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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOPHK: 65.13.23, 65.53.33

Tema guceprauii:
1. InTencudikauis TernyoMacornepeHocy Iif] 4ac Ofiep>KaHHs YHUIICIB 3 S16JIyK

2. Intensification of heat and mass transfer during production of apple chips

Pedepar:

1. Inceprais npucBsYeHa inTeHcUugikalii TernuIoMaconepeHocy 3 METOI0 PO3pO0JIEHHS] €HEProePeKTUBHOI
TEINJI0TEXHOJIOTi OZe€P>KaHHS YHUIICIB 3 S16/1yK. Y qucepTaliiiHiil po6oTi I0Ka3aHoO, 110 NUTOMA TeIJIOTa
BUIIapOBYBaHHS BOIY 3 516JIyK IIpY 3HEBOJHEHHI 10 HM3bKOI KiHII€BOI BOJIOTOCT] MTepeBUILy€e TUTOMY TEIJIOTY
BUIIaPOBYBaHHS YXUCTOI BOAU 3 BiIbHOI MoBepxHi Ha 5...15% (B 3a71€)KHOCTI Bifi MeTOAY HOCiKeHb). [loBesieHO, 110
[IONEPEHS TEIIoBa 0OpOOKa CIpUsie 3HIKEHHIO [TIOTOYHHUX Ta 3araJIbHUX 3HA4€Hb HA BUIIAPOBYBAHHS BOIU 3
0JIaHIIOBaHUX [1apOI0 TKAaHMH. 3 MeTOoI0 iHTeHcudiKalii TeTIoMacoepeHoCy Ta po3poOKY eHeproeeKTUBHUX
PEXKMMIB 3HEBOIHEHHS HABEJEHO PE3YJIbTATU €KCIIEPUMEHTAJILHUX JOCIIPKEHDb KiIHETUKY [IPOLECY CYLIIHHS CBIKUX
Ta 6JIaHIIOBAaHUX Pi3HUMU criocobamu s161yK copTiB Penetr CuMmupeHKo Ta [pkoHaTaH, IMHaMiKy 3MiHU KoeillieHTy
HabyxXaHHS Ta BiTHOBJIIOBAHOCT] YMIICIB 3a Pi3HUX PEXMMIB 3HEBOJHEHHS Ta BUTiB 0OpOOKU. PEKOMeHI0BaHUH BUT

IOTIEpeIHbOI TEIJI0BOI 06pOOKY — GJIaHIIYBAaHHSI [1apOI0 IIPU TeMIlepaTypi s6yK t = 85...95 °C 3 Butpumkoio 30...40



c. ;151 3aro6iraHys NOTipHeHHs SIKiCHUX [TOKa3HMKIB TOTOBOTO ITPOYKTY PEKOMEHYEThCSI IPOBOAUIIN MIPOLEC
CYILIiHHA y PEeXXNMax CTalilHOrO 3HEBOJHEHHS IIPU NIapaMeTpax ¢. a.: Temneparypi 80...60 °C 4u 100...80...60 °C,
IIBUJIKOCTI 1,5...2 M/c Ta BosioroBmicTi 10 r/Kr cyxoro nosiTps. IIponioHoBaHi pexXumu 3a6e31e4yioTb CKOPOUEHHsI
€HeproBuTpar 10 15%, 103BOJISIOTh OTPUMYBATH SIKICHUH MTPOAYKT. Y poOOTi TAKOXK HAaBEJIEHO PO3PAXYHOK
TPUBAJIOCTI CyIIiHHS 51071yK 32 MeTogoM KpacHikoBa B.B, 3anexxHocTi yncsa Pebingepa Bz BOJIOTOCTi 3a pi3HUX
Temreparyp, ¢isuuHa Ta MaTeMaTU4yHa MOJieJli IIPOLIeCy i pe3ysIbTaTy YMCEeJIbHOTO MOJIe/II0BaHHS IIPOLIECY CYIIiHHS
s6J1yK IIpYU Ofep>KaHHi YMIICIB Ta iX OPiBHSHHS 3 OTPMMAaHUMU €KCIIEPMMEHTaIbHUMU JaHuMu. Ha nigcrasi
OTPUMAaHUX PE3YJIbTATIB Ta iX y3arajibHEHHS PO3p00JIEHO eHeproe(eKTUBHY TEILJIOTEXHOJIOT 0 BUPOOHNUIITBA YMIICIB
3 s16JIyK B OCHOBY $IKOi IIOKJIaIeHO METO]I, IIBUIKICHOrO KOHBEKTUBHOI'O CylIiHHS. Ha BigMiHy Bifi CBITOBUX pO3pOOOK,
TEXHOJIOTisl Iepeioayae oiep>KaHHs HaTypayIbHUX YMIICIB 6€3 MITyYHNX KOHCEPBAHTIB Ta HAIIOBHIOBAUIB 3
MaKCHMaJIbHUM CTyIeHeM 30epesKeHHs IPUPOIAHUX CKJIAJOBUX CUPOBUHH, BiTHOB/IIOBAHICTb IKUX Ha 20...25% BuIa

3a icHyroui aHasiory, a co6iBapTiCTh HUXKYA.

2. The thesis is devoted to the intensification of heat and mass transfer in order to develop energy efficient heat
technology for producing chips from apples. For the first time, the kinetics of adsorption of water vapor during
dehydration to low final humidity was investigated for Renet Simirenko apples. Based on the obtained
experimental data, the maximum hygroscopic moisture for apples was determined. Based on the analysis of the
adsorption isotherm of the water vapor by the apple, the equilibrium state of the material at the given parameters
and the conditions of packing and storage of the finished product were determined. For the first time, the
derivatographic method for the apples of the Renet Simirenko variety showed that in the scalded samples the
redistribution of free and bound water occurred, part of the bound water converted to free water, which is
confirmed by the values of the average specific heat of dehydration, which is set at the level of 2630 kJ /kg for
fresh apples of the Renet Simirenko variety and 2500 kJ /kg for the blanched ones. The average specific heat for
the evaporation of water from apples in the studied range of humidity of the material, for fresh samples is 2550

kI /kg, for steam-scalded samples - 2450 kJ /kg. In order to determine the energy-efficient dehydration regimes, a
study was conducted to determine the influence of the drying agent's thermal parameters on the drying process
and the organoleptic characteristics of the chips on a convective drying stand, which is equipped with an
automated system of collection and processing information. Studies show that increasing the temperature to
intensify the process, for thermolabile raw materials, is only possible until it reaches the maximum permissible
temperature. The analysis of the drying kinetics curves showed that, compared to the state low-temperature
regime of 60 °C, the duration of the drying process is reduced under state conditions at temperatures of the
drying agent 80...60 °C by 18% and at 100...80...60 °C by 21%. For the first time, a study was conducted to
determine the effect of different types of pre-treatment of apples on the drying process using the developed stage
mode and on the organoleptic characteristics of fresh samples and chips. The kind of pre-heat treatment -
scalding by steam at the temperature of apples t = 85...95 °C with holding of 30...40 s is scientifically substantiated.
In order to verify the correctness of the developed stage regimes and the quality of the chips, their reproducibility
was investigated as one of the criteria for assessing the quality of the dried product. The reproducibility of the
chips obtained from scalded by steam apples under the staged mode is the highest for both varieties and is
85...87%. Studies have shown that the combination of steam scalding and the use of developed stage dehydration
regimens are successful and economically feasible in obtaining chips. In the thesis the numerical modeling of the
process of drying of apples during the production of chips was performed. On the basis of generalization of the
results of experimental studies, energy-efficient thermal technology of obtaining chips was developed, which is
based on the method of rapid convective drying of scalded by steam apples in the modes of stage dehydration.
Unlike the world's developments, the technology involves the production of natural chips without artificial
preservatives and fillers with the maximum degree of preservation of natural components of raw materials, the
recoverability of which is 20...25% higher than existing analogues. The chemical composition of fresh apples and
the resulting chips was determined. The analysis showed that all components of the raw material were stored in
the chips. Tasting evaluation, comparison of organoleptic parameters and the reproducibility of chips from
different manufacturers, including chips obtained by the Institute's technology, were conducted. The chips



developed by the heat technology obtained the preference for all indicators. The estimated cost of the chips made
it possible to compare the cost of known analogues and chips obtained by the created heat technology. The cost of
chips in the trading network is 800...1100 UAH /kg. The cost of chips obtained by heat technology (taking into
account profitability and retail mark-up) is 450...715 UAH /kg depending on the type of energy resources. For the
first time, technical specifications of Ukraine 10.3-05417118-053: 2016 “Fruit and vegetable chips” were developed,
agreed and approved by Ukrmetrteststandart and technological instructions for production were developed. The
innovativeness of the research results is confirmed by 5 patents of Ukraine.
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