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Yemanoeneno sanexcnicmo cepednvoimezpanviiozo
memnepamypHozo Hanopy MidHc memnepamyporo nosepx-
Hi JCapeHns i meMnepamyporo n0GePXHeB020 WUapy m’aca
610 Mmemnepamypu N0GePXoHv HCAPEHHA. YMOUHEHO
Memoouxy po3paxynxy rxoediuicnma menaonepeoaii
uepes naposi npouapku nio uac 080CMOPOHHBLOZ0 HCAPeH-
HA M’Ica 6 YM0OBAX CMUCHEHHS. MA YCMAHOBIEHO 1020
3anexcnicmo 6i0 cepeonboinmezPaNLH020 memnepamyp-
HO020 HANOPY MINC NOBEPXHEID HCAPEHHS | NOBEPXHEBUM
wapom m’aca

Kntouosi cnosa: rxncapenns 6 ymoeax CmMucHeHHs,
memnepamypHuil pisets npouecy, menjionepeoaia, mem-
nepamypuuii Hanip, naposi nPouapru

=, u|

Yemanosnena 3asucumocmv cpedneunmezpanivHo-
20 MmemnepamypHozo HAnopa Mmexcoy memnepamypoi
N0BEPXHOCMU JHCAPEHUS U MeMnepamypoli NoGepxXHOC-
H020 CJ105L MSCA OM memMnepamypsvl noeepxHocmet ycape-
Hus. Ymoumnena memoouxa pacuema xos3pduuuenma
menyionepedauu uepe3 naposvie NPOCIOUKU 6O 6PeMs
08YCMOPOHHEZ0 JHCAPEHUSL MACA € YCIOBUAX CHCAMUS U
YCmanosaena €20 3asuUcCUMOCms Om CpeoHeunmezpals-
HO20 MeMNEePamypHozo HANOPa Mexncoy nosepxHOCmbIO
HCaApeHust U NOBEPXHOCHHBIM CIIOEM MACA

Kmoueevie caosa: xcapenue 6 ycnosusx cycamus,
memnepamypHvlii YyposeHs npouecca, menjonepeoaua,
memnepamypHvlil HANOP, NAPOBLLE NPOCIOUKYU
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1. Introduction

2. Literature review and problem statement

The most common among the existing methods of

In order to improve the process of conduction, the au-

heat treatment of organic meat products in restaurants
is conduction. The process is carried out by means of
heating the surface of a product that is in direct contact
with the heated frying surface or frying on it. Practically
valueable during this are the following technological and
thermophysical parameters: temperature of the product,
temperature of the surface of frying, or fat on it, duration
of frying, and specific surface power [1]. Obtaining of a
fried product is ensured by constant maintenance of a
high-temperature regime (423-473 K), although it ad-
versely affects the quality of the finished product because
heterocyclic aromatic amines are formed and accumulated
in it [2]. Heterocyclic amines and mutagenic chemicals
are formed and accumulated mostly due to the effect of
the temperature and duration of the heat treatment pro-
cess [3]. The content of mutagens in finished products
increases proportionately to the temperature of thermal
treatment, whereas the mutagenicity of minced meat fried
at 473 K is almost twice as high as at 423 K [3, 4]. The
process of frying organic meat products is long-lasting
and requires considerable energy costs. A relevant task is
reducing the specific energy consumption and mass loss of
the product during this process.

thors of [5] proposed to bring heat to the entire surface of the
product. Conduction is, thereby, carried out in a functionally
closed environment that is formed between two heating sur-
faces — the bottom and the top, with cavities made according
to the geometric sizes of semifinished meat products. This
process allows you to adjust the temperature field to the
volume of products and reduce the duration of frying meat
products by 57-59 %. The sealed medium can increase the
output of the finished product by 2.9-3.1 %; in addition,
the condensation of water vapor inside the products during
their cooling to the temperature of supply to the consumer
can increase the output by 6.3—-6.7 %. However, from the
energy point of view, such a process is not efficient, since it
means cooling of the frying machine surface and subsequent
switch-over to the required mode after each cycle of the
product preparation.

The authors of [6] proposed heating by the electrocon-
tact method combined with traditional or other electrophys-
ical methods of heat transfer. The authors of [7, 8] proposed
amethod of frying meat products that involves simultaneous
surface, infrared and electrocontact heating. In this case,
the formation of crust on the surface of products is achieved
by surface or infra-red heating, which provides high organ-




oleptic characteristics of the finished product. The supply of
electric current to the side surfaces of the product intensifies
and provides an even heating of the inner layers of the prod-
uct in its entire volume. This reduces the time of treatment,
increases the yield of the finished product and, respectively,
reduces the specific energy consumption.

The heat conduction equation soluable by the Galerkin
finite element method laid the basis for the theoretical mod-
els of the pan-frying of hamburgers on the surface of the
frying pan [9] and double-sided frying of frozen and cooled
semi-baked hamburgers [10].

The discussed methods of heating concern only cut meat
multi-component products, and their use in the process of
pan-frying of organic meat is of little effect, in particular,
due to its heterogeneous structure and the presence of fatty
inclusions. In addition, the authors did not consider the
characteristics of heat transfer from the heating surfaces
and heating media to the product during the heat treatment.

Theoretical aspects of intensifying the process of dou-
ble-sided frying of organic meat products by the physical
and electrophysical methods are considered in [11-13]
where the authors substantiated that some methods of
frying meat form an effective layer of liquid with the coef-
ficient of heat conductivity of liquid. Such a layer can sig-
nificantly reduce the duration of frying. The authors of [11]
proposed to divide the process of double-sided frying by
these methods into three main stages in terms of duration
and technological impact on the product. The first stage —
the stage of heating the surface layers of the product to the
evaporation temperature — occurs almost instantaneously.
During the second stage, the heat is transferred from the
heating surfaces to the product through vapour layers. The
second stage ends with the heating of the central layer of of
pork products at up to 333 K and beef products — up to 340
K. Upon reaching the appropriate temperature, moisture
ceases evaporating to the surfaces because the products
acquire the properties of solids. The third stage — the stage
of crunching crust — occurs in dry heating. The duration of
the third stage regulates the quality and thickness of the
crust. The second stage is the most energy consuming of
the three stages. The proposed in [11] division of the pro-
cess into three stages laid the basis for the analysis of the
processes of double-sided meat frying affected by physical
and electrophysical methods [12]. Study [13] analytical-
ly proves the possibility to intensify double-sided meat
frying under the effect of the above-mentioned methods.
The mechanism of heat transfer to each capillary meniscus
through the vapor layer is considered and theoretically
justified in [14, 15], and the coefficient of heat transfer &
through the vapor layers is proposed to be determined by
the following formula:

Y 005776 d, 1
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where 7 is the entire heat of vapor condensation at the
atmospheric pressure, J/kg; d,,, is diameter of the capil-
lary, m; AT™ is the logarithmic mean temperature difference
(LMTD) between the temperature of the frying surface and
the temperature of liquid on the surface of the capillary me-
niscus, K; Av is a change (decrease) in the specific volume
of vapor during full condensation at the atmospheric pres-
sure, m*/kg; and T, is the duration (cycle) of the thermody-
namic process 1-2-3; s.

Formula (1) shows that the the coefficient of heat trans-
fer & is primarily affected by two magnitudes. The first is
the LMTD between the temperature of the frying surface
and the temperature of the liquid on the capillary meniscus
surface, AT™, and the second is the duration of the thermo-
dynamic process (evaporation — condensation), T..

3. The aim and objectives of the study

The aim of the work was to determine the effect of the
value of the LMTD AT™ on the value of the heat transfer
coefficient £ during double-sided frying of organic meat
products under the effect of physical and electrophysical
methods.

To achieve the aim, it was necessary to fulfil the follow-
ing objectives:

—to study the effect of the temperature of the frying
surface on the value of the LMTD between the temperature
of the frying surface and the temperature of the liquid on the
meniscus surface, AT™;

— to determine the dependence of the heat transfer coef-
ficient k on the value of the LMTD, AT™;

— to determine the effect of the frying surface tempera-
ture on the duration of the process, the output of the finished
product, and the specific energy consumption.

4. Materials and methods to study the temperature rate
effect on double-sided meat frying under pressure

The research used the test-bed shown in Fig. 1, 2. The
test-bed consisted of an experimental sample apparatus to
implement double-sided meat frying, PC, a multi-function-
al energy meter of the type Energy-9 (made in Ukraine),
and three digital devices TRD 02 Universal plus (made
in Ukraine) with six thermocouples L-0.5. Thermocouples
controlled the temperature of the apparatus frying sur-
faces and measured the temperature of the external and
internal layers.

The materials of the study were portions of organic meat
products and a pork escalopes made according to the stan-
dard documentation [16].

More detailed materials and methods of studying the ef-
fect of temperature rate on the process of double-sided meat
frying under pressure are described in [17].

5. Research findings on the effect of LMTD on
the heat transfer coefficient

Formula (1) needs to be specified to determine how the
LMTD affects the coefficient & of heat transfer through
vapor layers during double-sided frying of organic meat
products. This need arises from the fact that studies [14, 15]
of liquid evaporation in the meniscus revealed an inaccuracy
in determining the evaporation surface. Studies [14, 15] note
that the logarithmic mean surface of the meniscus during
evaporation can be calculated as follows:
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is the minimum surface of the capillary menis-

Where I:min

cus, m?, as a result of the liquid evaporation to the surface
layer due to compression:

2
Fmin = T dcap%; (3)

F,_ . is the maximum surface of the capillary meniscus, m%

2
Fmax = " dmﬂg ° (4)

However, the contact surface of the meniscus liquid with
the frying surface varies in the process of evaporation from

T dmpy
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and approaches 0 due to the growth of the vapor layer. In
view of this, the statement regarding the logarithmic mean
surface of the meniscus during evaporation is irrelevant,
and relevant is only mean surface of the meniscus F; that is
calculated as follows:

. 3 2
IJS:TC dcapé H12. (5)

When vapor is condensed in the meniscus, which is caused
by penetration of excess vapor from the meniscus into the en-
vironment or an adjacent meniscus, the surface area of the me-

2
niscus varies from a hemisphere ™ d, 4 to 0. An average

surface of the meniscus in the process of vapor condensation
is determined from the following equation:

_ . 2
Foop=™ % m? (6)

and the logarithmic mean surface area of heat transfer during
evaporation and condensation is calculated as follows:
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The coefficient of heat transfer from the frying surface
to the liquid on the meniscus surface in one thermodynamic
process of evaporation and condensation of the vapor under
the above conditions will be found in the following way:

b= r'Vs _
2-F"AT" -Av-T,

_ roned,’ _
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where
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is the average volume of vapor in a meniscus during evapora-
tion and condensation, m®.

At the second stage, thermodynamic processes are en-
sured by a constant difference AT™, whereas the specific
surface power of each frying surface is calculated as follows:

0.11553-7-d,,,

P =k-AT"=
0T,

, W/m2 )

Due to the known specific surface power P, the LMTD
and the duration of the thermodynamic process t, from for-
mula (9), the capillary diameter during frying is determined
as follows:

_ P -Av-t 8.6558-P-Av-T, .
“@ 0115537 r ’

(10)

The frying surface temperature lowered from 423 K to
393 K with an interval of 10 K (Fig. 1) allowed studying the
dependence of the LMTD between the frying surface tem-
perature and the temperature of the meniscus surface liquid
AT™ on the frying surface temperature during double-sided
frying of organic meat products by physical and electrophys-
ical methods. The minimum temperature drop on the frying
surface at the moment of the meat loading was ensured by
the specific surface power of each frying surface of 38 kW/m?.
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Fig. 1. Dependence of the value of LMTD between
the temperature of the frying surface and the temperature of
the meniscus surface liquid AT™ on the temperature of
the frying surface

Fig. 1 shows that a decrease in the initial temperature
rate of frying from 423 K to 393 K resulted in a decrease of
AT™ from 10 K to 6 K according to the nonlinear law. This
dependence AT™ can be explained by the fact that, regard-
less of the frying surface temperature, the temperature of
the surface layer of the product during the second stage of
frying does not exceed 373 K, which is ensured by constant
extrusion of the liquid into the surface layer.

Screenshots made in Spectrum Player show the frequen-
cy division of the recorded process of double-sided meat fry-
ing with excess pressure at the frying surface temperatures
of 393 K and 423 K (Fig. 2, 3, respectively).

Fig. 2 shows that sound by the frequency spectrum during
double-sided frying is divided into two main bands for the
frying surface temperature of 393 K, kHz: 0.1-7 and 9—-14.
For the temperature of the frying surface of 423 K, the sound
is divided into four main bands (Fig. 3), kHz: 0.1-7, 9—14,
16—18, and 19-22. This, obviously, corresponds to the follow-
ing capillary diameters, m: 3410-2408-10°, 17-106-27-10,
13-106-15-105, and 11:10-12:10¢. The most pronounced, or
common, is the range of 0.1-7 kHz with the capillary diameter
of 34-106-2408-10¢ m that obviously belongs to peripheral
capillaries of the interfiber space filled with free moisture.
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Fig. 2. Spectrum Player screenshot of sound distribution by
the frequency spectrum during double-sided meat frying at a
marginal pressure for the frying surface temperature of 393 K
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Fig. 3. Spectrum Player screenshot of sound distribution by
the frequency spectrum during double-sided meat frying at a
marginal pressure for the frying surface temperature of 423 K

The coefficient of heat transfer k=3800 W/(m*K) cor-
responds to the frying surface temperature of 423 K, the
LMTD AT™=10K, and the ratio of d.,/1=0.241m/s,
Av=1.653 m3/kg. The coefficient of heat transfer from
vapor to the meniscus liquid in each of the two surface
layers is a,=2 £=7600 W/(m? K). Therefore, the total coef-
ficient of heat transfer from vapor to the meniscus liquid is
a,=15200 W/(m? K). When the frying surface temperature
decreases to 393 K and, respectively, the LMTD AT" =6 K,
at a constant ratio of d, /1=0.241 m/s, Av=1.653 m*/kg, the
heat transfer coefficient is k=6333.33 W/(m? K). The heat
transfer coefficient from vapor to the meniscus liquid in each
of the two surface layers is a, 2 £=12666.66 W/(m? K), and
the total heat transfer coefficient from vapor to the meniscus
liquid is 0,=25333.32 W/(m? K).

The coefficient of heat conductivity in the longest mus-
cle of low-fat pork at 293 K and at atmospheric pressure is
Ano=0.54 W/(m K) [18]; for meat juice under the same con-
ditions, ,,=0.645 W/(m K) [19].

When meat is compressed to give excess liquid, [,=
=11 10 Pa, the heat transfer coefficient of meat is approaching
%,,,=0.645 W/(mK), p=960 kg/m? and ¢=4000 J /(kg K).

The coefficient of heat conductivity of meat heated up to
345 K is calculated as follows:

0.645

o=—"""—=168-10"° m%/s.
4000-960

an

Bio criterion for the first stage of frying at the frying
surface temperature of 393 K is found in the following way:

~25333.32-0.000093

By, = 0,615 =3.65, 12)
— at the frying surface temperature of 423 K:
_ 15200-0.000093 _ 919, (13)

12 0.645

where 0.000093 m is the radius of the largest capillary in the
surface layer of meat;
— for further frying during the second stage:

_25333.32-0.0035

- =137.47,
393 0.645

(14)

~15200-0.0035

- =82.48,
123 0.645

(15)

where 0.0035 m is the half-thickness of meat during frying.
The duration of the first stage of frying from the initial

meat temperature of 293 K to the temperature of the surface

layer of 373 K at a thickness equal to the radius of the largest

capillary p=0, is determined from the following equation [20]:
— for the frying surface temperature of 393 K:
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Consequently, the duration of the first stage of frying is
calculated as follows:

;_1.2.0.000093

T =~eg o5 = 00625,

(18)

The Fourier criterion for the second stage [9] is deter-
mined as follows:

1 1
FoO—_— 4 - _
9719 313747
2 |1+1137.47|=0.086, (19)
3-137.47 2
Folyy = 2| BTAT G379 086-0.983.  (20)
3 2.(373-345)

Therefore, the duration of the second stage of frying is
calculated as follows:

~0.983-0.0035

Togy = =71.68 s.
9 16.8-107°

21

Consequently, the theoretical duration of double-sided
meat frying under pressure at the frying surface temperature
of 393 K and the center temperature of 345 K is calculated
as follows:

50, =0.062+71.68=71.742s, (22)

— for the frying surface temperature of 423 K:

Fo) :i+ ! —%Jn 1+1~2.19 =0.133. (23)
12 3-219 3-219 2




Therefore,

21943
332,19

ln( 2.(423-293)
(2.19+2)-(383-373)

]+o.133:1.575. (24)

Consequently, the duration of the first stage of frying is

;1.575-0,000093

Uy == =008 s (25)
The Fourier criterion for the second stage [9] is
1 1

FolS) =—+ —

519" 3.82.48

2 1

——————In|1+—=-82.48 |=0.087,

3.82.487 "[ 2 } (26)

82.48-(383-373)

+0.087=0984.  (27)
2-(373-345)

1
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0493 3 n(

Consequently, the duration of the second stage of frying is

~0.984-0.0035

Ty == e o =155,

(28)

Consequently, the theoretical duration of double-sided
frying of meat under near-maximum pressure at the frying
surface temperature of 423 K and the center temperature of
345 K is calculated as follows:

10,,=0.081+71.75=71.831 s. (29)
The calculated data completely coincide with the data of

double-sided frying of meat at the frying surface temperatures
of 393 K and 423 K, which is shown in Fig. 2, 3, respectively.

6. Discussion of the findings on how LMTD affects
double-sided meat frying

The dependence of the actual duration of the frying pro-
cess and the output of the finished product on the tempera-
ture of the frying surfaces in the range from 393 K to 423 K
is shown in Fig. 4.

Fig. 4 shows that when the frying surface temperature
increases from 393 K to 423 K, the duration of double-sided
frying of meat under pressure increases from 70 seconds to
76 seconds. This dependence is confirmed by an increase in
the LMTD between the frying surface temperature and the
temperature of liquid on the meniscus surface. This results in
a decrease in the coefficient of heat transfer from the frying
surface temperature.

A longer frying process leads to a decrease in the yield
of the finished product from 90.6 % to 87.3 %. The output of
the finished product reduced by 3.3 % is due to higher mois-

ture. The latter results from a longer evaporation from the
semi-finished product and higher temperature of the process,
which intensifies vaporization.

A longer frying and reduced output of the finished prod-
uct, which result from a higher temperature rate, significant-
ly affect the specific energy consumption. Therefore, when
the frying surface temperature is 393 K, the specific energy
consumption is 0.112 kWh/kg, at a temperature of 403 K —
0.121 kWh/kg, at a temperature of 413 K — 0.129 kWh/kg,
and at a temperature of 423 K — 0.135 kWh/kg.
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Fig. 4. Dependence of the duration of double-sided frying
of meat under pressure, 1 (1), and output of the finished
product, Z, (2), on the temperature of the frying surface T

All products fried at different temperatures of frying
surfaces have reached the state of culinary readiness (the
center temperature of 345 K). However, it should be noted
that products fried at a temperature of 393 K did not have a
typical golden surface, and their taste was more dietary than
that of food fried at a temperature of 423 K.

7. Conclusions

1. The specified method of calculating the coefficient of
heat transfer through vapor layers takes into account the
change in the contact area of the meniscus liquid with the
frying surface during evaporation and the area of the menis-
cus surface in the vapor condensation during double-sided
frying of pork under pressure. It has been determined that
an increase in the temperature of frying surfaces from 393 K
to 423 K lowers the LMTD between the temperature of the
frying surface and the temperature of liquid on the meniscus
surface from 10 K to 6 K.

2. The study has proved the dependence of the heat trans-
fer coefficient on the LMTD between the temperature of the
frying surface and the temperature of liquid on the meniscus
surface. The calculated actual heat transfer coefficient from the
frying surface to the product is k,,,=3800 W/(m?* K) for the
LMTD AT™=10 K, and k.,,=3800 W/(m? K) at AT" =6 K.

3.1t has been proved that when the temperature of the
frying surface increases from 393 K to 423 K, the duration
of double-sided frying of meat under pressure increases from
70 seconds to 76 seconds, a yield of the finished product
decreases from 90.6 % to 87.3 %, and the specific energy
consumption grows from 0.112 kWh/kg to 0.135 kWh/kg.

References

1. Arkhipov, V. V. Restoranna sprava: Asortyment, tekhnolohiya i upravlinnia yakistiu produktsiy v suchasnomu restorani [Text]:
navch. pos. / V. V. Arkhipov, T. V. Ivannykova, A. V. Arkhipova. — Kyiv: Firma «ITKOS», Tsentr navchalnoi literatury, 2007. — 382 p.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tran, N. L. Experimental and simulation studies of heat flow and heterocyclic amine mutagen/carcinogen formation in pan-fried
meat patties [Text] / N. L. Tran, C. P. Salmon, M. G. Knize, M. E. Colvin // Food and Chemical Toxicology. — 2002. — Vol. 40,
Issue 5. — P. 673-684. doi: 10.1016/s0278-6915(01)00126-0

Rozancev, E. G. Vliyanie termicheskoy obrabotki na soderzhanie mutagenov v myasnyh izdeliyah [Text] / E. G. Rozancey,
T. M. Bershova, M. A. Dmitriev et. al. // Myasnaya industriya. — 2008. — Issue 7. — P. 44—47.

Rozancev, E. G. Geterociklicheskie aminy — rezul’'tat intensivnogo teplovogo vozdeistviya na myaso [Text] / E. G. Rozancey,
M. A. Dmitriev, T. M. Bershova // Myasnaya industriya. — 2005. — Issue 8. — P. 23-25.

Cherevko, O. 1. Rozrobka prystroiu dlia smazhennia sichenykh vyrobiv (PSSV-0,2) ta doslidzhennia yoho funktsionalnykh
mozhlyvostei [Text] / O. I. Cherevko, V. M. Mykhailov, B. V. Liashenko // Visnyk Kharkivskoho derzhavnoho politekhnichnoho
universytetu. — 2000. — Issue 124. — P. 54—60.

Mykhailov, V. M. Perspektyvy vykorystannia elektrokontaktnoho nahrivannia v kombinovanykh teplovykh protsesakh [Text]:
IV Mizhnar. nauk.-prakt. konf. / V. M. Mykhailov, I. V. Babkina, A. O. Shevchenko // Nauka i sotsialni problemy suspilstva:
kharchuvannia, ekolohiya, demohrafiya. — Kharkiv: KhDUKhT, 2006. — P. 293-295.

Mykhailov, V. M. Rozrobka kombinovanoho sposobu smazhennia ta bahato-funktsiynoho prystroiu dlia yoho zdiysnennia [ Text] /
V. M. Mykhailov, I. V. Babkina, A. O. Shevchenko // Prohresyvni tekhnika ta tekhnolohiy kharchovykh vyrobnytstv restorannoho
hospodarstva i torhivli. — 2008. — Issue 2 (8). — P. 202—209.

Pat. No. 58275U UA. Kombinovanyi sposib teplovoi obrobky kharchovykh produktiv. MPK A 23 L. 1,/025 [Text] / Cherevko O. L.,
Mykhailov V. M., Shevchenko A. O., Babkina I. V., Karpenko L. K,; zaiavnyk i patentovlasnyk Khark. derzh. un-t kharchuvannia ta
torhivli. — No. u201010657; declareted: 03.09.2010; published: 11.04.2011, Bul. No. 7. — 2 p.

Ngadi, M. O. Modelling heat transfer and heterocyclic amines formation in meat patties during frying [Electronic resource]| /
M. O. Ngadi, D.-K. Hwang // Agricultural Engineering International: the CIGR Ejournal. Manuscript BC 04 004. — 2007. —
Vol. IX. — Available at: https://ecommons.cornell.edu/bitstream/handle/1813,/10642/FP%2004%20004%20Ngadi%20final %20
13August2007.pdf?sequence=1&isAllowed=y

Ou, D. Double-sided pan-frying of unfrozen/frozen hamburgers for microbial safety using modelling and simulation [Text] / D. Ou,
G. S. Mittal // Food Research International. — 2006. — Vol. 39, Issue 2. — P. 133—144. doi: 10.1016/j.foodres.2005.06.009
Skrypnik, V. A. Analiticheskoe issledovanie teplomassoobmennyh processov pri dvustoronnem zharen’i v funkcional’no zamknutyh
emkostyah [Text] / V. A. Skrypnik, N. V. German, N. Yu. Molchanova // Universitatea Cooperatist-Comerciala din Moldova.
Analele Stiintifice ale Universitatii Cooperatist-Comerciale din Moldova. — Chisinau: UCCM, 2013. — Vol. XII. — P. 198-202.
Cherevko, O. 1. Using physical and electrical methods in conductive meat frying [Text] / O. I. Cherevko, V. O. Skrypnyk,
N. Yu. Molchanova // Technology audit and production reserves. — 2015. — Vol. 2, Issue 4 (22). — P. 75-79. doi: 10.15587/2312-
8372.2015.40700

Skrypnyk, V. The Theoretical Substantiation of Intensification Process Possibilities of Conductive Frying Meat Natural Products
[Text] / V. Skrypnyk // Ukrainian Journal of Food Science. — 2015. — Vol. 3, Issue 2. — P. 361-367.

Cherevko, O. I. Teploperedacha v poverkhnevomu shari miasnykh vyrobiv pry dvostoronnomu zharenni v umovakh stysnennia
[Text] / O. 1. Cherevko, V. O. Skrypnyk, A. H. Farisieiev // Prohresyvni tekhnika ta tekhnolohiy kharchovykh vyrobnytsty,
restorannoho hospodarstva i torhivli. — 2015. — Issue 1 (21). — P. 107—120.

Cherevko, O. I. Researching of heat transfer in the surface layer of the meat products at bilateral frying under the action of electric
current [Text] / O. I. Cherevko, V. O. Skrypnyk, N. Yu. Molchanova, A. H. Farisieiev // Technology audit and production reserves. —
2015. — Vol. 4, Issue 4 (24). — P. 47-51. doi: 10.15587/2312-8372.2015.47700

Zdobnov, A. 1. Sbornik receptur blyud i kulinarnyh izdeliy: Dlya predpriyatiy obshchestvennogo pitaniya [Text] / A. 1. Zdobnov,
V. A. Cyganenko. — Kyiv: OO0 «Izdatel’stvo Ariy»; Moscow: IKTC «Lada», 2009. — 680 p.

Skrypnyk, V. Investigation of the influence of the temperature level on the bilateral meat frying process [Text] / V. Skrypnyk,
Y. Bychkov, N. Molchanova, A. Farisieciev // EUREKA: Life Sciences. — 2017. — Issue 4. — P. 16-20. doi: 10.21303/2504-
5695.2017.00376

Ginzburg, A. S. Teplofizicheskie harakteristiki pishchevyh produktov i materialov [Text] / A. S. Ginzburg, M. A. Gromoyv,
G. I. Krasovskaya, V. S. Ukolov. — Moscow: Pishchevaya promyshlenost’, 1975. — 224 p.

Vargaftik, N. B. Spravochnik po teplofizicheskim svojstvam gazov i zhidkostey [Text] / N. B. Vargaftik. — 2-e izd., pererab. i dop. —
Moscow: Nauka, 1972. — 720 p.

Brazhnikov, A. M. Teoriya termicheskoy obrabotki myasoproduktov [Text] / A. M. Brazhnikov. — Moscow: Agropromizdat, 1987. —
270 p.



