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Bumnesceknii B.M. EneproedextnBHa KamepHa cylrapka 3 KOMOIHOBaHUM
HarpiBoM TerioHocis. — KBamidikaniifHa HayKoBa Ipalisi Ha IpaBax PyKOIHCY.

Jucepramisi Ha 3700yTTS HAyKOBOTO CTymeHs JokTopa ¢imocodii 3a
criemianbHicTIO 144 — TemnoeHepretuka. — IHcTuTyT TexHiuHoi Teruodizuku HAH
Vkpainu, Kuis, 2023.

JluceprartiiiHa poboTa TpHCBSYEHA IiABUIIECHHIO €HEPreTUYHOI e(eKTUBHOCTI
CYyIIapKH 3 KOMOIHOBaHMM HAarpiBOM Ta MOBHOIO PELUPKYJISIIIIE€I0 TETUIOHOCIS.

OcHOBHMMHM MapaMeTpaMy BU3HAUEHI TeMIlepaTypa TEeIIOHOCIs, IIBUAKICTh PyXy
TEIUIOHOCISI Ta BOJIOTICTh CYIIMJIBHOTO areHTy, a TaKOXX HampsMOK IpPOTyBaHHS
MaTepianxy B TYHEJIbHUX CylllapKax.

KamepHi cymapku mmapoko BUKOPUCTOBYIOTHCS B IepepoOIli OBOUiB Ta GPYKTIB B
Vkpaini, CIIHA, Kurai, ®@panuii Ta B iH. KpaiHax. BoHM mnpu3HaueHi sl CyUIiHHS
KYCKOBUX (IITYYHHUX) MPOIYKTIB (XJi0, HapizaHi oBoui Ta ¢pyktu i T. iH.). Kamepna
Cyllapka IIe MO€JHAaHHS OJHOTO abo Oinblle Mmad Cymapku B MOCHIJOBHOMY
posrtairyBaHHi. B 2-X 30HHIN KamMepHil cylmapiii MOKHA MPOBOJIUTU CYIIIHHS BEJIMKUX
00CSTiB CUPOBHHH SIKa CTIOKMUBAE MEHIIEe eHepril y MOPIBHIHHI 3 TOTYKHICTIO, SIKy Mae
KOXKHa CymwibHa Iada mpu okpemid i1 ekcruryarariii. AJie BHCOKI €HEpreTHyHi
BUTPATU Ha MpOLEC CYUIIHHS MaTepialliB MpU BEJIUKHUX I[iHAX Ha MajibHe CIOHYKAalOTh
BUpILIyBaTH 3aBJaHHS IIJBUIICHHS EHEeProe()eKTUBHOCTI MpPHU CTBOPEHHI HOBUX
KaMepHHUX CYIIAPOK 13 3aCTOCYBaHHSAM €JIeKTpOHArpiBayiB TEIMIOHOCIS.

B Incrutyti Texniunoi Ttemnodizuku HAH  VYkpainm 3ampomnoHoBaHO
BUKOPHCTOBYBaTH TapoBi TeIUIOreHepaTopd B pPoOOTI 0araTo30HHOI TyHEIbHOL
CyLIapKW, 110 B MOPIBHSHHI 3 TeIUJIOreHepaTopaMyd Ha OpraHiyHOMY MaJlUBl AAlOTh
MOJKJIUBICTh €KOHOMHUTH BUTpPATU TEIJIOTH B 1,7 — 2,3 pa3u B MOPIBHAHHI 3 iICHYIOUUMHU
aHajoramMu. EHepreTuyHi BUTpaTH TEIUIOTHM B TyHeJbHINA cymiapui ckiananTs 3800

KJI>K/KT BHUII. BOJIOTH.



JIyisi 3MeHIIIeHHsT eHepreTHYHUX BUTpAT HAOyJIM TOIMPEHHS COHSYHI TYHEIbHI
CylIapkyd 3 30UIBbIIEHHSM TOBEPXHI TEIIOOOMiHY 3a paxyHOK MaKCHUMalbHOTO
pO3BelleHHs MiAJI0HIB 3 CUPOBUHOIO IiJl PI3HUM KyTOM. 3a paxyHOK BIUJIMUBY COHSYHOI
eHeprii TemnepaTypa CyHIIbHOTO areHTa Moxe nocsiratu 70°C.

OCHOBHUM HamNpsSIMKOM PO3BUTKY CYILIIHHS POCIMHHUX MaTepialliB € MO€JHAHHS
ICHyIOUMX TEXHOJIOTIH 3 BIJHOBIIOBAJLHUMHU JDKEpelaMH eHeprii, 30Kpema
BUKOPWCTAHHS COHSYHOI €Heprii, TelIOBUX HAacoCiB, a TaKOX MiKpOXBHIbOBE,
iH(dpauepBoHe Ta cyOmiMalliifHe CyIIiHHS.

KomObinoBaHa TeXHOJOTIS CYIIiHHS - 1€ TOEIHAHHS TBOX abo OuNbIIe pi3HUX
MPOLECIB CYIIIHHS, SIKI MOXYTbh 3a0€3Me4YnTH CUHEePreTUYHUA eeKT, 10 MPU3BOJUTH
JI0 3MEHIIIeHHs MOTpeOu B eHeprii Ta CKOPOYEHHS Yacy CYIIiHHS Tpu 30epeKeHHI
OIMBIIOCTI XapaKTEPUCTUK SIKOCTI, HAMpHUKJIA[ CMakKy, MOXHBHUX PEUYOBHH, KOIBODY,
apoMary, TeKCTypH TOIIO.

Po3rnstHyTi  pi3Hi MeTogd KOMOIHOBAaHOTO CYIIIHHS, Taki SK: COHSYHO-
iH(ppadepBoHa, KOHBEKTHBHO-1H(ppauepBoOHa, iH(ppauepBOHA-MIKPOXBUIIHOBA,
KOHBEKTHMBHO-MIKPOXBHJIbOBa Ta OaraToyHKI[IOHaJIbHA, SKa TMO€IHYE B €00l
MIKpOXBHJIbOBe-CyOliMalliiiHe CyUIiHHS Tia BakyymMoM. llopiBHSHHS KOMOIHOBaHHX
METO/IIB 3HAYHE 3HW)KEHHS TPHUBAIOCTI CYIIIHHS Ta 3MEHIIEHHS €HEepProBUTpAaT, IO
MOjke OyTH BUKOPUCTAHO MPU MPOEKTYBaHHI TYHEJIbHUX €HeProeeKTUBHUX CyIIapOK.

3MICT nucepTaIiifHOTO AOCITIHKeHHS BUKIAIEHO Y YOTHPHOX PO3JAUIAX, Y SKHUX
MpeJICTaBJIeH] Ta OOIPYHTOBaHI OCHOBHI Pe3yJIbTaTh POOOTH.

Y BeTym  OOrpyHTOBAaHO  aKTyallbHICTH  OOpaHOi TeMH  JIOCHIIKEHb,
chOpMyJIbOBAaHO METy Ta 3aBIaHHs [OCIHIIKCHHs, BHUKJIAJeHO HAayKOBY HOBH3HY Ta
NpaKkTUYHE 3HA4YeHHs OTpUMaHUX pe3ynbrariB. Hamano pani npo ampobaiiiro
pe3yNbTaTiB AUCepTAallii Ta MepeiK myOiKarlii.

Y nmepmioMy po3aili MPOBEACHO aHali3 JIITepaTypHHUX [DKepell CydacHUX
CYIIMJIBHUX YCTAHOBOK 13 KOMOIHOBAaHUM HArpiBOM TEIJIOHOCIS, SIKU TOKa3ye, 10 s
MiIBUIEHHS  €HeProe(eKTUBHOCTI  CYIIWIBHHUX  YCTAaHOBOK  BHKOPHUCTOBYIOTH

KoMOiHaIlif0 KOHBeKIli Ta 1HGpayepBOHOTrO BUIIPOMIHIOBAHHS, MIKPOXBWJIb Ta
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iH(pauepBOHOTO  BUIPOMIHIOBaHHS, COHSYHOI eHeprii Ta  iH(padyepBOHOTO
BUIIpOMiHIOBaHHs. Taki ycTaHOBKH € 1abopagopHOro TUMMy. B cBiTi Hemae CymmIbHUX
YCTAaHOBOK B  SKMX JUIsl MIiABUIICHHS  eHepoe(EeKTUBHOCTI  3aCTOCOBYIOTHCS
TOBCTOIUTIBKOBI ~ HarpiBajbHi  eJeMeHTH 13  KomOiHamiero  iH(padyepBOHOTO
BUNPOMiHIOBaHHsA. ToMmy € HeoOXimHOW po3pobka eHeproeeKTUBHOI KaMepHOL
CYIIApKH 13 KOMOIHOBAaHMM HAarpiBOM TETUIOHOCISI IPOMUCIIOBOTO THUITY IJIsl IIIUPOKOTO
BUKOPHUCTaHHA ii y (pepMepChKUX rocroAapcTBax i3 3aBaHTakeHHsM 120 KT CHpOBUHH.

Y ngpyroMmy po3miii TpeAacTaBlieHl METOAWKH JUIsl TMPOBENeHHS 1 0O0poOKu
pe3yJIbTaTiB eKCIIePUMEHTATEHUX JOCHIIXKeHb, HABeIEHO OMKC MPHJIA/IIB Ta YCTAHOBOK SIKi
migiOpaHi s TPOBEACHHS EKCIepUMEHTATbHUX JOCTIKEHh KIHeTUKU CYIIiHHS
KOJIOITHUX KaIJISPHO-TIOPUCTUX MaTepiajliB, HaBeIeHa TOXUOKa JTOCIiI)KEHb.

VY TpeThoMy pO37isli BAOCKOHAJIEHO €KCTIEPUMEHTATBHAN CTSH T TSI TOCIIKeHHS
MPOIECIB KOHBEKTHUBHOI'O CYIIIHHSA KOJOIAHUX KaIiJsSpHO-TIOPUCTHX MarepiajiB
[IUISIXOM MOHTaXXY B CYIIMJIBHIN Kamepi JlaMn iHGpadyepBOHOTO BUIIPOMiHIOBaHHS. J1jis
nepeBipKu poOOTH BIOCKOHAJIEHOro CTEHAY Oynu MpoBeleHi JOCTiIKEeHHS KiHEeTHKHU
MPOIIeCy CYIIIHHS KalyCTH OiJoKayaHHOI 13 3aCTOCYBaHHSIM KOMOIHAIil KOHBEKIIil Ta
iH(pauepBOHOTO BHUMPOMiHIOBaHHA. [[s1 BU3Ha4YeHHS SKOCTI BHUCYIIEHOTO Marepiaiy
OTpUMaHO Koe(dillieHT Hal0yXaHHS 1 BIJIHOBJIIIOBAHOCTI KaIyCTH O1JOKa4YaHHOI BiJ
pexxumiB cyuriHHS. s BUNpPOOOBYBaHHS CTEHAY OyJIW MPOBEACHI JOCIiIKCHHS
KiHeTHKMA TIPOIIeCY CYIIIHHSA KYKYpPYI3W aMiJONEeKTHHOBOI. BW3Ha4eHO CXOXKOCTI
KYKYpPYJ31 aMiJONEeKTUHOBOI BiJ TeMIlepaTypHUX peXUMiB cymniHHsA. JlocnimkeHi
TEIIOMacOOOMIHHI MPOIIeCH MPH CYIIiHHI KOJIOITHUX KaMJIIPHO-MIOPUCTUX MaTepiaib.

VY deTBepTOMY PO3MUTI MPEACTABICHO PO3POOJICHY eHeproeeKTUBHY KaMepHY
CyIIApKy i3 KOMOIHOBaHWM HarpiBOM TEIUJIOHOCIS Ta BUKOPUCTAHI B Hiif TOBCTOILIiIBKOBI
HarpiBaibHiI eneMeHTH. JlocmimkeHa KiHeTWKa CYIIiHHS KapToIuli, rapOy3a, siOIyK Ta
nopoJiony. [IpoBesieHi MOpiBHSHHS ABOX CIIOCOOIB CYIIIHHS B KaMEpHiN cylapiii sionyk
KOHBEKTUBHUM CcIOcOOOM Ta KoMOiHOBaHMM. [IpoBeneHi po3paxyHKH BUTpaT TEIUIOTH
Ha BUITAPOBYBaHHS | KI' BOJIOTH B 3aJeKHOCTI BijJi TeMIlepaTypH BiIparbOBaHOTO

CYLIMJIbHOTO areHta. OTpuMaHi BUTPATH €HEPTii 3a BeCh IMPOILIeC 110 CTAaHOBIATH 4742
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kJK/KT BUMapeHoi BOJIOTH, Ta BiAMOBITAIOTH €(PEKTHBHUM TOKa3HUKAM TaKOTO THUITY
KaMepHHUX CYIIapOK.

VY 3aranpHUX BUCHOBKaxX aBTOPOM MpEJCTaBlieHI HAayKOBI Ta MpPaKTHYHI
pe3yNbTaTH TUCEPTAIiHHOTO JOCIiHKeHHS.

HaykoBa HOBH3HA 0/1epKAHUX Pe3YJIbTATIB ITOJISTA€ B HACTYITHOMY:

- BIIEpIIIe JOCHI)KeHa KiHEeTHKa IpoIlecy CYIIiHHS KalycTd OlloKa4aHHOI Ha
KOHBEKTHUBHO-CYIIIUJILHOMY CTEHJi 13 BCTaHOBJIIEHHMM KOMOIHOBaHMM HAarpiBOM
TEIJIOHOCIS sIKa IOKa3aja 3MEHILIEHHs TPUBAJIOCTI CYIIIHHSA Ta MiJABUIIEHHS SKOCTI
Marepiainy;

- BIIepIlle BCTAHOBJICHO ONTHMAJIBHY TeMIIepaTypy 3HEBOJHEHHS aMiJOTeKTHHOBOT
KYKYpPY/3H4, SKa ToKa3aja pIBHOMIPHICTh MPOTPIBY MaTepiaily, 110 MO3UTHUBHO BILJIMBAE
Ha SKICTh OTPUMAHOTO TIPOIYKTY;

-BIepIlIe  TMpPOBEJeHI  eKCIepUMEHTaJbHl  JOCHI)KeHHS  Ha  CXOXICTh
aMUJIONIEKTUHOBOI KYKYPY/I3H BiJl peXKUMHHUX MapaMeTpiB CYIIIHHS;

- po3paxoBaHi BIJHOCHI KOE(II[i€eHTH Ta KOE(IIi€HTH CYLIIHHS i3 y3arajibHeHHX
KPUBUX CYIIIHHS Ta IIBUJKOCTI CYIIiHHS, OTpUMaHi (hOpMyJu TPUBAJIOCTI MpPOIECY,
moXuOKa JIOCITITHOI BiJl pO3paxyHKOBOI He mepeBuIye 5%;

- IOCJIJIXKEHO 3aJIeXKHICTh unciia Pebinaepa (kpurepiit onTuMizalii CymHHs ) SKAN
MO0Ka3aB XapaKTep 3MiH BUTpAT €Heprii Ha BUTIApOBYBAHHS BOJIOTH B IPOIIECi CYIIiHHS,

- BIleplle JOCHTIKEHO BIUIMB TOBCTOIUTIBKOBUX HArpiBaJbHUX €JIEMEHTIB Ha
eHeproeeKTUBHICTh CYIIAPKH 3 KOMOIHOBAaHUM HArpiBOM TEIJIOHOCIS;

- IOCIKEHO BUTPATH TETJIOTH Ha BUMAPOBYBaHHS | KT BOJIOTH B 3aJI€XKHOCTI Bif
TEeMITepaTypH BiANPaIbOBAHOTO CYIIUILHOTO areHTa.

IIpakTHyHe 3HAYEHHS O/IePKAHUX Pe3yIbTaTiB:

- B pe3yJbTaTi eKCIepUMEHTAIBHOTO Ta TEOPEeTHYHOTO  JOCIiKEHHS
MOJICPHI30BaHO JOCTIHUN KOHBEKTWBHO - CYIIWIBHHM CTEHJ 3 KOMOIHOBaHWM
HarpiBOM TEIJIOHOCIS;

- po3pobiieHI peXMMHU CYIIIHHA B €HeproeeKTUBHIA KaMepHid cymapui 3

KOMOIHOBaHHMM HarpiBoOM TETUIOHOCIS,



- BIeplle BUKOPHUCTAHO TOBCTOIUTIBKOBI HarpiBajbHI elleMEHTH B KaMepHii
cymapIii 3 KoOMOIHOBaHMM HarpiBOM TETUIOHOCIS;

- po3pobieHa eHeproedeKTUBHA KaMepHa cyllapka 3 KOMOIHOBaHMM HarpiBoM
TETJIOHOCIS Ha Ky OTpUMaHU# MaclopT;

[IpakTuHe 3HaA4YeHHs pe3yJbTaTiB AWCEepPTaliifHOI pPOOOTH MiATBEPIKYETHCA
aKTaMH BIIpOBa/KeHHs: 1. Amnpobaillisi CyIIMIBHOT YCTAHOBKHU [HCTUTYTY TEXHIYHOI
terodizuku HAH VYkpainu st po3poOKH ONTUMAIBHUX PEXUMIB CYLIIHHS 4arnoJsoul
naxy4doi (Hierochloe odorata, 3yOpiBku). 2. JlochimkeHHs 3 MigOOpPY ONTUMAIBHOTO
TEXHOJIOTIYHOTO PEXHUMY 10 3HEBOJHEHHIO 3epHa BOCKOBHUIHOI KYKYpya3u 3
BUKOPHUCTAHHSAM HOBITHIX METOJIB CYIIIHHS CHPOBWUHHU I OTPUMAaHHS aHaJTITHYHUAX
pe3yJbTarTiB  Ta MPOAYKTIB Mg 1X TMOJAJIBIIUX JOCHIKEHb (Pi3UKO-XIMIYHUX
BJIACTUBOCTEH /TSI ONTUMI3aIlil BUPOOHUYIUX MPOIIECIB.

[IpakTUyuHe 3HaUYCHHS pe3yibTaTiB AUcepTaliitHOl poOOTH MiATBEPAKEHO
3asBKOIO Ha OJIep KaHHs MaTeHTy YKpainu Ha BuHaxig. Ne a202008082 six 17.12.2020.

Kuarwou4oBi cjoBa: eHeproeeKTHBHI CIIOCOOW CYIIHHS, TEIIOMacooOMiH,
Tery1o(i3uyHI BJIACTHMBOCTI, TOBCTOIUIIBKOBI HAarpiBaJibHI €JIeMEHTH, 1H(padyepBOHE

BUIIPOMIHIOBaHHS, KOMOIHOBaHe CyIIIHHS.
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ANNOTATION
Vyshnevskyi V.M. Energy-efficient chamber dryer with combined heating of the
coolant. — Qualifying scientific work on manuscript rights.
Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 144 - Thermal Power Engineering. — Institute of Engineering Thermophysics
of the National Academy of Sciences of Ukraine, Kyiv, 2023.

The dissertation work is devoted to increasing the energy efficiency of a dryer
with combined heating and full coolant recirculation.

The main parameters are the temperature of the coolant, the speed of the coolant
and the humidity of the drying agent, as well as the direction of material blowing in the
tunnel dryers.

Chamber dryers are widely used in the processing of vegetables and fruits in
Ukraine, the USA, China, France, etc. countries They are intended for drying lump
(artificial) products (bread, chopped vegetables and fruits, etc.). A chamber dryer is a
combination of one or more dryer cabinets in a sequential arrangement. In a 2-zone
chamber dryer, it is possible to dry large volumes of raw materials that consume less
energy compared to the power that each drying cabinet has during its separate operation.
But the high energy costs for the process of drying materials with high fuel prices
encourage us to solve the problem of increasing energy efficiency when creating new
chamber dryers using electronic heaters of the coolant.

The Institute of Engineering Thermophysics of the National Academy of Sciences
of Ukraine proposed to use steam heat generators in the operation of a multi-zone tunnel
dryer, which, in comparison with organic fuel heat generators, makes it possible to save
heat consumption by 1.7-2.3 times compared to existing analogues. Energy
consumption of heat in the tunnel dryer is 3800 kJ/kg of evaporated moisture.

In order to reduce energy costs, solar tunnel dryers with an increase in the heat

exchange surface due to the maximum separation of pallets with raw materials at
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different angles have become widespread. Due to the influence of solar energy, the
temperature of the drying agent can reach 70°C.

The main direction of the development of drying plant materials is the
combination of existing technologies with renewable energy sources, in particular the
use of solar energy, heat pumps, as well as microwave, infrared and sublimation drying.

Combined drying technology is the combination of two or more different drying
processes that can provide a synergistic effect, resulting in reduced energy requirements
and reduced drying time while maintaining most of the quality characteristics, such as
taste, nutrients, color, aroma, texture, etc.

Different methods of combined drying are considered, such as: solar-infrared,
convective-infrared, infrared-microwave, convective-microwave and multifunctional,
which combines microwave-sublimation drying under vacuum. Comparison of
combined methods significantly reduces the duration of drying and reduces energy
consumption, which can be used in the design of tunnel energy-efficient dryers.

The content of the dissertation research is presented in four chapters, in which the
main results of the work are presented and substantiated.

The introduction substantiates the relevance of the chosen research topic,
formulates the goal and task of the research, outlines the scientific novelty and practical
significance of the obtained results. Data on the approval of the dissertation results and
a list of publications are provided. In the first chapter, an analysis of literary sources of
modern drying units with combined heating of the coolant is carried out, which shows
that to increase the energy efficiency of drying units, a combination of convection and
infrared radiation, microwaves and infrared radiation, solar energy and infrared
radiation is used. Such installations are of the laboratory type. There are no drying units
in the world that use thick-film heating elements with a combination of infrared
radiation to increase energy efficiency. Therefore, it is necessary to develop an energy-
efficient chamber dryer with combined heating of an industrial-type coolant for its wide

use in farms with a load of 120 kg of raw materials.

11



The second chapter presents methods for conducting and processing the results of
experimental studies, a description of the devices and installations selected for
conducting experimental studies of the drying kinetics of colloidal capillary-porous
materials is given, and the error of the studies is given.

In the third chapter, an experimental stand for researching the processes of
convective drying of colloidal capillary-porous materials by installing infrared lamps in
the drying chamber is improved. In order to check the performance of the improved
stand, studies were conducted on the kinetics of the process of drying white cabbage
using a combination of convection and infrared radiation. To determine the quality of
the dried material, the coefficient of swelling and recovery of white cabbage from the
drying regimes was obtained. To test the stand, studies of the kinetics of the drying
process of amylopectin corn were carried out. The similarities of amylopectin corn
depending on the temperature conditions of drying were determined. Heat and mass
transfer processes during drying of colloidal capillary-porous materials were studied.

The fourth chapter presents the developed energy-efficient chamber dryer with
combined heat carrier heating and the thick film heating elements used in it. The drying
kinetics of potatoes, pumpkins, apples, and foam rubber were studied. Comparisons
were made of two methods of drying apples in a chamber dryer, convective and
combined. Calculations of heat consumption for evaporation of 1 kg of moisture
depending on the temperature of the spent drying agent were carried out. The obtained
energy consumption for the entire process, which is 4742 kJ/kg of evaporated moisture,
corresponds to the effective indicators of this type of chamber dryers.

In the general conclusions, the author presents the scientific and practical results
of the dissertation research.

The scientific novelty of the obtained results is as follows:

- for the first time, the kinetics of the drying process of white cabbage on a
convective-drying stand with installed combined heating of the coolant was
investigated, which showed a decrease in the duration of drying and an increase in the

quality of the material;
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- for the first time, the optimal temperature of dehydration of amylopectin corn
was established, which showed the uniformity of heating of the material, which
positively affects the quality of the obtained product;

- for the first time, experimental studies were carried out on the similarity of
amylopectin corn depending on the parameters of the drying regime;

- relative coefficients and drying coefficients are calculated from generalized
drying curves and drying speed, formulas for the duration of the process are obtained,
the error between the experimental and the calculated does not exceed 5%;

- the dependence of Rebinder's number (drying optimization criterion) was
investigated, which showed the nature of changes in energy consumption for moisture
evaporation in the drying process;

- for the first time, the influence of thick-film heating elements on the energy
efficiency of a dryer with combined heat carrier heating was investigated;

- the heat consumption for the evaporation of 1 kg of moisture was investigated,
depending on the temperature of the spent drying agent.

Practical significance of the obtained results:

- as a result of experimental and theoretical research, an experimental convective
drying stand with combined heating of the coolant was modernized;

- developed drying modes in an energy-efficient chamber dryer with combined
heat carrier heating;

- an energy-efficient chamber dryer with combined heat carrier heating was
developed, for which a passport was obtained;

- an energy-efficient chamber dryer with combined heating of the coolant was
developed and implemented at the Evriday Food enterprise, which was confirmed by
the act of implementation;

The practical significance of the results of the dissertation was confirmed by the

application for a patent of Ukraine for the invention. No. a202008082 dated 12/17/2020
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