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1. Kommr'totepHi Mozesti AJ1s1 BUBYEHHS! IIpoLieciB pOpMyBaHHS CTPYKTYPU B JIMBAPHUX alIOMiHI€EBUX CIIJIaBaX IpH iX
Kpucrasnisauii.

2. Computer models for studying of the formation of the structure of the cast aluminum alloys during their
crystallization.

Pedepar:

1. Y po60Ti po3po6s1eHO HayKOBi MPUHLIMIIM CTBOPEHHS KOMITIOTEPHUX MOjieslell KpucTaisalii i KoMII'IoTepHOro
TEPMIYHOr0 aHasli3y CILIaBiB, 3 METOIO NOCJIIIKEHHS i BU3BHAYEHHS ONTUMAJIbHUX TEXHOJIOTIYHUX PEKUMIB
OTPUMAaHHS BUJIMBKIB i3 3aJJaHNMU BJIACTUBOCTSIMU i CTBOpPEHi KOMITIOTEPHi MOZEJIi 1711 OTPUMAaHHS BUJIMBKIB 3
aJIIOMiHi€BHUX CIJIaBiB 3 HEOOXiIHUMHU CTPYKTYPOIO i BIAaCTUBOCTSIMU. Ha OCHOBI CyyacHUX YSIBJIEHD [IPO MTPOLIECU
3apOJKEHHS i pOCTy KpUCTaliB, pO3p006JIeHO KOMII'IOTEPHY MOJIeJjIb KpUCTali3allii MeTasieBUX CILJIaBiB IIPU Pi3HUX
YMOBax OXOJIOJKEHHS i criocobax ix mopudgikanii. Taka cuctema jjae 3MOry po3paxoByBaTH IapaMeTPU
KpucTasisauii crasiB, BU3HaYaTy pO3Mip 3epHa i pO3Iofia eJleMeHTiB y IuTBi. Ha npukiani kpucraiisanii

QJIIOMIHIIO i I0TO CIIJIaBiB, IJIIXOM ITOPIBHSIHHS PE3YJIbTaTiB MOLEIOBAHHS i €KCIIEPUMEHTAJIbHUX JAHUX, JOBEIEHO



aJleKBaTHICTh CTBOPEHUX KOMITIOTEPHUX METOIiB NOCiIKeHH . [JOCTiIKeHHSIMH, sIKi BUKOHAaHI 3aIIpOIIOHOBAaHUM
METOJOM 3 PO3POOJIEHOIO iMITaI[iiHOI MOZEJIJTI0, BCTAHOBJIEHO, 1[0 KPMBA OXOJIOMKEHHS YUCTOTO AJTIOMIHII0 ITPU
mBHKOCTI oxosomxenHs 0,00025 rpan,/c, Mae AiIHKY I€PE0X0JIOIKEHHS | peKajecLieHIlil0 TeMIIepaTypu [1py
NOSIBi YaCTHMHOK TBEpZoi a3y y pinkoMy MeTaili. Lle CBiT4uTh Npo Te, o NepeIKpUCTalIi3aliliHui CTaH MeTay,
SIKUI 6JIM3bKUI 0 PIBHOBAXXHOTO, CTA€ HECTIMKMAM IIPU 3aTBEPJiHHI BUIMBKA HABIiTh 32 HEBEJIMKUX IIBUAKOCTEN
0XOJIO[>KEeHHS. [Ipy Masiux IBUAKOCTSIX OXOJIOKEHHS 3aJI€XKHICTb KUJIBKOCTI LIEHTPiB KpUCTasisaliii, 110
YTBOPUJIKCS B PO3ILJIaBi, Bif yacy N = {(t), MOHOTOHHO 3pOCTae, a YacoBa 3aJI€XKHICTb MIBUAKOCTI iX yTBOPEHHSI Ma€
ekcTpeMyM. [1pu 36ibII€HHI IHTEHCUBHOCTI OXOJIO[KEHHS CIJIaBY Ha 3a/1esKHOCTI N = f(t) 3'IB/ISIIOTbCS «CXOOUHKI»,
a 4acoBa 3aJIEKHICTb IIBUIKOCTI yTBOPEHHS YaCTOK TBepAoi ¢pa3u Mae Kinbka mikiB. Lle cBiTYuTh 11po Te, 0 LeHTpU
KpUCTasisalii y po3IiaBi BAHMKAIOTD SIK HA [T0YaTKy 3aTBEPiHHS MeTaily, TaK i B KiHLi. [Ipy nmogasnemomy
36ibIIEHHI IIBUAKOCTI 0X0I0IKeHHs Ha 3ayeskHOCTi N = f(t) 3'aBsieThcs 6araTo «CXOOUHOKY, a Ha 3aJ1eSKHOCTI
IIBUAKOCTI YTBOPEHHS YAaCTOK TBEPAOI pas3y 30ibIIyeThCS KiJIbKICTD MiKiB 3 IEPIOAMYHOIO MOSIBOIO LIEHTPIB
KpucTaslisalii y po3nsasi. YCTaHOBJIEHO, 1110 [TPY T'OMOTEHHIN KprcTanizauii joeBTeKTuYHUX Al-Si crinasiB, LeHTpu
KpUcTasisalii TBepAOro po3uyrHy Ha OCHOBI aJIIOMIHIIO 3'BJISIOTbCA IIPOTATOM KOPOTKOI'O 4acy, & MEXaHi3M ixX
YTBOPEHHS aHAJIOTTYHMI MIPOLECY KpUCTai3alii 4uCToro amaoMiHiro. [1icig 3aBeplieHHs IpoLecy YyTBOPEHHS
TBEPAOTO PO3YNHY KPUCTAi3allisd €eBTEKTUYHOI CKJIa0BOI MOYMHAETHCS 3 [TOSIBYU LEHTPIB KpUCTasi3alii y Hill. Y
IOEBTEKTUYHUX cIlylaBax cuctemu Al-Cu, BMiCT Mifli B SIKUX He IlepeBuIlLye ii MaKCHMaJIbHOI PO3YMHHOCTI y
TBEPOMY PO3UMHi Ha OCHOBI JIIOMIHIIO 1 SIKi 0X0JIOIPKYI0ThCS 3i mBUKiCTIO 5,0-6,67 rpas,/c, LeHTpU KpucTanisanii
YTBOPIOIOTHCS B [Ba eTanu. Ha mo4yaTky Kpucrasisalii yTBOPIOETbCS TBEPAUM po3unH. Ha gpyromy erari y pigko-
TBEPIOMY CILJIaBi repef TBep oo $as30io TaKOX 3'SIBJISIIOThCS LIeHTPU KpUcTasizalii. ¥3araabHeHo iHpopmaliiio po
IOLiIBHICTh BUKOPUCTAHHS CUCTEM KOMII'IOTEPHOI'O TEPMIYHOIO aHai3y [J1g BUBYEHHS NIPOLECIB KpUCTaIi3aLii i
(pOopMyBaHHS BJIaCTUBOCTEN Yy CIJIaBaX. BU3Ha4ueHO OCHOBHI NapameTpH ii BUMiPIOBaJIbHOTO KaHAJY i ONTUMi30BaHO
aJITOPUTMU MaTEMaTUYHOI OGPOOKYU KPUBUX OXOJIOIKEHHSI CIJIaBiB HA OCHOBI aylfoMiHit0. 3arpornoHoBaHO METOON
IOCJIiI)KeHHSI NIPOLeCiB KprcTaizallii YuCcToro MeTasny i 6iHapHUX CIIJIaBiB, Ki JAIOTh 3MOTY 38 KpUBUMU
OXOJIOJ)KEHHS BU3HA4aTH CIIiBBiJHOLIEHHS TEIJIOTY KPUCTasi3alii O MMTOMOI TEIIJIOEMHOCTI i KiJIBKICTb TBEPZO1
a3y y BUIMBKax y 6y[ib-sSKUU Yac ix 3aTBEPAiHHS, 110 € [10JAJIbIIUM PO3BUTKOM T€Opii 3aTBEepiHHS METaJliB i
cryiaBiB. CKIIaZIeHO IFOPUTM JJ1s1 BUBHAYEHHSI CTyIeHs] MOAU(iKyBaHHS €BTEKTUKY Y JINBAPHUX aJIIOMiHi€EBUX
ciaBax Al +(9,0-12,0)% Sii Al + (7,0-8,0)% Si + (0,4-0,5)% Mg 3 BUKOPUCTaHHSIM CUCTEMU KOMII'TOTEPHOTO
TEPMIUHOTrOo aHasi3y iX po3nasiB. Pe3ysbTaTy NPOMUCIOBOTO BUIPOOYBAHHS Y BUPOOHNYMX yMoBax JI1
«Mertanypris» (M. KuiB) Ta BAT «Apremmanr» (M. KuiB) nigTBepaKyoTh e(peKTHBHICTb CHCTEM KOMITIOTEPHOTO
TEPMIYHOrO0 aHasli3y 1J1s eKCIIpeCc-aHali3y CTaHy aJlOMiHi€BUX pO3IUIaBiB. BifoMOCTi PO CUCTEMH iMiTaLliMHOTO
MOJIEJIIOBaHHS KpYCTali3alii MeTasliB i CIJIaBiB BKJIIOUEHO Yy HaBYJILHUY ITpoLec HalioHaJIbHOrO TEXHIYHOTO
yHiBepcuTeTy YKpainu «KuiBcbKuil nositexHiyHuii inctuTyT imeHi Iropst Cikopcbkoro» (M. Kui) Ta Cymcbkoro
IepkaBHOTO yHiBepcuTeTy (M. CyMmu). Pe3ysibTaT JOCiI)KeHb TaKOX JOLiIbHO BUKOPUCTOBYBAaTH Y HaBYaJIbHO-
HAyKOBUX [IpOrpamMax 3akjafiB BUILLOI OCBITY JJ1s1 iITOTOBKY (axiBliB 3 IMBAPHOTO BUPOOHUIITBA, METAIYPTii i

MaTepiaJIOSHaBCTBa.

2. Scientific principles for creating computer models of crystallization and computer thermal analysis of alloys in
order to study and determine the optimal technological modes for obtaining castings with given properties have
been developed, and computer models have been created for producing castings from aluminum alloys with the
required structure and properties. Based on modern ideas about the processes of nucleation and growth of
crystals, a computer model of crystallization of metal alloys under various cooling conditions and different
methods of their modification has been developed. Such system allows to calculate the parameters of
crystallization of alloys, to determine the grain size and distribution of elements in the casting. The adequacy of
the created computer research methods is proved based on the example of crystallization of aluminum and its
alloys, by comparing the results of modeling and experimental data. The studies which were carried out by the
proposed method with the developed simulation model have established that the cooling curve of pure aluminum
at a cooling rate of 0.00025 deg/s has a supercooling section and temperature recalescence when solid phase
particles appear in the liquid metal. This indicates that the pre-crystallization state of the metal, which is close to



equilibrium, becomes unstable during the solidification of the casting even at low cooling rates. At low cooling
rates, the dependence of the number of crystallization centers formed in the melt on time N = {(t) increases
monotonically, and the time dependence of the rate of their formation has an extremum. With an increase of the
cooling intensity of the alloy, «steps» appear on the dependence N = f(t), and the time dependence of the rate of
formation of solid phase particles has several peaks. This indicates that crystallization centers in the melt arise
both at the beginning of metal solidification and at the end. With a further increase of the cooling rate, many
«steps» appear on the dependence N = {(t), and number of peaks increases on the dependence of the rate of
formation of solid phase particles, with periodic appearance of crystallization centers in the melts. It was found
that during homogeneous crystallization of hypoeutectic Al-Si alloys, crystallization centers of a solid solution
based on aluminum appear within a short time, and the mechanism of their formation is similar to the
crystallization process of pure aluminum. After completion of the process of solid solution formation,
crystallization of the eutectic component begins starting with the appearance of crystallization centers in it. In
hypoeutectic alloys of the Al-Cu system, the content of copper in which does not exceed its maximum solubility in
a solid solution based on aluminum and which are cooled at a rate of 5.0-6.67 deg/s, crystallization centers are
formed in two stages. At the beginning of crystallization, a solid solution forms. At the second stage, crystallization
centers also appear in the liquid-solid alloy before the solid phase. Information on the advisability of using
computer thermal analysis systems for studying processes of crystallization and formation of properties in alloys is
generalized. The main parameters of its measuring channel have been determined, and algorithms for
mathematical processing of cooling curves for aluminum-based alloys have been optimized. Methods for studying
the processes of crystallization of pure metal and binary alloys are proposed, which make it possible to determine
by cooling curves the ratio of the heat of crystallization to the specific heat capacity and the amount of solid phase
in castings at any time of their solidification, and this is a further development of the theory of solidification of
metals and alloys. An algorithm is proposed for determining the degree of modification of the eutectic in aluminum
casting alloys Al + (9.0-12.0) % Si and Al + (7.0-8.0) % Si + (0.4-0.5) % Mg using a computer thermal analysis system
of their melts. The results of industrial testing in production conditions of the State Enterprise «Metallurgy» (Kiev)
and OJSC «Artemmash» (Kiev) confirm the effectiveness of the computer thermal analysis systems for express
analysis of the state of aluminum melts. Information about the systems of imitation modeling of crystallization of
metals and alloys is included in the educational process of the National Technical University of Ukraine «Igor
Sikorsky Kiev Polytechnic Institute» (Kiev) and Sumy State University (Sumy). It is also advisable to use the
research results in educational and scientific programs of higher educational institutions for training of specialists
in foundry, metallurgy and materials science.
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