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Walnuts are at high risk of oxidative spoilage during storage, transportation and sale. The speed of
this process is affected by the chemical composition of the nuts, which varies depending on the variety and
region of cultivation. This means that each batch of nuts has a different storage potential. The problem is
exacerbated by the lack of an effective system for tracking batches of nuts at all stages: from production to
sale. There is also a lack of objective methods for assessing the shelf life of nuts. Because of this, manufacturers
and sellers often incorrectly set expiration dates. As a result, according to statistics, more than 30% of walnuts
sold in stores have signs of bitterness, which indicates their spoilage.

Preservation of the quality of walnuts depends on a number of key factors, among which the level of
humidity, temperature, humidity of the ambient air, access of oxygen, condition of the nuts, packaging
materials, storage method and technological processing (peeled, in shell, roasted, etc.) play an important role.
Although walnuts are considered a product with a long shelf life, maintaining optimal conditions is critical to
maintaining their freshness and flavor.

The aim of the research is to study the kinetics of drying walnuts under the influence of a warm air
flow in laboratory conditions.

The results of laboratory studies of the kinetics of drying walnuts with a warm air flow demonstrate
that the main process parameters — initial humidity wo, air temperature T, air flow velocity v and drying
duration t — significantly affect the drying rate Vt and the final moisture level wt.

The change in nut moisture wt with time t in all studied conditions occurs gradually. The drying rate
V. is the highest at the initial stages and decreases with time due to the depletion of surface moisture. Similarly,
with increasing air flow velocity, the drying rate increases. In general, optimization of the drying process
involves adjusting the temperature and air flow velocity depending on the desired drying time. High
temperature and optimal air flow rate ensure efficient drying. It was found that the delay in temperature
change becomes shorter with increasing temperature. Thus, it can be considered that at the initial stage (5 h)
of walnut drying, it is advisable to apply high-temperature treatment (80 °C) to improve the heat transfer effect
and drying performance, which will further increase the drying rate. Subsequently, it is desirable to reduce
the drying temperature to (50 °C).
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Eq. 6. Fig. 6. Table. 2. Ref. 16.

1. Problem formulation

Walnut is a valuable food product and an important component of the agro-industrial complex of
Ukraine. Its cultivation has long traditions in our country, and natural and climatic conditions contribute to
obtaining high-quality products. However, despite its significant potential, the industry faces a number of
problems that hinder its development [1].

The food industry uses walnut kernels, which are distinguished by their exceptional taste: 1 kg of
walnuts provides more than 8,500 calories. Walnut fruits are used in many industries: in confectionery (fillings,
candies, cakes, cookies, etc.), in canning, fruit and vegetable, and butter production [1].
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Walnut oil, which is used in the food industry, has particularly high taste properties: it is used to extract
highly valuable aromatic compounds — rose, violet, and lemon essential oils. Walnut pulp is used for animal
feed. Jam is made from unripe fruits.

Walnut kernels contain a variety of organic and mineral compounds: fats, proteins, carbohydrates, tannins and
aromatic substances, vitamins. Unripe fruits contain more than 3000 mg% of vitamin C, ripe ones - 35 mg%.

Walnuts are harvested in September — October, after they fall to the ground. The green shell is removed
from the collected nuts, dried in the sun or in drying chambers at a temperature not exceeding 60 ° C. The
humidity of the dried nuts should not exceed 10%. Using calibration machines, the nuts are sorted, checked
for quality and placed in paper or fabric bags weighing 30-50 kg [2].

The shelf life is two to three years. The leaves are collected in spring and early summer. They are
picked and placed in baskets or bags, then dried in the sun or under tents, spreading a thin layer (23 cm) on
paper or cloth.

Store in dry, cool rooms. Dry in dryers at a temperature of 30...40°C. However, their storage life is
limited due to high lipid activity, fat oxidation, development of microbiological and fungal infections, as well
as damage by pests. Ensuring the quality of nuts during storage is an important task for agriculture and the
food industry [3].

2. Analysis of recent research and publications

Hot air drying is one of the most commonly used technologies for drying food products due to its
relatively easy operation and low operating costs [4]. In [5], the drying characteristics of walnuts in shell were
investigated using a laboratory hot air dryer at different temperatures (32 °C and 43 °C), air velocities (1 m/s
and 3 m/s), and varieties (Serr, Pedro, Z67, K82). They found that walnut drying mainly occurred during the
period of decreasing velocity, and all three factors significantly affected the drying time and kinetics. Higher
drying temperature and air velocity resulted in shorter drying times.

Radiofrequency heating has been studied and used for food processing in recent years. Radiofrequency
drying is a technology for rapid dehydration of food and agricultural products. In [6], a hot air RF approach
(HARF) (at 27.12 MHz, 6 kW) was developed and tested in a pilot dryer for drying walnuts in shell. The results
showed that, to reduce the moisture content of walnuts from 20.0% to 8.0% on a dry basis, radiofrequency
heating with an electrode gap of 18.0 cm combined with HA at 50 °C resulted in a significantly shorter drying
time (100 min) compared to HA drying at 80 °C (240 min). Furthermore, they found that the radiofrequency
drying process exhibited two distinct stages: at the beginning, an accelerated drying stage was observed (from
0 to 40 min), when the sample temperature gradually increased; from 40 to 100 min, the drying process went
through a deceleration stage, when the temperature remained relatively stable.

However, the application of infrared, vacuum and radio frequency drying methods in industry is still
rare, and deep drying with a warm air flow is still the most widely used drying method due to its advantages
in high processing capacity and relatively low operating costs [4]. As one example, walnuts with different
moisture contents are mixed, shelled, washed in water, and then transported to cross-flow drying bins [7], and
then dried with a constant air flow temperature of 43 °C until an average moisture content of 8% is reached.
This temperature standard was established based on a drying test that stated that drying walnuts with an air
flow above 43 °C resulted in a “cooked taste” after drying and a “rancid taste” after 4 months of ambient
storage. Therefore, the conventional drying method can meet the needs for drying capacity and processing
productivity of walnuts.

As mentioned, the walnut shell has a higher moisture content than the kernel at harvest, which creates
a moisture gradient inward and hinders the diffusion of moisture from the kernel during the drying process.
Therefore, if the moisture from the shell can be removed quickly at the initial stage of drying, it will promote
the removal of moisture from the kernel, increase the overall drying rate and shorten the drying time. In [7],
the drying characteristics of walnut shell and kernel under the action of warm air flow were studied and it was
found that the moisture content of the shell decreased below that of the kernel after the first 6 hours of drying,
and in [8] it was shown that the moisture removal from the walnut shell dominated at the initial stage of drying.
In addition, since the thermal conductivity of the walnut shell is higher than that of the kernel [9], the heat
conduction through the kernel is relatively slow. Due to this unique property, using a rapid heating method
with controlled high temperature at the initial stage of drying can partially remove moisture from the shell
while maintaining a relatively low temperature in the core. This drying strategy should reduce overall drying
time and energy consumption while maintaining product quality.

The authors of [10] showed that drying grain with a gradual change in air temperature contributed to
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energy savings. Scientists [11, 12] investigated the drying characteristics and product quality of banana slices
under temperature profiles of gradual increase and gradual decrease. They found that using a gradual
temperature change with an appropriate initial temperature and cycle duration, it is possible to significantly
reduce the drying time and improve the product quality.

In order for nuts to last a long time and not become bitter, they need to be dried immediately after harvest.
Unfortunately, research into the drying process of nuts is not as widespread as for other products. Therefore, it is
important to develop and describe in detail a system for drying nuts to ensure their highest quality.

3. The purpose of the article

The aim of the research is to study the kinetics of drying walnuts under the influence of warm air flow
in laboratory conditions.

4. Results and discussion

Studies of the kinetics of drying walnuts with a warm air flow were conducted in laboratory conditions
at the Faculty of Engineering and Technology of Vinnytsia National Agrarian University.

Samples of fresh walnuts of the Chandler variety were provided by the private enterprise
“YAFK- VITON” (Vinnytsia region, Mohyliv-Podilskyi district, village of Velyka Kisnytsia) from the
2024 harvest. To avoid moisture loss, all nut samples were packed in polyethylene bags using a Comshop
vacuum packer, each weighing 2.00+0.01 kg, and stored in a ventilated room at a relative humidity of 58+2%
and a temperature of 25+2 °C. The moisture content (w) in the nut samples was measured using a SENCOR
SFD6601BK drying oven at a temperature of 10541 °C for 24 hours, according to the equation [13]:

w=100Mo =M "
m, .

where, mo — initial mass of the sample, g; m; — mass of dry sample after 24 hours of drying, g;
W — moisture content in walnuts, %.

Figure 1 shows a diagram of the equipment. The experimental setup consisted of a modernized
SENCOR SFD6601BK drying cabinet with a d-0030/2KW dimmer for regulating the air flow rate, a
TM- 32/H-5T temperature recorder, and DS18B20 temperature sensors.

Since walnuts are spherical solids, the temperature at one point cannot represent the overall
temperature. Therefore, three temperature measurement points were selected for monitoring and recording,
and the average temperature of these points was used to characterize the temperature of the walnut.
Specifically, one temperature sensor was fixed on the surface of the walnut with a heat-conducting tape, the
second was inserted inside one of the nuts, and the third was in the middle of the drying chamber.
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Fig. 1. General view of laboratory equipment:
1 — drying cabinet SENCOR SFD6601BK; 2 — temperature control unit; 3 — dimer d-0030/2KW;
4 — temperature sensors DS18B20; 5 — temperature recorder TM-32/H-5T; 6 — personal computer;
7 —multifunctional device Solomat MPM 500E; 8 - air speed sensor; 9 — fan; 10 — heater;
11 — digital scales TBE-0.3; 12 —hygrometer He Lite

Four temperature measurement points of walnut samples were determined: surface temperature,
temperature inside the nut and cabinet temperature (Fig. 2). The drying cabinet was provided with the
possibility of changing the air flow rate by controlling the voltage of the fan motor using a potentiometer. The
air flow rate was controlled using a multifunctional device Solomat MPM 500E.
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Fig. 2. Placement of nuts and temperature sensors in the drying oven

During the harvest season, the moisture content of nuts varied. During the experiment, the total
moisture range of nuts was 34-46%, and this range was evenly divided into 4 groups with an interval of
6.0£0.2%. That is, the first factor in laboratory studies is the initial moisture content — Wo, % (in coded
form — x1). The second factor of the research is the temperature inside the drying oven — T, °C (in coded
form — x2),which varied in the range of 50-80 °C with an interval of 15 °C. The third factor of the research is
the air flow velocity v, m/s (in coded form — x3), which varied in the range of 1-3 m/s with an interval of 1 m/s.
The fourth factor was time t, h (x4),which was recorded every 120 min (2 h).

The research was conducted according to a full factorial design for three factors at three levels of
variation with a total number of experiments — 27 with a repetition rate of — 20 (number of labeled nuts).

The drying cabinet was turned on for preheating, and after the system reached thermal equilibrium,
the samples were placed on pallets. To track changes in the moisture content of walnuts during the drying
process, 80 labeled nuts were quickly removed from the oven, the weight of each sample was measured on a
TBE-0.3 digital scale and returned back to complete drying. This stage of the experiment was completed within
5 seconds to increase the accuracy of the research results.

A graphic diagram of the methodology for conducting a study of the kinetics of drying walnuts with a
warm air stream is shown in Figure 3.

Setting equipment
parameters:
temperature T (°C); speed
of air flow V (m/s)

Calibration

]

1 1 1 Calculation of
] research criteria:
moisture w,,

! inati drying efficienc
i ” Determination of Di;:::s::;on Determining N 3]oe§ﬂcient K 4
” 2 I t
= Packaging of sample mass m temperature T lmpudﬂy with a drying speed V,
collected samples with moisture meter w,
moisture wp (%) Drying cupboard

t

After a while At (h)

Changing equipment parameters T (°C). V (m/s)

Changing samples of different humidity wy (%)

~

Establishing patterns between research criteria and factors

|

Statistical processing of data and analysis of the research results

Fig. 3. Graphical diagram of the methodology for conducting a study of the kinetics of drying walnuts
with a warm air flow
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To assess the efficiency of drying, we will use the appropriate coefficient [14]:
W, —W
kt =t 1 (2)
W, —W,’
where wi, Wo, Wi — humidity at the end, at the beginning and at time t of drying, respectively.
Drying rate of nuts V; (%/min) was calculated using the formula [15]:

W —-W
Vt — T+AL t , (3)
At

where Wua¢ — IS the moisture content of the nuts at a given time t+At, %; w: — is the moisture content
of the nuts at a given time t, %.

The research criteria adopted were: the dependence of changes in humidity, temperature inside and on
the surface of the nut, the drying efficiency coefficient, and the drying rate under different drying modes.

Due to the fact that there is no express moisture analyzer for nuts, a He Lite grain moisture meter
(Pfeuffer, Germany) was used, which is set to the “corn” mode. To measure moisture, the nut was cracked and
the kernel was placed in the moisture meter. Then, the data from the moisture meter were recorded and the
moisture content was calculated using formula (1). After that, the He Lite grain moisture meter was calibrated
for walnut.

According to the results of laboratory studies, data on changes in humidity for various combinations of

factors during drying were obtained. For clarity, corresponding graphs of dependences were constructed (Fig. 4).
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Fig. 4. Dependences of changes in nut moisture content during drying at different technological
parameters
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Analysis of changes in nut moisture content w; during drying allows to assess the influence of the main
process parameters: initial humidity wo, air temperature T, air flow velocity v and drying duration t. The initial
data show that these factors significantly affect the speed and final moisture level of the product.

The moisture content of nuts w decreases with time t in all studied conditions. At the initial stages of
drying, intensive evaporation of moisture from the surface of nuts occurs, since the humidity gradient between
nuts and the environment is maximum. Later, the process slows down due to the need to transfer moisture from
the inner layers to the surface. For example, for nuts with an initial humidity of 34% at a temperature of 50°C
and an air flow velocity of 1 m/s, after 2 hours the humidity decreases to 28.96%, after 10 hours — to 14.51%,
and after 24 hours —to 7.1%.

Increasing air temperature significantly accelerates drying. This is due to the intensification of
moisture evaporation from the surface due to an increase in the partial pressure of water vapor. For example,
for nuts with wy = 34%at a speed of 1 m/s after 10 hours the humidity is: at T = 50 °C —w; = 14,51%, at
T=65°C—-w=12,17%, at T =80 °C —w; = 9,39%.

However, at excessively high temperatures, a surface crust may form, which makes it difficult for
further evaporation of moisture from the inner layers of the nuts.

The air flow velocity also plays an important role. An increase in the air flow velocity v reduces the
concentration of water vapor near the surface of the nuts, which increases the humidity gradient between the
product and the environment. For example, for nuts with wo = 34% at T = 65 °C through 10 hours the humidity
is;atv=1m/s—w=12,17%, at v=2 m/s—w =10,17 %, at v=3 m/s—w = 13,27%. The existing optimum
can be explained by the fact that at higher temperatures the nut does not have time to heat up to the air
temperature. This accordingly reduces the drying rate. At the same time, too high a flow rate can cause uneven
drying or even damage to the product.

The higher the initial moisture content of the nuts, the longer it takes to reach the desired moisture
level. This is due to the larger volume of water that needs to be evaporated. For example, when T = 50 °C,
v =1 m/s after 24 hours the moisture content of the nuts from wg = 34% is 7.1%, while for wo = 46% is 7,46%.

The fastest drying is achieved at high temperature (80°C) and air flow speed (2 m/s). For example, for nuts
with wo = 34% Under these conditions, after just 10 hours, the humidity drops to the normalized value of 8.44%.

Having approximated the data in the form of an exponential dependence in the form [16]:

W, =800 + (g, +8,%; )X
2 2 (4)
><exp[—(x4 (p + 850X, +8,X,” ) (55 +850X5 + 85X, )) + 340]

where x; — encoded initial humidity value wo; X2 — coded temperature value inside the drying oven T;
X3 — coded value of air flow velocity v; X4 — coded value drying timet; ao1, a1, @11, @02, 820, 22, o3, 830, 833, a4o,
aooo — equation coefficients.

Having calculated the coefficients of the equation in the Wolfram Cloud software package using the
“NonlinearModelFit” function, by the method of minimizing the sum of squares of deviations between the
observed data and the model values, Table 1 was obtained.

Table 1
Results of calculating the coefficients of equation (4)
Coefficient Value Standard error Student’s t-test Significance
assessment
ao1 2,23039 0,021412 104,166 4,89331-107%0
a1 0,382176 0,0215277 17,7528 2,32084-10°%
aoz 3,86533 0,00185609 2082,52 0,0
azo -0,125002 0,0264909 -4,71869 3,47296:10°°
az -0,0182815 0,0451726 -0,404704 0,68595
aos 0,431504 0,0142687 30,2413 2,05796:10°%
aso 0,00445503 0,00294437 1,51307 0,131192
ass 0,0146604 0,00528213 2,77547 0,00581711
a4o 1,03889 0,0464177 22,3812 7,77504-107%
ao0o 5,19541 0,318665 16,3037 1,4698-10%
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Discarding the insignificant coefficients of equation (4), comparing them with the tabulated value of

the Student's t-test t:(0,05; 351) = 1,648, we have:
w, =5,19541+ (2, 23039 + O,382176x1) X

2 (%)
xexp[—(x4 (3.86533-0,125002x, )(0,431504 +0,0146604x, )) + 1,03889]
In decoded form, equation (5) can be represented as:
W, =5,1954 +(2,2456 +0,06413(w, —40))x
xexp| 1,03206 — (0,0833t —1)(3,856 — 0,008313(T - 65)) x (6)

x(0,432537 +0,014695(v - 2)2)],

where wp — initial humidity, %; T — temperature inside the drying cabinet, °C; v — air flow speed, m/s;

t — drying time, hours.
For greater clarity, graphs of dependence (6) are plotted in a three-dimensional coordinate system (Fig. 5).

B wy=34%,v=2m/s

B wo=234%,T=50°C
B w,=40%, T=65°C
B w,=46%, T=80°C

B wy=40%,v=2m/s

m Wy =46%, v=2m/s

B T=50°C,v=2m/s
B T=65°C,v=2m/s
W T=80°C,v=2m/s

Fig. 5. Dependencies of the change in the moisture content of nuts during drying according to equation

(6)

The results of the analysis of variance (ANOVA) comparing equation (6) with the original data are
shown in Table 2.

Table 2
Results of the analysis of variance (ANOVA) of equation (6)
DF (degrees of freedom) | SS (sum of squares) MS (mean square)
Model 10 123814 12381,4
Error 341 1599,14 4,68956
Not Corrected Amount 351 125414 —
Corrected amount 350 38985 —

Calculated Fisher's exact test F ~ 2640,6 is very large, which may indicate the significance of the
model (6) (F > Ft (0,05; 10; 341) =~ 1,859).
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Based on the obtained data on the change in the moisture content of nuts during drying, the drying
efficiency coefficient was calculated using formula (5) for each variant of the experiment. For clarity, the
corresponding graphs of dependencies were constructed (Fig. 6).
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Fig. 6. Dependences of changes in the moisture content of nuts during drying at different technological
parameters

Analysis of the drying efficiency coefficient change table k; nuts shows that its value decreases with
increasing drying time for all conditions. Thus, for the initial moisture content wo = 34%, temperatures T = 50°C,
and air flow rate v = 1 m/s, value k; decreases from 1 at the beginning of drying to 0.0037 after 22 hours. This is
explained by the fact that moisture from the surface of the nuts evaporates faster in the initial stages, and over
time the process slows down due to the need for moisture diffusion from the inner layers to the surface.

Increasing the air temperature T leads to an increase in drying efficiency, especially in the initial stages.
Thus, for wo = 34%, v =1 m/s, at six o'clock k; constitutes 0,484 at T = 50°Cand only 0.205 at T = 80 °C.
This is because higher temperature increases the rate of moisture evaporation, reducing the time required for
drying. Similarly, increasing the air flow velocity v also contributes to an increase in k.. For example, for
Wo = 34%, T =50 °C, at six o'clock ki = 0,484 at v = 1m/s, ki = 0,426 at v =2m/s and k: = 0,429 at v =3 m/s.
Higher air flow speeds ensure more efficient removal of water vapor from the surface of the nuts into the
environment, which speeds up the process.

Initial Humidity wo almost no effect on the efficiency ratio ki, which confirms its generalizing
properties. In general, optimization of the drying process requires adjusting the temperature and air flow rate
depending on the desired drying time. Reduction k;: over time indicates that the drying process is multiphase,
and its parameters should be adjusted depending on the drying stage.

It was found that the preheating time of nuts decreases with increasing drying temperature. This is
because higher temperatures provide a greater amount of thermal energy, thereby reducing the preheating time.
On the other hand, since the thermal energy of the drying medium is transferred from the surface to the interior,
an increase in temperature causes significant temperature gradients, which accelerates the heat transfer.
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It is found that the delay in temperature change becomes shorter with increasing temperature. Thus, it
can be considered that at the initial stage (5 h) of walnut drying, it is advisable to apply high-temperature
treatment (80 °C) to improve heat transfer efficiency and drying performance, which will further increase the
drying rate. Subsequently, it is desirable to reduce the drying temperature to (50 °C).

5. Conclusion

The results of laboratory studies of the kinetics of drying walnuts with a warm air flow demonstrate
that the main parameters of the process are the initial humidity wo, air temperature T, Air flow rate v and drying
duration t — significantly affect the drying rate Viand the final humidity level w; (6).

Change in nut moisture content w; with time t in all studied conditions occurs gradually. Drying rate
V. is the highest at the initial stages and decreases with time due to the removal of surface moisture. Similarly,
with increasing air flow rate, the drying rate increases. In general, the optimization of the drying process
involves adjusting the temperature and air flow rate depending on the desired drying time. High temperature
and optimal air flow rate ensure efficient drying. It has been established that the delay in temperature change
becomes shorter with increasing temperature. Thus, it can be considered that at the initial stage (5 h) of walnut
drying, it is advisable to apply high-temperature treatment (80 °C) to improve the heat transfer effect and
drying performance, which will further increase the drying rate. Subsequently, it is desirable to reduce the
drying temperature to (50 °C).
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JOCHIIPKEHHA BIVIMBY TEIJVIOTO ITOBITPAHOI'O IOTOKY HA KIHETUKY CYIUIIHHSA
BOJIOCBKHUX I'OPIXIB

Bonoceki  eopixu maroms 6UCOKUNI pU3UK  OKUCTHOBANBHO20 HCYBAHHA Ni0 4ac 30epicaHHs,
MpaHcnopmyeants ma npooadxcy. Ha weuodkicms yvoeo npoyecy 6naueac XiMiunuil CKIa0 2opixie, AKutl
BIOPIZHAEMbCS 3ANENHCHO 6i0 COpmMY ma pe2ioHy eupouiyeants. Lle o3nauae, wo KoxcHa napmis 2opixie mae
pi3Huti nomenyian 36epicanns. Ilpobaema nocuntoemovcsa 8i0Cymuicmio epekmusHoi cucmemu 8i0CmMedHceHHs
napmiii 20pixie Ha 6Cix emanax: 8i0 8upobHuYmMea 00 npooavicy. Taxooc bpaxye 00'exmusHux Memoodis OYyiHKu
mepMiny npudamuocmi 2opixie. Yepes ye eupoOHUKU ma npooasyi Yacmo HenpagUIbHO BCTHAHOGTIOIOMb
mepminu npudamnocmi. B pezynomami, 3a cmamucmukoio, nonao 30% onocvkux 2opixis, wo npooarvmscs
6 MA2A3UHax, MarOms O3HAKU 2IPKOMU, WO C8I0UUMb NPO iX 3INCO8AHICMb.

3b6epesicenns AKoCmi BOIOCLKUX 20pIXi8 3anedcums 6i0 pady KIO408UX (hakmopie, cepeod sKUX GanHCIUGY
Ppoib gidieparome pieeHb 801020CH, MEeMNEPAMYPHULL PEeNCUM, BONOSICHb HABKOMUUWHBO20 NOBIMpSs, 0OCHYN
KUCHIO, CIaH 20pixie, Mamepianu ynakosKku, cnocio 3dpepicaits ma mexHono2iuHa 06pooKa (ouuweHi,  wkapanyni,
cmadiceni mowo). Xoua B0NOCHKI 20pixu 88aANCAIOMBCL NPOOYKMOM 3 MPUBATUM TEPMIHOM 30epicaHHs,
OOMPUMAHHS ONTNUMATLHUX YMOS8 € KDUMMUUHO BaAXCTUBUM 07151 30ePedCenHsL X C8IdHCOCT Ma CMAKOBUX SIKOCE.

Memoro OocniddceHv € GuBUeHHA KIHEMUKU CYULIHHA BOJOCHKUX 20piXi6é nio 6niusom menio2o
NOBIMPSAHO20 NOMOKY 8 1ADOPATMOPHUX YMOBAX.

Peszynomamu nabopamoprux 00caiodicetb KIHeMuKu CyUiHHs 0A0CLKUX 20PIXi6 Menium noGimpsHum
NOMOKOM OEMOHCIMPYIOMb, WO OCHOBHI NaApamempu npoyecy — NOYAMKO8A BOA02ICHb Wo, MeMnepamypa
nosimpsi, WEUOKICMb NOMOKY NOSIMPsL | MPUBANICINb CYUIHHA — CYMMEBO BIIUBAIOMb HA WUBUOKICMb CYULIHHS
i KiHyegull pieeHb 80N020CHIL.

3mina sonozocmi eopixia i3 uacom y 8cix 00caiox’ceHux ymosax 6iobysaemoca nocmynoso. Llleuokicme
CYWIHHA € HAUOIIbUIO HA NOYAMKOBUX emandax i 3MEeHULYEMbCA 3 YACOM uepe3 BUUEePNAHHSA NOBePXHEeBOl
sonozu. Aunanociuno, 3i 30LMbUEHHAM WEUOKOCIE NOGIMPSHO20 NOMOKY 3DOCMAE WEUOKICMb CYUIIHHL.
3acanom, onmumizayis npoyecy cyulinHs nepeodauac pezcymo8amHs meMnepamypu ma WeUuOKOCmi
NOBIMPAHO20 HOMOKY 3ANeNHCHO 8I0 baxcanozo uacy cywinHi. Bucoxa memnepamypa it onmumanvHa
WBUOKICIb NOGIMPAHO20 NOMOKY 3ab6e3neuyioms epekmushe cyuinns. byno euseneno, wo sampumra y 3mini
memnepamypu cmae Kopomuoro 3i 30iibuieHHsImM memnepamypu. Takum 4unom, Ha novamxogomy emani (5
200) CYWIHHS BOJIOCLKUX 20pIXi@ OOYINbHO 3ACmOCco8y8amu Gucokomemnepamypty oopooky (80 °C) oas
NOKpAWeHHs. ehexmy menionepeoadi ma npooyKMUSHOCMI CYWIHHA, WO 6 NoOAIbWOMY RIOSUWUMb
wWeUOKicmo Cywints. B nodanvuiomy memnepamypy cywinns 6ascano smernwiumu 0o 50 °C.

Knwwuoei cnosa: napamempu, Kinemuxa, 00CTIONCEHHS, CYUIIHHS, eheKMUBHICMb NPoYecy, G0L0CHKULL
20pix, KOHBeKYis, Cyuapka, nogimps, NOMoK, 80J102iCMb, eHepeoeqheKmusHicmb.
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