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1. YnockoHaneHHs Npouecy MBUIKOTO 3aMOPOKYBAaHHS SITif| B IIOTOLLi Ta3y

2. Improvement of the berries fast freezing in the gas fluid process

Pedepar:

1. O6'eKT - polec TENI0MaCcONepeHOCy IIPY 3aMOPOXKYBaHHi STif B IOTOL| razy. MeTa - yAOCKOHaJIEHHs [TPOLIeCy
IIBAJIKOTO 3aMOPO>KyBaHHS SITif] B IIOTOLLi ra3y LUISIXOM JOPOOKM PO3PaxyHKOBOI MOAEJ, 00J1alHaHHS 117151
IIBUAKOTO 3aMOPOKYBaHHS Ta BUBHAUEHHSI TEXHOJIOTIYHUX PEXXUMIB, 110 3206€3M1e4yI0Th IKHAIIOBHIIIe 30epe’KeHHs
[IOYaTKOBUX BJIACTUBOCTEN MIPOAYKTY i 3HM)KEHHSI EHEPrOBUTPAT. MeTOIu NOCIIIPKEHHS - METOM MaTEMAaTUYHOIO
MOJeJIIOBaHHS i Teopii nudepeHLiiiHoro Ta iHTerpajbHOr0 YUCJIEHb, METOIU Teopii NoAi6HOCTI i (pizuyHOro
MOJIEJIIOBAHHS, EKCIIEPUMEHTA/IbHI METOAY BUMIPIOBaHHS IIapaMeTPiB B IPOLEC TEIIONEPEHOCY, TAO0PATOPHI
METO[IY, BCTAHOBJICH] Jep>KaBHUMU CTAHJAPTaMHU, 17151 BU3HauYeHHs Gi3nyHux i 6i0xiMiYHMX NTOKa3HUKIB. HaykoBa
HOBM3HA - B PaMKax MOJI€JIi 3aMOPOKYBaHHS 3 PyXOMUMU MeKaMu po31iny (a3 3 ypaxyBaHHIM
TEIJIOMAcoIepeHoCy, Au(y3ii pO3YMHEHUX PEUYOBUH, TEMIIEPATYPHOI 3a/IEKHOCTI TEIIOQPI3UYHNX XapaKTePUCTUK
(TPX), 3minu TemMnepaTypu oyaTKy KpucTasisauii pigkoi a3y TKAHUHHOTO COKY OTPMMAHO M0JIS TEMIIEPATypH i

KOHIIEHTpALlii PO3YMHEHVX PEYOBMH; JOCTOBIPHICTb MOJ€JIi IIiATBEP I KEHA [IPU 3iCTaBJIEHHI pe3yJbTaTiB



YU CEJIBHOTO JOCIIiIPKEHHS 3 €KCIIEPMMEHTAILHYMY JaHVMHU, a TAKOX 3 PE3yJIbTaTaMU iHIMIKX aBTOPiB; IOKA3aHO
3B'130K pe>KMMHUX rapameTpiB y LITA npu 3aMOpOsKyBaHHi $rif, 3i CTyrieHeM 30epeskeHHsI MaCOBOi 4aCTKH BOJIOTH,
BiTaminy C i aHTOLjaHOBUX 6APBHUX PEYOBUH B Arofiax Iicjisi PO3MOPO>KYBaHHS; 17151 YOPHOI CMOPOAMHM, MaJIMHU i
BUIIHI KPaIlUM € PEXUM, 110 3abe3euye B KaMepi ONEPEIHbOTO 0X0JIO0IKEHHS TeMIIEPATYPY rasy i KoeQilieHT
renosigaadyi: minyc 20C i 10...14 Bt /(M2K) BinnosigHo; y Kamepi 3aMOpPO>KyBaHHS i BUPIBHIOBaHHS TEMIIEPATYPH —
Mminyc 65C i 26...36 Bt /(M2K) Bin10BiZHO; I0Ka3aHO 3B'SI30K PEXKUMHUX ITapaMeTpiB rasy 3 [10jeM KOHLeHTpaLlil
PO3YMHEHUX PEYOBUH. BU3HaUeHO Jiana3oH MBUIKOCTE TOTOKY, IIPH SIKUX 3a6€31e4yeThCsl PIBHOMIPHICTb 10J1S
KOHILIEHTPALill PO3YMHEHNX PEYOBUH, 11O BiJIMOBijae MaKCMMaJIbHOMY 30€PE>KEHHIO BIAaCTUBOCTEN MPOAYKTY; AJIs1
YOpPHOI CMOPOJVHY IIpU TeMmIepaTtypi notoky minyc 40C mBuaKicTs ckianae 1 M/c i Bulle; BAKOHAHO
ineHTH@ikanjo okasis TepMoIapu B sApi Irogyu NPy LIBUAKOMY 3aMOPO>KYBaHHI; [I0Ka3aHo, 1110 criail TepMoIapu
¢dikcye cepeHbOOO'€EMHY TeMIIEPATYpy; Npu AiameTpi crato 10 0,06 po3mipy siroau BiiMiHHICTb TEMIIEpaTypu B
Arofi 3 TepMonapor i arofi 6e3 repmonapu He nepesuinye 1 K; nys IITA 3 BBeJeHHSIM PiIKOTo a30Ty Yepe3
(OpPCYHKU YHCETbHUM CIIOCOO0M BU3HAYEHO I10JI€ TEMIIEPATypU yCepeIuHi YyCTaHOBKY IIiJ] 4ac 3aMOPO’KYBaHHS,
110 [103BOJIste CHOPMYBAaTH I'PAaHUYHI YMOBH [J1s1 PO3PaxyHKy [IpOLieCy 3aMOPOKYBAaHHS ATif Ta ileHTudikyBaTu
palioHaJIbHI PEXXMMHU 3aMOPOXKYBaHHS 32 TEMIIEPATYPOIO ra30BOr0 CepefoBUIIA. Pe3ysbTaTy BIPOBAIPKEHO Ha
IiANpreMCTBax Xap4yoBoi, IepepobHOi IPOMUCIIOBOCTI Ta Y HAaBYaJIbLHUM IIpoliec. ['any3b BUKOPHUCTaHHS - Xap4yoBa

Ta [lepepobHa IPOMUCIIOBICTb, MAIIMHOOYTyBaHHSI.

2. Object - the process of heat and mass transfer during the freezing of berries in the gas stream. The purpose -
improving the process of fast freezing of berries in the gas stream by the revision of calculation model, equipment
for fast freezing and determination of the technological modes which provide the most complete preservation of
initial properties product and power inputs reduction. Methods of research - the methods of mathematical
modeling and the theory of differential and integral calculus, methods of similarity theory and physical modeling,
experimental methods for measuring parameters in the process of heat and mass transfer, laboratory methods, the
determined state standards for physical and biochemical parameters. Scientific innovation - within the csope of
model of freezing with the moving phase boundary, in view of heat and mass transfer, diffusion of dissolved
substances, the temperature dependence of thermophysical properties, change of temperature beginning of
crystallization of the liquid phase of tissue juice obtained fields of temperature and concentration of dissolved
substances, the reliability model is confirmed by comparing the results of numerical studies experimental data, as
well as with results of other authors. Shows the relationship of regime parameters in the fast freezing tunnel
apparatus in process of freezing berries with the degree of conservation of mass fraction of moisture, vitamin C
and anthocyanin pigments in berries after defrosting; for black currant, rasberry and cherry is the best mode of
providing in the camera pre-cooling the gas temperature and the heat transfer coefficient:-20C and 10...14

W /(M2k) respectively; in the camera of freezing and the temperature equalization -65C and 26...36 W /(M2k)
respectively. Shows the relationship of regime parameters of gas with a field of concentration of dissolved
substances. Defined range flow speeds, which provide uniformity of field solute concentration, which corresponds
to the maximum preservation of product properties, for black currants at the flow temperature -40C velocity is 1
m/s and above, made the identification of the thermocouple in the core of berries at fast freezing. Shown that the
thermocouple junction captures the mean bulk temperature, with a junction diameter up to 0,06 junction size
berries in a berry temperature difference between thermocouple and berries without the thermocouple does not
exceed 1 K. For the FFT with the introduction of liquid nitrogen through a nozzle by a numerical way to determine
the temperature field inside installation during freezing, which allows to establish boundary conditions for the
calculation of the freezing of berries, and identify a rational mode of freezing temperature of the gas medium.
Results are introduced in the food industry, refining industry and in the educational process. Industry sector -
food and processing industry, mechanical engineering.
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