaTy KaTacTpodamu, siKi
MPU3BOIATH A0 MOACHKMX KePTB Ta €KOJIOTIYHMX KaTakmai3MiB [1].

Ha TemepimHi/i yac He icHye 3arajbHOi Teopii Ta HaliedeKTUBHIIIOI
METOHOJIOTii OIiHKM SIKOCTi IIpOrpaMHOro 3abe3redeHHs. Bci mocmimy B ramysi
OIIiHKM SIKOCTi MporpaMHOro 3abesIleuyeHHsl, B OCOOJMBOCTI, paHHIX cTamii Jioro
SKUTTEBOTO IIMKIY, MAalOTh XaOTUUYHY, HECMCTEMAaTMU30BaHy 0COOIMBICTh. Y poboTax
[Tomoposoi O. B. i 'oBopywenko T. O. [2, 3] noBeneHo, 1110 caMe HAaIPUKIHLI cTafil
MIPOEKTYBAHHS apXiTeKTypy IIOrPOMHOr0 3abe3mneueHHsT MOKHA i CJIif BM3HAYaTH i
ycyBaTu OaM3bKO 55% ycix HemomikiB MaitOyTHbOrO IPOTPaMHOTO IPOIYKTY.
IcHyBaHHS BeIMKOiI KiJbKOCTi HOCTiAIB 3 iHXKeHepii IMporpaMHOro 3abesrneuyeHHS
(boem, [leiikcTpa, Meiiep), He Ja€ MOXKIMBOCTI CTBEPIKYBATH, 110 iCHYE 3aBepIleHa,
MpoTecTOBaHa Ta BUIIPOOOBaHA Teopisi i MeTOMOJIOTisI PO3pPOOKM CKIAAHOTO Ta
OTHOYACHO SIKiCHOTO IPOrpaMHOro 3abe3IeueHHs, a TaKOK, 110 iCHYIOTb METOIM Ta
3aC00M OIIiHKM Ta MPOTHO3YBaHHS JMOro SIKOCTi Ha paHHIX CTafisgx peasisariii
MIpOrpaMHOro 3abe3redyeHHsT MPOeKTy. TakuM UMHOM [OCTiIKEHHSI Ta PO3poOKa
OIIiHKM SIKOCTi IIPpOTpaMHOTO 3abe3redyeHHsI € aKTyaJbHUM IUTAHHSAM CbOTOAEHHS,
mo6 3armobirTv HemepenbayeHMX BTpPAT, SIKi € TPUUMHOIO IIOMMJIOK IIpU
(byHKIIiIOHYBaHHi MporpamMHOro 3abesmnedeHHs [3].

Po3pobka MeTOmy OILiHKM SIKOCTi TIIpOTpaMHOro 3abes3rneuyeHHsS BMMarae
00paHHSI MOJeNb OIiHKM IMPOrpamMHOro MpoAykTy. Ilepiiia MMpPoOKO Bigoma Moiesib

SIKOCTi mporpamMHoro 3abesmeueHHsS € wmopgenb MakKosoma, sxka Oyna
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3anporioHoBaHa B 1977 [4]. B 1ii1 Mmogesti XxapakKTepUCTUKU SIKOCTI PO3AiJeHi Ha TpU
rpynu: ¢akmopu, mo omnucyioTh [13 3 1MO3uIliii KopucTyBaua Ta  3aJal0ThCS
BMMOraMu; Kpumepii, 1o onucyioTh [13 3 mo3uiiii po3po6HMKa Ta 3aJal0ThCS SIK
1IiJ1i; MempuKu, 110 BUKOPUCTOBYIOThCS [JIs1 KUJIBKICHOTO ONMCAHHS 1 BUMipIOBaHHS
SIKOCTI.

3rimHo 3 maHuMmu ctaHgapty ISO 24765:2010, meTpuka - Ile Mipa CTYIEeHS
BOJIOLIHHS BJIACTUBICTIO, SIKA Ma€ YMCJIOBE 3HAUYeHHs. 3arajiom, meTpuka 13 — e
KiJIbKiCHA OIliHKa IIPOrpaMHOrO IPOXAYKTY, TIIpoliecy abo IIpo€KkTa, sKa
BUKOPUCTOBYETbCS Oe3mocepeHbO0 ab0 Ha OCHOBi $IKOi 3[ifiICHIOIOTBHCS iHII
BMMIPIOBAaHHS U/ BUKOHYETHCS IIPOTHO3 [4].

BigcyTHICTh €AMHMUX CTAaHOAPTIB HA METPUKM, IIPU3BeJa OO0 CTBOPEHHS Oijblile
TUCSIYi METPUK, TOMY KOK€H PO3POOHMK BMMipIOBaJIbHOI CUCTEMM ITPOTIOHYE BJIACHI
MeTOM OIIiHIOBAHHSI SIKOCTi IPOTpaMHOro 3abe3IievyeHHs i BiAIIOBigHI MeTpuUKM 3
ypaxyBaHHSIM crenudiky ramysi B sKiit Oyme BMKOPUCTOBYBATHMCS ITPOTrpaMHMIA
MPOJYKT.

MeTpuky IOBMHHI MaTM TaKi BJIAaCTMBOCTi: HaAiliHICTh, MOBTOPIOBAHICTb,
OIHOTUIIHICTbD, MOSK/IUBICTh 3aCTOCYBaHHS, II0Ka30BiCTh, KOPEKTHICTb,
00’€KTUBHICTb, HEyIepeIKeHiCTb, aJleKBaTHICTh TOYHOCTI, 3HAUMMICTh. MeTpuKa
TOBMHHA OyTM e(eKTUBHOIO II0 BiJHOIIEHHIO OO0 BapTOCTi, IO O3HAYa€ — Oi/IbII
IIOpOTi METpMKM IIOBMHHI 3abe3reuyBaTM Kpallli pe3yabTaT OI[iHKKU. PO3pOoOHMK
MEeTPUKM TaKOX IIOBMHEH IOBECTM ii OOIPYHTOBAHiCTb, KPUTEpii SIKOi HACTYITHI:
KOpeJIsilisl, TpacyBaHHSI, HECYIIePEeWINBIiCTh, ITlepe10auyBaHiCTh, CEJIEKTUBHICTb.

3a BugoM abo cTaHOM 00'eKTa BMMIipIOBaHHS (poboda Bepcis Mmporpamu
ab0 CYKYIMHICTh TOKYMEHTIB i IIPOTpaMHOro KOAY) METPUKY YMOBHO MOMiISIOTHCS 3
BUAM [2]: BHYTpPilIHI MeTPUKM MpU3HAYEHi AJ1s1 OL[iHIOBAHHS BHYTPIIIHBOI SKOCTi
13, TO6OTO MHOKMHM BJIACTMBOCTENA, SIKi BU3HAUAIOTh OT0 3IAaTHICTh 3a0BOIbHSITU
BCTAaHOBJIEHMM ab0 peajibHMM MOTpe6aM 3aMOBHMKIB IIpM #Oro BUKOPUCTAaHHI B
TIeBHMX YMOBax 6e3rmocepeaHiMy KOPUCTYyBauyaMii; 30BHIIIIHI METPUKM ITpM3HAUYEHi
IIJIs1 OIiHIOBAHHS 30BHIIIIHBOI SIKOCTi [13, TOOTO ¥ioro piBHS, IKOMY BOHO BiATiOBimae
3TiITHO 3 BCTAHOBJEHMMM (3asIBIeHMMM) i mepembauyBaHMMM BMMOTaMM ITif, dac

JIOTO BMKOPUCTAHHSI Yy I€BHMX YMOBAaX; METPMKM eKCIITyaTallilfiHOI SIKOCTi
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TIpM3HAYeHi JJIs1 OL[iHKY He BJIACTMBOCTiI CAMOTrO IMPOrpaMHOro 3abe3rnevyeHHs, a st
OI[iHKM BUAMMMX DPe3yIbTaTiB MOT0 eKCIuTyaTallii, TOGTO eKCIUTyaTalliiiHy SIKiCTh
MIPOTPaMHOrOo 3a6e31eYeHHs.

3arajibHa Mipa — CTyIiHb TPacyBaHHS, L0 BU3HAYAETHCS UMCJIOM Tpac, SKi
MIPOCTEXYIOThCSI 3a [OMOMOrolw Mopesneil cieHapiiB Turmy UML i oliHIOBaHHSIM
KiJIbBKOCTi: BMMOT, CIleHapiiB i miloumx ocib, 00’eKkTa, BKIOYEHUX Y ClieHapii, i
JIOKaJTi3allii BMMOT 10 KOJKHOI'O ClieHapiio, mapaMeTpiB i onepailiii 06’eKra.

Crangapt ISO/IEC 9126-2 Bu3Hauae HacTyIHi Tamd Mip [5]:

— Mmipa posmipy II3 (umciio GyHKIIIN, pSAKIB B Iporpami, po3Mip IMCKOBOI
rmam’siTi i iH.);

— Mipa yacy ((pyHKIIiOHYBaHHS CMCTE€MM, BUKOHAHHSI KOMITOHEHTH i iH.);

— Mipa 3ycuib (IIPOAYKTUBHICTD IIpalii, TPYAOMICTKICTb i iH.);

— Mipa 001Ky ( KiJIbKiCTh MOMMJIOK, YMCJIO BiIMOB, BiATIOBifei cucteMu i iH.).

[TpukIaay MeTPUK SIKOCTi TPpOTpaMHOTo 3abe3meueHHs :

— 3araJibHe YMCJI0 00’€KTIB i YMCJI0 TOBTOPHO BUKOPUCTOBYBAHMX

— 3arajibHe YMCI0 omepalliii, TIOBTOPHO BUKOPUCTOBYBAHMX, i HOBUX OIlepallii;

— YMCJIO KJIAcCiB, 110 YCIMaAKOBYIOTh crielindivyHi onepariiii;

— YMCJIO KJIACiB, BijJl SKMX 3aJI€XXUTh JaHUI K1ac;

— YMCJIO KOPUCTYBAUiB Kj1acy abo oreparriii.

IOnss  OLiHKKM 3arajbHOi KUJIBKOCTI [OeSKMX BeJUUYMH BUKOPUCTOBYIOTh
TaKi MeTPUKMU: CepegHE UMCJIO OIlepalliii y Kiaci, CIagKoeMIiB Kiaacy abo
orepailiit kiacy i iH.

[IpuknamaMy MeETPUK SIKOCTi IIpOrpaMHOro 3abesrneyeHHS 3 TOYKM 30Dy
MOSKJIMBOCTI iX 3aCTOCYBaHHSI Ha paHHiX eTamnax #oro po3po6jeHHS 3 OTPMMaHHIM
TOYHOTO ab0 TMPOTHO30BAHOTO 3HAUYeHHS € [6]: mMeTpuka YemiHa, sika aHasi3ye
XapakTep BMKOPMUCTAHHSI 3MiHHMX 3 TIepesiiky BBeJeHOi Ta 00po6/IOBaHOI
iHbopmallii; MeTpMKa 3B'SI3HOCTi, 10 € BHYTPIIIHOIO XapaKTepPUCTUKOIO
MpPOrpaMHOT0 MOJYJISI, SIKa 3aJIEKUTh Bif TUIY MOIyasT ab0 MPOEKTYy; MeTpUKa
J>xkumba 3a IOMOMOTOI0 SIKOI Ha eTarli MpoeKTyBaHHS MOXHA MigpaxyBaTy KiJbKiCTh
MDKMOIYIbHUX 3B'SI3KiB  Ta iH. IIpMKIagoM MeTpUMK SIKOCTi MPOrpamMHOTrO

3a6e3meyeHHsT 3 TOUKM 30py MOXKIMBOCTI iX 3aCTOCYBaHHSI Ha eTarli MPOeKTYBaHHS
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JI0or0 apxiTeKTypu 3 OTPUMAaHHSIM TOYHOrO ab0 IMPOrHO30BAaHOTO 3HAYeHHS [6]:
meTpuKa XoJicTena (30BHIIIHSI MeTpMKa), 0 OOUYMCIIOEThCS HAa OCHOBI aHasIi3y
yycaa PSAAKIB i CMHTAaKCMYHMX eJieMeHTiB BUXiOHOTO KOIy IIporpamy; MeTpUKa
Makkeiiba — IMK/IOMaTMYHA CKIAAHICTh; MeTpuKa J/I>Kuiba — BimHOCHA JIOriuyHa
CKJIAJHICTh MpOrpamu i iH.

MeTpuKM SKOCTI BUKOPUCTOBYIOTBCS IIPU MOAAJIbININ OL{HII CTYyIEeHs
TEeCTYBaHHS 3a JOIOMOroi0 maHux (6e3BimIMOBHaA poO0Ta, BUKOHYBAHICTh (YHKIILIA,
3PY4YHiCTh 3acTOCYBaHHSI iHTepdeiiciB KOpMcTyBauiB, 0asy HaHMUX i iH.) ITiC/S
IIpOBeEeHHST BUIIPOOYBaHb ITPOIPaMHOTO0 3a6e31eueHHs Ha BeJIKiil KiJIbKOCTi TeCTiB.

[IpoBemeHMii aHa/li3 METPUMK SKOCTi IIPOrpaMHOro 3a0e3IeyeHHS! ITOKa3aB
BiICYTHICTb €OMHMUX CTaHOAPTIiB s BUOOPY METPUK, TaKMM UYMHOM KOXKeH
PO3POOHMK CUCTEMM TECTYBAaHHS IIOBMHEH CaMOCTIiifHO 3arpOIIOHYyBaTM BJIACHI
MEeTOIM OIIiHIOBAaHHSI SIKOCTi MpPOrpaMHOro 3abe3MeveHHsI 3 ypaxyBaHHSIM
0co6MBOCTel Ti€i ramysi B sIKiit Oyme GyHKIIIOHYBaTH ITPOrpaMHMI TPOAYKT.
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2. Pomorova, O. V., Hovorushchenko, T. O. Intelligent Assessment and Prediction of
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3a0e3mevyeHHs MeTogaMyu MeTpuU4YHOro aHainisy. Haykosuit Bicuuk HJITY Ykpainu. 2018. T.

28.N26.C. 159 - 171.
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SOFTWARE QUALITY METRIC ANALYSIS
Mala Yuliia, Kovalov V.V.

Abstract. The analysis of software quality metrics showed that there are no
common standards for choosing metrics, so each developer of a testing system must
independently propose their own methods for assessing software quality, taking into
account the characteristics of the industry in which the software product will
operate.

Keywords: software, quality, metric, measure, quality assessment method.
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PO3POBKA BUMIPIOBAJIBHOI'O KOMIIVIEKCY JJ151 BUBHAUYEHHS
KIHEMATUYHUX XAPAKTEPUCTUK BIBPAIIIFTHOTO TPOXOTA
Kononos [1.0., Ocramnuyk 10.A.

HasuanbHo-HAyK08020 iHCMumymy npomucaosux i 6i3Hec mexHoioziti YKpaiHcoKozo
depxcasHozo yHigepcumemy HayKu i mexHosoziti (/[Hinpo, Yxpaina)

MeTa po06OTH: PO3POOUTH CXEMY BMMIipIOBaJIbHOIO KOMILIEKCY, B YMOBax
poboTH J1abopaTOpPHOTO BiOpaIliifHOTO TPOXOTYy 3 BiOPOAKTMBHOIO CiIOUOIO
1oBepxHelo, po3pobku kKadbeapu MAMB VIVHT (wactora kommBaHb 25 T,
MaKCUMaJIbHa aMIUIiTyna 4 Mmm). Tpeba BU3HAUMTY JIiHiViHI IPUCKOPEHHS i KYTOBY
IIBUJIKICTh TOBOPOTY €JIeMEeHTiB I'POXO0Ta.

Buoip maTumka Ta MiKpOKOHTpoJiepa

HOaTamk. [I1s1 moCIiaskeHHS KiHeMaTUKM PyXy IMOTPiOHO BMOpATH BiAIIOBimHMI
IaTuMK. Pe3yabTaToM aHasi3y eeMeHTHOI 6a3m € momysi GY-521, GY-91i GY-85.

OCHOBHI XapaKTepUCTUKM JATUYMKIB, 38 IKMMM MPOBOAUIOCS ITIOPiBHSIHHS - 11€:
Jiara30HM TipoCKOIla i akcejiepoMeTpa, MakcuMajabHa vactora iHTtepdeiicy 12C Ta
SPI, vactora auckpetu3sailii, koedillieHT mepeTBOpPeHHs, HeiHiliHICTb, 1IyM, I[iHA.
Hukue HaBefeHa TabIuIIS 3 XapakKTepucTUkamMmm Moaytis [1,2,3].

Tabmuus 1 - XapaKTepUCTUKY JATUMKIB MOJIOKEHHS

Ha3Ba mopyns GY-521 |GY-91 |GY-85

MiKpocxema MPU- MPU- lipockomn ITG 3205, akcenepomeTp
6050 9250 IADXL345, kommac HMC5883L ..

Jliama3oH ripockomna. ° /¢ + 250, = 500, £ 1000, = 2000

Jliama3oH akcejepomeTpa, g F2.+4,+8. £16

iHTepdeiic 3B'I3Ky 12C 12C 12C, SP1
MakcuMasibHa 4acToTa 400/1000 400/1000 400/1000
inTepdeiicy 12C / SPI, kI'11

Yacrorta guckperusauii. ' 1000 1000 1000

Kpim Toro moaynb GY-521 Ha mikpocxemi MPU-6050 MicTUTh 3araTeHTOBaHM

KoMmIlaHi€elo InvenSense 1poiiecop 0OpOOKM CUTHATIB, BUKIMKAHUX PYyXOM
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DigitalMotionProcessor (DMP), 3gaTHMii 06po6asiTH 9-TM KOOPAMHATHI aJrOpUTMMU
MotionFusion. DMP moske 6yTy BUKOPUCTaHMI IJIs1 CKJIaJHMUX PO3PaXYHKIiB.

MikpokoHTposiep. [l yIpaBaiHHS BCi€l0 PoOOOTOI0 CUCTEeMM, TMOTPiOHO
BUOpaTy BiAIOBiZHMIT MiKpOKOHTpoJjep. OCKiIbKM MiKPOKOHTpOJEp BUKOHYE
OCHOBHY (YHKIIil0 B BMMIipIOBaJbHOI CMUCTeMi, BiH IIOBMHEH BiAIIOBimaTU BCiM
BUMMOTraM A0 OaHoi cucTtemu. IIpoBiBIIM aHasi3 CydyacHOi ejieMeHTHOiI 6asm, Oyin
Bimibpani 6 MikpokoHTposiepiB (ATmega328P, ATmega2560, ATmega8U2,
ATmega64, AT91SAM7S321, MSP430F157). IlapameTpu, 3a SIKUMM IIPOBOIMUIIOCS
MOPiBHSHHSA: poboya Hampyra, omepaTuBHMi npuctpiii (O3VY), TakToBa 4acTOTa,
MiATpUMKA TMOCaigoBHOro iHTepdeiicy I2C, HagBHICTb Takoro rmnepudepiiHOro
pUCTpoI0, Ik ALIIT i 710r0 pO3pPSAAHICTD, & TaK CAMO AOCTYITHICTb MiKPOKOHTPOJIEPiB
B MarasyHax eJIeKTPOHHMUX KOMITOHEHTiB.

[IpoananisyBaBuiy, Oyn0 o0OpaHO MikpokoHTposep ATmega328P. Bin €
ONTMMAJIbHUM 3a BCiMa OCHOBHMMM IlapaMeTpamiu, TaKMM SIK: TaKTOBa 4YacTOTa,
poboua Harpyra, O3V, duem-mamM'siTe. Tak caMo y JaHOTO MiKpOKOHTpoJiepa € BCi
HeoOXximHi mepudepiiiHi npucTpoi. Bin me ¥ € HaZOCTYNHIIIMM 3a I[iHOIO i € B
HAsIBHOCTI B Oi/IbIIIOCTi MarasyuHiB eJIEKTPOHHMX KOMITOHEHTiB. Ha MiKpoKOHTpoJepi
Atmega328P mpaiioe HanaromkysanabHa maata Arduino Uno i Nano. BoHa micTuUTh
BCe HeoOXigHe A1 po60TU 3 MiKpOKOHTpoJiepoM: 14 undpoBux BXOAiB / BUXOMIB (3
KX 6 MOXXHA BMKOPMCTOBYBaTM SIK Buxoau IIIM), 8 aHamoroBux BXOiB,
KBapuoBuit kpuctan 3 16 MI'u, USB-3'emHaHHSI, pO3'€M >KMBJIEHHSI i KHOIIKY
CKUIaHHS.

Po3po6ka (YHKIIIOHAJBHOI i CTPYKTYpPHOI cxemu cucTeMu. [IpoBimHMit
iHTepdeiic Mae KilbKa IepeBar, ajieé OCHOBHOIO IIepeBarol0 € BiJICYTHICTh
HeOOXiTHOCTI B 30BHIllIHIX aBTOHOMHMUX JKepeiaxX >XUBJIEHHS (aKyMyJIsITOpH,
6aTapei) B KO>KHOMY 3 MOJIYJIiB, IO He JOAA€ IPUCTPOIO 3aiiBOI Macu i He BILJIMBAE
Ha MPUPOAHICTh PYXiB ejeMeHTiB rpoxoTa. OCHOBHMM HeJIOJIiKOM € HeOOXiIHiCTh
KpiTJieHHsT KabesTiB Ha KOHCTPYKILil0 IPOX0Ta.

[MTocnigoBHMit iHTepdeiic 12C mo3BoJisie MmiaKmouaT 6yab-sIKi Beaydi (master) i

BefleHi (slave) mpucTpoi, sIKi cymicHi 3 M iHTepdeiicom.
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Araduine Nano
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[ poxom
GY-521
GY-97
el (ADXL 345

PucyHnok 1 — CTpyKTypHa cXxemMa BUMipIOBaJbHOI CUCTEMM OPOTOBUM iHTepdeiicom

VcranoBka patumka ADXL 345ta MPU 6050 Ha eneMeHTM eJIaCTUUYHOTO

KapTKOBOTO eJieMeHTa ITI0BepxHi, 110 TIPOCitoe, ITpuBeJeHa Ha PUCyHKax 2 Ta 3.
-

PucyHok 2 — Ycranoska gatunka ADXL 345ta MPU 6050 Ha

€JIEMEHTH €JIaCTUYHOI'0O KapTKOBOI'O €JIEMEHTa l'IOBerHi, 1110) HpOCiIOE

Po3po6ka mporpamMHoro 3a6esmnedyeHHs. Y [aHiit poO0OTi BUKOPUCTOBYETHCS
migkaoueHHs 2-x pgatuukiB MPU 6050 a6o mo omHomy gatumky MPU 6050 i
ADXL345Kk ofHi€l0 3 HaiOiNbII TONIMPEeHMX HaJaro[KyBajJbHUX IIJIaT Ha 06a3si
Arduino - (Arduino Nano a6o Mega2560) 3 momanblioi0 nepemadero iHdhopMallii mo
rocaigoBHOMY iHTepdeiicy 12C i 3ammcom maHux Ha SD mam'sTh ab0 IMepcoHATbHMIA
KOMIT tOTep.

JIJ1s1 3aITpOITIOHOBAHOI BUMipIOBa/IbHOI YCTAaHOBKM 6YJ10 pOo3p06JieHO ITporpaMHe
3a0e3I1evYeHHs], B SIKilii BUKOPMCTOBYETHCS HACTPOIMKA IESIKUX BaKIMBUX MapaMeTpiB
IaTUYMKiB i MapamMeTpiB Mepenavi faHMX 3 HUX. YacToTa 3anmcy JaHUX Ha KOMIT'I0Tep
nexuTb y mexkax 250-500 I't.

BucHOBOK. P03po6seHO cXeMy BMMIipIOBaJIbHOTO KOMIUIEKCY, B YMOBax

pob6oTy J1abopaTOpPHOro Bi6pallifiHOrO TrpoxXoTy (4acToTa KoauBaHb 25 TTi,
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MaKCUMaJbHa aMIUTITyay 4 MM).
YV 3amnponoHOBaHiii  BUMIpIOBaJbHii  YCTAHOBL  BUKOPUCTOBYETHCS
nmigkaoueHHs 2-x matumkiB MPU 6050 a6o ADXL345 no mikpokoHTposiepy Arduino

Nano a6o Mega2560). Po3po6/ieHO HeOOXiHe TporpaMHe 3a6e3I1eueHHs.

2T 025

PucyHok 3 — YcTaHOBKA €/IaCTUUYHOTO KapTKOBOTO eJleMeHTa MPOCilv0i MOBEPXHi,
Ha BibGpallifiHoMy rpoXoTi
JlitrepaTypa
1. Mopnynb GY-521 DataSheet [O71eKTpOHHBII pecypc]. URL:
https://www.invensense.com/wp-content/uploads/2015/02/MPU-6000Datasheet1.pdf -
(mata obpamenus: 25.05.2021).
2. Mogynb GY-85 DataSheet [OnektponHbiit pecypc]. URL: https://www.hotmcu.com/gy85-
9dof-imu-sensor-module-p-298.html — (mara o6parenus: 20.04.2021).
3. Monynb GY-91 DataSheet [OnexkTpoHHsblii pecypc]. URL: http://roboparts.ru/products/gy-
91 - (mara obpaimenus: 15.02.2022).
4. MukpokoHTposuiep  ATmega328P  DataSheet  [dnekTponHbiit  pecypc].  URL:
http://ww1l.microchip.com/downloads/en/DeviceDoc/Atmel-42735-8-bitAVR-
Microcontroller-ATmega328-328P_Datasheet.pdf — (mara o6pamenus: 15.02.2022).
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DEVELOPMENT OF MEASURING COMPLEX FOR DETERMINATION OF
KINEMATIC CHARACTERISTICS OF VIBRATION SCREEN
Kononov Dmytro, Ostapchuk Yury

Abstract. A scheme of the measuring complex has been developed, in the
conditions of operation of a laboratory vibrating screen with a vibroactive sowing
surface developed by the department of MAMV UDUNT. The oscillation frequency of
the screen elements is 25 Hz (1470 rpm) and the maximum amplitude is 4-5 mm).

A comparative analysis of sensors-accelerometers and microcontrollers has
been carried out.

The proposed measuring setup uses the connection of 2 MPU 6050 or ADXL345
sensors to the Arduino Nano microcontroller. The measurement limit of these
sensors lies within + 16g, which corresponds to the operating parameters of the
vibrating screen. Sampling frequency 1000 Hz. Sensors are connected to the
microcontroller via the I2C interface. The frequency of data recording to the
computer is in the range of 250-500 Hz.

The necessary software has been developed.

Keywords: vibrating screen, elastic sieve, MPU 6050, ADXL345, Arduino.
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CEKIIA 5

ITPOTPECHUBHI IH®OOPMAIIIVIHI TEXHOJIOTT TA

OPT'AHI3AIIA CYYACHOI'O BUPOBHULITBA

SECTION 5

PROGRESSIVE INFORMATION TECHNOLOGIES AND ORGANIZATION OF
MODERN PRODUCTION

214 ISSN-online 2708-01



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2022

DOI: 10.34185/1991-7848.itmm.2022.01.038
®AKTOPHU BIUVIMBY HA ®OPMYBAHHS MEXAHIUYHUX BJIACTUBOCTEN TA
CTPYKTVYPY CTAJIEH JIJ7I1 BUTOTOBJIEHHS 3AJII3HUYHUX OCEN

ba6auenxko O.I., Toro6uubka I.M., baimaxanosa T.B., Konouenko I'.A.

Incmumym uopHoi memanypeii im. 3. I. Hekpacosa HAH YkpaiHu, /IHinpo, YkpaiHa

OgHMM 3  HaBOKIMBIIIMX HOPMOBAaHMX IIOKAa3HMKIB  BJIACTUBOCTEN
3aJi3HMYHMUX OCeli € ymapHa B'SI3KICTb, SKa € KOMIUIEKCHOK XapaKTePUCTUKOIO
MeXaHIYHMX BJIAaCTMBOCTEN Ta 3aJIeXXUTh BiJl CTPYKTYPHOIO CTaHy MaTepiaiy Ta oro
xiMiuHOTO CKIamy. MeTra pobOTM TojSTajia y BCTAHOBJIEHHI ITapaMeTpiB
SIKOCTi 3aJ1i3HMUYHUX OCei, SIKi KOHTPOJIIOKTHCS HasIBHOI0 HOPMAaTUMBHO-TEXHIUHOIO
IOKYMEHTAlli€l0 Ha yOapHy B’SI3KicTh. B pob0Ti OynM BUBUEHiI XapaKTepPUCTUKU
IBOX MacCKBiB MPOMMCIOBMX HaHMX XiMIYHOTO CKJIagy Ta MeXaHIuHUX
BJACTMBOCTEN 3pa3KiB, BimiOpaHMX Bif YOPHOBMX 3ajli3HMYHMUX OcCeit 3i craneit
mapok OC (~0,44 % C, 0,71 % Mn, 0,22% Si) ta EAIN (~0,35 % C, 0,86 % Mn,
0,21% Si). 'o/10BHOIO BiIMiHHICTIO BUOIpOK Oy CIIOCOOM BUTOTOBJIEHHSI BUXiTHUX
0e31mepepBHOMUTUX 3aroTOBOK: cTajb Mapku OC BUTOTOBJ€HA KOHBepPTEPHUM
criocoboMm 06e3 MPOXOMKEHHSI oOIlepallii BaKyyMyBaHHSI; cTajdb Mapku EAIN
BUILIaB/IeHA B eJIeKTPOIledi 3 MPOXOMKeHHSIM Mpoliecy ferasailii y BakyymaTopi. Y
KOKHiii BMOOpIII OYyJ0 BUIiJIEHO 2 MaCuBM, SIKi MaJM TOHVDKEHI Ta IMigBUIIEHi
3HAuUeHHS yJapHOi B'SI3KOCTi. AHajIi3 BiMiHHOCTe MTOKa3HUKIB BMOipOK MPOBOAMIN
3a JOIOMOroio t-kpuTepisi CTbiofeHTa.

[lokasaHo, 1m0 OiMbIIiCTh (pAKTOPIiB MalTh OJHAKOBMII  XapaKTep
B3a€MO3B’SI3Ky 3 BIUIMBY Ha MOKA3HUKU YAAPHOI B’SI3KOCTI A1 MacuBiB IBOX MapoOK
crasi (puc. 1).

Briepiie mokasaHa BiAMiHHICTh BIUIMBY [E€SIKUX XiMIiYHMX €JIeMEHTIB CTaJIi [Jisi
3aJIi3HMYHMX OCel Ha piBeHb yAAapPHOI B’SI3KOCTi, 30KpeMa BMICTY CipKM Ta MapraHIII0
Ha MOKa3HMKM yAapHO1 B’SI3KOCTi [IJISI ABOX MapOK CTaJleli.

7 BimOKpeMJIIOBaHHSI MOXJIMBOTO BIUIMBY BYIJIELI0 Ha OCOOJIMBOCTI
dbopmMyBaHHSI CTPYKTYpU TOpPiBHIOBa/IM 3pa3ku BymieleBoi ctani Mmapku OC
6/IM3bKOr0 XiMiYHOTO CKJIay, BimiOpaHMX Bim rapsyekaTaHMX Ta TEPMOOOPOOIEHMX

3aroToBOK.
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PucyHok 1 — CTaTUCTUYHMIT aHAJTi3 BIUIMBY [IapaMeTpPiB Ha 3HAaYeHHS YAAPHOI B’SI3KOCTi:
[J - napameTpu 3 NpsIMONPOIOPLifiHMM BIUIMBOM Ha MOKAa3HUKM yAAPHOI B’I3KOCTI,

B - napameTpu 3i 3BOPOTHLOIIPONOPILiIHMM BINIMBOM Ha IMOKA3HMKY YIAPHOI B SI3KOCTI

OcbhOBi 3aroTOBKM Oy/M BUTOTOBJIEHI B YMOBAax OIOHOTO ITiATIPMEMCTBA, TPU
O6/M3bKUX TEeMIIepaTypHO-4acoOBUX pexkuMax aedopmailiitHoi o6po6Ku. T'0JI0BHOO
BiIMiHHICTIO OyaM camMe CITIOCOOM BUTOTOBJIEHHSI BUXIAHMUX Oe3MepepBHOTUTUX
3aroToBOK. Y poOOTi MokasaHo, 10 MPU ifeHTMYHOMY HOPMOBAHOMY XiMiYHOMY
CKIaai cTaji Ta OJHAKOBiii medopmarlliiiHo-TepMiuHiii 00pob6Ii dopMyBaHHS
ocobmmBocTeit MOpdOJIOTii CTPYKTypM rapsiuekaTaHOro IMPOKATy BimOyBa€TbCs IO-

pizHOMY (puC. 2).

PucyHok 2 — MikpoctpykTypu ctaji mapku OC micasa medopmaiiii i Hopmastisaiii:

a — He BaKyyMOBaHa KOHBepTepHa CTaJib, x200;
6 — BaKyyMOBaHa eJIeKTpoCTab, x200
3pa30oKk He BaKyyMOBaHOi OCbOBOi CTaji KOHBEPTEPHOTO BMPOOHUIITBA Ma€
OibIlI OFHOPIAHY CTPYKTYpy 6e3 JIOKadbHMUX MOiSTHOK CKyIUeHHS Iepiaity abo
deputy. IlokazaHo, 1m0 QopmyBaHHI ¢GepUTHOI OTOPOYKM B JUISTHKAX
MiKkpocerperaliii BimOyBa€eTbcs He TiIbKM Oisig cynbdimiB MapraHifio, ajge i BUHMKAE

Ha TJi HaiApiOHIMMX OKCUIHMX BKIIOUEHb. Y 3paskax eJeKTpoCcTali, MOoIpu
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HVDKUMI BMICT CipKM i 3ara3oBaHOCTI CTasli, CIIOCTEePiraeTbCsl 3HaYHA CTPYKTypHa
HEOHOPiAHICTh, MPY IIbOMY HaBKOJIO CyIb}iAiB popmMyeThCs UIiIbHMI ITIAP TIEPJIiTY.

BusHaueHo, [0 IpU BUOOpPi ONTUMAIBHOIO XiMIiUHOTO CKAAmy CTasi s
BUTOTOBJIEHHS BiAIIOBiganbHMX [eTajieil 3ai3HMYHOIO IPU3HAYEHHSI, HEOOXiTHO
OpaTu OO yBaru CIioci6 BMpPOOHMIITBA CTasli, BUXiIHI MaTepiaJyM Ta TEeXHOJOTiYHi
0COGIMBOCTI MeTalyprifHOro MigIpPUEMCTBA, OCKJIBKM CTajb HAaBiThb OJJM3bKOTO
XiMIYHOrO CKJIany MOXe MaTu pi3Hy IIpUpoAy CTPYKTYpPOYTBOpeHHs. [lis
3a6e3MeYeHHs BMCOKOTO KOMILIEKCY BJIACTMBOCTEN METaJIONPOAYKIlii, pexXumu
nedopMalliifHO-TepMiYHOrO OOGPOOJISTHHS, 3aCTOCOBYBAHi Ha ChbOTOMHI, BMMAaraloTh

KOPUTYBaHHSI 3aJ1€5KHO Bifl 0COGIMBOCTE BUTIJIABKM CTaJIi.

INFLUENCE FACTORS ON THE FORMATION OF MECHANICAL PROPERTIES
AND STRUCTURE OF STEEL FOR MANUFACTURE OF RAILWAY AXES
Babachenko Oleksandr, Tohobytska Daria,

Balakhanova Tetiana, Kononenko Hanna

Abstract. The characteristics of two industrial data sets with chemical
composition and mechanical properties of rough railway axles steel samples of OC
and EAIN grades are studied. The main difference between the samples was the
methods of manufacturing the original continuously cast blanks. Steel brand OC is a
converter manufacturing method without undergoing a vacuum operation. EAIN
steel is smelted in an electric furnace with a degassing process in a vacuum cleaner.
In each sample, two arrays were identified with different reduced and increased
values of toughness. Analysis of differences in chemical composition was performed
using Student's t-test. It was found, that when choosing the optimal chemical
composition of steel for the manufacture of critical parts of the railway, it is
necessary to take into account the method of steel production, raw materials and
technological features of the metallurgical enterprise, as steel of even close chemical
composition may have a completely different structure.

Keywords: railway axes, toughness, chemical composition, mechanical

properties, manganese sulfides, microstructure.
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OCOBJIMBOCTI BUKOPUCTAHHS METO/IIB BEKTOPHOI OIITTUMI3AIIII
OJIsI BUBOPY OIITUMAJIBHOTI'O CKIIALY
BATATOKOMITOHEHTHOI JOMEHHOI IINXTH

Benbkosa A.l., Toroounpka 1.M., Crerranenko /1.0, Jlixauos 10.M.

IHcmumym uopHoi memanypeii im. 3.1. Hexkpacosa HauioHaivHoi akademii Hayk YKpaiHu

HecTabiabHICTh IIMXTOBUX Ta €HEPreTMYHMUX YMOB CY4aCHOI IOMEHHOI IIJIaBKU
BUK/IMKAE CYTTEBI KOJAMBAHHSI XiMiYHOTO CKJIa[Ay YaBYHY Ta ILIaky. Ile o6ymoBIioe
HeOoOXiTHICTh OMepaTMBHOIO MPOTHO3Y CKIAaAy Ta BJIACTUBOCTEN MPOAYKTIB IIABKU
Ta pO3B’SI3aHHS OOEpHEHOI 3aJaui — oNTMMi3alii IMMXT30BMUX Ta TEXHOJOTIUHUX
YMOB, IO 3a0e3IeuyylTh HEOOXilHi TeXHiKO-eKOHOMiUHi ITOKa3HMUKM IIPOLeCy
BUIIABKM YaBYHY.

OnTumisanisi CKaagy MOOMEHHOI IIMXTUM TIOJISITa€ Y BU3HAUYEHHI TaKOro
ONTUMAJIBHOTO HAabOpy BXigHMX MapamMeTpiB 3aBaHTAXKyBaJIbHOI ITOHAyi, SIKMIA
3a0e3IeunTh BUIUIABKY YaByHY HeEOOXiMHOTO CKIamy IIpUM  MaKCUMAaJIbHiiA
MIPOMYKTUBHOCTI JOMEHHOI Medui, MiHiMaJbHiiI BUTpaTi Kokcy abo (i) cobiBapToCTi
yaByHy. [Ipy bomy Tpeba 3aJOBOJBHUTY BCi BUMOTH, SIKi HAK/IaJAlOTbCS B SKOCTi
obMeskeHb Ha BXiJHi (BUTpATM Ta XiMiUHMIA CKJIaJ KOMIIOHEHTIB IIMXTU) Ta BUXigHI
rmapamMeTpu, a TaKOXX Ha ITOKa3HMKM, IO OMUCYIOTb MPOIleCH AOMEHHOI IJIaBKU
(TexHOJOTiUHI 06MeskeHHs). J[OIiMbHICTh 00JIiKY JO/IaTKOBOIO KJIACy TEXHOJIOTTUHUX
oOMmeskeHb, 110 3a0e3IeuyloTh pallioHaJbHUII Iepebir arperaTHUX MepeTBOPeHb Yy
Teyi Ta cripsiMmoBaHe (popMyBaHHS PO3IJIaBiB HEOOXiJHOTO CKIaAy Ta BIACTUBOCTEN,
3YMOBJIIOE TPAKTUUHY pPeIbHICTb OTPUMMAHOTO pillleHHS IIpU MaTeMaTUIHOMY
PO3B'sI3aHHI ONTMMI3allilfiHOl 3a/aui.

MaTemaTuuHa MOCTaHOBKA PO3B'SI3yBaHOI 3ajadi ONTMMIi3allii (OpMYIHETHCS

K 3HAXOKeHHS BEKTOpa BUTpAT IUMXTOBMX MarTepiamiB X =(X,X,,...X, ), ILIO
3abesneuye MiHiMym QyHKUii z(X)=2z(X,X,,...X, ), e MHOXMHA X BMU3HAYA€TbCS
SBHMMM OOMEXeHHSIMM d, <Xx,<b 1pu i=L,m (1-ro pomy), a TakOX HeSIBHUMM
0OMeXXeHHSIMU g/.(x)gljnpm j:l,_h (2-ro popny).

B gaxkocTi 1inboBoi  QyHKIII MOXyThb BUCTyHaTU BUTPATU  KOKCY,
MPOOYKTUBHICTh Tedi Ta iH. Cyif 3a3HAUMTH, IO KPiM BU3HAUEHHST TPAOUIIMHUX

KpUTepiiB oNnTMMi3allii Moske BUpIlTyBaTHUCS 3a7aua ONTUMi3allii 6e3 QyHKIIii MeTu

IIJISIXOM TIOIIIYKY 00JIacCTi pillieHHsI, 1110 3abe3mevuye HeoOXigHI rpaHNYHI YMOBM.
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ChopmynboBaHa 3a7aya HaJEXWUTh [0 KIacy 3aBJaHb 0araTOKpUTepialbHOI
YMOBHOI HejiHiitHOi onTumisarii. Oco6nuBicTIO TaHOi 3amayi € HesIBHE 3aBIaHHS
GyHKIIII MeTM, OCKUJIbKM BUXiZHI IMapamMeTpyu pO3PaxOBYIOTbCSI 3a TOIIOMOTOI0
aJATOPUTMY IMTPOTHO3YBAHHS CKJIAAy Ta BAACTMBOCTEN KiHIIEBUX IMPOAYKTIB IIJIaBKU B
3aJIe)KHOCTI BiJ, IHTerpajabHUX IMOKAa3HMUKIB WINXTYU Ta TeXHOIOril [1]. AnroputMmiuHe
3aBHaHHs QYHKIIiVi MeTH, B3a€MO3aJIeSKHICTh BXiJHMX IMapaMeTpiB, BUKOHAHHS BCiX
oOMekeHb Yy BUIVISAI HepiBHOCTeN i piBHOCTeli BM3HAUYa€ CKIAAHICTh QJITOPUTMY
pO3B'sI3aHHS 1Ii€i 3amaui. [TepeBipka Ta BUKOHAHHS IIPU MOIIYKY pPillleHHS 0OMesKeHb
He TUIbKM Ha BXiJHI Ta BUXiZHI MOKa3HMKU, a M Ha IPOMIXKHI PO3paxyHKOBI
XapaKTepPUCTUKM TIPOIIECiB IUIAaBI€HHS Ta BiHOBJIEHHS I1eUi 3yMOBJIIOIOTh PO3POOKY
IOIATKOBUX aJITOPUTMIUYHMX HPUIMOMIB IIPM BUKOPUCTAHHI BilOMMX MaTeMaTUUHUX
MEeTO/iB OIITMMi3allii.

JKogeH 3 icHylouUMX MeTOIiB 6araToBMMipHOI YMOBHOI HeJiHiiiHOI onrTMMi3aliii
He € yHiBepcaJibHMM. HaiiGinbll NMPUITHATHUM IigXOIOM [JIsS BUpIillleHHS 3amadi
6araToOKpuUTepiaJibHOI (BEKTOPHOI) ONTUMI3allii B HAIlIOMY BUITAAKY € BUKOPUCTAHHS
MeTony nedopMoOBaHOro OaraTorpaHHMKAa 3 YypaxXyBaHHSIM YMOBM YCITiIIHOCTI
BMOOpPY KPOKYy ab0 HampsiMKy. [lepeBaroi CMMILJIEKC METOMy € BUKOPUCTAHHS JIMIlIe
3HaYeHb (QYHKIiI B TOYKaxX i BiACYTHICTb pO3paxyHKy TIpafi€HTa, OITMMAajbHe
pillleHHSI 3HaXOAMUTbHCS 32 PAxXyHOK IOC/TIiOBHOrO IepeMillleHHsT Ta JedopMyBaHHS
cumiiekcy (N-mipHOro 6araTOKyTHMKA) B 00JIaCTi TOUKM eKkcTpemymy. OmHaK
CMMILJIEKC MeToA, Ta MeTojn medopMoBaHOro OaratorpaHHuka (Hemmepa - Miga)
BiTHOCSITBCSI IO METOMiB 0€3yMOBHOI ONITHMi3aIlii.

KommiekcHuit meton bokca [2] € mopudikalli€lo CUMIIIEKCHOTO MeTOIy
Henmepa - Miga, mpore m[o3Bo/sie BpaxoByBaTu oOMeskeHHs. OCHOBHa imes
KOMIUIEKCHOrO MeTony bokca mosisirae B IMOC/IILOBHIN 3aMiHi CYKYITHOCTI TOYOK
nesikoi KoHdirypailii, BigmameHux Bif ekcTpeMyMy, Ha Gisbil 671M3bKi 10 HhOro. Ha
BiAMiHY BiJl CMMIIJIEKCHOTO MEeTOY, Y MeTo[i bokca BUKOPMUCTOBYETHCSI BUITAJKOBUIA
Habip N TOUOK - Tak 3BaHMit KoMmIiexc, o ckiaamaeThes 3 N = 2m TOUOK.

Ha mepmiomy erari MeTomy 3AiMiICHIOEThCSI BMOIp IIOYATKOBOI TOUKU -
dbopmyBaHHS BuXigHOro KomIuiekcy, KOOpAMHATY SIKOTO BM3HAYAIOTHCS 3@ NMEBHUM
IIpaBMUJIOM i3 0O0OB'SI3KOBMM BMKOHAHHSIM SIBHMX 0OMeEKeHb. Y HAIIOMYy BUITAOKY Iie
BKkasaHi KopucrtyBauem oOMe)XeHHSI Ha BUTpaATM MaTepiamiB. Y KOXHill BepiinHi
KoMIuiekcy BUMKOHYETHCSI MepeBipka OOMeskeHb 2-TO poAdy, TOOTO. TEXHOJOTiUHUX
obMekeHb Y paMKax BUpIIIEHHSI HAIIOTO 3aBIaHHSI ONTMMIi3sallii. Ko B omHii 3

BepiminH Komriekcy o0OMeKeHHS He BMKOHAHi, 3[iMCHIOETHCSI OIepariss ix
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«3MillleHHs» A0 LeHTpy Komruiekcy, TOOTO 3MIiHIOETbCS HAmNpsSIMOK BUOOPY
KOOpAMHAT Yy [JOMyCTMMIiii ob6sacTi pimeHHsl. IIpoiec 3MmillleHHS OJs1 KOXKHOI
BepPIIVHU TPUBAE IOTH, TOKM He OYIyTh BUKOHAHI BCi 0OMeXKeHHS.

Hani BigMoBiZHO MO0 aJropuTMy MeTomy bokca 00UMCITIOETBCS 3HAUEHHS
IIiJIbOBOI  (YHKIIiI (KpUTEpPil0 ONTUMAIBHOCTI) [IJS BciX BepmuH Komruiekcy,
BUOMPAETHCSI i BUKIIOYAETHCS BepIUIMHA 3 HAWTIpIIMM 3HAuYeHHSIM (3 OISy
eKCTpeMyMY), BU3HAUYAETbCS LIEHTP HOBOro Komruiekcy i mepeBipsSi€TbCSI yMOBA
3aKiHUeHHS TIOLIYKY 3a IIeBHMM TIIpaBujiom. IIpoliemypa 3aMiHM <«Haripiioi»
BepIIVHM HOBOI Ta cTUCHeHHS KoMIlieKcy 3/1i/iCHIOETbCS IOTH, TOKM Oy/le BUKOHAHO
YMOBY 3aKiHUeHHSI TIOIIYKy, TOOTO He Oyle 3HalileHO pillleHHs i3 3aJaHOI0
TOYHICTIO.

Ins omTumisaliii cKiagy [TOMEHHOI IIMXTM Ha OCHOBI MoaugpikKoBaHMX
cumiuiekc metofiB (bokca, Heamepa — Mima) Hamu 6y/10 po3po6/ieHO aJiTOPUTM 3
ypaxyBaHHSIM 3aJlaHUX MPiOPUTETIB LIbOBUX (YHKIIil (KpUTepiiB onTuUMi3allii) Ta
B3a€MO3B'I3Ky BXiIHMX IapaMeTpiB AJjis1 3HAXOMKEHHS ONTUMAaJbHUX 3HAUEHb Yy
3aaHil 006y1acTi 0OMeykKeHb.

Po3po6ieHnii  aJropMTM BKJIIOUAE IPOIEAYypy IIO€TAamHOI ONTMMi3alii 3a
BUILMM IIPiOPUTETOM, aHa/li3 B3a€MO3B'SI3KY BXigHMX IOKa3HMKIB Ta TpafieHTa
BIUIMBY Ha 3aJaHi (yHKIIii, BHAC/JiJOK YOTO 3HAXOAUTbCS MpuiiHATHe (3a IlapeTo)
ONTUMa/IbHE KOMIIpOMiCHe pillleHHSI B 3aJaHiii 00yiacTi 0OMeKeHb, BKIIOYAIOUU
00JTiK TeXHOJIOTiYHMX 00OMEesKeHb MO0 BUKOPMUCTAHHS Pi3HMX KOMIIOHEHTIB Y CKJIaIi
HIUXTHU.

[Ipu BupimeHHi 3agadi BMOOPY OINTMMAJIBHOTO CKJIaLy 0araTOKOMITOHEHTHOI
MIVXTY IJIS1 CYyYacHMUX YMOB POOOTM JOMEHHOI ITedi, IO IMpaIloe€ 3 BUKOPUCTAHHSIM
MMUJOBYTUJIBHOTO TlajuBa Ta MHPUPOJHOrO rasy, B SIKOCTi KpuTepiiB omTumisarliii
00paHO MaKCMMYM BUMPOOHMIITBA YaBYHY (Bara uaByHy B TOHHaX) Ta 0OMeKeHHS Ha
BMICT CipkM B UaByHi, sike i1 JaHUX TEeXHIUYHMX YMOB [TOMEHHOI IIJIaBKM Mae€
sHaxoauTucs B mexkax 0,03-0,035%. PecypcaMu onTuMi3ailii 00paHo: Bara OKaTUIIIB
(mns  migBUINEHHS BUPOOHMIITBA UYaBYHy), Bara MOC-2 (st 3abesnedyeHHS
cTabinizanii OCHOBHOCTI MIMXTH/IIUIAKY) i BMicT MgO B arjioMepari (1 TOJTiIIIeHHS
PiIMHHOI PYXJIMBOCTI MIIAKY i MOJiMIIeHHs Jioro mecynbdypyroiieil 3gaTHocTi). Ha
BMOpaHi IMOKa3HMKM HaKIaJeHO OOMeskeHHS Y BUIJISIAI Hialla3oHy IOMYCTUMMX

3HaueHb (puc.).
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PucyHok — BapiaHT pilteHHS 3a/aui ONTMMIi3allii JOMEeHHOI IUXTU JJIs
KOHKPETHMX YMOB pO6OTI/I ,ELOMeHHOi rneui

B pesynbraTi pobOTHM aArOpUTMy OITMMi3allii 3HAWIEHO pillleHHS, IO
3aJI0BOJIbHSIE OOpaHiii 1LinboBiii (GyHKIii B chopmoBaHiii cucTemi oOMekeHb Ha
BXi[Hi Ta MPOMIXHI mapameTpu. 30KpeMa, 38 PaxXyHOK ITiABUIIEHHS y IToJlaui BUTPAT
okatumiB 3 7,35 mo 7,71 TtH Ta pob6aBkum MOC-2 3 0,34 mo 0,97 TH, a TakKoX
niaBuiieHHsT BMicty MgO B arnomepati 3 1,49 go 1,78% Moske 6yTu 36ibliIeHO
BUPOOHMIITBO YaByHy 3 13,31 mo 14 TH. [Ipu mpomy OyayTh BUKOHyBaTucs TVY 3a
XiMiYHMM CKJIaJlOM YaByHy Ta IIUIaKy: BMIiCT y 4aByHi KpeMmHito [Si]=0,51%
(3Husunocst Ha 0,04%), cipku [S]=0,033% (3HM3Mnocs Ha 0,011%) Ta 3HaUYeHHS
ocHoBHOcTi mwiaky CaO/Si02=1,1 opx. [Ipum mnomyky pillleHHS BUKOHYBaIacs
repeBipKa Ta BMKOHAHHS TEXHOJIOTiYHMX OOMEXeHb, 30KpeMa, Ha ITOKa3HUKU
chopMOBaHMX IO ONTUMAIbHOMY CKJIaAy MOJayvi MepBUHHMUX i KiHIIeBUX PO3TIaBiB,
BJIACTMBOCTi SIKMX 3a0e3I1euyIoTh HOpMaJjbHe IMPOTiKaHHS MPOIeCiB BiTHOBIEHHS i
TJIaBJIEHHS Ta CIPUSIOTh BUCOKUM TE€XHIKO-eKOHOMiUHMM MOKa3HUKaM IJIaBKU.

TakuM 4MHOM, 3a [IOMOMOTOI0 PO3POOJIEHOTO AJTOPUTMY 3 BUKOPUCTAHHSIM
METO[IiB BEKTOPHOI ONTUMi3aliil 3HaX0AUTbCS NpuitHaTHe (3a [lapeTo) onTumasbHe
KOMIIPOMiCHe pillleHHS B 3a/iaHiit 006yiacTi oOMeskeHb, 10 H03BoJjisge chopMyBaTH
peKkoMeHaallii

HAyKOBO OOGI'PYHTOBaHi IOJ0 BMOOpPY palliOHAJBHOIO CKJIAIy

IMNXTOBUX MaTepianiB Yy CY4aCHUX YMOBaxX 1OMEHHOI'O BI/IpO6HI/[LITBa.
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SPECIFIC FEATURES OF VECTOR OPTIMIZATION METHODS FOR SELECTING
THE OPTIMAL COMPOSITION OF BLAST FURNACE CHARGE
Bielkova Alla, Togobitskaya Daria, Stepanenko Dmytro, Likhachov Yurii

Abstract. Technological and mathematical formulation of the problem of
optimizing the composition of multicomponent blast furnace charge, which will
ensure the melting of cast iron of the required composition and the given technical
and economic indicators of the melting is formulated. The features of the developed
algorithm for solving the problem of multicriteria conditional nonlinear
optimization with the use of modified simplex methods (Box, Nedler - Mead) are
outlined. As a result, an optimal compromise solution in a given area of constraints
is found, taking into account a special class of technological constraints, which
makes it possible to form scientifically valid recommendations for choosing a
rational composition of charge materials in modern conditions of blast furnace
production.

Keywords: vector optimization methods, multi-component blast furnace
charge, technological constraints, optimality criteria, model.
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BUKOPUCTAHHS MYPAILIMHOI'O AJITOPUTMY OITTUMI3ALIIL B
3AJTAYI KOMIBOSIXKEPA

boiiko JI.T., JIsmenko I.C.

IHinposcovKuti HayioHanvHutlli yHigepcumem imeri Oneca I'oHuapa, YkpaiHa

Bceryn. OcTaHHi AeKiibKa JeCITUIITh JOCTIIHUKY BCe YacCTillle 3BepTalThCs 10
MIPUPOJHUX AJITOPUTMIB MOILIYKY ONTUMa/JIbHMX pPO3B’sI3KiB. [IpMpoaa BiampaioBaia
IIi aITOPUTMM IIPOTSITOM MiJIbiIOHIB POKiB B Ipolieci aganTailii ¢aopu i dayHu 1o
HaBKOJIUIIIHbOT'O CEpelOBUILA.

MypauHuii aaropuTmM ONTUMi3allii € OogHUM i3 e(QeKTUBHUX CydyaCHUX
aJATOPUTMIB [JISI 3HAXOKeHHS HaOMMKeHMX PO3B’SI3KiB 3amavi KOMiBOsbKepa, a
TaKOX PO3B’SI3yBaHHSI aHAJOTIYHMX 3ajay MOIIYKy MapuipyTiB Ha rpadax. Lleit
aJITOPUTM MOJIe/II0€ KOJIEeKTUBHY MOBEeIiHKY MYpaIIMHOI KOJIOHii ITif yac MOIIyKy
ixxi. Ilepma Bepcisi wmporo anroputMmy Ant Colony Optimization, (ACO)
3arnporoHoBaHa Mapko Jlopiro y 1992 porii [1]. Yepe3 mesikuii yac B JiitepaTypi 6ys10
3aIIPOIIOHOBAHO JeKisibKa moaudikaiiit ACO, cepen SIKMX HaMOIIbII YCITIIIHUMMU €:
Ant Colony System ACS [2] Ta Max-Min Ant System MMAS [3].

ITocraHOBKa 3ajavi KomiBospkepa. /[aHO MHOXMHY MiCT, a TaKOX BifCTaHb
MiX yciMa MOXIMBMMM IMapamMyu Hux MicT. HeoOXimHO 3HaiTM MapuipyT, SIKUiA
MIPOJISITa€ yepe3 yci micTa (uille MO0 OJHOMY pasy), Ta MOBEPTAETHCS Y MOYATKOBE
MicTO, IpM 1bOMYy, CyMapHa [OBXWMHA IIPOJIEHOrO0 MapIIpyTy Mae OyTu
MiHiMaJIbHOIO. PO3rsimaeMo cMMeTpMYHMIA BapiaHT 1ii€i 3aad4i.

Komm’iotepHi ekcmepumeHTH. Po3pobieHa mporpamMHa  peastisailis
anroputmiB ACO, ACS, MMAS moBoio mporpamyBaHHst C# y cepemoBuiii Microsoft
Visual Studio Community 2019. IIporpaMHuit MpoAyKT € 6araTOMOTOKOBUM, TOOTO
ITiJT yac BUKOHAHHS PO3PaxyHKiB iHTepdeiic He 6JIOKYEThCS, [0 HAA€ MOXKIMUBICTD
KepyBaTM IpOIleCOM BMKOHAHHS  aJrOpPUTMiB, a caMe: 3allyCKaHHSM,
TIPU3YIIMHEHHSIM, 3YIIMHEHHSIM, BiTHOBJIEHHSIM po6oTu mporpamu. Ha puc. 1, 2, 3
MoKa3aHi pe3yabTaTu pOOOTM MporpamMy Ha KOHKPETHOMY MPUKIAAI KOKHUM i3
anropuTMiB. Pe3yibTaTit po60THM MporpamMmu BUBOASITHCSI Y BiKHO iHTepdeiicy ogpasy
K TIiCIsT 3aKiHUEeHHST TTOTPiOHO1 KiIbKOCTI iTepailliit, abo mic/st KOsKHOI iTepallii, SIKIIO0

TaK 3py4HO.
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B mnpukinazi maxkcuManbHa KiJbKicTh iTepamiit - 400; 3adikcoBaHO
BUMNAJAKOBUMM YMHOM KiJbKiCTh MiCcT — 60; KijbKicTh mypax — 20. PesynbTaTamu
pOOOTH IIPOTPaAMM €:

— Bi3yasisallis HaMKOpPOTLIOrO II0 [OBXWMHI 3HAiJeHOro MapuipyTy 3a
OCTaHHbOIO iTepallieo (JliBa YacTMHA BiKHA iHTepdeiicy);

- rpadiuyHa 3aJeXHICTh MOBXKMHM HAMKOPOTIIOTO MAapUIpyTy Bil HOMeEpY
iTeparrii (mpaBa yacTMHa BikHa iHTepdeiicy);

— IOBXXMHA HAaKOPOTIIOI0 3HAMEHOr0 MapuIpyTy (IIpaBOpPyY 3HU3Y);

— HaliMeHIIMI HOMep iTepallii, Ha SIKi/i JOCSATAETHCS HAMKOPOTIIMIAI MapIIpyT

(IpaBOpYyY 3HU3Y).

Parameters
@® Ant Colony Number of ants (20 Currert eration 400 Max teration (400 Generate new towns

A —
= Ant Colony System Number of towns |60 Start Apha |1 Beta [10
O Max-Min Ant System -

4000

3540

3880

3820

3760

—
\

3700
0 100 200 300 400

Length of the best route: 3746,39
Last iteration: 7

Pucynok 1 - Bi3zyanisailis pe3ynbTaTiB NpUKIaay,

IOOYTUX 3 BUKOPUCTAHHSAM AC anroputmy
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Parameters

O Ant Colony Numberof ants [20 | Current eration 400 Max teration [400 | Generate new towns
@® Ant Colony System
O Max-Min Ant System

4000
3940
y
3830 ;\T
3820
3760
3700
0 100 200 300 400

Length of the best route: 3802,79
Last iteration: 355

Number of towns |60 Start Apha [10 Beta ‘1

PucyHok 2 — Bisyasmi3ailist pe3y/ibTaTiB MPUKIALY, JOOYTUX 3

BuUKopuctaHHam ACS anroputmy

Parameters

O Ant Colony Numberof ants [20 | Current iteration 400 Max teraion [400 | Generate new towns

: : —
O Ant Colony System Number of towns 60| Stat Apha [1 ] Beta [10 |

® Max-Min Ant System

4000

3940+—

3880

3820 H

—

3760

3700

0 100 200 300 400

Length of the best route: 3765,34
Last iteration: 332

PucyHok 3 — Bisyasmi3atiist pe3y/ibTaTiB MPUKIALY, JOOYTUX 3

BUKOpuUCcTaHHIM MMAS anropurmy
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4000 1 —AC
2 — ACS
3 — MMAS

3%40

3820

3760

3700
0

100 200 300 400

PucyHok 4 — [TopiBHSIHHS pe3y/ibTaTiB MPUKIALY, TOOYTUX

TpbOMa BapiaHTaMI/I MYPpalIMHOTO aJITOPUTMY

Sk BUOHO 3 puc.4, BCi TpM QITOPUTMM 3HAXOHOATh OMM3bKI HTOBXKUHU
HaKOPOTIINX MapUIPyTiB, OOHAK, KiJIbKiCTh MOTPiIOHMUX IJIST IIbOTO iTepalliii CyTTEBO
BiZIpi3HSIETHCS.

BucHoBKM. Xoua PpO3B’SI3KM, [OOOYTi MypamiMHMMM aJrOpuUTMaMu, €
HaOMVMKeHMMM, OJHAK, ITIpM BOAJIO BMOpaHMX IlapaMeTpax HajallTyBaHHS
QJITOPUTMY iTepalliiHuii MeTO[H, 3a3Buuali, AOCTAaTHbO IIBUAKO OA€ pe3yJbTar,
6JIM3bKMUIL 1O OTITUMAJIBHOTO.
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THE USE OF ANT OPTIMIZATION ALGORITHM IN THE SALESMAN PROBLEM
Boiko Lidiia, Liashenko Illia

Abstract. A comparative analysis of three algorithms for solving the salesman
problem is performed. These algorithms are Ant Colony Optimization (ASO) and its
modifications: Ant Colony System (ACS) and Max-Min Ant System (MMAS).

For this purpose, a software implementation of these three ant algorithms has
been developed, which simulate the natural behavior of forage ants in finding the
shortest path to deliver food to the anthill.

The possibilities of the developed computer program are described. The results
of a computer experiment are given on a specific example. The program allows you
to visualize the shortest route found by each ant algorithm. A comparative analysis
of the results, conclusions about the advantages and disadvantages of the considered
ant algorithms.

Keywords: Travelling Salesman Problem, Ant Colony Optimization, Ant

Colony System, Max-Min Ant System, software implementation of algorithms.
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METOJNKA BUKOPUCTAHHS HEMPOHHOI MEPEJXKI JIJISI BUSIBJIEHHS
HOBUX TUIIIB MEPEJXEBUX ATAK

JKykosunbkuii 1.B., lukaso I.1.

VkpaiHcokull depxcasHuli yHigepcumem HayKu i mexHoa02iti, M. JIHinpo, YkpaiHa

OpHielo 3 HaWBaKIMBIMIMX TpobsiemM iHdoOpMaliiiHOI 6e3MmeKku CbOTOOHiI €
BeJIMKA KiJIbKiCTh aTak Ha KOMII'IOTepHi Mepexi. [IpobieMa yCKIamgHSIETbCS MOSIBOIO
HOBUX BM[IIB Takux atak. OOamH 3 HaMOiIbII BifOMMUX METONIB BMSB/JICHHS aTaK Ha
OCHOBi CUTHATyp € CTaTUUYHMM Ta Bpa3IMBMUM [JIsI HOBMX TUIIB aTak. Cucremu
BUSIBJIEHHSI BTOPrHEHb, 3aCHOBAaHI Ha IITYYHMX HeipoHHuxXx Mepexax (IIITHM),
BUKOPUCTOBYIOThCS [J151 BUSIBJIEHHSI HOBUX TUIIiB MepeskeBUX aTak. [IpOyKTUBHICTb
OyOp-sIKOi  HEMpOHHOI Mepexi 3aJieskKUThb Bilg oOpaHMX rimeprapaMeTpiB.
lNnepmapamerpu IIITHM Bu3HauvaioTh abo ii CTPyKTypy abo mporec HaBUYaHHS. OTJIs,
HAyKOBOI JiiTepaTypu T[OKasaB, IO 3aBJaHHS AaBTOMAaTUYHOI OITMMi3allil
rimeprapameTpiB IOTpe6ye MOJaIbIIOr0 BUpilleHHsI. 30KpeMa, HeoOXiJHO 3HU3UTHU
TUMYACOBY CKJIQOHICTh OITHMMi3allii rimepmapamerpiB, 106 3a6e3meunTu
eekTMBHEe BMKOPMCTAHHSI 3aBOaHb, SKi BK/IIOYAIOTh BeIMKI HAOOpM HaHUX 3
BEJIMKMM IIPOCTOPOM TrilepriapaMeTpiB, TaKUX K 3aBIaHHSI BUSBJIEHHSI MepeXeBUX
BTOpPrHeHb. MeTOW [JAaHOTOo [JOCTiAKeHHSI € po3poOka MeTOAMKM BUOOpY
rinepriapametpiB [IIHM B cucTemi BUSIBJI€EHHSI MepeXeBUX BTOPTHEHb.

[y eKcriepyMMeHTY MM O0paiy HaMIpOCTiIly MOJe/b HeifpOHHOI Mepexki —
6aratomapoBuit  mepuentpod (MLP). YV  pob6ori  po3rigmamTbcsd  Taki
rinepnapameTpu.

1) Ctpyktypa (tomonorisi) MLP, sika BM3HA4Yae€TbCsl KiJbKICTIO MPUXOBAHUX
11apiB Ta KiJIbKiCTIO HEMPOHIB y KOXKHOMY HIapi.

2) OyHKIIiSI ~ aKTMBAllii KOXHOrO HelpoHa. Y  1bOMY [JOCTiIKeHHi
BUKOPUCTOBYBAJIUCSI HaWMOMysipHimi cydyacHi @yHkuii akrtusaiii: ReLU, ELU,
sigmoid, softplus, softsign Ta tanh.

3) AITOpUTM HaBYaHHS HEPOHHOI Mepexi: CTOXaCTUYHMIA Tpafi€eHTHUI
ciryck, AdaGrad, Adadelta, RMSProp, Adam.

4) Po3mip nmakeTa Ha KOKHOMY eTarni HaBuaHHs (Batch size).

5) KoediilieHT MIBMAKOCTI HABYaHHS.

YV nmnpunyiieHHi, 10 TineprnapaMeTpy He BIUIMBAIOTb OAMH Ha OIHOTO,

TOOTO TIOBepxHsS 06araTOBMMIpHOTO TPOCTOPY TrileprapamMeTpiB  OMyKia,
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3alIpONIOHOBAaHMUIA  aJTOPUTM, SIKMI ONTMMI3ye rinmeprnapaMmeTpu (BubGMpae
ONTUMMAaJbHMIT Habip rimeprnmapaMeTpiB y MPOCTOpPi IIOIIYKY) 3a KpUTepieM
MakcuManibHOI TOYHOCTI (ACC — max), ne TouHicTb (ACC) — 1ie BifHOCHA KiJIbKiCTb
MpaBMIbHMX Kiaacudikalliii aTak Mepesxi.

Ik crapToBa Momenb OyB oOpaHwuit OaraTtomapoBuit mepcentpoH (MLP)
X-64-64-Y, ne X — po3Mip BXiZHOTO BeKTOpa, a Y — po3Mip BUXiZTHOrO BeKTopa. Y
pa3i 3aBIAaHHSI BUSIBJIEHHS aTakKu € €IVMHUI BUXiAHMII HEPOH i3 CUIMOiJaJbHOI0
dyHkiielo axktuBalii. IIpu posB'sa3aHHi 3amauvi kiaacudikallii aTak OCTaHHiN
MepeskeBUii piBeHb MAa€ CTiIbKM HeMpOHiB 3 (PyHKIIi€lo akTuBaIlii softmax, cKiJibKu
KJIaciB MepeskHOTo Tpadiky mpeacTaBaeHo B HAOOpi JaHUX.

s momemoBanHs IIIHM 6yna BukopucTtaHa 6i6mioreka Python — Keras. Bci
eKcIiepyuMeHTH TipoBoawiancs Ha ocHoBi TensorFlow 3a mgomomoroio rpadiuyHoro
npoiiecopa.

Sk maHi gy HaBYAHHSI HEMIPOHHOI Mepeski Ta TecTyBaHHSI OyJiM BUKOPUCTAaHI
HabopyM JaHMUX, po3po0bJIeHi JIsl CUCTEM BUSIBIEHHSI MepeskeBux BTopraeHb (NIDS) —
KDDCup99 ta NSL-KDD (ymockoHaseHa Bepcist Habopy ganux KDDCup99), 3i6paHi B
JIOKaJIbHiN Mepexi y Jyabopartopii JliHkombHa MaccauyCeTChKOr0 TEeXHOJIOTiYHOTO
inctutyry DARPA ID Evaluation Group. Takoxk 0y/10 mpoBemeHO eKCIIEPMMEHTU 3
HabopoMm ganux UNSW-NB15, cTBopeHMM ABCTpasTiiicCbKUM IIEHTPOM Kibepbesreku
(ACCS) y 2015 potii.

Pe3ynbTaTy eKCIIEPUMEHTIB, BMKOHAHMX 3alPOMIOHOBAHMM aBTOMATUYHUM
aJTOPUTMOM OIITMMi3allii rireprapaMeTpiB BUMIipIOIOTbCS TOYHICTIO (iHATbHUX
Mopeeit. [TopiBHSIHHS eeKTUBHOCTI knacudikaliii Ha Habopax KDDCup 99 Ta NSL-
KDD 3amnpomnoHOBaHOTO METOMy 3 Pi3HMMM BimoMumu mMeTodamy knacudikaliii Ha
OCHOBi HEMIPOHHMX MepesK IoKa3aHi y Tabmmiigx 1 ta 2. BumHo, 110 3arpoIIoHOBaHMIA
METO/I, JO3BOJIMB AOCITTM HallKpallioi TOYHOCTI.

TakMm 4YMHOM, 3ampOINOHOBAHMIAI MeETOJ aBTOMATUYHOTO HACTPOKBAHHS
rimeprmapamMeTpiB HEMpPOHHOI MepeXi O03BOJISIE OOCSITTU BUCOKMX pe3ybTaTiB
BUSIBJIEHHS BTOPTHEHb HAaBiTb HA HAMMNpPOCTIillili HENPOHHIA MepexXi 3a YMOBU
HU3bKUX OOUMCTIOBAIbHMUX BUTpAT. Lli pesynbpTaTu He MOCTYIIAIOThCS pe3yibTaTaM
cyyacHux wmogesneii MLP, me rimepmapamerpu O0y/a0 IiibpaHO AOCTiITHUKAMMU
BpyuHy. [lomanbiia poboTa Moske I'PYHTYBaTMUCS Ha 3aIllpOIIOHOBAHOMY METO.i Ta
eKCIiepMMeHTax 3 JOJAaTKOBMMM MeETOJaMM HaJallITyBaHHS TineprnapaMeTpiB, IO
IO3BOJISIIOTh BUKOPUCTOBYBATM CKIQAHIII HEMPOHHI Mepexi, TakKi Ik peKypeHTHi

HeitpoHHi Mepesxi (RNN) ab6o 3ropTkoBi HelipoHHI Mepeski (CNN).

ISSN-online 2708-0102 229



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

Tab6ymiig 1 — ITopiBHSHHS TOYHOCTI Kacudikairii

BTOPrHeHb Ha Habopi gaHux KDD 99

CrarTs TouHicTb, %
Zhang et al. [1] 99.59
Witten & Mining [2] 97.04
Wang et al [3] 91.97
3arporioHOBaHUM METO[, 99.98

Tabmuus 2 — ITopiBHSIHHSI TOYHOCTI Kmacu@ikaiii

BTOpPrHeHb Ha Habopi gaHux NSL-KDD

CraTTs TouHicTb, %
Yusof et al [4] 91.70
Kim & Gofman [5] 98.50
Hosseini & Azizi [6] 98.80
Kushwah & Ali [7] 96.30
Tang et al [§] 75.75
Wang et al [3] 72.64
Belouch et al [9] 72.99
3arporioHOBaHUM METO[, 98.85
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METHODS OF USING THE NEURAL NETWORK TO
DETECT NEW TYPES OF NETWORK ATTACKS
Zhukovyts’kyy Thor, Tsykalo Thor

Abstract. The report discusses methods for tuning the hyperparameters of an
artificial neural network in a system for detecting and classifying network intrusions.
Assuming that the surface of the multidimensional space of hyperparameters is
convex, an algorithm is proposed that selects the optimal set of hyperparameters in
the search space according to the criterion of maximum accuracy of network
intrusion classification. As a result of experiments using three different network
intrusion detection data sets — KDDCup 99, NSL-KDD and UNSW-NB15 - the optimal
hyperparameters of the MLP neural network were found. It is shown that the
proposed method for automatic tuning of neural network hyperparameters makes it
possible to achieve high intrusion detection results even on the simplest neural
network under the condition of low computational costs. These results are not
inferior to the results of modern models, where the hyperparameters were manually

selected by the researchers.
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DETECTION OF CARBIDE INCLUSIONS ON
DIGITAL IMAGES OF METAL STRUCTURES

Zakharov Oleksandr, Selivorstova Tetiana

Abstract. Is devoted to the development of an information model intended
for the analysis of metalstructures digital images with carbide inclusions. The
analysis of literary sources is carried out, it is established that the study of metal
structures is an important tool for assessing qualitative characteristics. The presence
of carbides in the metal structure has a significant impact on its quality. A review of
the for studying the structure of a metal is given, and the importance of the stage of
metal structures image processing is determined. The main methods for obtaining
digital images of the alloy structure are described. Samples of metal structures with
carbides are presented. A procedure for digital processing of metalstructures images
with kibide inclusions is proposed, which consists of image conversion to grayscale,
contrasting, and threshold binarization. Demonstrated results of carbide inclusions
determination using digital image processing procedure. The advantages and
disadvantages of the approach are shown, directions for improvement are identified.

Keywords: metal structure, carbides, images, digital processing, gray gray

images, contrasting, adaptive contrasting, binarization, histogram.

The analysis of microsections requires the involvement of highly qualified
experts in the field of materials science, which, in turn, does not exclude the
influence of the "human factor". On the other hand, the issues of increasing the
objectivity of identifying the properties of metals and alloys require the use of
modern data processing methods, for example, artificial intelligence in solving
problems of classification and identification of macro and micro structures.The
paper presents an overview of studying macro and micro structures containing
carbides process, determining the specific features inherent in these images, and
proposing an information model for their processing.

The article is devoted to the development of an information model intended for
the analysis of metal structures digital images with carbide inclusions. The analysis
of literary sources is carried out, it is established that the study of metal structures is
an important tool for assessing qualitative characteristics. The presence of carbides

in the metal structure has a significant impact on its quality. A review of the
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methodology for studying the structure of a metal is given, and the importance of
metal structures image processing stage is determined. The main methods for
obtaining digital images of the alloy structure are described. Samples of metal
structures with carbides are presented. A procedure for digital processing of metal
structures images with kibide inclusions is proposed, which consists of image
conversion to grayscale, contrasting, and threshold binarization.

An analysis of the results of metal structures processing images made it
possible to identify areas with carbide inclusions, however, additional artifacts that
were not carbides were found in some images. Balancing by the binarization
threshold in this case does not improve the detection of carbide inclusions network
due to the lack of contrast. Histograms demonstrate the presence of information
features in a wide range of gray colors, so for this class of images, more sophisticated
image processing technologies need to be developed.

In the course of digital images features study of metals and alloys metal
structures containing carbides, it was: an information model for processing metal
structures containing carbide inclusions is proposed; the proposed information
model is applied to digital images of metal structures; it was found that some images
of metal structures are characterized by low contrast, which leads to the selection of
background artifacts, except for areas with carbide inclusions; the development of
complex mathematical methods for the detection of carbide inclusions in images of
metal structures characterized by low contrast is proposed. Thus, the article shows
the results of carbide inclusions of the using the digital image processing procedure.
The advantages and disadvantages of the approach are shown, the directions for its
improvement are determined.
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BIVIUB BAHTAJKOHAIIPY>XEHOCTI HA KIJIBKICTb ITPU3HAYEHD
®OPMYBAHH/ I1013/11B
Hecrepenko I'.I.}; My3suxkin M.1.!; Kysabmenko A.l.2
TVkpaiucekuii depyicasHuti yHisepcumem HayKu i mexHoso0zitl, Ykpaina
2 Yuigepcumem MumHoi cnpasu ma (ivawcie, YkpaiHa

Abstract. In addressing many issues of operation and design of railways of
great importance is the correct assessment of the impact of the mass of freight trains
on the organization of traffic and related technical and economic indicators of
operational work - idle cars at train formation and processing stations. The most
accurately these indicators can be determined by drawing up a plan for the
formation of trains of a given railway line. However, in the planned calculations,
especially promising, the necessary initial data for the formation of the formation
plan is not and have to use other ways to solve the problem. The main principle of
drawing up a plan for the formation of trains is to compare the cost of car-hours
under accumulation and in processing. In the case when the idle time of wagons in
processing exceeds the simple one under accumulation, it is usually advisable to
allocate additional purpose for the formation of trains.

Keywords: train formation plan; load tension; car traffic; train weight;

simple wagons.

Beryn. Tlpu BupimieHHi 6araTbOX MUTaHb eKCIUTyaTallii Ta IPOEKTYBaHHS
3a71i3HMIb BeJMKe 3HAueHHSI Ma€ MpaBU/bHA OIiHKA BIUIMBY MacU BaHTa>KHUX
MOi3/1iB Ha OpraHi3ailil0 BaroHOMOTOKIB i IMOB'SI3aHi 3 LIMM TeXHiKO-eKOHOMiuHi
TTOKA3HMKM eKCITyaTalliiiHoI poboTH — MPOCTiii BaroHiB Ha CTAHIiAX GOPMYBaHHS
Ta MepepooKM Moi3IiB.

Haii6inpill TOUHO 3a3HaueHi IMOKAa3HUKM MOKYTh OyTM BU3HAuUeHi IISIXOM
CKJIaaHHS TUIaHy GOpMyBaHHSI MOI3[iB 3aJaHOi 3ali3HMUHOI JiHii. OmHaAK IIpu
IJIAHOBMX PO3PaxyHKax, OCOOJIMBO IePCHEKTUBHUX, HEOOXiITHMX BUXiIITHUX HAHUX
ISl CKJIaJaHHS IIaHy (opMyBaHHS HeMa€ i TOBOAMTHCS KOPUCTYBATUCS iHIIMMMU
criocobamm BUPillIeHHS 3a1adi.

Ilo OCTaHHBOTO 4YaCy MpPU TEXHIKO-eKOHOMIYHMX pPO3paxyHKax BIUIMB Macu
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Moi3ga Ha YMOBM IIPOCYBAHHSI BaroHiB OLIHIOBABAaBCS JIMIle 32 MPOCTOEM BaroHiB
mig HakonmMueHHsSIM 0e3 ypaxyBaHHS BIUIMBY 3MiHM Macu T[0oi3fa Ha IUIaH
dbopmyBanHs. Ilpy 11bOMy 4MCIO MpU3HAYeHb (POpPMYBAHHS IMOI3MIiB MPUMAIOCS
TOCTiiIHMM, He3aJle;KHO Bif, Macu I0i3/a i MOTYKHOCTI BaHTaKOIMOTOKY, iHO/Ii HaBiTh
He3aJIeKHO Bil 3a/1i3HMYHOI JTiHii.

HivicHo, Maca Moi3[a, SIK 1le BUIUIMBAE 3 CaMOl OCHOBM CKJIA[aHHS IUIaHYy
dbopMyBaHHS I0i3[iB, iCTOTHO BIUIMBA€ HAa KiJbKiCTh IpuU3HAUYeHb (HOPMYBaAHHS
Moi3aiB, a BIiAMNOBIAHO 1 Ha KiJbKICTh CTPyYMEHiB BaroHOMOTOKiB, IO
HaKOMMYYIOThCSI, i IepepoOKy BaroHiB Ha MOITYTHUX TeXHIUHMUX CTAHIIisIX.

OcHoBHMIT Martepiajn. [IpocTiii BaroHiB Ha CTaHIiSAX ITii HAKOMMYEHHSIM Y
BaroHO-TOAMHAX 3a A00y BM3HAUAETbCS, $SK BimomMo, AOOYTKOM IlapaMeTpa
HaKOMMYEHHSI, KUJIbKOCTi IIpM3HAueHb MO0i3MdiB, MmO (OpMYIOTbCS Ha CTaHIIi,
cepemHbOI Macy I0i3zga 6pPyTTO i BCe lie MiIMThCS Ha CepelHI0 Macy BaroHy OpyTTo.
3a yMOBM MOTCiliHO1 KiJIbKOCTi Ipu3HauYeHb I0i3/iB, 1110 (GOPMYIOTbCS Ha CTaHIIii,
3MiHa Macu 101372 BUKIMKAE MIPOIOPLiIiHY 3MiHY YaCy HAaKOIIMYEHHS BaroHiB.

Tak 3a3Buual i NpuiiMaeTbCs y po3paxyHKax B TellepilllHiii yac. Aje e Mae
Miclle Juille B YMOBAX IMOCTiIHOTO IUIaHy (POpMYBaHHS MOi3[iB IIpM Pi3HUX Macax
TMOI3/iB, 110 B 3araJIbHOMY BUIAKy He BiAIIOBiAA€ MiJiCHOCTI.

SIk110 MO MmiaABMUIEHHS MacK I0i3a KiJIbKiCTh ITpU3HaYeHb I1aHy GopMyBaHHS
BiJiNOBilajia HaMBUTIAHIIIOMY 3a BUTPATOI0 BAaroHO-TOAMH IUIaHy (OpMYyBaHHS
(onTMMaJIbHOMY IUIaHy), TO OpM MiABUIIEHHI Macu Moi3ga [esiKi MpU3HauyeHHS
1aHy (QopMyBaHHS MOXYTb BUSIBUTUCS BXXe HEBUIIPABIAHUMMMU 3 TOUKU 30pYy
€KOHOMii B Iepepo011i BaroHiB Ha IMOMYTHUX CTAHIIiSIX.

JivicHo, mpyM 30i/JbIIIeHHI Macy I10i3[la MPOCTiii BAaroHiB ITiJi HAKOMMYEHHSIM
301/IbIIYETbCSI, @ €KOHOMisl BiJi yCYHeHHSI IlepepoOKM BaroHiB Ha IIOMYyTHUX
TeXHIYHMX CTAHIiSX A0 CKOPOUYEThCS BHACTIAOK 3MEHIIIEHHSI 00CSITY MaHEeBPOBOi
pobotu. CaMe TOMY BUIIEHHS JeSIKMX MEHII MOTYKHUX CTPYMEHiIB BarOHOIIOTOKY B
OKpeMi Ipu3HaueHHsI GOpMYBaHHS CTa€ HEBUITPABOAHMM.

3Bificu BUTLIMBAE, 110 [J1S1 IpMBeNeHHS TU1aHy GOpMYyBaHHS A0 ONTUMAaIbHOTO
BUAY HeOoOXiIHe IMpM MHigBUINEHHI Macyu I0i3[4a KOPUTYBAHHS IUIAHY Y OiK 3HSATTS
IesIKMX HaliMeHII TOTY)XHUX TIIpu3HaueHb QopMyBaHHS moi3niB. [Ipy 1boMy

nepepoOKa BaroHiB Ha TIOMYTHUX TEeXHIYHMX CTaHIisIX 30iMbMNUThCA. IIpocTiii
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BaroHiB MiJ, HAKOMMYEHHSM IIpM CKOPUTOBAHOMY IUIaHi Oyae MeHIIMM, HiX [0
KOpPUTYBaHHS, ajle BUINMM, HiXXK OO IiABMUILEHHS Macy I0i34a. 3arajbHi BUTPATU
BAarOHO-TOAMH TIIi. HAKOMMYEHHSIM Ta B TMepepoOIli BHACAIZOK KOPUTYBaHHSI,
3a3BMYait, CKOpOUyIOThCS.

3MeHIlIeHHSI Macu M0i3Ja HaJa€ aHaJoTiuHMUi BIUIMB Ha IuiaH (GOpMyBaHHS
MOi3/iB, ajie 3 KOPUTYBAaHHSIM JOTO B HAIpPSMKY 30ibIII€HHS 4MC/ia MPU3HAYeHb.
KopuryBaHHsI BUXimHOTO TuIaHy (GOPMYyBaHHS, BUKIMKAHE IIiJIBUILIEHHSIM Macu
1oi3ga, MPU3BOAUThL A0 IOPYIIEHHS ONTUMMAJbHOCTI IJIaHy ¢GOpMYyBaHHS i, OTKe,
30i/IbIIIEHHS 3ara/IbHOI BUTPATU BaroHO-TOAVH (BaroHO-TOAVHYM epepoOKy BaroHiB
30i/IBIIYIOTHCST HA TIOPSIIOK Oi/bIlle, HisK CKOPOUYETHCS IIPOCTiii Mif HAKOIIMYEHHSIM).
[TigBuimeHHsT Macu I0i3da IIpM CKOPUTOBAHOMY ILIaHi (OpMYBaHHSI 30i/lbIIUTD
MIPOCTili BaroHiB MiJi HAKOIMYEHHSIM.

TakuMm 4uMHOM, IiABMILEHHS Macy I10i3[1a i BiANOBigZHe KOPUTYBaHHS IUIAHY
dbopMyBaHHS IMPU3BOSTD 40 30ibIIeHHS 3aTa/IbHOI BUTPATV BaTOHO-TOIMH.

UncieHHi KOpuryBaHHS IIaHiB (GOpMyBaHHSI MOi3[iB, TMOB'SI3aHi 3
MiABUILIEHHSIM Macu 11013714, 3aCBiAUYIOTh, 1[0 IPUPICT BarOHO-TOAVH, BUKIMKAHUI
MiIBUIEHHSIM Macy T0i3[a, NPy IOCTiMHOMY IUIaHi ()OPMYBaHHSI CKOPOUYETHCS
3aBASIKM KOPUTYBAHHIO IJIaHY NMpMUOAM3HO BABivi. 3Bimcy BUIUIMBAE, IO 3arajabHa
BUTpaTa BaroHO-TOAMH IIpU ITiABUINEHiI Maci Moisga Ta CKOPUTOBAaHOMY ILIaHY
dbopmyBaHHS MOXe OyTM IIpUITHSATA IPUOJM3HO PiBHOI cepemHboapudMeTUUHIA
BeJIMYMHI MiXK BUTPATOK BAaroHO-TOAMH OO i IMTic/as HiABMUINEHHSI Macyu I0i3[a Ipu
He3MiHHOMY (BMXiZHOMY) miaHi GopMyBaHHS MOi3/IiB.

OCHOBHMM MNPUHLUMIIOM CKJIaJaHHSA T[UlaHy (OpMyBaHHS TMOi3MiB €
CITiBCTaBJIeHHSI BUTpAT BaroHO-TOAMH TIif, HaKOMMYEHHSIM Ta Yy Iiepepobiii. Y
BUIIQJIKy, KOJM TIPOCTiii BaroHiB Yy TIiepepoOlli TepeBUIIyE TMPOCTUIL TIif
HAKOMMYEHHSIM, 3a3BM4Yail JOLJIbHUM BUSIBISIETbCS BUJIJIEHHS TOJaTKOBOTO
npusHaueHHs GopMyBaHHSI T0i3miB. I, HaBMmaku, SIKIIO TPOCTiiA BaroHiB I
HaKOIIMYEHHSIM TlepeBUIllye HaBe[eHi BarOHO-TOIMHM TIepepobKy BaroHiB, BUHUKAE
MUTAHHSI PO BiAMOBY IIpO BUAUIEHHS AESIKMX MEHII IOTY)KHUX IpU3HaueHb
dbopMyBaHHS 3 METOI0 3MEHIIIeHHS BUTPAT BaroHO-TOAMH IIiJi HAKOMIMYEHHSIM IIpU
JIesIKOMY 30i/bIIeHHI 00csiry mepepoOKM BaroHiB. Taka TeHIEHIIiSI O 3PiBHSIHHS

MIPOCTOiB BaroHiB ITiJi HAKOMIMUYEHHSIM Ta Y IepepooIli MPOSIBISIETbCS JOCUTh YiTKO
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yepes Mepesxy 3a/Ii3HULb 3aralOM.

BucHoBku. Yucio mnpusHaueHb (QoOpMyBaHHS TIOi3[iB TiCHO TMOB'sI3aHe 3
TOTY>KHICTIO OKpeMMX CTPYMEHIB BaHTa)KOMOTOKY, a 3HAuUWUTh, i 13 3arajJbHUMU
po3MipaMy BaHTaXKOMOTOKY MTaHOi JIiHii, ToOTO 3 ii BaHTasKOHAIpYy>XeHicTi0. Ynum
OiNbIIMIA 3arajJbHMII BAaHTAKOIIOTIK HAa [OaHiil JiHii, TMM Oinbine CTpyMeHiB
BAaroOHOIOTOKIB MOske OyTM BupijieHo mAjs (GopMyBaHHS TIIOi3[iB B OKpeMi
MIpU3HAYEeHHSI.

[Tpy TexHiKO-eKOHOMIUYHMX pO3paxyHKax, KpiM BU3HAUeHHS BUTPAT HaBedeHUX
(3 ypaxyBaHHSIM BUTpaT Ha MaHeBPU) BarOHO-TOAMH, HEOOXiAHO TaKOK BU3HAUEHHS
(aKTMUYHOTO MPOCTOI0 BAarOHiB HA CTAHIIiSX /IS BCTAHOBJIEHHS BIUIMBY Macu Ioi3aa
Ha MOTpeby B MapKy BaroHis. [lilicHa BUTpaTa BaroHO-TOAMH MOKe OyTY OTpMMaHa 3
BUTpAT HaBeleHUX BarOHO-TOJIMH, 3MeHIIIeHMX Ha Pi3HUII0 HaBeAeHUX i GaKTUUHUX

BAaroHO-TOAMH IIiJI Yac rmepepooKu.
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CUCTEMA IHTEJIEKTYAJIbHOI B3AEMO/III HEITPOBUX ITEPCOHAJKIB
HA OCHOBI XAPAKTEPUCTUK OCOBMCTOCTI
Octposcbka K.10., Kapnenko O.B.

Vkpaincokuti depxcasHuli yHigepcumem HAayKu i mexHoJ102itl
HasuanvHo-Haykosull iHcmumym npomuciogux ma 0i3Hec mexHo102ill

JKomgHy cydyacHy rpy HEMOX/IMBO YSIBUTH 6e3 mTydHoro intenekty (II), 6yab To
TMOIIIYK HaKpalioro MapupyTy, MIPUIHSATTS pillleHb 4M B3a€EMOZiS 3 MepCoOHaKaMu
Ta OTOYEHHSIM. 3a OCTaHHi KiJibKa pokKiB iHTepec mo LI y chepi koM 'toTepHUX irop
3HAYHO 3pic, MpM LIbOMY BCe OijIbllle yBaru MPUIIISETbCS COLiaJbHMM B3a€EMOIiSIM
Ta MOBeJiHIli He irpOBMUX ITePCOHAXIiB, 30KpeMa, Ha irpoBux KoHdepeHIisx [1, 2].

ComianbHe wMmopenoBaHHSA (Social simulation), sk ramysp HayKu, CTaaa
pO3BUTKOM imeit A-Life ane 1mom0 B3a€EMOBIZHOCMH Ta B3a€EMOii MiX iHaAMBigamm.
Ha pmanmuit MOMEHT collia/ibHEe MOJEIIOBAHHSI Ta B3a€EMO/ii € OKpemMoOl0 00/aCTio
PO3BUTKY, Ta TIpalOTb OCOOAMBY pOJb. VY CTaTTSIX IMMUINYTh, IO ITMTAHHS
MOJIeJIIOBaHHSI LIMKIIiB XXUTTS CITiIBTOBApUCTB, NMPOTHO3YBAaHHS MOBENIHKM TUX YU
iHIIMX COLiayIbHMX CHIiJIbHOCTEI € Ha OaHMii MOMEHT 4YM He Halroctpimmmu, a
pesyibTaTy NOAIOHMX MOC/iIKeHb 3aTpeOyBaHMMM B 6aratbox cdepax.

Opnwiero i3 Takux cdep € irpoBa iHIyCTpisl.

HajisickpaBillMMy  OpPUKIAAAMM  3aCTOCYBaHHSI  TEXHIK  COILiaJbHOTO
MoJie/itoBaHHS € irpu kaHpy Role-Playing Game (RPG). Taxi cepii irop, sik Baldur's
Gate, Fallout, The Elder Scrolls.

V cy4dacHMX irpax CKAaJHO 3HAWTU aJleKBaTHY CUCTEMY B3a€EMO/ii MepCOHaXiB
103a yBarow rpaslis, a iCHYIOUi MiAXOAM He BK/IKYAKTh Y peasi3allilo 3aeXXHOCTI
Bi. OCOOMCTICHMX XapaKTepPUCTUK, IO AO3BOJAUTh HAOMMBUTHUCS A0 OilbId
peayicTMUYHOI MoOjesi TOBemiHKM oOToueHHS. I[IoB'si3aHO 1Ie HacamIiepen 3i
CKJIQIHICTIO MOJIeIOBAHHS COLiaJIbHMX TIPOlleCciB, 3HAUHA 4YacTUHA SIKUX He
BKJIAJA€TbCSI B PaMKM paHille po3poOJeHMX CXeM Ta II0Tpedye TeOopeTUUHOIO
OCMMCJIEHHS BiATIOBiZHO IO iCHYIOUO1 COIlia/TbHO1 AiliICHOCTI.

MeTow poboTH € peasisailis 6i06/ioTeKM I iHTEJIEKTyaJbHOI B3aeMOMii MixX
HeirpoBMMM ITepCOHaKaMy Ha OCHOBi XapaKTepUCTUK iXHbOI 0COOMCTOCTI.

B3aemMofiss 30BHIlIHIX aKTOpiB 3 TMiJACUCTEMON TpeACTaBleHa Yy BUTLISAl
JiarpaMu IpereeHTiB.

BapiaHTV BUKOpUCTAHHS CUCTEMU 300paskeHO Ha pPUCYHKY 1.
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A

30BHIlWHA
cuctema

*__/__,__———?

~

CTBOPWTH NepcoHaka
Ha OCHOBI
3a/iaHoro TUny

socom

IHiujtoBaTH
B3aEMOAIH0
3 iHIIMM NepcoHakem

3aBaHTaxUTH
Habip npaswn
HeuviTKoi forikK

PucyHok 1 - Jliarpama npeliefeHTiB

+ullName: name
+barthDate: data

Physiology Temperament
+stabiity- float
+extraversion_inroversion: float

Psyhalogy

Biography +traits: Tr.

+temperament: Temperament

FuzzyLogic

Termsi{filename)
haracter{filename)

Community

1 -messagesueus: queus<message=
+charactersList map
+population: int

-

Structs
param

sstructs

dorUPH
reciverUPN. uint

—
Fuzzylite

1

JsonCpp

CppDB

— W

OCHOBHMM aKTOPOM € 30BHIIIIHSI CHCTeMa, sika BUKOPUCTOBYE 6ibsioTeKy. s

PucyHoxk 2 - liarpama KjaciB

Hei y Burasiai API mocTynHi Taki BapiaHTV BUKOPUCTAHHS:

— "CTBOpUTM IepCOHaka Ha OCHOBI 3aJaHOro TUITY - CUCTeMa CTBOPIOE
rnepcoHaxa i3 sagaHoro HuM JSON daiiny, pu 11bOMY A0AA€ JOTO 10 CHiTbHOTHA.

— «IHiIil0oBaT B3a€MO/IiI0 3 iHIIIMM ITepCOHaKeM» — 31 iICHIOETbCSI HaACUTaHHS

SQLite

3aJaHOTO CUCTEeMOI0 TTOBiJOMJ/IEHHS Bifj OTHOTO MePCOHAXA iHIIOMY.
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— «3aBaHTXUTY HAbip MpaBWI HEUITKOi JIOTiKM» — 3aBaHTa)KeHHS 3aaHOTO
Habopy MpaBwmI HeviTKoi yioriku 3 daitry JSON. BxinHumu € im'st paiimy.

CTpyKTypa IporpamMmy Ta 3aJIeXKHOCTI MiX KjacaMM B CUCTeMi HaBeJeHO Ha
PUCYHKY 2.

IIpoekT s1BJIsIE COOO0I0 6ibJTI0TEKY, IO MiTK/IIYAETHCS, HanMcaHy MOBOIO C++,

HamucaHHsi Ta HajgarogykeHHs MporpamMmm MPOBOAMIOCS B CepenoBUILi
po3po6ku CLion: koMmiasaTop g++, Hanagumk gdb, ckinagaHHg Ha ocHoBi CMake. B
SIKOCTi CTOpOHHIX 6i6yioTek Oyyno BukopucraHo: FuzzyLite, SQLite, CppDB Ta
JSONCPP.

Po6oTa mpucBsgyeHa peasisaiii 6i6jgioTeky O iHTeIeKTyaJbHOI B3aeMOJIii
MiXX HeirpoBMMM ITepCOHaXKaMM Ha OCHOBi XapaKTePUCTUK iXHbOI 0COOMCTOCTi. Oyu
OTpMMaHi Taki pe3yabTaTu: 1) IIpOBeIEHO aHa/li3 TeopeTUYHOi iHGopmalii Ta
BUSIBJIEHO BMMOTM OO0 CUCTe€MM; 2) CIIPOEKTOBAHO apXiTeKTypy cucTemu, ii 6asy
JaHUX, aITOPUTMM, diarpamMy KjaciB; 3) peanaizoBaHi aJiIroOpuTMM MOOYIOBM B3a€EMUH
MiX TepcoHa>kaMM, BUMKOPMCTOBYIOUM HEUITKY JIOTiKy; 4) peani3oBaHO MOOYHZOBY
rpada, 1m0 Bimobpaskae coliaibHi 3B'I3KM MiX IepCOHa>kaM.
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SYSTEM OF INTELLECTUAL INTERACTION OF NON-GAME CHARACTERS
BASED ON PERSONALITY CHARACTERISTICS
Ostrovska Kateryna, Karpenko Oleksii

Abstract. The work is devoted to the implementation of a library for
intellectual interaction between non-player characters based on the characteristics
of their personality. the following results were obtained: 1) the analysis of
theoretical information was carried out, and the requirements for the system were
identified; 2) the architecture of the system was designed, its database, algorithms,
class diagram; 3) implemented algorithms for building relationships between
characters using fuzzy logic; 4) the construction of a graph reflecting the social

connections between the characters has been implemented.
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BUKOPVICTAHHSA MEXAHI3MIB HITYYHOI'O IHTEJIEKTY JJIS
AYTEHTHU®IKAILIII BAHTAJKHUX 3AJII3BHUYHUX BATOHIB
[Tamyk B.B., )KykoBuupkui [.B.

JHinposecvkull iHcmumym iHppacmpykmypu ma mpaHcnopmy YKpaiHcbKozo

0epxcasHozo yHigepcumemy HayKu i mexHonoziti, Ykpaina

Abstract. Previously, intelligent technologies of transportation processes were
used, which contain a number of elements of automatic data collection on
transportation conditions, process modeling, compared to templates or regulations,
recognition of emergencies or conditions and opportunities for their occurrence,
forecasting transport systems and transportation planning.

Now, for the task of recognizing freight car numbers, the mechanism of using
convolutional neural networks (CNN) is best suited.

Convolutional neural networks are a fairly broad class of architectures, the
main idea of which is to reuse the same parts of the neural network to work with
different small, local areas of inputs.

The basic idea of the convolutional network is that the processing of an image
area should very often take place regardless of the specific location of this area. It is
the use of this network that solves a number of shortcomings and problems of many
modern information reading systems, which were mentioned above.

Keywords: identification, artificial intelligence, authentication, automation,

convolutional neural networks.

Ha pmanuit MOMEHT B cCMUCTeMax 3aJli3HMYHOIO TPAHCIIOPTY IIOTPeOyeThCS
imenTHdikalliss HoMepiB BaHTa>KHMX BAaroHiB, [0 JO3BOJISIE ONIePATUBHO OTPUMYBATU
iHbopmaiiito mpo nmapameTrpyu (Homep, TUI Ta iH.) BaroHiB, JOKOMOTUBIB Ta iHIIOTO
PYXOMOTO CKJIaZly B pealbHOMY peXXumi yacy. 3aBOSIKM 1IbOMY CTa€ MOXKJIUMBUM
BIIPOBA/I)KEHHSI HOBUX KOHIIEMI[iii CUCTEeMM TexXHIUHOTO OOCTyroByBaHHS Ta
peMoHTy. [Tpu 11bOMY iCHY€E psSiI HeJIOMIIKiB Ta IMpo6ieM:

— HeHaJiliHe 3UMTYBaHHS Ha 3a6pyIHEHOMY HOMepi BarOHY pyXOMOTO CKIamy;

— HeCHpUSITAUBI MOTOAHI YMOBMU;

— cJlabke ab0 HeviTKe OCBIT/IEHHS ITPOSKEKTOPIB Y TEMHY TOANHY J00M1;

— HeJIOCTaTHhO IIOTY;KHA pobOTa [AaTUMKIB Ta BigeoamarTepiB ITig uyac

6e3mocepeTHLOTO 3UUTYBAHHS HOMEpPA BaroHy.
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OcHOBHMIT MaTepian. 3ynmuMHMMOCS Ha IMpobseMax CTeXeHHS 3a PyXoM
BaHTaXiB: BiZCTesKeHHs TOBApiB nependauac B 6yOb-sIKMil 4ac B PeXUMi “peasbHOro
yacy” MOXKJIMBICTb OTpMMaHHS iHGOpMallii mpo cTaH TPAHCIOPTHMX 3aco0biB, IO
1epeBO3sTh TOBApy Ta/abo MpOo CTAHOBMUINE CaMMX TOBapiB abo iX KOHTeliHepiB, a
TAaKOXX TIIPO YMOBM T[epeBe3eHHsS. MOHITOPMHT Ma€ JIOTIYHMIA 3B’SI30K 3
rorepei>KeHHSIM aBapiii.

PaHilie 3aCTOCOBYBa/INCS IHTEJEKTYa/IbHI TEXHOJIOTil MpPOILeCiB MepeBe3eHb,
SIKi MIiCTSTDH psi eJIeMeHTIiB aBTOMAaTUMYHOIO 3060py AaHMUX IIPO YMOBU I€pPEBE3EHb,
MO/JIeJIIOBaHHI ITpOIleciB, IMOpiBHAHO 3 Mmab6jgoHamMu abo X 3 HOpPMaTUBAMY,
pO3Mi3HaBaHHS MO3aIITATHUX CUTYali/i 860 YMOB i MOKIMBOCTEN iX BMHUKHEHHSI,
MIPOTHO3YBAHHS CTAHIB TPAHCIIOPTHUX CUCTEM i IIJIaHYBaHHS IlepeBe3eHb Ta iH.

Ins ITC xapakTepHa HasiBHICTh €JIeMEeHTiB aBTOMAaTUYHOTO:

— 300py AaHUX PO YMOBM IIEpEBE3€eHb;

— MO/IeJII0OBaHHS ITPOIIECiB;

— TIOPiBHSIHHS 3 IIa6JIOHAMM, HOPMaTUBaMM;

— pO3IMi3HaBaHHS IT03aIITATHMX CUTYallili 860 MOKIMBOCTEN iX BUHMKHEHHS,

— IUVIaHYBaHHS MPOLIeCiB MepeBe3eHb Ta iH.

3apa3s ke Oy 3a4auvi po3mni3HaBaHHS HOMepiB BaHTa)XHMX BAaroHiB HaiiKpalie
Mifiiioe MexaHi3M BUKOPUCTAHHS 3rOPTKOBUX HeiipoHHUX Mepek (CNN).

3ropTKOBi HEIIPOHHI Mepexki — 1ie JOCUTh IUPOKUI Kac apXiTeKTyp, OCHOBHA
imest SKUX 1OMISITa€ B TOMY, 1100 MepeBUKOPUCTATH OAHI ¥ Ti 5K YaCTMHM HEMPOHHOI
Mepexi Ijis poO0TH 3 pi3HMMM MaJIeHbKMMM, JJOKAJbHUMM OiITHKaMM BXOMiB. SIK i
6araTo iHIIMX HEIPOHHMUX apXiTEKTyp, 3TOPTKOBi Mepexki BiloMi JOCUTH ITaBHO, i B
Hallli Hi y HUX BXKe 3HaMIIoCs Ayke 6araTo Halpi3HOMAaHITHIllIMX 3aCTOCYBaHb,
aje OCHOBHMM JOJATKOM, 3apagy SIKOTO JIIOAM KOJUCh TPUAYMAIN 3TOPTKOBI
Mepexi, 3a/InIIaeTbCcsi 06pobKa 300paskeHb.

OcHOBHA ifiesT 3rOpTKOBOI Mepesxki IIojIsIra€e B TOMY, IO OOpoOKa [iISTHKMU
300paskeHHSI [Iy’Ke 4YacToO Mae€ BigOyBaTuMcs He3aJIeKHO Bifl KOHKPETHOTO
po3TallryBaHHS 1li€i AiisiHKM. CaMe 3aCTOCYBaHHS I[i€l Mepexi sikpa3 i BUpillye psj,
HeJIOJIiKiB Ta IpoOsieM 6araThbOX CYy4aCHMX CUCTEM 3UMTYBaHHS iHdopmalii, sKi
Oysi 3a3HaYeHi BUIIe.

BucHoOBKM. PaHillle 3aCTOCOBYBanuCsl iHTeNEKTyaJibHI TEXHOJOTil IMpPOIeciB
repeBe3eHb, SIKi MIiCTSITh psifi eJleMeHTiB aBTOMAaTUUYHOTO 360py JaHMUX MPO YMOBMU

repeBe3eHb, MOJEJIOBAHHI IIPOIleCciB, MOPiBHSHO 3 ImMabsoHamMyu abo K 3
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HOpPMaTUBaMM, pO3ITi3HABAHHS MO3AIITATHUX CUTYalliit 860 YMOB i MOKJIMBOCTEN iX
BUHMKHEHHSI, MPOTHO3yBAaHHSI CTaHIB TPAHCIOPTHMUX CUCTEM 1 IUIAaHYBaHHS
riepeBe3eHb Ta iH.

3apas ke Ojig 3a4aui po3Ili3HaBaHHSI HOMePiB BAaHTA)XKHMX BAaroHiB HalKpalie
Mifgiige MmexaHi3M BUKOPUCTAHHS 3rOPTKOBUX HeVipOHHNUX Mmepesk (CNN).
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BUT'OTOBJIEHHSI PEMIKOBOI CTAJII HOBOI'O ITOKOJITHHSI
ITomonbscbkuit P.B., CadponoBa O.A., MepkyioB O.€., KoHoHeHko I'.A.

HHcmumym uepnoti memannypeuu um. 3.1. Hekpacoea HAH Ykpaunul, /ITHenp

[Ipoliec exkcrutyaTtallii TpaHCHOPTHMX 3aCO0iB BM3HAuUa€ B3a€MOZisl Kojeca i
peiiku. Bim mapamerpiB 1iboro 6araTo B YOMYy 3aJIeXaThb Oe3IleKa pPyxy Ta OCHOBHi
TeXHIKO-eKOHOMIiUHi TMOKa3HMKM eKCIUTyaTallil Kol Ta pyxXxoMOTO CKany.
Pe3ynbTaTOM € BIUIMB, IO BMHMKAE BiJl TepTs KOUEHHSI i OCOOGIMBO BiJ TepTs
KOB3aHHS KoJieca IO peiflli Ipy rajbMyBaHHi, BiTHOCHO LIMX 3MiH BiIOyBa€ThCS
iCTOTHe 3pOCTaHHS iIHTEHCMBHOCTI 3HOIIYBAHHS KOJIiC pyXoMoOro ckiany [1-2], sike, B
CBOIO Uepry MOKe TpPU3BOAUTH OO KaTacTpoQiuHMX  pe3yabTaTiB I
JIOKOMOTMBHOI'O rocriogapcrsa. Takox B IIpoueci ekcruryaranii peviku [1-2] B
6inpmIocTi  BUIMAAKIB  YTBOPIOIOTHCST  AedekTM, IO  MAalTh  XapakTep
CKJIaAHOHABAHTAXXEHOTO CTAHY: JOr0 TOJI0BKA Mi1a€ThCS 3HONUTYBAHHIO, 3SMUHAHHIO,
pPO3TPiCKYBAaHHIO i BMKPUIITYBAHHIO, B MeTa/Jli MOXYThb PO3BMBATUCSI KOHTAKTHO-
BTOMHI MOIIKOIKEeHHS [3].

3 mociifikeHb OCTaHHIX POKiB [4-5] BiZomo, 1[0 MilIHiCTb MepPJIiTHUX PEeKOBUX
craneit gocsriaa mexi. Kpim Toro, 36iibllieHHS BMIiCTY BYTJ/IEIl0 BIUIMHE HA YAAPHY
B'I3KICTh Ta 3BapIOBaHICTh MartepianiB peiok [6]. Hampuknazn, y TNOpiBHSIHHI 3
pelikoio 3 moeBTeKTOigHOl ctasi R200 BMMOIrM 10 BiZHOCHOIO ITOAOBKEHHS [IJISI
peliku 3 3aeBTeKTOimHOI cTasi R400HT 3HmKyoTbCcs Ha 6%. OTXe, iCHye rocrtpa
notpeba B iHIINX aJibTepHATUBHUX MaTepianax. beiiHiTHA cTajb, 1110 3a0e31euye K
BMCOKY MIIIHiCTh, TaK i BiIMiHHY IIJIJACTMYHICTh, BBA’KA€TbCSI OJHMUM 3 HaOi/IbII
MepCreKTUBHUX MaTepiaiB.

IlJ1s1 BUKOHAHHSI TIOCTaBJIEHOTO 3aBOAHHS i JOCATHEHHS] PEKOMEHI0BAaHUX MeK
3a XiMiYHMM CKJIaJOM JJIsI HOBUX pO3pPOOJIEHMX CKJIAiB CTaji OyB OOpaHmMii
HaMOiIbIN BiATIOBiMHMIT BapiaHT IMXTOBOTO MaTepiany M/ MOK/IMBOCTI JOBeIeHHS
0 TIOTPiOHMX MeX 3a BMICTOM JIETYIOUMX eJieMeHTiB. /[Ijas1 3abesmnmeueHHS
HeOOXiTHMX TOKA3HMKIB B AOC/IIKYBAaHMX BapiaHTaxX i BigcyTHOCTi HebaskaHUX
IOMIILIOK, TIPUCYTHIX B PSITOBOMY OpYXTi B SIKOCTi BUXiZHOI CUPOBMHU BUOpaIu
MeTaJsl KaTaHOTO TIPYTY.

3a pesyibTaTaMM MOJEIIOBAHHSI BIUIMBY XIMIUHMX €JI€MEHTIB Ha MeXaHiuHi

BJIACTMBOCTi KOHCTPYKIIiIiHMX cTajei 0y/iu po3pobiieHi YOTUPY BapiaHTH JOCTiTHUX
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craneit (ta6s. 1). Ctanp 1 3a XiMiuHMM CKIagoM 0a30BUX €JEeMEHTIB BilMoBimae
craini 45XI'C 3 momasa"HHaM V. Ctanb 2 3a XiMIiUYHMM CKIagoM 06a30BUX eJIeMEHTiB
Bignosimae ctani 30XI'C 3 momaBaHHSIM Mo Ta V. Cranp 3 3 XiMiUHMM CKJIaJgOM
TOBMHHA 3a0e3meunTy TcasT TepMiuyHOi 00pobKM GdopMyBaHHSI OIHOPiAHOI
CTPYKTYpU OeiiHiTy 3 BMUCOKMM piBHEM MexaHiuHuX BiacTuBocTteit. Ctanb 4
XiMiYHOTO CKJIaAy BigpisHSI€ThCS Bim cTasi 2 mogaBaHHIM Mo, V; a Si Ta Mn - 1o 1,5
ta 1,7% BinmoBimHO, SIKi OYAyTb BBOAUTUCS IJisI 3a0e3MeueHHS Mic/Isl TepMidHOi
00po6KM GOPMYBaHHS CTPYKTYpU 6e3KapOigHOro OeiiHiTY.

Tabmuig 1 — PekomeHnoBaHMiT XiMIYHMIT CKIIAT,

IOCTiTHUX JIaOOPaTOPHUX IIJIABOK,% Mac.

HocnigHi
C Mn Si Cr Mo \Y Al Ni
IJIaBKU

Cranp 1 0,26-0,36 | 0,9-1,3 | 0,7-1,1 | 0,4-1 0,15-0,2 | 0,01-0,15 | 0,01-0,02 | =0,05

Cranp 2 0,26-0,36 | 0,9-1,3 | 0,7-1,1 | 0,4-1 0,15-0,2 | 0,01-0,15 | 0,01-0,02 | =0,05

Cranb 3 0,4-0,52 1,2-1,7 | 1,1-1,5 | 1-14 |0,2-0,25 | 0,15-0,25 | 0,01-0,02 | =0,05

Cranb 4 0,26-0,36 | 1,2-1,7 | 1,1-1,5 | 0,4-1 0,15-0,2 | 0,15-0,2 0,01-0,02 | =0,05

BuriaBka gOC/IigHMX MJIaBOK IIPOBOAM/IACS LIJIIXOM IleperuiaBjieHHs 8,5-9,0 Kr
MeTaJIeBO1 INXTU 3 KaTaHOTO NpyTy. MeTajieBy NIMUXTY pO3irpiBanayu B revi NpoTSrom
40 XBUJIMH 10 TeMmepaTtypu Touku Kiopi (peskum poboTM meui B 1ieit mepion OyB
MaKCUMMaJIbHUIA, 110 MOB'SI3aHO 3 (i3MUHMMM yMOBaMM Iiepefadi eJleKTPUUHOI
eHeprii MeTaJsieBiil MMXTi), MicasT Yoro mpoTsirom 1,5 TOOMH MeTasl HarpiBaju Ao
JIOTO MOBHOTO pO3IUIaB/ieHHs. PO3irpiB pos3miaBieHOTO0 MeTaly 3AiMiCHIOBAIN Ie
npotsirom 30 XB, Micjisi yoro ioro BwiuBaiu B rpadiToBuit Turenb, skuii O6yB
rnomnepegHbO MiAroToBaeHuii. Ha pucyHKy 1 mpencTaBieHMil 3arajqbHUII BUTTIST,
JOCTITHUX 3MUTKiB. PaKTHMUHMIT XiMiUYHMIA CKIaf, JOCTiIHMUX JIaOOPAaTOPHUX 3JIUTKIB

HaBeJIeHO B Ta0JI. 2

PucyHoKk 1 - 3arajibHMIT BUTJISIA, AOCTiITHUX 3IUTKIB
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Tabmuus 2 — ®aKTUYHMIT XiMiUHMIT CKJIaJ JOCTiAHMX IIJIaBOK, % Mac,

N2 3iiutka | C Si Mn | P S Cr | Mo Ni Al Cu \Y%

Cranp 1 0,471 0,59 | 0,9 | 0,026 | 0,029 | 1,01 | 0,15 |0,03 |0,02 |0,029 | 0,077

Crajb 2 0,378 | 1,02 | 1,38 | 0,027 | 0,02 0,77 | 0,192 | 0,037 | 0,018 | 0,028 | 0,095

Cranb 3 0,377 | 1,42 | 1,56 | 0,012 | 0,015 | 1,17 | 0,212 | 0,04 | 0,03 0,028 | 0,238

Cranb 4 0,379 | 1,11 | 1,35 | 0,028 | 0,024 | 0,74 | 0,178 | 0,036 | 0,039 | 0,031 | 0,15

dikcalliss MBUAKOCTI OXOJOMKEHHS MOOCAIAHMX 3JUTKIB TPOBOAMIACH 34
Ioriomoroio Imipometpy. Ha migcraBi oTpumaHux maHux Oysio mobymoBaHo rpadik

3MiHM TeMIlepaTypy B MOMEHT Yacy OXOJIOKeHHS AOCTiTHUX 3JIUTKIB (puc. 3).
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PucyHok 3 — 3MiHa TeMIiepaTypy MPpyU OXOJIOAKEHHI 3JTUTKIB,

3 BU3HAUEHMMM TTiKaMy 36iIbIIIeHHST TeMIIepaTypy 3a paxyHOK (ha30BUX Mepexo/iiB

BucHoBok. B mabopatopHux ymoBax IYM HAHY 6ynu BUTOTOBJIEHI 3IUTKU
pi3HOTrO XiMiuHOTO cKiany. IIpoBeneHi fOCHiaKeHHST 3MiHM TeMIlepaTypu B MpoLeci
OXOJIO[IKEHHS 37IUTKY MiC/s KpUCTasisaliii.
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PRODUCTION OF NEW GENERATION RAIL STEEL

Podolskyi Rostislav, Safronova Olena, Merkulov Oleksiy, Kononenko Ganna

Abstract. Based on research in recent years, it is known that the strength of
pearlitic rail steels has reached the limit. Therefore, there is an urgent need for other
alternative materials. Bainitic steel, which provides both high strength and excellent
ductility, is considered one of the most promising areas. To fulfill this task, four
variants of experimental steels were developed. Ingots with different alloying
systems were manufactured in the laboratory conditions of the ISI NASU. Studies of
the influence of cooling rate, temperature and cooling duration on the formation of
the microstructure of experimental steels have been carried out.

Keywords: rail steels, bainite, smelting, rail, chemical composition.
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INVESTIGATION OF A UNIVERSAL PULLER
OF BEARINGS WITH SOLIDWORKS
Rudyk Oleksandr, Kaplun Pavlo, Honchar Volodymyr

Khmelnytsky National University

There are many machines and mechanisms whose work is based
on the movement of parts. Basically, moving parts and units are mounted on
bearings, which require maintenance as they work. The assemblies can be twisted
with minimal effort, but there are situations where the bearing has not been
removed for a long time or it has oxidized. A hammer and a chisel can be used to
dismantle it, but there is a possibility of damage to bearing parts, as well as injuries
to the mechanic [1].

The bearing is a rather complicated and expensive part, so it is better to use a
special stripper to avoid damage, chips and nicks. Although it is possible to remove
the bearing by knocking out the inner holder, but this requires a sleeve clearly the
size of the inner part of the bearing. And if the bearing is stuck, it is practically
impossible and technically incorrect to remove it in this way. Thus, in any car service
that deals with the chassis of the car, there must be a set of bearing removers [1].

Consider the universal puller, shown in fig. 1 [2]. Gripper 5 is made with two
legs: since the ends of the gripper are the same, the second acts as a spare (just screw

the screw into the nut 1 on the other side).

a b
1 - nut; 2 — screw; 3 — plate; 4 — serga; 5 — delight; 6 — axis
Figure 1 — Assembly drawing of the universal puller with delight (a) and its 3D model (b)
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The aim of the study was to determine the maximum force that can be applied
to the grip 5 (fig. 1) with the allowable margin of safety [n] = 3. To do this, we used
SolidWorks, which is a system of hybrid (solid and surface) parametric modelling. It
is designed for the design of parts and assemblies in three-dimensional space (3D-
design), as well as for the design documentation [3].

SolidWorks Simulation was used for engineering calculations - it is a software
solution that is fully integrated into the SolidWorks 3D working environment [4].

Thus, in SolidWorks created a 3D-model of the delight (fig. 2, b), and in
SolidWorks Simulation assigned its material (steel 45 GOST 535-88), fixed and set
the area of its load. Next steps [5] — the system identified contact interactions and

created a finite element model of delight (fig. 3).

a b
Figure 2 — Drawing (a) and 3D-model of delight (b)

WA Mocnegosatms Craruyeckui 2 Mo yrao
Tun cetku Cerka Ha TEepnor Tene
Mecnoneayeroe pastueHWe CTaHaapTHaA ceTka
AETOMAETHYECKDE YNAOTHEHHE CETKM Brirn
Bt ab0MmT . SETOLMINE! CETEM Beirn e
Toukn AkotkaHa 007 CETKM BEICOKOrD KauecTEa | 4 Tousk ;}“%‘#‘%{:{:
Pastep 3 neteHTa 292299 mm ;&:g;‘gﬂ%ﬁ%
Honyce 0146149 mm =14 ok
KavecTeo cetiu Bricokan %%'-;‘.b-
Beero yznoe 12111 i
Brero anereHT o 447 W
I a.CcHraNEHOE COOTHOWEHME CTOPOH 4 5589
MpoueHT 3 nemeHToE 99k
C COOTHOWEHMENM CTOPOH < 3 -
MpoueHT 3 nemeHToE 0
C COOTHOLEHMER cTopoH > 10
MpOUEHT MCKa#EHHER: 3 NEMEHT OB I
Yuzno Mok 3KeHHEIX 3 NEMMEHT 0E 0
Bpera gnA saeeplieHka ceTku [hhmim:ss) 00:00:05
a b

Figure 3 — Parameters of the grid (a) and its display on the delight (b)

Given the connections between the elements, SolidWorks Simulation software
created algebraic equations. They associate the reaction with the material's
properties, limitations, and loads. After arranging the equations into the general

system were unknown (fig. 4).
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Figure 4 — Plot of total von Mises stresses (a), URES displacements (b),
equivalent ESTRN strains (c), FOS delight strength margin (d)

Therefore, for the considered delight of the universal bearing puller, the
maximum force that will not lead to safety violations (with the minimum allowable
margin of safety [n] = 3) will be 1978 N (for one delight).

The obtained results confirm the relevance of the study in determining the
maximum force that can withstand the delight at [n] = 3. But, first, it is necessary to
establish which bearings (according to the assembly drawing of the universal puller)
can be dismantled without damaging their parts. Secondly, to determine the

performance of the puller in question, it is necessary to examine its other

components.
References
1. Bearing pullers [Electronic resource]. — Access mode: https://toptul.org/semnik-
podshipnikov/
2. Devices for car repair [Electronic resource]. - Access mode:

http://chertezhi.ru/modules/ebook/showfile.php?lid=696

3. Rudyk O.Yu. Using of SolidWorks for simulation of screw puller of bearings / O.Yu. Rudyk,
P.V. Kaplun, R.V. Solovyov // World science: problems, prospects and innovations. Abstracts
of the 5th International scientific and practical conference. Perfect Publishing. — Toronto,
Canada. 2021. - Pp. 185-191. - Access mode:
http://elar.khnu.km.ua/jspui/handle/123456789/10062

4. Rudyk O. Yu. The impact of the SolidWorks Simulation network quality on the accuracy of
the calculations / O. Yu. Rudyk, V. A. Gonchar // Eurasian scientific congress. Abstracts of

the 1st International scientific and practical conference. Barca Academy Publishing. -

250 ISSN-online 2708-0102


https://toptul.org/semnik-podshipnikov/
https://toptul.org/semnik-podshipnikov/
http://chertezhi.ru/modules/ebook/showfile.php?lid=696
http://elar.khnu.km.ua/jspui/handle/123456789/10062

International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2022

Barcelona, Spain, 2020. - Pp. 185-188. - Access mode:
http://elar.khnu.km.ua/jspui/handle/123456789/8681

5. Rudyk O. Yu. Use of SolidWorks for determination of working device for installation and
disassembly of brake drums / O Yu. Rudyk, F. O. Ziabkin // Modern scientific research:
achievements, innovations and development prospects. Proceedings of the 8th International
scientific and practical conference. MDPC Publishing. Berlin, Germany, 2022. — Pp. 21-27. -
Access mode: https://sci-conf.com.ua/viii-mezhdunarodnaya-nauchno-prakticheskaya-
konferentsiya-modern-scientific-research-achievements-innovations-and-development-

prospects-23-25-yanvarya-2022-goda-berlin-germaniya-arhiv/.

ISSN-online 2708-0102 251


http://elar.khnu.km.ua/jspui/handle/123456789/8681
https://sci-conf.com.ua/viii-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-scientific-research-achievements-innovations-and-development-prospects-23-25-yanvarya-2022-goda-berlin-germaniya-arhiv/
https://sci-conf.com.ua/viii-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-scientific-research-achievements-innovations-and-development-prospects-23-25-yanvarya-2022-goda-berlin-germaniya-arhiv/
https://sci-conf.com.ua/viii-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-modern-scientific-research-achievements-innovations-and-development-prospects-23-25-yanvarya-2022-goda-berlin-germaniya-arhiv/

Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

DOI: 10.34185/1991-7848.itmm.2022.01.045
MOJEJI TA MPOLEOYPU KJIACU®IKALIL I TPOTHO3YBAHHS ITAPAMETPIB
ITPOILIECIB 3A TIOKA3HUKAMU XAOTUYHOI AVHAMIKU

Ckanosy6 B.B., l'opsiukin B.M., Knumenko 1.B., lllartoan [I.0.

VkpaiHcokull depxcasHuli yHigepcumem HAyKu i mexHosoeiti, M. JIHinpo, YkpaiHa

HenerepminoBaHi yacoBi nociigoBHocTi (HUII) mpencTraBiasioTh HaA3BUUYAHO
IIMPOKUIA  CIEKTp  MOJeNeli  CKIQAHUX  TEXHOJOTIYHMX, EeKOHOMIYHMX,
iHbopMaliitHuX, colliayibHMX Ta iHIMX IporeciB. Otpumanusg HUII, aHami3 Ta ix
MaTeMaTuyHe 1 KOMIT'IOTEpHe MOZE/NIOBAaHHS Ma€ TPUKIASHUIA Ta HAYKOBUIA
iHTepec, MIMPOKe TMpaKTUUHE 3aCTOCyBaHHSI. OpMyBaHHS Ta iHTepIIpeTallisi TaKuUX
MOC/TiAOBHOCTEl HaHMX TOTpedye B TOMY UMCIAi KOPEKTHOTO 3aCTOCYBaHHS
CYKYITHOCTi MaTeMaTUKO-CTaTUCTUYHMUX MeTOmiB aHajizy [Ipu momemoBanHi HYII
JaHMX BMHMKAIOThb TIUTAHHS MIOAO0 3abe3neueHHS MOXIMBOCTI KOPEKTHOTO
dbopMyBaHHS KOMIT'IOTEPHUX MOjejieil, mpolieAyp BM3HAUeHHS MapaMeTpiB CTaHiB
MpolleciB, MeTOOMKM [OOCTIIKeHHS BJIACTMBOCTEI YacOBUX IIOC/iIOBHOCTEI,
TOUHICTh OTpMMaHOi Mogeri Tomo. OmHi€I0 3 BaXKIUBUX BUMOT 40 GOpMYyBaHHS Ta
3aCTOCYBaHHS METO[iB KOMIT'IOTEDHOTO MOJeaoBaHHS Ta mporHosyBaHHs HUII €
HasIBHICTb TPEH[iB MOCTiIKyBaHMX TIpoIleciB. PO3BUTOK MeTOHiB Ta 3acobiB
XaOTUYHOI OMHAMIiKM [O03BOJIMB BCTAaHOBUTM BMMOTIM, SIKi IIO-CYTi 3ab6e3meuyioTh
BUMOIM IIOJO 3aCTOCYBaHHSI IIPOLeAyp MOIeNIOBaHHS, Kkiaacudikamii i
nporHo3yBaHHs rmapametpiB HUII. B poboTi 3acTocoByeTbcs mapameTp Xepcrta, 3a
SIKUM BMKOHYETbCSI Kiaacudikallisi IpoieciB Ha IepCUCTeHTHI (TPeHOCTiliKi),
AHTUIIEPCUCTEHTHI (KOJMM IependavyaceTbCsl JMINE MOXIMBICTH 3MiHM TeHIEHITii
PO3BUTKY), xaoTuuHi. HaTemep icHye kiacudikailisi HeleTepMiHOBaHMX IIPOIIECiB,
sIKa BUKOPUCTOBYE BenmumHM KoHcTaHTM Xepcra (H). Ilpu H > 0,5 mporec €
TpeHpgocTiiikuMm, npu H = 0,5 € moBHicTIO XxaoTuuHuii, a nmpu H < 0,5 mpouec
QHTUIIEPCUCTEHTHUIA, [IJI1 aHTUINEPCUCTEHTHUX 4YacOBUX IMOCTiZOBHOCTe (AYI)
BCTAHOBJIIOETHCS, 110 BOHM MAIOTh BJACTUBICTh HIOA0 MepeMiHM TeHHeHIii. [Hmri
BacTUBOCTI AUIl He BUKOPUCTOBYIOTHCS IPU aHai3i Ta MPOrHO3yBaHHi.

B pormoBimi pocmimkeHi mpoliec MOMETIOBaHHSI Ta KOPOTKOCTPOKOBOIO

nporHosyBaHHs mnapaMmeTrpiB HUII, saxi sgsnasiorbcs AUIL. Tlpegmetrom aHasisy
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SIBJISIIOTBCSI  UMCeJIbHI Tpoleaypu KkKiacudikaliii Ta IporHo3yBaHHSI MapaMeTpiB
TaKuMX Mojesieit. MeToo poboTu Oyio TMiaBuUILEHHS e(eKTMBHOCTI Ta TOUYHOCTI
METOZiB Ta aATOpUTMIB Kiacuikallii, Mome0oBaHHS Ta TporHosyBaHHS AUIl maHmx
CIIOCTEPEXXeHb. 3aBOAaHHS AOCTIMKEHHS TOJMSITIM Y PO3poOIli MaTeMaTUIHUX
Mopeseit knacudikanii HUIT, hbopMyBaHHi aJirfOpUTMIiUYHMX i TPOrpaMHMX 3aC00iB Ta
Yy BMKOHAHHi TOPiBHSUIBHOTO aHaji3y uucenbHOI e@eKTUBHOCTI cimeiicTBa
aaroput™MiB  kiaacudikamii  AYIl, pa3om 3 3aBOAHHSIMM KOPOTKOCTPOKOBOTO
MPOTHO3yBaHHS. B [domoBiAi mpencTtaBjieHe iHCTpyMeHTajbHe IIpOTpaMHe
cepenmoBuitie (ITIC), sike 3abe3redyye KOpPeKTHe IOCIIKEHHS aJTrOPUTMiB
MojeoBaHHs Ta Kinacudikaiiro AUIT. 3aco6amu ITIC 6yB BUKOHAHMIT TOPiBHSIbHMIA
aHaJIi3 aaropuTmiB MmogemoBaHHs AUIT 111010 TOYHOCTI Ta Ynce/bHOI e(DeKTUBHOCTI;
a TaKOXX OTpMMAaHi IIeBHI peKOMeH[allii CTOCOBHO 3allpONOHOBAHMX MPOLEayp
MOJEeTI0OBAaHHS.

B po6oTi Oy/nu Bu3HAuUeHi Ta MpeACcTaBIeHi 0COOIMBOCTI CTPYKTYPH MPOIIECiB
MopentoBaHHsT Ta knacudikamii AYIl. HaykoBa HOBM3HA MpeJCTaBI€HOTO
IOCTiIKeHHS BU3HAUYA€EThCSl HACTYIIHMM: - BIIepllle BUKOHAHO MOPiBHSUIbHUI aHaJi3
YyyceabHOi e(deKTMBHOCTI aaropuTMiB Kiaacuikaiii Ta KOPOTKOCTPOKOBOTO
nporHo3yBaHHsl AYIl maHux criocrepexkeHb, - YAOCKOHAJIEHO MOJeJb Mpouenypu
IOCTiIKeHHST 3a3HAaYeHMX IIpPOIleciB, sIka 3abe3leuye KOPEKTHICTb pe3y/bTaTiB
Kiacuoikaiii, KOMIT'IOTEPHOrO MOJEJIIOBAHHS Ta  ITABUINIEHHSI  TOYHOCTI
IIPOTHO3YBaHHS MMOKA3HMKIB IIPOLIECiB. - BCTAHOBJIEHO, 1110 Halibi/IbIlle AeTaJbHOIO Ta
cTayiol0 sIBAseTbCs Kinacudikaiisi AUII Ha OCHOBiI cxeM arperyBaHHS BUXiTHUX
MOC/TIIOBHOCTEN NaHUX 0e3 IepeTuHy eeMeHTiB, BUKOPUCTAHMUX IIPU YTBOpPEHHi
arperatiB HOBUx YP. IIpakTuyHe 3HAUeHHS MAIOTb Pe3y/JbTaTU ITOPiBHSIBHOTO
aHalmi3y 1IOJ0 uuceabHOI edeKkTUBHOCTI anropuTtmiB Kiaacudikarii  AYII,
pekoMeHpallii 100 MPOMOHOBAHMX MpPOLleAYyp MOJEIIOBAaHHS TakKMuX IIPOILIeciB, a
TaKOX CTBOPEHi iHCTPYMEHTa/JbHi IIporpaMHi 3acobu g 3abe3neuyeHHS

IOCJIiIKEeHb.
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MODELS AND PROCEDURES FOR CLASSIFICATION AND FORECASTING OF
PROCESS PARAMETERS ACCORDING TO CHAOTIC DYNAMICS
Skalozub Vladyslav, Horiachkin Volodymyr, Klymenko Ivan, Shapoval Danylo

Abstract. The report investigates the processes of modeling and short-term
prediction of nondeterministic time sequences, which are anti-persistent time series
(APTS) according to the classification based on the Hearst parameter. The subject of
analysis is the numerical procedures for classification and forecasting the
parameters of such models. The aim of the work was to increase the efficiency and
accuracy of methods and algorithms for classification, modeling and forecasting of
APTS. The objectives of the study were to develop by aggregating the levels of APTS
mathematical models for the classification of time series, as well as the formation of
algorithmic and software tools. The report also presents a tool software environment
that provides a correct study of modeling algorithms and classification of APTS.

Keywords: antipersistent time series, classification, modeling, short-term

forecasting, accuracy of classification algorithms, software.
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OOCJ/IIIPKEHHS BIVIMBY OBPOBKU ITEPBUHHUX JAHUX HA
PE3VJIbTATU HABUAHHS HEVIPOMEPEJKI JIJIS1
PO3ITII3BHAHHS CYIITYTHUKOBUX 306PAJKEHDb

Conpartenko [I.B., T'HaTyiieHko Bik.B.

Vkpaincokuli depicasHuli yHigepcumem HayKu i mexHonoziti, Ykpaina

[TinroToBKa NEepBMHHMX MaTepiajaiB, HEOOXimHMX [JiI HaBUYAHHS HEPOHHOI
Mepexi, IJISl MOAAJbIIOro PO3Ii3HAaBaHHSI CYITyTHMKOBUX 300pakeHb € OTHUM 3
Halinepimmx i HaBasKIMBIIINX €TaIliB, Bijl IIbOro 6e31mocepeaHbO 3a€KUTh TOUHICTh
TOJA/IbIINX KPOKiB Ta KiHLIEBUIT pe3yabTaT. SIKIIO SIKiCTh BXiZHMX HaHMUX Oyma He
3aJI0BiJIbHOIO 200 iX KiJIbKiCTh 3aHAJTO MAaJolo, Iie MOKe IMPU3BECTU A0 30iIbIIeHHS
MoxmOOK abo 30BCiM 3ilCyBaTy pe3yabTaTy PO3ITi3HABAHHSI HEIIPOHHOIO Mepeskero.
He icHye yHiBepcajibHOro MeToda Mmimdoopa JaHMX, ITiJ KOKeH OKpeMMil BUIMAIO0K
Tpeba BMKOHATM IIiATOTOBYi eTamu, IS 0a30BOTO CIPUITHATTS, SIKi Ta SIK caMe
MOTPiOHO MiATONOBYBaTH AaHi [Jis MOTPiOHOTO pe3yabTaTy [1-3].

MeTow JOCHimkeHHSI € IIOKpallleHHS pO3Mi3HaBaHHS CYIIYTHUMKOBOTO
300paskeHHs] MiCLIeBOCTi 3a/jIs1 IIbOTO IPOBEIEHi NeKijJbKa eTalliB 3 ITOKpallleHHS
MEepPBUHHMUX [AaHUX $SKi BUKOPUCTOBYIOTh [Ji1 HaBUaHHS HEHPOHHOI Mepexi.
CrniouyaTKy BMKOPMCTOBYEMO HaitbOisbil HeoOpoOsieHi naHi (6e3 aHOTYBaHHS) Ta
3aIlyCKaEMO HaBUAHHS HelfpoMepexi IJis1 pO3yMiHHS, UM HeOoOXiHi moaablili eTanu

a60 YMHHOTO Pe3yJbTaTy Oi/IbII Hi3K TOCTaTHBO.

PucyHox 1 - Heo6po6seHi Macku [Ij1s1 KJIaciB: BOAA, IepeBa, roje

Ha Puc 1. 300paskeHi mpuKkIaAy maTepiajiB (3/1iBa 3HaXOAUTHCS 300paskeHHS
KJIacy, a 3 MpaBa CTBOpeHa Macka) OCHOBHUMX KJacCiB TaKMX SIK BOAA, JepeBa Ta IoJe,
3i cTBOpeHMMM [JISI HMX MackKaMM, SKi TIOTpiOHI Helipomepexi s OilbIl
TOI/IN6JIEeHOTO PO3yMiHHS, e caMe Ha 300paskeHHi MOTPiOHMI Ki1ac. BURopucTaHHS
HeoOpoO/ieHMX MaTepialliB y eKcliepMMeHTaxX MPUBeJIO 10 pe3yabTaTy HaBeJeHOMY

Ha Puc.2.
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PucyHOK 2 - Pe3ynbTaT po3Mi3HaBaHHS CYyITyTHUKOBOTO 3HIMKY 3 HE0OpO6IeHMMY JaHUMMU

[lepuie BunpoOyBaHHS Mae HEJOJIIKM IIPHU PO3Mi3HABAHHS HEMpoMepexkero, YacTUHaA 3
AKX HE € KPUTUYHUMH, aje NPU3BOAUTH A0 OUIBIIOI MOTPIIIHOCTI TPU 3HAXOKCHHI

OKpPEMUX KJ'IaCiB, Ta BIIJIMBA€ HA KiHI_IeBI/Iﬁ pe3yibTar, a caMe:

— TouHicTh po3mi3HaBaHHS K/IacCiB y CcepeJHbOMY CTaHOBUTh 71.44%, mo €
3a/I0BUIbHMM pe3yJ/IbTaTOM, ajie AJjIs JesSKMX KIaciB 3aHaATO BeJiMKa IOTPIllHICTbh,
TaKUX SIK BOZA;

-V nepuiomy npuknani Ha Puc 1, mjis Bogu, CIOCTePiraeTbCsi 3HAXOIKEHHS
JIesIKUX KjaciB Ha OZHOMY 300pakeHHi CyMicHO, 110 MPU3BOAUTb He TibKU [0
pO3Ili3HaBaHHIO BOAM ITiC/ISI HAaBUYAHHS HelpoOMepexi, ajie TakKOX I TPpUMAHSTTS
iHIIOrO KJIacy 3a Hel;

— BinpmricTe mostiB 6y posmi3HaHHI K BOAA, MPUUYMHOKI YOTO € IONepeaHii
ITyHKT.

Il BuUIpaBJeHHSI Ta TMOKpallleHHS pes3y/ibTaTiB, Hacamiiepel, HeoOXigHO
AQHOTYBAaTM HaHi JJIsS HaBYAHHSI Ta CTBOPUTU Oi/NbIN JeTajabHi MacKu JJISI KOXKHOTO

KJIacy.

] B - >

PucyHok 3 - O6pobsieHHi Macky ISl KJIaciB: Bojia, AepeBa, mojie

OHOBJIeHI MacKkuM MOXXHaA crocTepiraTy Ha Puc 3, ki mpoitiuim o6pobKy Ta
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MAalOTh OiJIbII JeTajbHe BUIJIEHHSI HeoOXimHOi 06jacTi IS KOKHOTO OKPEMOTO
KJacy, IO [03BOJISIE HelipoMepexi Oi/NbIl peTeabHO Ta 3 MEHIIOK IMOXMOKOI0

PO3YMiTH, SIK CaMe y3araJbHUTU KOXXeH OKpeMMIi KJiac.

-§-‘J"‘i"i :

PucyHOK 4 - Pe3ynbTaTu po3mi3HaBaHHS CYITyTHUKOBOTO 3HIMKY 3 00pO6IeHMMM JaHUMU

BumnpoOyBaHHSI OHOBJIEHUX, OiNbII [OeTali30BaHMX HAHUX [JIsSI HaBUaHHS,
MIPUBEJIO IO AOCUTh 3HAYHOTO IOKpallleHHsI pe3yJibTaTiB, TOUHICTb 3pocia 3 71.44%
mo 91.10%, mo y meBHiii Mipi Kpallle HiK y IepIioMy BMUIIPOOYBaHHi, Ta HaHMIA
pe3yJbTaT MOXXHA BigHeCTM 10 3a40BiJbHOTO. JJOCMTb MOXXKHA CIOCTepiraTu AesiKi
HeMIoJiku, sIKi Oy/M BJACTMUBI Mepiiii iTepallii TakoXX, MOXHA MigKPeCIUTH OOHY 3
Hal3HAYHIIINMX:

— Jlesika MicCIIeBiCTh ITOMMUJIKOBO BiTHOCUTBCS IO Kjacy BOAM, HacaMIiepes, 1ie
MiClIsl 31 CXOXMMM IapamMeTpamMy, $SK 1 JAaHi [IJisI HaBYaHHS HelpoMepexi
pO3TMi3HaBaHHSI BOAM, HAMPUKIAMA, Y SIKMX CXOXMI KOJip abo TiCOK, SIKMIT TaKOX
YaCTKOBO IPUCYTHi Y 300paskeHHSIX BOIA.

BucHoBOK. Ha ocHOBi npoBefeHNX eKcIlepyuMeHTaxX 3p0o6JeHO BUCHOBOK, IO
MOKpAallleHHs] TIePBMHHMUX MaTepiasiB [Jisi HaBUaHHS HelipoMepexki po3Mi3HaBaHHIO
CYIIyTHUKOBUX 300pakeHb, Oes3rnocepeqHbO BIIMBAE€ Ha MiABUINEHHS TOYHOCTI
po3Ii3HaBaHHS 300paskeHb (27.6% y HAIIOMY BUIIAJKY). TaKoK BapTO MigKPeCIUTH,
00 OJHMM 3 BapiaHTIB [Jisl TOLAJBIIOTO YCYHEHHS TOTOYHMX HeNOJiKiB €
30i/IbIlIeHHST TIePBMHHMX MaTepianaiB [js1 HaBYaHHS Ta KiuIbKiCTh KJaciB, IO

MiATBEPIKEHO Y Pe3ysbTaTi JOCTiIKeHHS Ha MPUKIIAAi 3 MTiCKOM.
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INVESTIGATION OF THE IMPACT OF PRIMARY DATA PROCESSING
ON THE RESULTS OF NEURAL NETWORK TRAINING
FOR SATELLITE IMAGERY RECOGNITION
Soldatenko Dmytro, Hnatushenko Viktoria

Abstract. Proper preparation of materials for training a neural network is one
of the key stages that directly affects all subsequent and results. The research
provides two trials, the first with raw data and the second with specially prepared for
training. The training of the neural network uses data for three different classes,
water, trees and field, test results and information about potential flaws provided
after each test as well as recommendations for improving results. The results were
analyzed and concluded that the improvement of primary materials for teaching the
neural network to recognize satellite images directly affects the result for the better,
namely by 27.6% in the case of using prepared data in this study, they may differ
depending on the conditions.

Keywords: neural network, image recognition, data processing, satellite

imagery, artificial intelligence.
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MOJE/IIOBAHHS PO3YMHEHHS BAITHA B IIIVIAKY
OKUC/IIOBAJIBHOTI'O ITEPIOY BUITJTABKU CTAJII B I CII

Kawmkin B.JO., Mimankin A.IL.

VkpaiHncokull depycasHuli yHigepcumem HAayKu i mexHos102itl

BaknnBOIO TPO6IEMOI0 TIPM BAOCKOHA/IEHHI IIJIAKOBOTO PEKUMY BUILIABKU
ctasi B [ICII € o6rpyHTYBaHHS palliOHAaJIbHOIO KOMIIOHEHTHOTO Ta XiMiYHOTO CKIagy
duiociB, sKi (GopmMyIOTh IIJIAKOBY a3y, BIACTMBOCTI SIKOI 3a6e3MeuyloTh BUCOKI
TTIOKA3HUKM Ta eHeproeeKTUBHUI PesKMM BUIIABKM €JIeKTPOCTAaJI.

BuBYanu KiHETMKY pO3UMHEHHS BallHa B IUIAKy OKMC/IIOBAJIbHOTO Iepiomxy
BurmiaBku crtagdi B ICII 1nuisixom  BBedeHHST Ha  IIOBEPXHIO  BaHHU
BUCOKOTeMIlepaTypHoi Mogdeni 1eui (40 «kr; JIII3-67 3 mepuKiIa3oBUM
dbyTepyBaHHSIM) IpM BUKOPUCTAHHI BamHsIKiB ppakiiii 3 i 10 MM 3 pi3HUM CTyIleHEM
Bumnany. Temmneparypa Metany i 1muiaky craHoBwia ~ 1600°C. BusHauvanm yac
mpoiecy, 3a SKUil BimbyBasacs 3aJMIIKOBA IMUCOIIAlisl AOCTITHMX IIMaTOYKIiB
BanHAKy dpakiii 3 i 10 mm 3 pisuum Hepomanom (20 i 60%), 1m0 BBOOWINCH Ha
ITIOBEPXHIO MMIYHOrO IIIJIAKy B KiJIbKOCTI 5...8% Bim Macu pimkoro metany i, BjiacHe,
pO3UMHEHHS BallHa, 1[0 YTBOPIOBAJIOCS.

Ia1ss uuMx YyMOB 3HIWKEHHS TemmepaTypu BaHHM PIiIKOro MeTady, IIo
3HAXOAMBCSI TMiJi BOTHETPMBKOIO TeIUIO3aXMCHOK KpPMUIIKOI 0e3 CTPyMOBOIO
HaBaHTa)XeHHS, IiCJS MOBHOI acUMMijsALii BalHa IIJIAKOM CKJIAI0 6M3bKO 6...8°C
I BamHa 3 HepmoranaoM 20% i 6imsbpko 10...12°C gja BamHa 3 HegonasioM 60%.
EdeKkTuBHICTb BUKOPMUCTAHHS IIJIAKOYTBOPIOIOUMX MOCTITHUX CyMilllei, OTpUMaHUX
IIVIIXOM CITJIBHOI TEeIUIOBOi OOpOOKM CyMillli HA OCHOBiI TEeXHOT€HHMX BiIXOmiB,
BM3HAUa/JIM TOKasHMKaMu pAedocdopaliii mMeTaqy OKUCIIOBAJILHOTO Iiepiomy
BumiaBku B JICII. Joc/migHuii CKaaj, peareHTy MIiCTUMB OKCUAM 3ajii3a, KPeMHi,
QIIOMiHIIO, Maprasmpo, JyKHMX MeTauiB i Bymemo, IX choiBBigHOIIEHHS
3a0e3Ieumyio [OCTaTHbO IIOBHe TiepeBefeHHS Qocdopy B IIaK B Iepiof
OoKuCIoBasbHOro padinyBaHHs. CTyIiHb HeJOMaay BamHa IIiCJAs IpOBeIeHHS
CyMicHOI TeruioBoi 0OpOOKM BUMXiZHOI CyMiIlli KOMIIOHEHTIB - BiIXOMiB CKjajasa,

BigmoBigHO B %: 20, 30 Ta 40.
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[Ipy 3acToCyBaHHi [OOCHAIAHOrO MaTepiady, B SIKOMY CITiBBiJHOIII€HHS
Ca0:CaCOs craHoBWIO B mpoueHTax K 70:30, JOCATHYTO B IOPiBHSHHI C iHIIMMUA
nocmimkenumu Bapiantamu (80:20 Ta 60:40 6inbin HM3bKMI BMicT hocdopy B meTasti
IiC/I IIPOBEIeHHSI OKMC/ITIOBAJILHOIO Mepioay IiaBku. Tak, mpu peasisailii 6a3oBoi
TEXHOJIOTii 3 BMKOPMCTAHHSIM KYCKOBOTO BamHa BMicT ¢ocdopy B meTasi CKIaB
0,0085%, mpy BBemeHHI Ha TOBEPXHIO BaHHM [OCIIZHOTO MaTepianay IiJIbOBOTO
npusHavyeHHs - 0,0068%.

OTtpumanuit mo3uTuBHUIT edekT nedocdopallii cTagi IOB’SI3aHMII 3
MIPUCKOPEHHSIM PO3UMHEHHS BallHa B IMIPUCYTHOCTI OKCUIB 3ajli3a Ta MapraHiio, 1o
aKTMBYBAJIO iHTEHCUMBHE BUIIJIEHHIO 32 PaXyHOK 3JIMIIKOBOI AMCOIiallili BallHSIKY
oymnpo6amiok CO, Ta CO. Ile cripusijio 6iyblll iHTEHCMBHOMY OHOBJIEHHIO peakIliifHOi
MOBEepXHi IIMaTKiB BamHa. BpaxoByiwoum HasiBHiCTb npu acuMinsaiii CaO mivHuUM
IUIaKOM [ABOX AUQY3iifHMX TOTOKiB, MOXKHA CTBepI)KyBaTu, 10 BeAeHHS
nuIakoyTBopeHHs1 B yMoBax [ICII ¢ 3acTOCyBaHHSIM AOCTIAHUX IIJIaK YTBOPIOIOUMX,
0 MICTSITh HedoIlaJieHe BamHO, CIOPUSIE IPUCKOPEHHIO 30BHIllIHBOTO ITOTOKY

IIUIAaKOBOi a3y J0 MOBepxHi IIMATKiB BaITHA.

SIMULATION OF VAPN OPENING IN SLAG OF
THE STEEL STEELING IN EAF OXIDATION PERIOD
Kamkin Volodymyr, Mishalkin Anatolii

Abstract. An important problem in improving the slag mode of steelmaking in
EAF is the substantiation of the rational component and chemical composition of
fluxes that form the slag phase, the properties of which provide high performance
and an energy-efficient mode of electric steelmaking.

The kinetics of dissolution of lime in the slag of the oxidation period of
steelmaking in EAF was studied by introducing a high-temperature furnace model
(40 kg; LPZ-67 with periclase lining) onto the surface of the bath using limestone
fractions of 3 and 10 mm with different degrees of firing.

Keywords: modeling, disclosure, lime, slag, oxidation period, smelting, arc

steel furnace.
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SIMULTANEOUS PARAMETRIC IDENTIFICATION FOR THE COUPLED
RELAXATION GENERATORS SYSTEM
Guda Anton, Zimoglyad Andrii

Institute of Industrial and Business Technologies,
Ukrainian State University of Science and Technologies

Abstract. This paper is devoted to the identification system creation for the
coupled relaxation generators system. This nonlineear system can demonstrate both
complex-periodic and chaotic behaviour. Proposed identification system, unlike
previous one, must be capable to conduct simultaneous identification of the set of
parameters. Identification method is based on the moving average and regression
analysis methods hybridization. This method is capable to negate the noise impact
after differentiation. Special lock and reset system block accumulators during
relaxation pulses. The workability and dynamic properties was researched on real
equipment. Dynamic characteristics of the method under consideration appears to
be sufficient to track parameters values both in complex-periodic or chaotic modes.

Keywords: parametric identification, chaotic systems, relaxation generator.

Parametric identification for the system with complex, and even chaotic
dynamics, is a complex, but in many cases solvable problem [1,2,6]. One of the most
crucial part in the identification system creation is the criterion synthesis [3]. But
the existence of the single criterion in most cases is not enough to conduct
identification process, if the number of parameter is more then one.

As the previous researches shown, even in the existence of multiple criteria,
identification task often gives us not a single solution. More over, identification
methods may require huge amount of the computation power, and therefore, is not
suited to the real time application.

Special method was proposed to the simulations identification of
the well-known Lorentz dynamic system parameters in the paper [4]. This
method proved to be workable and at some extent effective, but it's correctness
was proved only on numerical simulations. So, the verification task for the

proposed method became actual.
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As a real world test system for the proposed method a coupled relaxation
generators system (1) was chosen. This system can provide both complex-periodic

and chaotic behaviour.

V, =V, -R (L +1,+...),
C,V; = va _‘/i _Kon[():
Rz,c Ri
LYY,
i R,'

In some previous work [5], a suitable identification system was developed for
this particular system. But the essential drawback was the fact, that the only
parameter (namely Ry,) can be identified.

We can try to apply a similar approach to create identification system for the
new target. The equation system can give us a key points for the identification
system synthesis.

If we can measure the Vi, .... V, values, than the values of the identification
parameters can be easily expressed. But in the real world, the measurement noises,
especially after differentiation, leads to extremely large errors in the parameters
evaluation. Classical filters can diminish the noise level, but leads to essential
systematic errors due to different phase shifts if the filters.

On the other hand, direct application of the proposed approach based on the
moving average and regression analysis methods hybridization, is not possible.
Unlike Lorentz system, the relaxation generators has brake points, in which the
derivations level can be theoretically unlimited, and practically - just huge.

To suppress usage of input values during such spikes, we can block
accumulators, if the value of derivations is “too large”. The precise condition depend
not only from the system dynamics and noise characteristics, but from the
identification system parameters itself. Nevertheless, these limits may be estimated
and corrected during identifications system adjustment.

In the figure 1, the results of the identification processes with proposed system
are presented. The value of parameters R;, Rs; was fixed, and the value of R, had a

step-alike shape. As we can see, the proposed identification system is able to give
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correct identification results. A set of other conditions was also used to check the

identification system workability, with similar results.
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Figure 1 - Identification process of the coupled relaxation generators system parameters

Conclusions. According to the achieved results in real experiments
and numerical simulations, we can state, that identification of the
coupled relaxation  generators  parameters is  possible. = Enormous
obstructions, related with the numerical differentiation of the noisefull signal, can
be avoided by the special method, based on the moving average and regression
analysis methods hybridization. Dynamic characteristics of the proposed method
allows us to track parameters value, practically without dependence to the system
mode: regular or chaotic.
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CEKIIA 6

CUCTEMHI TEXHOJIOT'TI OBPOBKU

IH®OPMAIIII TA KIBEPBE3IIEKA

SECTION 6

SYSTEM INFORMATION PROCESSING
TECHNOLOGIES AND CYBERSECURITY
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INTELLIGENT MONITORING AND CONTROL SYSTEM FOR
THE PIPE MANUFACTURING PROCESS
Ivashchenko Valerii, Shvachych Gennady,

Sobolenko Oleksandr, Ivashchenko Olena
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Abstract. Here one of the new efficient approaches to solving problems of
intelligent support of making decisions of a cooperate enterprise scale is analyzed,
bearing in mind that the enterprise is oriented towards integration of two
interconnected information technologies: a technology of constructing information
storages and a technology of intelligent data analysis.

A new conception of the role of informating-controlling systems in controlling
and operating pipe manufacturing process is suggested. It broadens a traditional
view over information systems just as if it were only an instrument of a computer
data analysis. The role of the modern information systems in the manufacturing as
an independent scientific and applied direction serving as a connecting link in the
triad “raw product - ngineering process — end product” is substantiated. Some
problems connected with plantation of the informating-controlling systems in the
pipe manufacturing is formulated. It broadens a traditional view over information
systems just as if it were only an instrument of a computer data analysis.

Keywords: information system, data analysis, information storages, intelligent

decision.

Introduction. A lot of works are devoted to the problem of research,
elaboration and plantation of the computer systems in metallurgy. So, in [1] the role
of the computer control systems in cast iron production is accentuated. In [2] it is
shown that the computer control systems allow to realize not only a current fusion
control, but also to conduct an analysis of the technological situations with giving
recommendations as to controlling the blast-furnace process in whole. In [3] it is
noted that the software environment for conducting a calculating analysis of the
most important sides of the blast-furnace process and for conducting an automated

search for the optimal conditions of fusion in basic modes of the blast furnace’s
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performance.

In [4] a new approach to mathematical modeling of metal turning in section
extruding based on the finite elements method is suggested.

In this article, one of the efficient approaches to solving problems of
intelligent support of making decisions of a cooperate enterprise scale is analyzed,
bearing in mind, that the enterprise is oriented towards integration of two
interconnected information technologies: the technology of constructing
information storages and the technology of intelligent data analysis. Additionally, in
our opinion, the information systems, correspondent mathematical models and
processes of their construction, verification and interpretation are the irreplaceable
link in the triad “raw product — engineering process - end product” , and they are
called to provide integrity of the engineering process and manufacturing. Besides,
prospects of a further development of informating-controlling systems, both in pipe
manufacturing and in some related researches supporting this direction are
examined.

Setting the problem. Upgrading of technics and technologies and a continuos
growth of requirements to the quality of the product inspire elaboration of new
information systems of intelligent support of making decisions of a cooperative
enterprise scale.

One of the approaches to creating systems of a new generation decision
support is oriented towards integration of two interconnected information
technologies: the technology of constructing information storages (IS) and the
technology of intelligent data analysis.

This article is devoted to the peculiarities of elaboration of the information
systems of the new type on the example of the controlling processing characteristics
of the products rolled by the pipe-rolling plant 140 (PRP-140).

Nowadays, the technology of constructing IS is partially based on the PRP-140
with lengthwise-rolling mills

The substance of the constructing technology of the IS is as follows. The
distinctive feature of the engineering process of the pipe manufacturing by the PRP-
140 with the lengthwise-rolling mills is in presence of single-type structural

elements in the plant line which define the composition and configuration of the
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PRP-140. Such a peculiarity allows to create the OIS which contains a varied
information as to the performance of the PRP-140 (date, time, fusion number, pipe
grades, steel quality etc.). Further on, the data from the OIS are extracted and put
into one source - the IS.

The main idea, put into the principle of the IS technology is to conduct the
current analysis intermediately on the basis of the operative information systems is
inefficient. It is explained by the fact that the data as to the performance of one of
the PRP-140 mills do not enable to get a whole and objective picture of the
performance of the plant in whole. All the necessary for the analysis data are kept in
a single source — the IS. The main peculiarity of the IS data is their availability not
only for reading. At the same time, no data modification is made, as it may break
integrity of the IS.

Main research material statement. Taking into consideration that the IS
contain various information as to the performance of the PRP-140 (date, time, fusion
number, pipe grades, steel quality, ingoing size of the round billet, pipe sizes after
each mill etc.), the task of the suggested information system is to classify and to
process the data for the purpose of resetting the PRP-140 mills’ processing
characteristics and those of the correspondent forecast.

At the same time, the information system enables to take a lot of measures as
to the data processing. So, if necessary, one can follow dynamics of changing the
characteristics of each pipe from the circular furnace up to the sizing or reducing
mills inclusively. Besides, there appears a possibility to classify the data according to
the rolling characteristics (steel quality, ingoing size, round billet size, pipe grades
etc.). The latter permits to carry out a number of researches connected with
determining dependence of the rolling process results on the ingoing data and
current characteristics.

For example, in the process of piercing a lot of one-sized hollow-billets, an
elongation ratio shift under each hollow billet’s deformation may be observed [5]. A
variable pace of work of the piercing mill, preconditioned by essential processing
pauses, implies a constant considering of the thermal condition of the plant which
influences the total elongation value. The elongation ratio shifts under a lot of

hollow billets piercing reach 30% of nominal (table) values. In order to stabilize the
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elongation ratio, the operating personnel (supervisor), following his own practical
experience and intuition adjusts the mill settings by means of shifting the piercer
plug before piercing the next hollow billet. For the purpose of reducing the
supervisor’s subjective influence, the suggested system chooses the required piercer
plug’s condition subject to the algorithm elaborated.

In order to estimate the received rolling characteristics, the algorithm uses the
dependencies including the peculiarities of the pipe deformation process according
to the fundamentals of the pipe manufacturing theory [6]. It should be noticed that
among the analyzed characteristics, the principal figures are those of the hollow
billets’ and pipes’ length, the elongation ratios for each mill and the plant in whole,
crop values, dead time, unfinished sections number. Let us consider a variant of the
suggested IS’s functioning.

The suggested IS provides for several functioning modes. A large volume of
information in the IS requires a preliminary data retrieval, which is made by means
of classifying according to the date, pipe grades, fusion number, lot’s number,
order’s number. Let us consider an example connected with the data processing and
analyzing according to the calendar. When switch to the calendar mode, a dialog box
appears on the screen for the user to choose the year, month and day, for instance.
Subject to the chosen date the IS data retrieval is activated. In the result of
processing the information, the total number of records on this issue appears on the
screen. Further on, the information as to the functioning of the PRP that day in
whole appears on the screen. In this box, numbers of orders for pipe manufacturing,
hollow billets sizes, the rolled pipes grades, rolling time etc. are shown.

If necessary, the required information can be printed out and analyzed (press
the button “Analyze”). Here the data from the IS are transferred to the Excel
environment, where their automatic classification and processing according to the
algorithm is given.

The data transfer from the IS to the Excel environment is explained by the fact
that the given program product enables to realize the necessary data processing in
rather a convenient and obvious manner.

Besides the analytical procedure of information processing, the environment

permits to form the required graphical dependencies.
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Summary. In the suggested approach, the key role in making decisions as to
the control belongs to two technologies: the technology of IS and the technology of
the intelligent data analysis. The suggested technologies are an essential component
of the engineering process and serve as the connecting link in the triad “raw
product — engineering process — end product”.

The practical application of this product permits the operating personnel of the
enterprise to control the engineering process, analyze the processes passing in each
mill, adjust the PRP mills’ engineering characteristics in the pipe-manufacturing
process. The suggested approach influences quite strongly the production’s quality
improving and enables to work stably in the thin-walled pipe grades sphere.

The principal approach to task-solving may be used for other rolling mills, such
as continuous rolling mils, flatting mills, small-section mills, hot-rolling mills that
will help to save the metal and improve the quality of production.
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Abstract. This paper considers the so-called "blade" server solutions of
multiprocessor computing systems, where several same-type mother modules are
installed in one enclosure. The main feature of the clustered system, which is
considered in this paper, is that the data interchange among computing nodes is
carried out in a separate network, which operates at the channel level using channel
bonding mechanisms. This provided an increase in the speed of data interchange
and reduced the load of the channel that connects the nodes of the cluster. Further
reseraches were aimed at implementing a procedure for increasing the efficiency of
parallelization by introducing of multichannel modes of the network interface of
modular computing systems. The conducted studies have created the prerequisites
for a quantitative assessment of the effectiveness of a multiprocessor computing
system in the implementation of a multi-channel operation mode of a cluster
network.

Keywords: numerical-analytical method, parabolic type, solutions of high-

order accuracy.

Introduction. Almost simultaneously with the advent of the first computers,
there was a need to evaluate their performance and efficiency. For parallel
computing systems, there are currently programs that perform the role of the
standard, that is, they allow assessment of the computer system capabilities.
However, the computers characteristics obtained testing results have always been
distrusted and criticized. One possible way out of this situation is to form a set of
tests, each of which would complement each other. From these positions, the
efficiency of the multiprocessor clustered computing system, being researched in
this paper, will be assessed. These researches are aimed at further development of

the approach, proposed by the authors in the paper [1, 2].
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Research problem statement. One of the main problems of using the cluster
system to solve the class of problems that are considered in this paper can be
formulated in this way: we have the M dimension difference mesh, the time for
problem computation, which is solved using a single-processor system, is
determined by the value of t. This parameter is the key one. It is necessary to
significantly reduce the computation time while preserving the value of M. It is the
speed and performance issue that is the main focus in the cluster systems making.

Research object. The overwhelming majority of functioning supercomputers
are in fact multiprocessor parallel computing systems of the MPP (Massively Parallel
Processing) architecture. Multiprocessor computer systems, designed on the basis of
local networks, began to be called "cluster systems" or simply "clusters". This is
because the logically mentioned MPP system differs little from the usual local
network.

This paper considers the so-called "blade" server solutions of multiprocessor
computing systems, where several same-type mother modules are installed in one
enclosure. Taking into account the latest achievements in making of multiprocessor
computing systems, a personal computing cluster [2] was created, which
effectiveness is researched in this paper. In the cluster configuration, six blades were
selected for the system modular implementation. Such an approach provides, if
necessary, expansion of the computing system by installing additional modules.

Main research material statement. So, let us consider the problem of reducing
the computational time by increasing the number of nodes in the cluster system. It is
assumed that the computation domain is evenly distributed among the nodes of the
cluster system. In the class of problems under consideration, all computations are
performed on the basis of a difference grid. To carry out the corresponding
researches, the authors adopted the basic analytic relations derived in the paper [1].

In the cluster system, an IB bus is used to connect external devices. This bus
provides for duplex data transfer. It allows efficient use of the computational
capabilities of clustered systems in combination with high data rate of
communication channels.

A comparative analysis of the half-duplex and duplex modes of the system

showed that in the "duplex" mode the computational time has significantly
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decreased, in addition, the computations acceleration has significantly increased.
However, simultaneously, it is necessary to note a slight decrease in the efficiency of
computations (54% versus 60% of the half-duplex mode).

The main feature of the clustered system, which is considered in this paper, is
that the data interchange among computing nodes is carried out in a separate
network, which operates at the channel level using channel bonding mechanisms.
This provided an increase in the speed of data interchange and reduced the load of
the channel that connects the nodes of the cluster. Further reseraches were aimed at
implementing a procedure for increasing the efficiency of parallelization by
introducing additional computer networks.

The conducted researches created the prerequisites for a quantitative
evaluation of the efficiency of the multiprocessor computing system when
implementing the two-channel mode of the cluster network operation (k = 2).
According to the computational data, this operation mode of the cluster allowed not
only to increase the efficiency of the system (in the optimal mode it is more than
70%), but also to significantly reduce computation time, as well as to accelerate
computations. Such results were received due to the reduction of the boundary data
interchange time among the clustered system computing nodes. Note that this
computing system operation mode is implemented for the cluster under research.
However, during the research, there arose a question: how will assessments of the
clustered system efficiency get changed with the subsequent expansion of the
channel bonding regime? For example, if k = 4. The answer to this question can be
obtained by conducting additional research.

Thus, the prerequisites for a comparative analysis of the channel bonding
regime realization of the cluster system when k = 2 and k = 4 have arisen. The
conducted researches showed that with a relatively equal paralleling efficiency, the
computational time is somewhat reduced (by about 5 seconds) and the computations
acceleration gets greatly increased. In the clustered system practical work with the
forming the computer network mode, when k = 4, the researcher will have to look for
the answer to the question: will there be the reduction of the computation time by 5
seconds and an increase in the computations acceleration, provided that relatively
large material resources are invested in complicating the design of the cluster

system justified?
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Conclusions. The effectiveness of the clustered system in the organization of
multichannel modes of the cluster network operation are established. Such modes of
operation allow not only to increase the efficiency of parallelization, but also to
significantly reduce the computation time, as well as significantly speed up the
computation.
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AHAJII3 OBMIHY JAHVMMU MDK IIAITPUEMCTBAMUA 3A
JIOTIOMOT'OI0 TEXHOJIOTTI BJIOKYENH B IHOOPMAIIITHUX CUCTEMAX

CutHuk P.C., I'naTtymeHko Bik.B.

VkpaiHcokull depxcasHuli yHigepcumem HayKu i mexHosoziti, /IHinpo, YkpaiHa

BUpoOHUIITBO HOBMX TOBapiB, B 3B’SI3Ky 3i 30iJbIIEHHSIM TEXHOJOTiUHOCTI
MiZIPMEMCTB Ta TOBapiB, iX KiJbKOCTi, MOTpedye Bce Oinble pecypciB Ta,
SIK HACTOOK, 30i/JbIIYETbCS KiJbKICTh JIAHOK CTBOpPEHHS. Lii1 mporec,
3a y4acTio 6araTbox He3aJIeXKHUX OJHa Bif OJIHOI KOMIIaHii,
YCKJIAIHIOE MeHEeIKMEHT TOBapaMu: MpoIecu iX BUPOOHMIITBA, PYyX PecypciB,
KOMIIOHEHTIiB Ta ToBapiB. KoMIulikaliis B BuIle3ragaHuX Ipollecax YHpaBJiHHS Ta
JIAHIIOTax MOCTaBOK MOXXYTb MPU3BECTU A0 30i/lbIlIeHHSI CTPOKIiB BUPOOHMUIITBA Ta
IOCTaBKM, CKJIATHOIIIB B MOHITOPUHIY PyXy TOBapiB i KOMIIOHEHTIB, Ta MPO6JIEM Y
Bepudikallii icTopii IOXOIKeHHS TOBapiB Ta KOMIIOHEHTIB TOII0. TaKOX iCcHye
npob6sema IOBipy MiXX pisHMMM He3aJesKHMMMU JIJaHKaMy BMPOOHMIITBA Ta JOCTaBKH,
II0 BUPA)KA€TbCSI B 3aCTOCyBaHHi BjacHOi iHdopmaliiiHOI cucTeMyu IJIs
MeHeI)KMeHTY BMPOOHMIITBOM Yy KOKHili KOMITaHii OKpeMo, II0 3HAYHO YCKJIaTHIOE
Koomepallilo Ta HeraTMBHO BIIMBA€E Ha BUIe3TafaHi XapaKTePUCTUKU. SIK
pesy/ibTaT, CBIT 3apa3 IepeXMBa€E KPU3Yy JIAHIIOTIB IOCTayaHHS, SKa HEraTMBHO
BIJIMBA€E Ha YCIO CBiTOBY €KOHOMIKY [1].

[yt BUpiIIeHHST UX IPOo0JIeM ITPOITIOHYETbCS BUKOPUCTOBYBATM TEXHOJIOTiIO
OJIOKUeliHy, sIKa BKe OTpuMaja CBOi 3acobu BMKOpUCTaHHSI Y cdepi PiHaHciB Ta
dbinaHcoBux mocayr. biokyeiitH — 1je CTPYKTypa JaHWUX, IO € PO3IOJiIeHOI MiX
O6araTbma yyacHMKaMM OFHi€i Mepexki, Ta B SIKiii KOXXHMIT HOBUI 670K iHboOpMaliii,
10 TOCTYIIA€ M0 Ii€i CTPYKTYPU OAHUX Yy BUIJISAI OKpeMUX TpaH3aKIliil, 3B’sI3aHUi
XelleM 3 TorepeaHiM 6JI0KoM JTaHuX [2].

3acTocyBaHHSI Xellly momepeqHbOro 60Ky iHdopmallii y KOXXHOMY HOBOMY
6JI01Ii 3HAUHO YCKJIAAHIOE peJaryBaHHS Ta IIiApoOKy iHdopmallii Ta rapaHTye
IiTicHicTh mJaHuX. 3MiHa iHpopMallii B omHOMY 6JI0LIi Oy[e 03HAUYaTH 3MiHY XeIly y
BCiX HAaCTYIMHMUX 6JI0KaX, 10 BUKJIMYE MOMWIKY IIiJTiCHOCTi. A po3IiofiijieHa mpupoa

i€l CTPYKTypM HOaHUX, KoM iH@opmaillis 36ira€TbCcsi Ta BaliAyeThcsi 6araTor
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KiJIbKiCTIO BY3JIiB, He Ja€ MOXK/IMBOCTI BUIAIUTY 200 3SMiHUTU TaHi y SIKUii-3aBrOIHO
HernpaBoOMipHUii croci6 [3]. Takosk KOXHA TpaH3akilig y 10 CTPYKTYpYy OaHUX
noTpebye MexaHi3My Batigallii, SKuX y cydyacHUX Gl0KYelfH-cucTeMax icHye 6araTa
KiJIBKiCTB JJIS1 Pi3HMX TUIIIB 3a/1a4 Ta CUCTEM, TaKi SIK moka3 pobotu (Proof-of-Work),
nmokas BosioniHHs (Proof-of-Stake), mokas nmosHoBaxkeHb (Proof-of-Authority) Tomio.

MexaHi3m CMapT-KOHTPAKTIB (Smart Contracts) TIIO3BOJISIIOTD
MmycaT¥ TIOBHOI[IHHE IIporpaMHe 3a0e3IleueHHs, KOH SIKOTO BUKOHYETHCSI Y
Mepeki 6I0KUYeiTHy 111 B3aEMO/II 3 1Ii€I0 CTPYKTYPOIO JaHMX 3a 3aIlIpOrpaMOBAHOI0
jgorikow. Ile [O03BOMsIE TOBHICTIO IepeHecT MporpaMHi  pillleHHS 3
MpUBATHUX CepBepiB MO0 OJyioKkueitHy [4]. 3rigHO 3 [OesIKUMM AOCTiIKeHHSIMMU,
3aCTOCYBAaHHS OJIOKUEHY y JIOTiCTMIi MOke OYTM TaKOX KOpPMCHE pa3oM i3
3aCTOCYBAaHHSM iHIINMX T€XHOJIOTIN, TakKuX SIK, Hanpukiaaza, RFID aas pagioyacToTHOI
imeHTMikalii y saHIforax mocTaBKu MPOAYKTiB xapuyBaHHS [5]. Takoxk Os0KUeitH
MO>Ke HaJaTy TOYHiCTb iHdopMallii 1o BCiM JIOTiCTUYHMM JIaHKaM B peaibHOMY Yaci,
30ibIINTY piBeHD IMPO30POCTi iHPopMmallii Ta TOUHOI icTOpii IMOJO yCiX pyXiB Ta it
y JIQHI[IOTax MMOCTavYaHHS, BiICTeXXeHHS YCiX IKepeJ TOBapiB Ta pecypciB y Mepexi y
OyIb-sSIKMi1 Uac.

Ane 3acTocyBaHHSI OJIOKYeifHYy Hece 3a CO000I0 BUKIMKMU, SIKi HEOOXimHO
BUPIIINTU [JIS eDeKTUBHOTO A0r0 BMKOPUCTAHHS y iHQOpMaliliHMX cucTteMax B
cdepi oricTUKNA.

[To-miepiiie, Bce Iie OpaKye OOCTiIKeHb, SIKi MPOIOHYIOTh Oi/NbIN AeTanbHi
MeToAM [IJisS Halb6inpll egeKTUBHOrO 3acTOCyBaHHS OyiokdeifHy. [lo IIbOro
BiTHOCSITBHCST 3aC00M Bajigallii TpaH3aKIIiif, a TAKOX JeTasli 00 BUAY BiIKPUTOCTI
6sokueiiny. Tak, HaMpuKIIam, 6;I0KUeitHM, SIKi Ba/TiAYIOTh TpaH3akKIlii 3a MeXaHi3MOM
Proof-of-Work, HeraTuBHO BIUIMBAaIOTh Ha MJOBKIJUII uepe3 BUCOKMUII piBeHb
CTIOKMBAHHSI eHeprii Ta reHepallilo Tervia [6], a TPUBATHI OJOKYENHU MOXYTh
HiBeJIOBaTy 3a6e31eueHHs IiJIiCHOCTI Ta MPaBAMBOCTI JaHUX Y peeCcTpax.

[To-gpyre, icHye T1pob/ieMa MOXJIMBOCTI OHOBJIEHHS Ta HaJlaroJKeHHs
MporpaMHOro 3abesrneueHHs, siIke BXe PO3TOpHyTe y OJiokueiiHi. Tak, po3ropHyTi
CMapT-KOHTPAKTM Yy MepexXi BKe He MOXKYTb OYTU BifipemaroBaHi 6e3 3aCTOCYBaHHS
CTOPOHHIX MeXaHi3MiB, i MOX/IVBEe OHOBJIEHHS ab0 BUIIpaBJE€HHS HeCIIPaBHOCTEI

CTa€ CKJIAJHOKI 3a/avelo, sIKa MOTpebye pO3rOPTAHHS HOBMUX KOHTPAKTiB, abo
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3aCTOCYBaHHSI MeXaHi3MiB, SIKi MOXYTb 3aMiCTUTM iCHYIOUi CMapT-KOHTpakTu 6e3
3MiHM aZpecy Ojid KOMYHiKallili Ta B3aemMopii 3 HuMu. Taki MexaHi3sMM MalTb DS,
HeJOJiKiB, SIKi MOXYTb BIUIMBATM Ha LUIICHICTh AAHMX Ta piBeHb AOBipU MixX
y4yaCHMKaMM Mepexi.

[Ii mpob6seMyu MOXYTb TPU3BECTM [0 TOBIIBHOTO BIPOBA[KEHHS HOBUX
TEXHOJIOTIi i MiaAX0miB Ha OCHOBI 6/I0KUeitHy B iHopMalliitHUX cucTeMax abo HaBiTh
10 HEMOXKJIMBOCTI iX 3aIlpoBakeHHsST y eBHUX cdepax. Ili mpobsemu Ta MOKIUBI
IUISXM iX BUPIIIEHHSI MOTPeOYIOTh OibIN [IeTaJbHOTO BUBYEHHSI B HACTYITHUX
poborTax.

IIi mocrmimskeHHS OyAyTb KOPUCHMMM [JII TPOEKTYBAaHHSI Ta CTBOpPEHHS
iHbopMmalliiiHuMX [OelleHTpa/li3oBaHMX CUCTEM i3 3aCTOCYBaHHSIM TeXHOJIOTrii
0JIOKUeltH [IJisT MOHITOPMHTY Ta YIPaBAiHHS BUPOOHUIITBOM Ta TPAHCIIOPTYBaHHSIM
TOBapiB Ta KOMIIOHEHTIB 3a y4YacTIO BeJIMKOI KUJIbKOCTI YYaCHUKIB JIOTiCTUUHUX
JIAaHOK BMPOOHMIITBA Ta TPAHCIIOPTYBAHHSI.
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ANALYSIS OF DATA EXCHANGE BETWEEN ENTERPRISES BY
USING BLOCKCHANE TECHNOLOGY IN INFORMATION SYSTEMS
Sytnyk Roman, Hnatushenko Viktoriia

Abstract. Nowadays information systems for productions and shipments
management become more complicated with the further development of
international and domestic trades, increase of complexity of production and supply
chains and etc. Therefore, the task of researching and designing new approaches for
supply chains and logistics information systems becomes relevant for the solution.
In this paper possible pros and cons of using blockchain technology in logistics and
supply chain systems are reviewed. Blockchains can help to simplify and make more
transparent the processes of monitoring and managing production and movement of
goods between different entities. But also, there are several challenges which need
to be solved such as software upgrades possibilities in smart-contracts and tasks of
designing the complete blockchain-based system which will actually solve important
problems in this area in the most effective way without critical problems.

Keywords: blockchain, decentralized systems, logistics, smart contracts,
supply chains, information systems.
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OIITUMI3AILIISA KOHCTPYKIIII TATbBBAHIYHUX EJIEMEHTIB JKMBJIEHHS
AJISI KOCMIYHUX AITAPATIB
®enopos C.C., Popucs C.M., [lepepsa B.4., ®opucs O.M.

Vkpaincokuti depxcasHuli yHigepcumem HAyKu i mexHoJ102itl

AKTyanbHMM TIMTAHHSIM Cy4aCHOCTI € MAOCHIIKeHHS KOCcMocCy. [ 1boro
PO3pOOGIISIIOTh HOBi TEXHOJIOTi1, KOHCTPYKIIii 30HIiB, CYITyTHMKIB, IIATIIB .

l'asibBaHiuHI eJleMeHTM XXMBJIEHHSI B KOCMiUHMX arapaTax BUKOHYIOTh (QYHKIIi0
SKMBJIEHHSI KOMIT'IOTEPiB Ta OTajeHHs 6aTapeifHOTo OJIOKY.

BigmoBigHO M0 3aBOaHb AOCTIIXEeHb IIPOBEIEHO MOMEe/NIOBAaHHSI TEeIIOBOTO
CTaHy [Kepeyia >KuBJIeHHST 24B y poboumx ymoBax ekcruryatamii -40°C [1].
Po3ryisHYyTO 1OBa BapiaHTM TepMOCTAaTyBaHHSI: Ha OCHOBiI  paJiOaKTUBHUX
HarpiBasibHUX enieMeHTiB (PHE) Ta Ha OCHOBI aBTOHOMHOI Pe3UCTUBHOI CUCTEMU
006irpiBy.

IOnsa sukopuctanHsi PHE npuiiHsTO, 10 IyKepesio KUBJIEeHHS CKIaga€eThes 3 10
eneMeHTiB 2,4B. TeroBa i30/s11is1 BUKOHAHA 3 1Iapy KOPKOBOTO AepeBa 3aBTOBIIKM
10 mm. 30BHIilIIHIV KOPITYC 3 HEpP)KaBilO4oi CTali TOBIIMHOKW 2 MM. Po3paxyHKoOBa
TeMIlepaTypa Kopmycy ctaHoBuia -180°C, 1m0 BiAIOBila€ eKCTpeMaJbHUM YMOBaM
eKCIUTyaTallii 6aTtapei — MakcuMaabHA iHTEHCUMBHICTb TEIJIOBiAAaui 3a HaMHMKYOI
MO>JIMBOI TeMIepaTypu eKCcIuTyaTallii.

Hpyruit, po3rITHYTUIA HaMM BapiaHT rnepeabavae BCTAHOBJIIEHHS TOIATKOBUX
4-X eJIeMeHTIB >XKMBJIEHHSI, SIKi 3afisTHi B pe3MCTUBHIN cucTeMi 06irpiBy Oatapei.
Kpim 11p0r0, 6aTapest 3axMIaeTbCs eKpaHOM 3 HepskaBitouoi crami. Kopryc 6arapei
Ta eKpaHy MOKPUBAETHCS aatoMiHieBOW (osbroio 3i ctryneHem yopHotu 0,01-0,02.
3'emHaHHS eKpaHa 3 KOPITyCOM BMKOHAHO HAa OCHOBi YOTMPbOX CTa/IeBUX IITTMIbOK 2
MM. 3allpoIlOHOBaHa KOHCTPYKIIS TO3BOJISIE MiHIMi3yBaTuM TeIUIOBI BTpaTU y
HAaBKOJMUIIIHE cepefoBuile. Po3paxyHKOBa TeMiepaTypa eKpaHy IpuiimManacs
piBHOMO -180°C.

BinmoBimHO MO cxeM BMKOHAHiI PO3paxXyHKM BTpPaT TEIJIOTM uepe3 IPOOKOBY
130714111110, KOPITYC, MiHI TPOBiAHUKY, IITIWIBKM Ta €KpaH [2, 3].

TerioBUIiIeHHS B pe3y/bTaTi po3psmy O6aTapei He BpaxOBYBasIOCs, OCKiJIbKMU
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MOTY)XXHICTb  JyKepesl TeliOTM BU3HAYAETHbCS IHTEHCUMBHICTIO 30BHIIIHBOIO
HaBaHTaXeHHS. TakKuMM UYMHOM, PO3TJSHYTO HAMTipIIi YMOBUM TepMOCTaTyBaHHSI,
Koy 6aTapesi mepebyBa€ y pexkuMi OUiKyBaHHS Y IIpalle3laTHOMY CTaHi.

JI71s1 060X BapiaHTIiB PO3IJISIHYTO CTalliOHApHE 3aBIaHHSI.

V 1-My BUNaAKy pO3paxOBYBaJINCS BTPATU TEIJIOTU TEIJIONPOBIAHICTIO yepes
MigHMi poBigHUK 2X0,4 MM?, 110 >XMBUTb 30BHIIIHE HAaBaHTaXeHHSI, Ta BTPaTu
TEeIUIOTU TEIUIOTIPOBIAHICTIO Yepe3 TeryIoBY i30JIs11i0.

V 2-My BUNAAKy PO3PaxOBYBAJIMCS BTPATU TEIIOTU TEIJIONPOBIAHICTIO yepes
IITTIBKY 4XX2MM, IO 3'€IHYIOTbh KOPITyC 6aTapei 3 eKpaHOM, Ta MiJIHi IPOBiTHMUKU
2x0,4 MM2, a TaKOX BUIIPOMIiHIOBAaHHSIM MiK KOpITycOM OaTapei Ta 30BHIIIHIM
eKpaHOM.

VY 3B’43Ky 3 TUM, 1[0 He KOXHi 6aTapei MOXyTb MpalloBaTV IIPU HU3BKUX
temriepatypax (-30-40 °C), misi KOCMIUYHMX arapaTiB BUKOPUCTOBYIOTb JIiTiii-
cynbyp-miokcuaHi akymynasatopu. Yepes Te, mo SO, B aKymMyaaTOpax 3HaAXOOUThCS
TiJ, BUCOKMM TUCKOM icHye Hebesmeka BuOyxy. Akymynsitop LiSO, Bimomi cBoim
IIMPOKMUM [ialla30HOM poOOUMX TeMIlepaTyp, IIOCKOI KPMBOi HAIIPYrM Po3psiay, i
BMCOKOIO IIIi/IbHICTIO eHeprii.

Jlitiii- Cynedyp miokeuani (Li- SO, ) 6aTapei XxapakTepu3yIOTh TakKi OKa3HUKNA
SIK : Hampyra 2.9B, BUCOKa eHepreTuMyHa IIiJIbHICTb, & TAKOX 3JaTHICTh A0 IMTIOBTOPHOI
KOpOTKOYaCHOi Bifgaui eHeprii. [InToma eHepris :mpubansHo 250 Breroa/kr, poboui
TemIiepaTypu Bif -55 no + 70°C, maca 85 r, BHyTpilHii eqekTpuunmii omip 0,20 OmMm,
€MHICTb 613,6 Brerog,

[[lo6 6aTapeitHnit 6JI0K 3aiiMaB HaliMEHIIy TIJIOILY, PO3MIIlyeEMO aKyMYJsITOPU
y IBa psiayu B WIiHAPUYHOMY 6ol [4]. [Ipy TakoMy po3MillleHHi TIola MOBepXHi
IopiBHIOE 55,4 cm?.

Jlyist 3HMPKEHHSI TeIUIOBUMX BUTpPAT B HABKOJIMUIIHE CepeloBUIllE M0 MiHIMyMy
OiJIBIII ITiIXOAUTH €KpaHHO-BaKyyMHa i30JIsI11isl.
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OPTIMIZATION OF GALVANIC BATTERY DESIGN FOR SPACECRAFT

Fedorov Serhii, Foris Svitlana, Pererva Valeriia, Foris Oleksii

Abstract. In accordance with the objectives of the research, modeling of the
thermal state of the 24V power supply in the operating conditions of -40°C was
performed. Two variants of thermostating are considered: on the basis of radioactive
heating elements (RNE) and on the basis of autonomous resistive heating system.

Keywords: heat loss, heating system, screen, insulation, batteries,
heat transfer.
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CEKLIA 7

IHHOBAIIVHI IIIIXOAU NIABUIITEHHS SKOCTI

HABYAJIBHOI'O ITPOLIECY TA IIMTAHHSA AHTU IVIATIATY

SECTION 7

INNOVATIVE APPROACHES TO IMPROVING THE QUALITY
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JOCIIIXXEHHS IABOPATOPHOTI'O ITPOKATHOI'O CTAHA 150
SIK OB'€EKTA ABTOMATU3AIIIL
3inuenko M./I., [Toran O.10.

Vkpaincokuti depxcasHuli yHigepcumem HAyKu i mexHoJ102itl

Beryn. Jla6opaTtopumii mpokaTHMii crtaH 150 kadempu aBTOMaTM3allii
BUpoOHNUMx IporeciB YIAYHT Ta 3pilicHiOBaHMIA Ha HbOMY IpOIleC ITPOKATKU
CBUHIII0O Ma€ BUCTYIaTM SK OO’€KT aBTOMaTu3allii y HaBYaJIbHOMY IIpOIIeci
MiAroToBKM (axiBIliB 3 aBTOMAaTM3alIlii Ta KOMITI'IOTEePHO-iHTETPOBAHMUX TEXHOJIOTIiA.
[Ipy 11bOMYy TOBIIMHA IIPOKATy PO3IJSAAETbCS SIK BUXiHA BeJNYMHA, 3MiHU
TOBIIMHMU ITiAKATy — SIK 30ypeHHS, a 3MiHM MiXKBaJIKOBOTO 3a30py — SIK Kepyrouui
BIJIUB.

[lpoBemeHa MojepHi3allisi IIPOKAaTHOTO CTaHAa Ta OCHAIlleHHS Joro
aBTOMAaTM30BAaHMMM CUCTEMaMy BUMIiPIOBaHHS eHeprocuaoBux mnapametpiB (CAB)
Ta YNOpaBIiHHA mNepeMilleHHSIM HaTucKHuX TBUHTIB (CAVII) [1] cTBOpMIO
MOXJIMBICTh €KCIIEpMMEHTAJbHOTO BM3HA4YeHHSI 3B’SI3KiB MK BXiZIHMMM Ta
BUXiJHMMM TlapaMeTpamy [jisl MOAAJbIIOT0 CUMHTE3y CUCTEMM aBTOMATMU30BAHOIO
perymoBaHHs ToBUIMHM TipokaTy (CAPT) Ta cTtBOpeHHs HaTypHOi mogmeni CAPT.
HagBHicTp Takoi HaTypHOi Mojmemi 3a0e3reymMTb IMPOBEOEeHHS  SIKiCHOTO
7abopaTOpHOTO MPaKTUKYyMy 3 HaBUaJbHOI AUCHUIUIIHM  "ABTOMAaTM3allis
TeXHOJIOTiUHMX IIPOLIeCiB Ta BUPOOHMUIITB" .

OcHoBHUIT MaTepias. EkcriepyMeHTa/lbHI JOCTiIKEeHHSI Ha JIabopaTOpHOMY
CTaHi MPOBOAMIMCH IJis BM3HAUEHHS KOPCTKOCTI KIiTi Ta cMyru, Koedilli€eHTiB
repenavi, 1[0 BM3HAYaIOTh BIUIMB TOBUIMHM MigKaTy Ta MiXXBaJKOBOTO 3a30py Ha
TOBIIMHY ITPOKATY.

[Ipu npoBeeHHI eKCrepyMMeHTa/IbHUX OC/iI)KeHb BUMIipIOBaiM TeOMeTpUYHi
pO3Mipu MigKaTy i TOTOBOrO MPOKATY, CUJIY TPOKATKY Ta MiXKBaJIKOBMUI 3a30p.

Cwty mpoKaTKM BUMipIOBajy 3a JOMOMOTOI0 MeCa03, siKi 6y/iv BCTaHOBJIEHi ITi[
HaTUCKHI TBMHTM [1]. [IligcuneHmin curHaja Bi MecHO3 HAAXOOMB  Ha
6araTodyHKIIiOHaMbHY IUIaTy 360py manmx PCI-1711. [Ins BimoOGpaskeHHS i

peecTpaliii ekcriepMMeHTaIbHUX AJAHMUX 3aCTOCOBYBAIM BJIACHUI MPOTPaMHMIA MTakeT
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BMMIipIOBaHHS Ta BifoOpaskeHHST JaHUX.

[TepemileHHsT HATMCKHMX TBUHTIB 3AilicHIOBanM 3a goromorow CAVYII Ha 6asi
MPOTPaMOBAHOr0 JIOTIYHOTO KOHTpOJiepa Ta 4YaCTOTHOrO InepeTBoproBaua MS-300 3
BUKOPUCTAaHHSIM maHesni ornepatopa DOP-103BQ Ta parymMka KyTa IIOBOPOTY
HaTUCKHUX ITBUHTIB [1D-3 [1].

3a BiAcyTHOCTi 3aco6iB BMMipIOBaHHS BUMXiIHOTO 3a30py MiX BaJIkamMu 3
noTpi6How TouHicTiI0O 0,01 MM BMKOPUCTOBYBAIM CIiellialbHy METOAUKY, SKa
mossirana y 6GaraTopa3oBOMy IPOMYCKaHHi CBMHIIEBOTO 3pa3Ka Kpi3b BalKu 3
He3MiHHMM 3a30poMm. [Ipu 1pOMy 3a30p BM3HAya/iM SK TOBILIMHY 3pas3Ka MiCis
IIPOITYCKY 3 OJIM3bKOIO OO HYJISI CUJIOI0 TIPOKATKM, IO CBiIUMIO IIPO BiACYTHICTb
NpYy>kHOI medopmallii KIiTi.

ToBUIMHY MiAKATy Ta TOTOBOTO IIPOKATYy BUMMiplOBaau py4yHUM MikpomeTpom 0-
25 MM, a IUPUHY Ta JOBXUHY — HITaHTe€HLIMPKYJIeM Ta Py/JIeTKOIO.

i yCyHeHHSI BIUIMBY Ha pe3yJbTaT BUMIipIOBaHHSI HEKOHTPOJIbOBAHUX
KOJIMBAaHb MIXKBAJIKOBOI'O 3a30py (EKCLUEHTPUCUTETY IPOKAaTHUX BaJKiB), yepes SKi
TOBILIMHA CMYT'M 3a3HA€ KOJMBaHb, 1O cATaloTh 0,2 MM, BUMipIOBaHHS 3[1iliCHIOBAIN
IIpM OJHOMY Ji TOMY >X KYTOBOMY ITOJIO)KEHHI BaJIKiB, IJiSI YOrO BepXHiil BaJiOK
KepHYBaIM i BUMipIOBaHHS TOBIIVMHM CMYTHU 3[i/iICHIOBAIM Y TOULIi BiZOUTKY KepHa.

BB Mi>KBajiKOBOTO 3a30py Ha TOBIIMHY MpOKaTy h; Ta Cuily MpokaTku P
BU3HAUa/IM B €KCIIePUMEHTI IIJIIXOM MMPOKAaTKY 3pa3KiB OAHi€l TOBIIMHU ho 3 Pi3HUM
3a30poM Sp. Pe3ynbTaTu ekcepuMMeHTY HaBelleHi Ha puc. 1. 3a OTpUMaHUMU
eKCIepMMeHTIbHUMY JaHuMK (AuB. Taba. 1) BMU3HAYAIM TPYXUHY Jp KIITi,

oO0TMCHEHHST Ah Ta MOZYJ/Tb SKOPCTKOCTi cMmyTy M.
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Pucynok 1 — Pe3ynbTatu qOCTIIKEHHS BILTUBY MIXKBAJIKOBOTO 3a30py

Tabmuus 1 —EkcriepuMeHTaIbHi JaHi 010

BIVIMBY MIDXXKBaJIKOBOT'O 3a30pYy Ha ITapaMeTpu ITPOKATKN

L(), bO, P, MC’
N2 | ho, MM | So, MM | h;, MM do, MM | Ah, MM

MM MM H H/Mmm
1 6,75 6,25 6,36 267 47 2766 0,11 0,39 7093
2 | 6,75 5,3 5,5 284 |49 5552 0,2 1,25 3273
3 |6,75 4,35 4,55 224 |44 6141 0,2 2,2 618

BB TOBIIMHM MiaKaTy ho Ha TOBIIMHY TOTOBOTO IMPOKATy h; BUSHAUMIIN IPU
MIpOKATIIi MiJIKaTiB pi3HOI TOBIIMHMU i3 3a30poM Sp=3,95 MM. Pe3yibTaTu MPOKATKU
HaBeleHi y Tab. 2.

3a JaHMMM eKCIIepMMeHTIB BU3HAYMIIM BiATIOBiAHI PiBHSIHHS perpecii

h =0,411+0,95S,; )

P =-23757+12918S, —1391S; )
h, =03,68+0,0833h); 3)

P =-701+219%,. (4)
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Tab6nuig 2 — EkcnepuMeHTas bHi JaHi II0A0

BIUIMBY TOBIIMHM MTiAKaTy Ha mapaMeTpy IIPOKaTKU

ho, So, hi, Lo, bo, P, do, Ah, Mc, Mk,

MM MM MM mm |mMm | H MM MM H/mm | H/Mm

1 16,36 [3,95 |4,2 281 | 47 6612 | 0,25 |2,16 |3061 |26448

2 |55 395 |4,15 |345 |49 5317 |0,2 1,35 | 3934 | 26585

3 14,55 [395 [4,05 |324 |44 2736 | 0,1 0,5 5474 | 27370

ByB Takok Bu3HaueHM# KoedillieHT 3B’43Ky MiXX 3MiHEHHSIM TOBUIMHU MiJKaTy
Ta MIKBAJIKOBOTO 3a30py, IO € HeoOXigHMM IS KOMIIeHcallii 30ypeHb 3a

TOBIIMHOIO ITigKaTy

K (5)
AS, = K—SIOAhO =0,08754h,.

hy

Bynu TakoxX BCTaHOBJIEHI 3HAUeHHSI MOJIYJIiB JKOPCTKOCTI KiIiTi MxTa cmyru Mc.
JKopceTtkicTh KiiTi ctaHoBwiaa INpuoimsHo Mx=2,75 KH/MM, a >KOPCTKiCTb CMYyTU
3MiHIOBajach y miamasoHi Mc=0,06 - 0,72 KH/mMM, 1m0 06yMOB/IEHO HeJiHilfHiCTIO
KpPUBOi IIacTMUHOI Aedopmaiiii cBUMHIO. YKOPCTKICTh KJIiTi 3HAYHO Il€peBUILYE
JKOPCTKIiCTb CMYTHU, IO OOYMOBJIIOE HEOOXiAHICTh TpM IpOBefeHHi HaBUYaJbHUX
7nabopaTOpHUX 3aHSTh IJIsI OTPMMaHHS 3HAUYIIMX pe3y/bTaTiB BUKOPUCTOBYBATU
IiIKaTH 3 MAKCUMAa/IbHOIO PO30i’KHICTIO TOBIIVIHMA.

st 3'sCyBaHHSI MOSKJIMBOCTI ITOAAJBIIOTO BMKOPUCTAHHSI J1abOPaTOPHOTO
cTaHa SIK 00'eKTa aBTOMATMUYHOIO PETy/JIOBAaHHS TOBIIMHM 3HiMICHWIM iMiTalliio
po6otu CAPT, mo KkoMIleHCye 30ypeHHS 3a TOBIIMHOIO ITiAKATy 3MiHEHHSIM
MiXKBaJKOBOTO 3a30py. [IJISI IIbOrO BMKOPUCTAIM TPMU 3pa3Kyu TOBIIMHOKIO 5,2 MM,
4,17 mm Ta 3,25 mm. IIpu 11boMy TOBIIMHA MPOKATy, OTPMMAaHA MiC/IsT MPOKATKUA
3pasKa TOBUIMHOIO hp=4,17 MM BBaykajiach TaKoI0, IO BiJINOBiga€ 3aBIaHHIO.

[Ticnis mpokaTKM 3paska TOBIIMHOW 4,17 MM po3paxyBanu 3a Bupasom (5)
MOTPiOHI MiXKBa/IKOBi 3a30pM 115 3[i/iICHEHHS IPOKATKM 3pa3KiB TOBIIMHOIO 5,2 MM
Ta 3,25 MM Ta, BCTAHOBMBIIM IIi 3a30pu 3a moromMoroio CAVII, mpoimiTyBanu po6oTy
CAPT. B pesynbTraTi Takoi imiTarlii BigxmuaeHHSI TOBIIMHY MPOKATY 3MEHIIMUINCH Bi]

Ah=0,18 mm o Ah= 0,05 mm. OTske, MiABUILEHHS TOYHOCTi Pery/JI0BaHHS TOBIIMHA
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rotpebye OiNIbII CKIAZHOrO ajroputmy pobot CAPT 3 ypaxyBaHHSIM HeEIiHiiTHOTO
XapakTepy KpUBOI MJIaCTUYHOCTI CBUHIIO.

BucHoBok. [IIpoBefeHi eKCHepUMMEHTANbHI  OOCHIAKEHHS poboTu
nabopaTtopHoro crtaHa 150 moBesM MOXKIMBICTD JOTO BMKOPUCTAHHS — IJIS
(bopMyBaHHS Y CTYIEHTiB KOMIIETEHIIi} IOA0 AOC/IiIKeHHsI 00'€KTiB aBTOMAaTHU3AaIlii
Ta cuHTedy CAP. IIpM 1upOMy BM3HAYE€HO [OOCTATHICTb [JiI MPOBEIEHHS
71a60paTOPHOTO 3aHATTS TPhOX CBMHIIEBUX 3Pa3KiB.

JlitTepatypa
1. MopgepHisallig 1a60paTOpHOro IpoKaTHOro craHa 150 mag  QopmyBaHHST Y
CTYIEHTiB HaBMYOK OCTimKeHHsS 06'ekta aBTomarmsalii. 3inuenko M.[., IToran O.10.,

Pubanbuenko M.O., MaHaunH [.A. CuctemHi TexHosorii. PerioHanbHMi1 MiXBYy3iBCbKUit

36ipHMK HAYKOBMX Mpallb.-Bumyck 3 (134).-Jxinpo, 2021-159 c.

LABORATORY ROLLING MILL 150 STUDY AS AN OBJECT OF AUTOMATION
Zinchenko Mykhailo, Potap Oleg

Abstract. Experimental studies of the process of rolling lead samples were
carried out on a laboratory mill 150. During rolling, the rolling force, the roll gap,
and the dimensions of the rolled products before and after rolling were measured.
Based on the results of the research, the transmission coefficients were determined,
which determine the effect of the thickness of the rolled stock and the roll gap on
the thickness of the finished rolled product, the rigidity of the stand and the strip.
Imitation of the automated system for stabilizing the thickness of rolled products
has been performed. It is shown that these studies can be performed in laboratory
work on the study of automation objects.

Keywords: laboratory condition, automated system, rolling force, rolling
thickness, rolling accuracy.

References
1. Modernization of the laboratory rolling mill 150 for the formation of students’ skills in the
study of the object of automation. Zinchenko M.D., Potap O.E., Rybalchenko M.O.,

Manachin I.A. System technologies. Regional interuniversity collection of scientific works.-

Issue 3 (134) .- Dnipro, 2021-159 p.
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PO3POBKA ITPOTPAMHOTI'O 3ABE3ITEYEHHS 1151
OOCII>KEHHS BIVIMBY PEXXVIMIB PI3AHHS ITPU TOYIHHI
KapabyTt B.M.

Incmumym npomucnosux i 6i3Hec mexHoJ102iil
YKpaincoko2o depicasHo20 yHisepcumemy HayKu i mexHon02itl

Abstract. In the trial version of the Delphi development environment in Object
Pascal, a program has been developed that allows you to: build a scheme of cutting
forces with longitudinal turning, calculate the cutting force at variable feed,
calculate the cutting force at variable cutting depth, build graphs of the dependence
of cutting force on feed, build graphs of the dependence of cutting forces on the
depth of.

The use of a program developed in the Delphi development environment will
allow automating and optimizing the processes of calculations, building diagrams
and graphs, and as a result, reducing the time spent and increasing the accuracy of
calculations.

The use of the considered information technologies in the educational process
provides a machine-building specialist with the opportunity to work quickly and
efficiently.

Keywords: energy-power parameters, cutting force, feed, cutting depth,

program, calculation, scheme, schedule, automation, optimization, efficiency.

ITocTaHoBKa 3amauvi. /o OCHOBHMX eHepro-CMJIOBMUX IMapaMeTpiB IIpu oO6pooOiri
MeTaJliB pi3aHHSIM BiIHOCSITbCS: CUjIa pi3aHHS, KPYTHUII MOMEHT Ta edeKTMBHA
MOTYXXHICTB [1].

Cuna pi3aHHS 3aJIEXKUTh BiJ, (isuKko-MexaHIUHMX  BJIACTMBOCTEN
00p006JII0BaHOTO MaTepiaay Ta HUM3KM iHIIMX (PAaKTOPiB: peskMMiB pizaHHS, TeoMeTpii
pi3is, ¢dopMMu Ta MaTepianay pi3ajbHOrO Jie3a, BeIUUMHU 3HOCY PiXKY4Oi KPOMKMU
IHCTpYMEHTY, MaCTUIbHO-OXOJIOIKYOUOl piauuu i T. i. IIpy nmeBHOMY ITO€IHaHHI
11X HakTOpiB MOXKHA OTPMMATHU HaliMeHIlle 3HaueHHS BeJIMUMHU CUIM pi3aHHS, a,
OTXe, i MiHIMaJIbHY MTOTY>KHICTb IJ151 3AiJiCHEHHS ITpoLecy pi3aHHs [1, 2].

Bce 11e moOB'SI3aHO 3 MaTeMaTUUYHMMM PO3PaxyHKaMM IM€BHOI TOYHOCTI Ta
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mobymoBo0 cxem Ta rpadikiB, IO y CBOW0 Yepry 306iJblye BUTpPATU dYacy Yy
HaBYaJIbHOMY ITIPOIIECi.

Meta po6oTu: po3pobutu mporpamy moBow Object Pascal y cepemoBuii
po3pobku Delphi, mo mo3BoJsiE aBTOMATU3yBaTM TIPOLIECH PpO3PaxyHKIiB Ta
1o6ymoBM cxeM Ta rpadikiB, MiABUIIATUA TOUYHICTh PO3PaxXyHKiB, a TAKOX ITiTHITU
piBeHb Ta SIKICTh HABYAJIbHOTO IPOIIECY.

YV o3HaltoMsTI0BabHil Bepcii cepenoBuiiia po3podbku Delphi [3] moBoio Object
Pascal po3pob6sieHa rporpama, sika JT03BOJISIE: TTOOYAyBaTU CXeMY CUJI Pi3aHHS TIpU
MO340BXXKHbOMY TOUiHHI, poO3paxyBaTu CWIy pi3aHHS TIIpuM 3MiHHii ©opjavi,
po3paxyBaTy CWIy pi3aHHS MpPM 3MiHHI IMMOUHI pi3aHHs, MOOymyBatu rpadik
3aJIeXKHOCTI CMJIM pi3aHHS Bif rmogavi, mooyayBaTy rpadik 3aJesKHOCTI CYIM Pi3aHHS
Big rmMOuHM pi3aHHS.

BuUCHOBKM: 3aCTOCYBaHHSI Mporpamu, po3pobseHOol B cepemoBHIli PO3POOKMU
Delphi, mo3BoauThb aBTOMaTM3yBaTH Ta OIITMMI3yBaTU TIPOLIECM PO3PaXyHKIB,
mobymoBu cxem Ta rpacdikiB, i K HACHIIOK — 3MEHIIYBAaTUCh BUTpATH dYacy Ta
30iIBIIUTBCSI TOYHICTh PO3paxyHKiB. 3aCTOCYBAHHSI PO3IJISHYTUX iHMOpMAaIliliHMX
TEXHOJIOTiiI Y HaBUaJIbHOMY IIpoileci 3abesmeuye CHeLiaJicTy MaIIMHOOYIiBHOTO
npodiro MOXKIMBICTh MIBUAKOI Ta e(peKTUBHOI pOOOTH.

JlitrepaTypa
1. MeTognueckue yKa3aHUs K BBITIOJTHEHMIO nabopaTopHOit paboThI
«I/ICCIIE,ELOB&HI/IE BJIVIIHMA peXMMa pe3aHMsd Ha S3HePTroCu/IOBbIe IapaMeTphbl ITPpY TOYEHUN» /
Cocrt. A.E. Mats, 9.B. ®eokTucrona. — [InermponerpoBck: [IMetH, 1976. -15c.
2. CripaBOYHMK TexHojora-mammHoctpoutens: B 2-x 1. / Ilog pem. A.I'. KocumoBoii,
P.K. MemepsikoBa - M.: MammHocTpoenne, 1985. T.2. - 496c¢.

3. Delphi - Embarcadero Website [EnexkTpoHHmit pecypc]. - Pesxxum poctymy: https://

www.embarcadero.com
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TRANSDISCIPLINARY STRATEGY FOR SCIENTIFIC TRAINING:
PHYSICS AND SOFTWARE ENGINEERING
Rostoka Marina!, Kuzmenko Olha?, Zybin Serhii!

INational Aviation University, Kyiv, Ukraine
°Flight Academy of the National Aviation University, Kropyvnytskyi, Ukraine

Abstract. Innovative  activity = (STEM-education, introduction of
additive, digital technologies, elements of artificial intelligence, robotic
systems, etc.) in the vector of development of transdisciplinary education
promotes modernization of traditional educational environment, in particular in the
direction of integration of physics oriented and information-technological
components of scientific training, as the classic business and educational models are
changing, it is possible to form personal proposals for each subject of study in the
era of Industry 4.0. The authors substantiate the transdisciplinary, axiomatic-
deductive, strategy of integration of scientific training according to the logical-
semantic construct «physics < software engineering» in the open space, which will
provide unification and standardization of information in the context of physical
engineering education (for example, 272 «Aviation transport», under the educational
and professional programs «Maintenance and repair of aircraft and aircraft engines»
and «Flight operation of aircraft»).

Keywords: Software Engineering, Physics, STEM, Open Science,

Transdisciplinary Strategy, ECO-environment.

Introduction. The development of a transdisciplinary strategy for the
integration of physics and engineering training of scientific personnel will give
impetus to the development of relevant and demanded by the global market
innovative STEM-research topics aimed at creating innovative solutions for science,
education and economics in the conditions of open science.

Research result. According to the results of the research, there is no
systematic holistic theoretical and methodological research of the problem of
transdisciplinarity in the training of scientists in «Physics» and «Software
Engineering», as transdisciplinary aspects of the innovative scientific and
educational ECO-environment in this sense is the main a fundamental feature of the

development of modern science, which combines theoretical knowledge into a
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holistic system, reflects the objective world in its unity, the development and
fundamentalization of physics-oriented and IT areas of training [1]. The present an
axiomatic-deductive transdisciplinary strategy for the integration of physics
oriented and IT-training of scientific personnel in open space; developed a model of
ECO-environment information-analytical system in the block of physical
engineering education on an adaptive basis, taking into account the provisions of
STEM-education, and implemented innovative learning technologies (STEM,
Internet of things, IoT, robotics, etc.) in the educational process training of scientific
personnel in technical institutions of higher education.

The experiment and expert evaluation of the results of a transdisciplinary,
axiomatic-deductive, strategy of integration of physics-oriented and IT training of
scientific personnel showed positive changes in all indicators (evaluation of strategy,
model, methodological system) using STEM technologies and confirmed the main
goals and hypotheses.

Conclusions. The transdisciplinary, axiomatic-deductive strategy of
integration of physics-oriented and IT-training of the scientific staff of technical
institutions of higher education is outlined in the following areas: virtualization
(Integration, Digital Twin) and the use of Digital by Default; development of the
Internet of things; development of methodological and consulting support for
transdisciplinary links in Physics and Software Engineering, expansion of contacts in
line with international and domestic stakeholders in the vector of innovation -
STEM-education in open science.

Emphasis is placed on the prospects of introducing a methodology of
transdisciplinarity for the development of an integrated onto-oriented ECO-
environment of the information-analytical system of training scientific personnel
for the integration of physics oriented and information-technological areas.

References

1. Kuzmenko O., Rostoka M., Dembitska S., Topolnik Y., Miastkovska M. (2022). Innovative
and Scientific ECO Environment: Integration of Teaching Information and Communication
Technologies and Physics. In: Auer M. E., Hortsch H., Michler O., Kohler T. (eds) Mobility for
Smart Cities and Regional Development — Challenges for Higher Education. ICL 2021. vol.
390 LNNS. In: WoS, Scopus, Springer, Cham. DOI: https://doi.org/10.1007/978-3-030-93907-
6_4/ (in English).
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3ACTOCYBAHHS ®OPMAJIbHUX CTOXACTNUYHUX ITPAMATHK
TP BU3HAYEHHI ABTOPCTBY TEKCTIB

[lInakapenko B.I., lemugosuyu [.M.

Vkpaincokull depxcasHuli yHigepcumem HAyKu i mexHoJ102itl, YkpaiHa

BusHaueHHSI aBTOPCTBa TEKCTy — I MpaKTMUYHe 3aBOaHHS imeHTHdiKalrii
aBTOPiB aHOHIMHMX TEKCTiB 3a IPUKJIAJaMM HaIMCaHUX aBTOPOM pOOIT. 3aBHaHHS
aKTyajJbHe y BCe OUIbIIii KiTbKOCTI cdep sKUTTS JIOAMHY, BKIIOYAIOUM JTiTepaTypHi
TBOPU, PO3BiJIKY, KpMMiHaJbHe MPaBO, TPOMAASHCbKE MPAaBO Ta KPUMIHAIICTUKY. B
JaHMIT 4ac Ajs LUX 1iJieii 3aCTOCOBYIOTBCSI Pi3HI IMigXoAu, y TOMY YMCJIi Teopis
po3ITi3HaBaHHS 00pa3iB, MaTeMaTMUHA CTATUCTHKA i Teopisl IMOBipHOCTi, HEMPOHHI
Mepexi, KaacTepHMit aHami3 i Oarato iHmmx [1, 2], gKi BM3HAYAKOTh i
BUKOPUCTOBYIOTh Pi3HY aTPUOYIIil0 TeKCTiB.

Bimomi pisHi pociaimkeHHs dopmanisainii npupomHoi mMoBu [3, 4] Ta
dbopmaibHi CTOXaCTMYHI TpaMaTUKM — OAMH i3 METOiB POOOTM 3 MPUPOSHOIO
MoBolo [5, 6, 7]. IomibnHi mocmimkeHHST TpoBOAWINMCS [mJis iTamilicbkoi [8] Ta
yKpaiHcbkoi MoBU [9]. YV 1ilt po60Ti My BUKOPUCTOBYBaaM GOpMasibHi CTOXaCTUYHI
rpaMaTUKM OIS BimoOpaskeHHSI CTPYKTYPU peueHb, XapaKTepHOi AJIsI 0COOMCTOro
CTWIIO MChbMa aBTOpA.

st popMyBaHHS TTpaBMJI BUKOHYBABCS Mepeksaj MpUpOoJHbOMOBHOTO TEKCTY
dbopmManbHOI MOBOI, 1110 TOPOIKYETHCS POPMATbHOIO CTOXaCTUYHOIO IPaMaTUKOIO.
Ha mimcraBi cratucTMuHOi BUOIpKM TBOpPiB opMyBanaucs IpaBuia BUBEIEHHS Ta
MMOBIipHiCTb iX 3acTocyBaHHS. I 1IbOTO i1 KOXXKHOTO TBOPY HaBUaJbHOI BUOiIpKU
BimOyBasocsi  BiMHOBJIEHHS  BiAIOBIZHOI JiIOMy CTOXaCcTUMYHOI  (QopMasbHOI
rpaMaTuKH, SIKa BU3HAYAE CTPYKTYPY KOXXKHOTO 3 peueHb Yy JOCTiIKYBaHOMY TEKCTi.
[ToTiMm A1 KOXXHOrO IIpaBuja BU3HAyalacsl MMOBIPHICTb JOrO 3aCTOCYBaHHS Y
KOHKPETHOMY TBOpi. VIMOBipHICTb BMBeIEeHHS BCbOTO peYeHHS BU3HAUAIACh SK
IOOYTOK MMOBipHOCTe}, BUKOPUCTAHMUX Y HbOMY IIOCTiZOBHOCTEI YaCTMH MOBM.
OTpumaHi mpaBuiaa TOPOIKYIOTh MOBY, XapaKTepHY [Js1 OOpOOGIIOBAHOIO Ta
CTPYKTYPHO IOIiOHMX TBOPiB IIEBHOTO aBTOpA.

,H,JIH OIImcCy CTPYKTYpHU ,Z[OCHi,I[)KYBaHOI'O TeKCTY BUKOPUCTOBYIOTHCS YAaCTUMHU
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MOBM SIK XapaKTepuCTMKa KOXHOTO cjI0Ba. VIMOBipHiCTb NpOpaxoBYeTbCS SIK

KiJIbKiCTh HAsSIBHMX BUMAIKIB Y TEKCTI, ITOAi/IeHa HA IXHIO 3arajibHy KiJIbKiCTb.
[TpaBuia miACTaHOBKM IJISI AesIKOrO TBOPY T MarThb MOYAaTKOBUII HETepMiHaJ,

Iani TepMiHaaM, IO BiAIIOBiJAIOTh KOXHOMY CJIOBY Yy peueHHi Ta MMOBipHICTb

3aCTOCYBaHHS BiJITTOBigAHOTrO mMpaBuia Ipu po36opi TBOPY, Ta MalOTh BUTJISI:

Pij Pi1k

o—bA; A 2 b Aae =17, k=1...K
Ile ¢ — IIOYaTKOBUII HeTepMiHas, by — TepMiHaIM, BiIIIOBiAHI i-My CJIOBY y peuyeHHi (i
BiITIOBiHiI i-My IIpaBMJIy, IO 3aCTOCOBYETbCS Ipy P0o360pi mpomosuilii abo i-my
piBHIO IpaBWiIa), Aj — j-i1 HeTepMiHa/J y TpaBwIi i-rO piBHS, pix — WMOBIpPHICTb
3aCTOCYBaHHS BiJMMOBiIHOTO IpaBmsia Mmpyu po36opi gJaHoro TBope, J, K: — KiJbKiCTh
pi3HMX HeTepMiHaliB y TIpaBili 4acTMHI MpaBua i-1-ro piBHS Ta i-TO piBHS,
BinnoBigHO. PiBeHb BiATIOBiIa€ MOPSAKOBOMY HOMEPY CJIOBA Y PEUEHHI.

JloTyCKaeThCSl KiJibKa ajdbTepHATUBHUX MpaBWJ 3 HeTepMiHaJOM Y JIiBiit
YaCTMHI IMpaBuia, ajae mpu [bOMY TEPMiHAJIM Y MMPaBiii YaCTUHI TaKMX MpaBUJI Pi3Hi,
110 3a6e3I1euye JeTepMiHOBaHMIA po36ip.

[l1s1 TIOpiBHSIHHSI BOX TBOPIiB BOHM MAalOTh OYTM TMpeCTaB/leHi y BUIISIII
BigHOBIEeHOI (GOpMa/ibHOI CTOXaCTMUHOI IpaMaTUKM 3 IpaBuaamu, (GopMyBaHHS
SIKUX omycaHo Buile. KoskHa MoC/IiAOBHICTh MpaBuUI OAHOTO TEKCTY IOPiBHIOETHCS 3
KO>KHOIO TTOC/TiIOBHICTIO IMMPaBWJI iHIIIOTO TEKCTY.

JomycTMMO y OBOX OOCTIIKYBAaHMUX TEKCTaX € peueHHs MOAiOHOI CTPYKTYypH,
TOAi CTYMiHb IXHBOI CTATUCTUUHOI CTPYKTYPHOI MOMiGHOCTI Oy/e BU3HAUATUCS SIK
IOOYTOK MiHiMaJIbHOI pi3HMIII IMOBipHOCTE 3aCTOCYBaHHS BiJIIOBiIHOrO MpaBua.
A CTYITiHb CTATMCTUYHOI CTPYKTYPHOI IMOMIOHOCTI TEKCTiB JABOX TBOPIB — SIK Cyma
CTYIIeHiB MOAiOHOCTI BCiX JI0r0 pevyeHb.

i eKCIepMMEeHTaNbHOTO [OOCTiIKeHHsI e(eKTUBHOCTI 3alpONOHOBAHOTO
MeTOAy BM3HAUeHHS aBTOPCTBA Ta (OPMYBaHHS BiAMOBiZHOI aTpuUOYIIii TEKCTY
chopmoBaHi HaBUa/JibHA Ta KOHTpOJbHA BMOipkM. 10 HaBUYaabHOI BUOIpKM OYII0
BimibpaHo 1o 40 TBOpiB XymoskHbOI JjiTepaTypu 10 yKkpaiHCbKMX aBTOPIB.
KonTposbHa BMOipKa ckiajanacs i3 6 TBOpiB KOKHOTO aBTOpa.

BukoHyBanocs BigHOBIeHHS (OpMaJbHUX CTOXaCTMYHMUX I'paMaTMK 3a BciMa

TBOpPaMM KOKHOTO aBTOpa HaBUa/JIbHOI BUOIpKM, 1110 TOPOIKYIOTh (GOpMaibHy MOBY,
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XapaKTepHy KOHKpeTHOMY aBTOpY. IIpy BM3HAUEeHHi CXOXOCTi TBOPY Y pOJIi OGHOTO
i3 MopiBHIOBAHMX TEKCTiB BUKOPUCTOBYBajacs hopmajabHa CTOXaCTMUHA IpaMaTuKa,
IO BiATIOBiZae TBOpPY 3 KOHTPOJIbHOI BMOipKM, a iHIIOTO — CTOXaCTMYHA rpaMaTuKa
IIJISI BCiX TBOPiB MOTEHIIiliIHOTO aBTOpa pa30M.

Po3paxoByBaBCS MOKA3HMK CTPYKTYPHOI CXOXKOCTi TEeKCTiB TBOPiB OJHOTO
aBTopa MixX co0o0t0. [IJiS TOJIMIIeHHSI JOCTOBiPHOCTI pe3y/bTaTiB BU3HAUYAINUCH
IOBipui iHTepBanM [JiI KOKHOTO 3 aBTOpPiB BMOipKM 3a Kputepiem CTbIOHEHTA.

Himkue (puc. 1) mpeacraBiieHi pe3yJlbTaTy eKCIIEPUMEHTY.
Po3ni3HaBaHHA aBTOPCTBY TEKCTY

= po3nisHaHo 1 aBTop, WO €

bakTUIHUM
14%

po3ni3HaHo 1 aBTop, Lo He €
hakTUYHUM

po3ni3HaHo Binblue 1 aBTopa,
cepepn, HUX € GaKTUUHMIA

60%
po3nisHaHo Binblue 1 aBTopa,
cepe/, HUX Hemae GaKTUIHOTo

Pucynok 1 — Jliarpama pe3y/bTaTiB pO3Mi3HaBaHHS aBTOPCTBY TEKCTIB

3rigHO 3 OTpMMaHMM pe3yabTaTaM, y 14 BuUITafKaxX y pe3yjbTaTi BU3SHAYEHHS
aBTOpCTBa OYB OTpPMMAaH OAVH BipHMIT KaHOMOAT, 110 CKaano 23,3%. Y 36 BuUMagKax
MporpamMa 3MorJia 3By3UTHU KiJIbKiCTb TIPETEHAEeHTIiB 40 3, NPy 1bOMY B 31 BUMIAIKY
MPEeTEeHIEHT 3 HaMOiMbIIOI CTPYKTYPHOKI CXOXKiCTIO OYB BipHO BCTAaHOBJIEHHUM
aBTopoM (1o cTaHOBMJIO 51,7% Bim 3arasbHOi BMOipKM), i 1e y 5 BUITagKax BipHMit
aBTOp NOTpamnuMB 0 CIMUCKY KaHAupaTiB (8,3 % Bim 3arasbHOi BMOipku). Takoxk
BChOTO Yy 8 BMIIaJKaX aBTOPCTBO TeKCTy He OyJ0 BMU3HAUEHO - >KOJEH 3
MpeICTaBJIeHNX KaHAMUIATiB He OYB BipHMM, 1110 CTAHOBMJIO 13,3%.

BUKOHaHHMIT eKCIepyMMeHT HAaOYHO IMMPOAEeMOHCTPYBaB, IO 3aIllpOIIOHOBAHUI
MeTO/[I, € KOHKYPEHTHOCIIPOMOXXHUM cepe[i iHmux icHytounx. Lleii MeTon Hagae HOBI
aTpuoyllii MpUPOAHbOMOBHMM TeKCTaM, IO HaJa€ MO3UTUBHI MepMIEKTUBU 0T

3aCTOCYBAHHS Y CYKYITHOCTI 3 iHIIMMM iCHYIOUMMM METOIaMMU.
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APPLICATION OF FORMAL STOCHASTIC GRAMMARS
IN DETERMINING THE TEXTS AUTHORSHIP

Shinkarenko Viktor, Demidovich Inna

Abstract. The work is based on the author's texts individual style presence
hypothesis, in particular, the sentence structure formation. In this work, the
authorship of natural language texts was determined based on the sentence
structure formalization in all texts of each author from the training sample. We used
the restoration of a formal stochastic grammar corresponding to each work of the
author with the inference rules formation and their application probability
calculation based on a statistical sample. To increase the reliability of the results, a
confidence interval was calculated using Student's t-test for each of the authors.
During authorship establishing, a probabilistic measure of the text belonging to a
formal stochastic grammar describing the individual style of the author was
determined. The texts authorship established as a result of the experiment was
about 80%. The performed experiment clearly showed that the proposed method is
competitive among other existing ones.

Keywords: natural language, formal language, formal stochastic grammar,
statistical analysis, text structure, text authorship, classification, parsing,
confidence interval.

References
1. R.A.Hardcastle, CUSUM: a credible method for the determination of authorship? Science
& Justice: Journal of the Forensic Science Society, 37(2) (1997) 129-138. doi: 10.1016/s1355-
0306(97)72158-0.
2. Juola, P. Authorship attribution. Found. Trends Inf. Retr. 1(3), 233-334 (2006).
3. 0. V. Bisikalo, Formal methods imagery analysis and synthesis of natural language
constructions: monograph. Vinnitsa: VNTU, 2013.
4. Ya. O. Kohan, On the possibilities of formalizing natural languages, TAAPSD, volume 3,
137 - 143 (2016).
5. M. Silberztein, A new linguistic engine for nooj: Parsing context-sensitive grammars with
finite-state machines, in: International Conference on Automatic Processing of Natural-
Language Electronic Texts with Noo] (2017) 240- 250.
6. T. Booth, Probability Representation of Formal Languages. IEEE Annual Symp, in:

296 ISSN-online 2708-0102



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2022

Switching and Automata Theory, 1969.

7. S. Shieber, Evidence against the context-freeness of natural language, in: Linguistics and
Philosophy, vol. 8, 1985.

8. A. Mazzei, V. Lombardo, Building a large grammar for Italian, in: LREC, 2004.

9.V. Shynkarenko, O. Kuropiatnyk, Constructive Model of the Natural Language, Acta
Cybernetica. Vol. 23, Nr 4. (2018) 995-1015. doi: 10.14232/actacyb.23.4.2018.2.

ISSN-online 2708-0102 297



Ministry of Education and Science of Ukraine
Ukrainian State University of Science and Technologies, Dnipro, 18 May, 2022

DOI: 10.34185/1991-7848.itmm.2022.01.059
PO3POBKA MO YJIbHOI'O HABUYAJIBHOI'O JOJATKY 3 BUKOPUCTAHHSIM
THYYKOI APXITEKTYPU DOCKER KOHTEMHEPIB
Momnogeup B.B., Bongupes [1.0., Jenuk B.O., Bynana T.M., I'pa6osens I.M.

JHinposcebkutl HauioHanvHutlli yHigepcumem imeni Onecs I'oHuapa, YkpaiHa

Beryn. Bygb-sika HaBuajibHA AMCLHMIUIIHA MiCTUTh y CcO0i IOBOJI TIJIMOOKMIA
TEOPEeTUUHMI Ta HAYKOBMI1 3MiCT, Ha BUBUYEHHS SKOIO Jijie 6araTo pokiB JOCBimy Ta
po3paxyHKiB. OmHaK MpPMKIagHA KOPUCTb HAYKOBMX POOIT IJIsT CYCITiJIbCTBA
3a3BMYali 3HAXOAUTHCS Ha CTUKY OEKITbKOX OUCUMIUIIH. A OTXKe 3'SIBJSETHCS MOMUT
Ha CITeliajiCTiB MoiOHOTO CIIEKTPY Ta IMIPOrpaMHOro 3abe3reueHHs, SKe JOITOMOKe
iM  gKHaMIUBMAIIE OINAHyBaTM HOBITHI TEeXHOJOril pi3HMX Tadyseil Ta
aBTOMAaTMU3yBaTM 0a30Bi mporecu. PoboTa MmpucBsSYeHa CTBOPEHHIO MPOTPAMHOrO
IOJaTKy IJISI CTYIOEeHTiB-eKOJIOTiB, BMK/IAJauiB Ta PO3POOHMKIB IIPOrpaMHOIO
3abe3revyeHHs], SIKi 3a/iMalTbCsS CTBOPEHHS MOJesieil IPOrHO3yBaHHSI Ta OILiHKU
3a0pyIHEHHSI TOBITPS Ta €KOJIOTiYHMX HAIIPSIMKiB, 3a JOIIOMOTOI0 SKOT'O BOHMU
MOSKYTh KOPUCTYBATUCh 6i6IiOTEKOI0 MaTeMaTUUHUX MOJIeJeit, sIKi Oyiau po3pobieHi
CTy€HTaMM 4 HAyKOBLSIMU (aKyJabTeTiB 3 MaTeMaTUUYHOIO MOjentoBaHHS. [Ipu
1IbOMY 3aBaHTa’KeHHSI TaKMX JaHUX, SIK MTOTOAHI YMOBM, MaIlM T€PUTOPii, KOCMiuHi
3HIMKM Ta AaHi JaHama@Ty BimOyBaeTbCsI aBTOMATUYHO.

MeTa po6otu. Po3pobka MOIy/IbHOIO MPOTPAMHOTO AOAATKY IJIsI CTYAeHTIiB-
€KOJIOTiB, BMKJIAQJauviB Ta pO3POOHMKIB, B SIKMII MOKHA OOOABATM Pi3HOMAaHIiTHi
MaTeMaTU4yHi Mojesi I PO3pPaxyHKYy PpO3MOBCIOMKEHHS NIKiJJIMBUX PEUOBUH Y
atrMmocdepi.

OcHOBHMI1 3MicT po0OTH. /I HaBYaHHS OyJI0 BUpillleHO 06paTy TeXHOJIOTiI0
BipTyaJibHMX KOHTelHepiB - II0 HaJa€ MOXIMBICTh 3aIlyCKaTu IIPOeKT Oe3
BCTAaHOBJIEHHS oaaTkoBoro I13. Ha BigMiHy Bif BipTya/lbHOI MalllMHU KOHTEHEPU €
abCTpakllilo Ha IMporpaMHOMYy a He (i3sMUHOMY piBHi, IO AAa€ 3MOTYy IIBUIKO
3allyCTUTU OApa3y OeKilbka KOHTelHepiB B OfHINi cucteMi. KoHTeliHep € OKpemolo
CUCTEeMHOI0 OAMHUIIEI0, IO MICTUTh y CO0Oi TporpamMHMit Kop 3 AOTOMiKHUMMU
MakeTaMMu, 110 Ja€ 3MOTY PO3TOPHYTU MPOEKT B Pi3HMUX cepefoBuilaxX. B cBolo uepry
y Docker xoHTelitHepu 30epiraeTbcsl Bce HeOOXimHe JIS 3aIyCKy SIK TOJaTKy (KO/I,
CHUCTEeMHe IIporpaMHe 3a0e3IleueHHs, HaJaIlITyBaHHS OTOYEHHS Tomo). Taka
i30/IbOBAHICTh TAKOX TapaHTY€ OJHAKOBY IOBEIiHKM pPO3pPOOJEHOI CUCTEeMM He

3aJIeXKHO Bif, CMCTEMHMX XapaKTepUCTUK MamyHu. OKpiM IIbOTO BUKOPUCTAHHS
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KOHTeliHepiB  Tojierurye 6a3oBe  HalalITyBaHHS  CepeloBUINA  PO3POOKH,
11030aB/IsIIOUM  HEOOXigJHOCTI  BCTAHOB/IIOBATM  AOHNATKOBI  0OibGjioTeku  Ta
iHTepripeTaTopM MOB IIpOrpaMyBaHHS, a 3aIlTyCK KOHTelHepa BiOyBaeTbCsI OIHi€I0
KOMaHZO0 y TepMiHaJli. TeXHOJIOTiS KOHTeHepu3allil € Ayke THy4YKOI0 Ta 3PYYHOI0
IJIST TIOK/IIOUeHHS HOBMX MOAydiB. Tak, Halpukiaad, SIKIIO A0 CKIaay BeauKoil
MofesIi BXOOUTb HM3bKa OiNbII MPOCTUX MOJeNei, TO KOHTeliHep BeJIMKOi Mopei
MOKe MPUETHYBATU A0 cebe BsKe HaJAIITOBAaHI KOHTEMHepa MaJeHbKUX MOJIeJIeii.
[Tpy BUKOpUCTaHHI AEKIJIbKOX KOHTENHEPiB OAHOYACHO, [JIs1 KOYKHOTO i3 HMX MO’KHA
3amporpaMyBaTy, SIKy YaCTUHY IaM’SITi Ta MPOLeCOPY BiH 3MOKe BUMKOPUCTOBYBATHU
Py MaKCMMa/JIbHOMY HaBaHTakKeHHi. Y SKOCTi MIPOrpaMHOTO OTOYEHHS O6y/0
ctBopeHo docker KoHTeliHep, y ssKomy BcTaHoBjaeHa OC Linux. [IomaTOK MiCTUTh
CKPMIIT, L0 BUKOpUCTOBYe °CramioHapHy layciBcbka Mopenb” [ pO3PaxXyHKY
PO3IOBCIO/IKEHHSI XMapy 3a0pyaHeHHs, MiATPMMY€E MOBU IporpamMmyBaHHs Python,
C#, Java. Llg momenb € HaOIIbII MTPOCTOIO IJIsST PO3YMiHHS, OJJHAK He3Bakalouy Ha
CBOIO MMPOCTOTY, ii QYHKIIOHA/I € MOBOJIi JOCTATHIM [Jis1 PO3YMiHHS 30HU YpaskeHHS
BUKupamu [1].
B ckpumnri piBHSIHHS ['ayciBcbKOi MOfeJIi OMMCYEThCSI HACTYITHOI (OPMYJIOIO:

Clxyz) = 2 ex ——(F — %) ex ——(Z — A + ex ——(Z * H)”
ok (2mvo,a,) P 2a}? P 20} P 20}

¥
’

C(xyz) — KOHIeHTpallis 3a6pyJHIOIUMX eJIeMeHTIiB y TOulli 3 KOoOpAuHATam

x,¥,[r/M%];Q — MOTYKHiCTh 6e3IMepepBHOTO TOYKOBOTO Jixkepesa 3abpynHeHHS, [r/c];
H -edekTnBHa BucoTa AKepesa 3a6pyaHeHHS, [M]; U — BUIKICTb BiTpy Ha BUCOTI H

MeTpiB, [M/C];o; — TOPU3OHTAIbHI AucHepcii, [M];o0 — BepTUKa/IbHA AUCHepCis, [M];

a HaMpsIMOK BIiTpy cHiBIagae 3 Hampsimom oci OX.

Jyis1 3aBaHTaKeHHS MOTOAHUX YMOB y JAOAATKY peasi30BaHO MiJKIIOUEHHS A0
cepBepiB ERAS5[2], TakOXX € MOXKIMBICTh 3aBAaHTAKUTYU TYAU JaHi 3 MaTeMaTUYHOI
mopeni WRF. Bxiguumu nanumu € Qaiiiv 3 KoHDirypaiissMu Jijisi IeBHOTO CKPUIITY,
SIKMIA X04e 3amyCcTUTH KopuctyBad. Cam daitl Moske MaTu iHpopMaliito mpo repiof,
MOJEI0OBaHHS, KiJIbKiCTh Ta MOTYXKHICTh [Kepea Ta iH. Buximaumm daiaamu
MOKYTb OyTH SIK Tip aHimMallii Ta KapTMHKM TaK i daitin dopmarTiB netCDF.

HacTynmHUMM MOXIMBMM KPOKOM Y PO3BUTKY HOAATKA Iie IepexiJi Ha MOOiIbHi
Bepcii, [0 3MOXe HaJaTu 3PYYHOCTI B BMKOPUCTAHHI Ta MiABUINUTU HIBUIKICTh
HaBUYaHHS. BpaxoBylooum cydyacHy TEHAEHIIiI0 3POCTAaHHS MOMYJISPHOCTI MOOiTbHMUX

JONATKIB 1Ieii KPOK € MAaKCMMAajJbHO aKTyaJlbHMM, a TaKOX MOXXe ITigBUILIUTHU
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TIOITYJISIPHICTD i, MOKJIMBO, IIPOCTOTY BMKOPUCTAHHS. BpaxoBywoun Te, 110 MOOiIbHi
TesieOHM 3aBKOM ITif, PYKOIO Ile Ja€ 3MOTy BMKOPMCTOBYBATM JIOJATOK OYIb 1ie Ta
Majiiske TIpu OyIb SIKMX YMOBaX JIe MOXKHA OTPMMATY IOCTYII A0 iHTepHETY.
BukopuctoByioun mepeBaru Docker Ta apxiTeKTypy KIIi€HT-cepBep, MOKHA
OTpMMAaTM MpOrpamMy, sgKa He 3aJIeKUThb Bil MPOrpaMHOTO 3abe3reuyeHHs
KOpUCTYBaya, amke 31e6iJbIIOro CTYOEeHTM He MAalOTh IIOTYKHUX CUCTEM IJIsT
pO3paxyHKiB pe3ynbTaTiB. 3a JOMOMOIrOI XMapHMX CepBiCiB, MOXKHA HapOIIlyBaTuU
TOTY>XHICTh CEPBEPHOI YaCTUHU IIPSIMO MPOIOPIIiAHO A0 KiJIbKOCTI KOPUCTYBayiB.
JlirepaTypa
1.lpo6neMu BUKOPUCTAHHS iHOpPMAIiifHMX TEXHOJOriii B  oOcBiTi, Haymi Ta
npomucioBocti - XVI MmixkHapogHa KoHepeHIlist 154-156c¢.
2. European Centre for Medium-Range Weather Forecasts [Enektponumit pecypc] // URL:

www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5

DEVELOPMENT OF A MODULAR EDUCATIONAL APPLICATION USING
THE FLEXIBLE ARCHITECTURE OF DOCKER CONTAINERS
Molodets Bohdan, Boldyriev Daniil, Bulana Tetiana,

Detsyk Vladyslav, Dmytro Grabovets

Abstract. Each educational discipline involve enough deep theoretical and
scientific context, which require a lot of experience and calculation for learning.
However, scientific work is often in several disciplines. So there is demand for
experts and software applications, which can improve the educational process. This
article is about creating a system for students-ecologists, tutors, software developers
in air quality and ecology domains, which helps use formulas, calculated by students
from math modeling faculties.

Keywords: Docker, client-server, Gaussian model, ERA5, WRF.
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