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1. Komrsiekc TeXHOJIOTiYHUX MPOIIECiB €KOJIOTIYHO 6€31e9YHOT0 BUPOOHUIITBA BUJIUBKIB 3 TPOTHO30BAaHUMU

(YHKIiOHAJIBHUMU BJIACTUBOCTSIMU 32 MOJEJIIMHU, 1O ra3u@ikyoTbCs

2. Complex of technological processes of ecologically safe production of lost-foam castings with predicted
functional properties

Pedepar:

1. 3a pesysbTaTaMu AOCIIIKEHb BUSHAYEHO, 1110 HANOiIbI IPUIHSATHUM TEXHOJIOTIYHUM IIPOLIECOM 3
MOXJIMBOCTSIMUA OTPUMAaHHS SIKICHUX BUJIMBKIB 3 33JJaHUMU (PYHKLIOHAJIbHUMU BJIACTUBOCTSIMMU € IIpoLieC
BUTOTOBJIEHHS JIMTTS 32 MOZEJISIMY, 1O ra3nu@ikyloTbcsl. BCTAHOBIEHO MeXaHi3M TEMIO0OMIHY B HOBUX CUCTEMAX
«MEeTaJ — MOJeJIb — MaKpOapMyIounii esieMeHT — popma» i Ha L1ill OCHOBI po3pobJIeHO MaTeMaTUYHi Mogei
TEIJIOMacooOMiHy B GOPMi 3 OPiEHTOBAHOIO B Hill apMy040I0 (a3010, sIKi MOXKYTb OYTH BUKOPUCTaHI /1J1s
[IPaKTUYHOTO 3aCTOCYBaHHS MIPY BUOOPi TEpMOYaCOBUX IIapaMeTPiB JINTBA Ta KiJIbKOCTi TeOMEeTpii MaKpoapMyr04doi
¢$asu 17151 OTPUMaHHS apMOBAHUX BUJIMBKIB 3 3aJ1i30BYIJIELIEBUX i KOJIbOPOBUX CIJIaBiB. CTBOPEHO (Pi3UuHY Ta

rizporazofyHaMiuHy MOJieJli Tedii MaTPUYHOTO CIJIaBY B TOPOKHUHI JIMBapHOi GOpMHU, HACHIEHOI MaKpOapMyI0U0I0



(a3010, B OCHOBI SIKOi BCTAaHOBJIEHO OCOOJIMBOCTI B3a€MO/Iil IPOAYKTIB TEPMOIECTPYKILii IIHOMOJiCTUPOIOBOI
mogeJi (TBepai, pinki Ta mapora3sosi) Ta ix BIUIMB Ha ra3oriZpoArHaMiKy IIpolecy i3 apmyodoio $as3oio, sika yTBOPIOE
IIOPOBi KaHaJIM HABKOJIO KOXHOTO 3 €JIEMEHTIB MaKpoapMy4oi ¢pasu LJISIXOM TEIJIOOOMiHY Ha MeXXi
«Makpoapmymoua ¢asa — MaTPUYHUH CIUIAB», IO 30iblIye NoJie QinbTpallii Ta MacONepeHoCcy Napora3oBux i pinkux
IPOJYKTIB, 10 BU03MiHIOE Ta3041MHaMIKYy IIPOLIECY, @ TAKOK YMOBU (POPMYBAHHS SIKOCTi BUIMBKIB. JJOCTiIKEHHS
3aKOHOMIPHOCTI TenjaoMacooOMiHy B HOBIl /111 TeOpii IMBapHUX MPOLECiB CUCTEMI «MeTaJl — apMoBaHa ¢asza -
(opmMa» 3 BUKOPUCTAHHSIM MaKpOapMytouoi (pasu, opieHTOBaHOi B (pOPMIi y BUIJIST CTPUKHIB, JO3BOJINIIO
BCTAHOBUTH, 110 HAsIBHICTb MAaKpPOApMyI040i (pa3y CTBOPIOE YMOBHU 17151 301/IbLIEHHS IIBUIKOCTI 3aTBEPLiHHS CIIJIaBY
IIPSIMO TIPOTIOPLiHHO ii Maci i 3i 36inbIIEHHSIM BiIIHOCHO 00’'eMy MeTasy B pOpMi, IpU LIbOMY iCTOTHUI BIJINB
Makpoapmyloya (aza HaKJIaJlae Ha 3HATTS [ePerpiBy CIIaBiB 10 Temriepatypu Tl, sika nepesulllye aHalIoOriyHy IIpU
3aTBEPAiHHI BUJIMBKA B IOPOXHUCTIN ¢opmi B 2 - 10 pas i 1ji mBUAKOCTI AocsraoTs 3HadeHb 100 - 400 °C/c (a4
MiJJHMX CIIJIABiB), IO SIBHO BIUIMBAE Ha FiIpOAVHAMIKY JIMTTS Ta GOPMYBAHHS BIACTUBOCTEN JIMTUX APMOBAHUX
KOHCTPYKILiiA. PO3rIIHYTO OCHOBHI CX€MU OTPMMAaHHS BUJIMBKIB 3 (PYHKIIOHAJIbBHUMU BJIACTUBOCTSMU MTPU
apMyBaHHi IOPO>KHUHU (POPMHU, BU3HAUEHO TEXHOJIOTiUHI IIeEpelyMOBHU MIPH PifKo(pazHOMY NTOeJHAHHI KOMIIOHEHTIB
CHACTEMU Ta BCTAHOBJIEHO, 10 Ha (POPMYBAHHS MIKPOCTPYKTYPH i PO3Mip NepexifiHOi 30HM BIIMBAKOTh XiMiYHMI
CKJIaJ, MAaTPUYHOTIO CIIJIaBY Ta MaKpoapmMytouoi gasu, Temreparypa pilkoro MaTpU4YHOIO CILJIABY i MIBUAKICTD
OXOJIOJPKEHHS BUJIMBKA, SIKa [I0B's13aHa TaKOX 3 KiJIbKiCTIO BBeleHOi apmytodoi ¢pas3u. Po3pobieHo knacudikaTop
SKICHUX Ta KiJIbKiICHUX XapaKTE€PUCTUK JIMTUX MOHO- Ta apDMOBaHMUX KOHCTPYKIiH 3 3aJ1i30BYIJIELIEBUX i KOJIbOPOBUX
CIIaBiB Ta HA Uil OCHOBI BCTAHOBJIEH] ITAPAMETPY KEPYBaHHA SKICTIO BUJIMBKIB IIPU JIUTTI 32 MOJEJISIMY, 1110
rasuikyroTbCsl, Ki 3a6€31e4yoTh 331aHi eKCIIyaTaliliHi XapakTepUCTUKY JIMBAPHOI TpoAyKLii. Po3pobsieHo
METOJIMKY PO3PaxyHKy O0CSriB BUKUAIB MIKiJIMBUX PEYOBUH I1pY OJI€P>KaHHI Pi3HOBUJB YaBYHIB B €JIEKTPUYHUX
iHOYKUiAHMX Tedax MmeTanoeMHicTio 0,5 - 10 TOHH B 3aJI€5KHOCTI BiJl METAJIOEMHOCTI INTUX BUPOOIB Ta
TEXHOJIOTIYHMX [TapaMeTPiB IJIaBKU 3 BUKOPUCTAHHSIM OJEPKaHUX PiBHSIHDb PErpecii, 0 ONUCYIOTh 3aJIEXKHICTDb
00CSriB yTBOPEHUX LIKiIJIMBUX ra3iB, BKJIIOYAIOUM [IMJI HeopraHiuyHuii 3 BMicToM SiO2 20-70%,; niokcup, azoty (NO2);
cipku giokenp (SO2); okenyp, Byraento (CO) Bif TemnepaTypHO-4aCOBUX [TapaMEeTpiB IJIABJIEHHS Ta MACH LIMXTHU B
IJIaBUJIbHUX arperaTtax. Po3po6yieHo MeTOAUKY pO3paxyHKY SIKICHUX Ta KiJIbKiCHUX XapaKTe€PUCTUK MIKiIIUBUX
PEYOBUH IpY BUTOTOBJIEHHI BUJIMBKIB METOLOM JIMTTS 32 MOZEJISIMY, 110 ra3uikyoTbCsl, Ta METOL,0JI0TiI0
peastizallii onepaTuBHOrO €EKOMOHITOPUHTY 00'€KTiB i TEXHOJIONYHUX NPOLIECIB JIMBAPHOIO BUPOOHUIITBA i3
3aCTOCYBaHHSIM 0€3[IpOTOBUX MEPEXK, 300py, 0OOPOOKHU i epefadi KOHTPOJIbOBAHUX €KOJIOTTYHUX ITOKa3HUKIB Ta
cTBOpeHa iHpopMaliifiHa KOMIT'IOTEpHA CUCTEMA, sIKa 3a0e3Ieyye KOHTPOJIb JIUBAPHUX 00'€KTIB, TEXHOJIOTIYHNX
napaMeTpiB POLieCiB OZep>KaHHs BUIMBKIB 32 MOZEJISIMY, 1110 ra3u(ikyloTbCsl, €KOJIOTIYHUI CTaH 610J10TiYHUX
00'eKTiB B po00Yili 30Hi i MOHITOPYHT CTaHy HaBKOJIMIIHBOTO CEPELOBUIIA Pe3yIbTaTOM POOOTHU CTaJI0 CTBOPEHHS
€KOJIOTiYHO 6e3M1eYHNX NPOLEeCiB BUTOTOBJIEHHS BUJIMBKIB 3 (PYHKI[iOHAJIbHUMU BJIACTUBOCTSIMU TEXHOJIOTI€I0 JINTTS

3a MOJIeJISIMH, 110 ra3udikyeTbCsl, 3 BAKOPUCTAHHSIM MOHO- Ta apMOBaHUX MojieJlel.

2. According to results of the research, it is determined that the most acceptable technological process with the
possibility of obtaining high-quality castings with specified functional properties is the lost-foam casting process.
Mechanism of heat exchange in new systems «metal-model-macroreinforcing element-mold» is established and,
on this basis, mathematical models of heat-mass transfer in the mold with the reinforcing phase oriented in it are
developed, which can be used for practical application at a choice of thermotemporal parameters of casting and
quantity of macroreinforcing phase geometry to obtain reinforced castings from iron-carbon and non-ferrous
alloys. We created physical and hydrogasdynamic models of matrix alloy flow in casting cavity saturated with
macroreinforcing phase, based on the peculiarities of interaction of thermodegradation products of polystyrene
foam model (solid, liquid and vapor-gas) and their influence on hydrogasdynamic of process with reinforcing
phase, which forms pore channels around each of the elements of the macroreinforcing phase by heat transfer at
the point of «macroreinforcing phase — matrix alloy», that increases the field of filtration and mass transfer of
vapor and liquid products, causing changing of the gas dynamics of the process and conditions of casting quality.
The study of regularity of heat and mass transfer in the new theory of foundry processes system «metal -
reinforced phase - shape» using a macro-reinforcing phase, oriented in the form of rods, revealed that the



presence of macro-reinforcing phase creates conditions for increasing the solidification velocity of the alloy
directly proportional to its mass and increasing it relative to the volume of metal in the mold. While a significant
effect of the macro-reinforcing phase has on the removal of overheating of alloys to a temperature Tl, which
exceeds the similar during casting solidification in a hollow mold in 2 - 10 times and these velocity reach values of
100 - 400 ° C/s (for copper alloys), that will clearly affect the hydrodynamics of casting and the formation of
properties of cast reinforced structures. The main schemes of obtaining of casting with functional properties
during reinforcement of the mold cavity are examined, technological preconditions for liquid-phase combination
of system components are determined and it is defined that the formation of microstructure and size of transition
zone is influenced by chemical composition of matrix alloy and macroreinforcing phase, temperature of the liquid
matrix alloy and cooling rate of the casting, which is also associated with the amount of introduced reinforcing
phase. Classifier of qualitative and quantitative characteristics of cast mono- and reinforced structures made of
iron-carbon and non-ferrous alloys has been developed and on this basis we established the quality control
parameters of castings during lost-foam casting providing specified quality characteristics of foundry products.
Methodology elaborated of calculating the volume of emissions of harmful substances in the production of cast
iron varieties in electric induction furnaces with a metal capacity of 0,5 - 10 tons depending on the metal content
of cast products and technological parameters of smelting using the obtained regression equations describing the
dependence of the formed harmful gases, including inorganic dust with a SiO2 content of 20-70%; nitrogen
dioxide (NO2); sulfur dioxide (SO2); carbon monoxide (CO) from the temperature-time melting parameters and the
mass of the charge in the smelting units. Methodology for calculating the qualitative and quantitative
characteristics of harmful substances during manufacture of castings by lost-foam was worked out together with
methodology for operational ecomonitoring of facilities and technological processes of foundry production using
wireless networks as well as collection, processing and transmission of controlled environmental indicators and
developed information system, that provides control of foundries, technological parameters of the processes of
obtaining castings by lost-foam, the ecological condition of biological objects in the operation area and
environmental monitoring. As a result of the work was creation of environmentally friendly processes for the
manufacture of castings with functional properties by the technology of lost-foam casting, using mono- and
reinforced models.
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