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Pedepar:

1. IucepTauiiiHa po60oTa MpucBsYeHa NOCiIKEeHHIO IPOLIECIB TepEHEeCEeHHS TeIJIOTU Ta MacU B LIiIbHUX
IVCIIEPCHUX Iapax 3a BUKOPUCTAaHHS eHePrii MiKpOXBUJILOBOTO 110Jig. Ha mincTaBi HAyKOBUX Ipallb, B AKUX
HaBeJleHi pe3yIbTaTu TEOPETUYHUX Ta IPAaKTUYHUX JOCiIKeHb e(eKTiB B3aeMO/lii MiKpOXBUJIbLOBOTO I10J15 3
IieJIeKTpUYHUMHU MaTepiajlaMy, METO/IiB IIPOBEAEHHS JOCIIIKEHb Ta PO3BUTKY €HEProepeKTUBHUX TEXHOJIOTIN
TEPMOOOPOOKY, 31ilICHEHO aHaJli3 iIHHOBALIIHUX HAIPSIMKiB BUKOPUCTAHHS MiKPOXBUJILOBOTO HArpiBy B Cy4aCHUX
TEXHOJIOTiSIX TepMOOOPOOKY AucrepcHUX maTepiasis. [Ipouecy, 3acHoBaHi Ha MX HarpiBaHHI MaTepiasiB, o
XapaKTepU3yIOThCSl IOCTATHbO BUCOKMMHU JieIeKTPUYHUMU KoedillieHTamy, ab0 MalOTh B CBOEMY CKJIaJli pEUOBHMHU
3 BJIACTUBOCTSIMU IOJISPHUX MOJIEKYJI, MAIOTh BEJIMKUI [TOTEHIIial eHEProe(EeKTUBHOCTI. MiKpOXBUIIbOBA €HEPTis
3apeKkoMeHyBaia cebe 5K (pakrop iHTeHcudikalii TersoMaconepeHocy, poTe AJi OTPUMaHHS iHBeCTULIN Ta

BIIPOBAP)KEHHSI TEXHOJIOTii MIKpOXBUJIOBOT'O HarpiBy MOTPiOHI MOBHOMACIITA0H] JOCIIiIKEHHSI [IPOLeCiB



[IEPEHECEHHS! Ta BU3HAYEHHS JISIXiB MIOJI0JIaHHS TPYLHOLLIB, 110 MOB'S3aHi 3 MaCIITa0yBaHHSIM J1JaO0PAaTOPHUX
YCTaHOBOK 10 IIPOMUCJIOBUX MOTY)KHOCTE! Ta OTPUMAaHHS PEKOMEHalliil 070 TeXHOJIOTIYHOro Ipouecy. B po6ori
IIPOBEMIEHO MaTeMaTUYHE MOJIEJIIOBAHHS HECTAL[IOHAPHOTO IIPOLECY TEIJIONPOBIAHOCTI B api MaTepiany B yMOBax
Iii BHYTPIIIHIX IyKepeJl eHeprii, IKUMU € MIKPOXBUJIbOBE €JIEKTPOMAartHiTHe nose. OTprMaHa 3aJ1eKHICTb JO3BOJIIE
IIPOBECTH PO3PAXyHKU TEMIIEPATYPHU IJIs1 TPhOX NEPIOLIB CYIIiHHS APy LEeOoliTiB: HyJIbOBOTO (II€Piof MPOrpiBaHHSI),
nepioro (nepiop, cranoi WBKUIKOCTI CyLIiHHS) Ta gpyroro (nepiof nagamoyoi MBUAKOCTI CyIiHHS). [IpoBeneHnit
PO3paxyHOK TeMIIepaTypu HarpiBy mapy pisHux Tumis 1eonitis (NaX, NaAl, NaA2, EST-10, k/1iHONTUJIOJIT) B yMOBax
Iii MiKpOXBUJILOBOTO NOJIs1 IOBIB, 0 NaX XxapaKTepusyeThCsl MAKCMMaIbHUM TeMIIOM HarpiBanHs - 0,35 K/c, a
TeMII HarpiBaHHs KiIuHonTunoauTa ckiaagas 0,03 K/c. [IpoBenieHi eKcriepuMeHTalbHi JOCTiIpKeHHS [TPOLeCcy
CYLIiHHS 11eoJIiTiB TUITy 4A Ta 13X, 3 METOIO BCTAHOBJIEHHS, SIKWI1 CIIOCIO NiiBeJeHHS eHeprii (MIKpOXBUJIbOBUH,
MiKPOXBUJIbOBUM LIUKJIIYHUINA, MiKPOXBUIbOBO-KOHBEKTUBHUI, KOHBEKTUBHUM) Ta SIKi pEXXMMHI XapaKTepUCTUKU
3a6€311e4yI0Th BUCOKY iHTEHCHUBHICTb [IPY MiHIMaJIbHUX €eHeproButpartax. [Ipy o6pobLi LOCIiIHNX JaHUX
BM3HAYaJINCS 3aKOHOMIPHOCTI 3MiHM C€pEeIHbOIHTErPaIbHMX BOJIOTOBMICTIB i TeMIIepaTyp, WBUAKOCTI CYIIiHHS,
BUTpaTH eHeprii Ha 1 KT BunapeHoi Bosioru. [1opiBHSHHS TENJIOBUX XapaKTEPUCTUK CYLIiHHS, TaKUX SIK IATOMI
BUTPATU €HEPrii Ha KiJIorpaM BUIAJIEHOI BOJIOTH, LIBUJKICTb CYLIiHHS [O3BOJINJIO BUSHAYUTU ONTUMAJIbHUN PEXKUM:
ogHOYacCHUY MX-KOHBEKTUBHUI CNIOCIO MiBeieHHST eHeprii, 3a IKOro JOCATaloThCsl MAKCMMaJIbHA MBUIKICTh
cyminHs N = 2,97¢10-4 kr/(xkrec) Ta nutomi 3aTpaTu eHeprii Quut =4,87 Mx /kr. IIpoBenenuii aHanisz 3minu KK]I
po6040i Kamepy B 3aJIEXKHOCT] Bif 4acy 06poOKM, Macu 3pasKiB Ta BUAY LieoJliTy. HacTynHa cepis mociimkeHp Maa
Ha MeTi OLiHKY e()eKTUBHOCTi HarpiBy I'PyHTY IIPU 3aCTOCYBAaHHI MiKpOXBUJIbOBOI T€XHOJIOTIL. [I7151 mOCTiIKeHb 6yJ10
00paHo [1Ba BUIU I'PYHTY: IMIMHUCTUH I'PyHT 0=1360 Kr/M3 Ta yopHO3eMHUH I'PYHT 0=1150 Kr /M3 IIpU OJHAKOBOMY
[I0YaTKOBOMY BMICTi BoJIoru (20 %), IKMi1 yTBOPIOBABCS JOJIaBaHHSIM PO3Pax0OBaHOTO Bif| KiJIbKOCTi PIBHOBa’KHOTO
06’emy Boau. Ha mifcTaBi eKClieprMeHTaIbHUX JJAHUX IIPOBEJI€HA OLliHKa €HeproeeKTUBHOCTI MiKPOXBUJIbOBOTO
HarpiBaHHS I'PDYHTY 3 ypaxXyBaHHSM YaCTMHU MIKPOXBUJIbOBOI €HEPrii, 110 IepeTBOpUIacs Ha TENJIOBY €HEPTIIO , sIKa
CKJIQIA€ThCS 3 YACTKU HA HArpiBaHHS CaMOro MaTepiajny Ta BUIIApOBYBAHHS BOJIOTH, & TAKOXK BTPATHU B JOBKIJIIA 32
PaxyHOK IPOMEHUCTOTO , KOHBEKTMBHOTO TEIJIOOOMIHY Ta BTPATH HA HarpiBaHHS Ji€JI€KTPUYHOTO OCEPEIKY.
OTpuMaHo, 10 KoeQillieHT KOPUCHOI [1ii MiKpOXBUJIbOBOI KAMEPH 1P 3aBaHTAKEHHI Mapy I'PyHTY ToBIMHOK 0,02
M Macoro 0,4 kr cknagae 82 %, nipore 3aranbHuil KK 3 ypaxyBanusam KK]I marnetpony cknagae o0=0,63 %.
BusHaueHa Halpy>KeHiCTb €JIeKTPUYHOTO I10JIs B IIapi 'PYHTOBOTO MaTepialy 3a TEOPETUKO-eKCIIEPUMEHTATIbHUM
METOZIOM /11 yMOB onTuMasbHoi 3a KK 06pobku: E=33908 B /M, 3 MeTOI0 MacITabyBaHHS Ta IEPEXOy Bif
€KCIIEPUMEHTAJIbHUX IaHUX JOLIBHO OPi€EHTYBAaTHCh HA OTPUMAaHe 3HAYEHHS HANIPYKEHOCTI €JIEKTPUYHOTO MOJISL.
PesynbTaTu pobiT B 4aCTUHI MifBUILEHHS eHeproeeKTUBHOCTI MIKpOXBUJILOBOT'O HArpiBaHHs BIIPOBAKEHI Ha
nignpuemctsi OJO «30HT» (3aBOJ, 061afHAHHSI HAYKOMiCTKMX TEXHOJIOTIi1) 17151 IPOBEIEHHS IIPOEKTHUX
PO3paxyHKiB MiKDOXBUJIbOBOI KAMEPU PE30HAHCHOTO TUITY 3 METOIO [1O1A/IbIIOrT0 KOHCTPYIOBAHHS MiKPOXBUJIbOBOI

YCTaHOBKU ITPOMUCJIOBOTO ITPU3HAYEHHS.

2. The dissertation is devoted to the study of heat and mass transfer processes in dense dispersed layers using the
energy of the microwave field. On the basis of scientific works, in which the results of theoretical and practical
studies of the effects of the interaction of the microwave field with dielectric materials, methods of research and
development of energy-efficient heat treatment technologies are presented, an analysis of innovative directions
for the use of microwave heating in modern technologies of heat treatment of dispersed materials is carried out.
Processes based on MX heating of materials characterized by sufficiently high dielectric coefficients or containing
substances with properties of polar molecules or ionic conductivity have a great potential for energy efficiency.
Microwave energy has proven itself as a factor in the intensification of heat and mass transfer, however, in order
to obtain investments and implement microwave heating technology, full-scale studies of transfer processes and
determination of ways to overcome difficulties associated with scaling up laboratory installations to industrial
capacities and obtaining recommendations on the technological process are required. In the work, mathematical
modeling of the non-stationary process of heat conduction in the material layer under the conditions of action of
internal energy sources, which is a microwave electromagnetic field, is carried out. The obtained dependence
allows you to calculate the temperature for three periods of drying of the zeolite layer: zero (heating period), first



(period of constant drying rate) and second (period of decreasing drying rate). During the processing of
experimental data, the regularities of changes in average integral moisture contents and temperatures, drying
speed, and energy consumption per 1 kg of evaporated moisture were determined. The calculation of the heating
temperature of the layer of various types of zeolites (NaX, NaAl, NaA2, EST-10, clinoptilolite) under the conditions
of the microwave field proved that NaX is characterized by a maximum heating rate of 0.35 K/s, and the heating
rate of clinoptilolite was 0.03 K /s. Experimental studies of the drying process of type 4A and 13X zeolites were
carried out, with the aim of establishing which method of energy supply (microwave, microwave cyclic,
microwave-convective, convective) and which mode characteristics ensure high intensity with minimal energy
consumption. Comparison of thermal characteristics of drying, such as specific energy consumption per kilogram
of moisture removed, drying speed allowed to determine the optimal mode: simultaneous MX-convective energy
supply method, which achieves the maximum drying speed of N=2.9710-4 kg /(kgec) and specific energy
consumption Qpyt=4,87 MJ /kg. . The analysis of the change in the efficiency of the working chamber depending on
the processing time, the mass of the samples and the type of zeolite was carried out. The next series of studies was
aimed at evaluating the effectiveness of soil heating when using microwave technology. Two types of soil were
chosen for research: clay soil 0=1360 kg /m3 and black earth soil 0=1150 kg /m3 with the same initial moisture
content (20%), which was formed by adding water calculated from the amount of the equilibrium volume. On the
basis of experimental data, an assessment of the energy efficiency of microwave heating of the soil was carried out,
taking into account the part of microwave energy that turned into thermal energy , which consists of the share for
heating the material itself and evaporation of moisture , as well as the loss to the environment due to radiant ,
convective heat exchange and the loss for heating the dielectric cell It was found that the efficiency of the
microwave chamber when loading a layer of soil with a thickness of 0.02 m and a mass of 0.4 kg is 82%, but the
overall efficiency, taking into account the efficiency of the magnetron, is 0=0.63%. The electric field strength in the
layer of soil material was determined by the theoretical-experimental method for the conditions of the optimal
processing efficiency: E=33908 V/m, for the purpose of scaling and moving from experimental data, it is advisable
to focus on the obtained value of the electric field strength. The results of the work on increasing the energy
efficiency of microwave heating were implemented at the company LLC "Zont" (a factory of science-intensive
technologies) to carry out design calculations of a microwave chamber of the resonance type with the aim of
further designing a microwave plant for industrial purposes.
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