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Abstract

The dependences of the electrical conductivity of the methanesulfonate copper plating electrolyte on the
concentrations of acid and copper methanesulfonate have been established. It has been shown that an electrolyte
with a composition of 0.6 M Cu (CH3SO3)z + 0.6 M CH3SOsH is characterized by maximum copper ion concentration
and high electrical conductivity. The study of the morphology of the copper coatings obtained in different
hydrodynamic modes showed that smooth fine-grained deposits, well adhered to the base can be obtained from
stirred methanesulfonate electrolyte in a range of current densities of 1 to 7 A/dmZ2.

High-quality deposits from a quiescent electrolyte are obtained at current densities below 3 A/dmz2. X-ray analysis
of copper coatings deposited from a methanesulfonate electrolyte showed that their structure corresponds to a
face-centred cubic lattice. The deposit crystallite sizes decrease with increasing the current density. The
dependence of the dislocation density on the current density is antibate. Stirring of the electrolyte mitigates the
impact of current density on the parameters of the structure of coating , which changes are significantly reduced. It
has been shown that stirring the electrolyte affects the structurally dependent properties of the copper coatings,
such as internal stress and micro hardness. Along with the diminishing crystallite sizes, an increase in the internal
stress and micro hardness of the coatings is observed. Stirring, along with the expansion of the range of coating
current densities can reduce the internal stress of the ones. This is an important factor for obtaining thick layers of
copper.

Keywords: electrodeposition; methanesulfonate electrolyte; copper; electrical conductivity; physical and mechanical
properties; morphology, structure.

EJIEKTPOOCAZAKEHHA MIAI I3 METAHCYJIb®OHATHOT O EJIEKTPOJIITY
Ipuna B. CkHap, I0pi#i €. CkHap, Onekcangpa O. CaBuyk, Osnekcanap C. backeBuy,
Outer B. Koxypa, Terana B. I'punnena
JIBH3 «YkpaincoKkull Ximiko-mexHo02iyHUll yHieepcumem»
AHoTaIs
BcTaHOBJIEHO 3a/1€2KHOCTi eJIeKTPONPOBiAHOCTI MeTaHCy/Ib(pOHATHOTO eJIeKTPOJIITY MiAHEHHA Bij KOHILeHTpanii
KHMCJI0TH i MeTaHcy/ibdoHaTy Miai. [loka3aHo, 110 eJIEKTPOJIIT 3 MAKCUMAJ/IbHOK KOHIeHTpaLi€lo 10HIB MiAi, Ak
XapaKTepU3y€EThCS BHCOKOKW eJIeKTPONpoBigHicTIO, BianoBigae ckiaaay 0,6 M Cu(CHsSOs)z + 0,6 M CHsSOszH.
JocaigxeHHsa mop¢oiorii MiAHUX NOKPUBIB, AKi 6y/10 0CaJKeHO B Pi3HUX riApoAUHAMiYHUX peKUMaX, NOKa3aJjo,
10 NMpPHU nepeMillyBaHHI MeTaHCY/Ib(OHATHOTO eJIEKTPOJIITY MOKHA OTPMMATH TIJIajAeHbKi, ApiGHOKpHCTaIiYHI
ocaAu AoGpe 34yelnJieHi 3 OCHOBOIO B Aiama3oHi ryctuH crpymy 1-7 A/am2. Be3 mepemimyBaHHA fAKicHI ocaau
OTPUMaHO NpPHU TYCTHHI cTpymy HMxk4Ye 3 A/aM2. PeHTreHiBCbKMH aHaJji3 MiJHUX NOKPHUBIB, OCaJKeHHUX i3
MeTaHCY/Ib(pOHATHOTO eJIeKTPOJIITy, MOKa3as, 0 iX CTPYKTypa BiANOBiga€ rpaHeneHTPOBaHii KyGidHiil rpaTui.
Po3Mip KpucTaaiTiB 0cafiB 3MeHIIY€ETHCS NPHU 361/1bIIeHHI TYCTUHU CTPyMY. 3a/Ie)KHiCTh T'YCTUHHU AUCIOKaLii Bif,
TYCTUHU CTpyMy aHTHOaTHA. IlepemilmiyBaHHSI eJIeKTPOJIITY 3rJaJ Ky€ BIUIMB F'YyCTUHH CTPyMy Ha IapaMeTpH
CTPYKTYPH NOKPUBIB, 3MiHU IKMX 3HAYHO 3MeHIIYI0ThCA. [lokasaHo, 1110 nepeMillyBaHHA eJIeKTPOJIITY BIVIMBA€ HA
CTPYKTYPHO-3aJI€KHi BJIaCTUBOCTI MiJHUX IOKPHUBIB, TaKi K BHYTpIilllHi Hanpy>KeHHd i MikpoTBepaicTb. Pasom 3
NOAPiGHEHHSM KPHUCTaJdITiB BiAGYBa€TbCA MiJBMINEHHS BHYTPIIIHiX Hampy:XeHb i MiKpOTBepAOCTi MOKpHUBIB.
BuKOpuUCTaHHA NepeMilllyBaHH#, NOPsAJ 3 PO3IIMPEHHAM AianasoHy TIYCTHMH CTPYMy OCaJ)KeHHA IIOKPHBIB,
JA03BOJISI€ 3HU3UTH iX BHYTPilIHi Hanpy:xeHHs. lle BaximBuii ¢pakTop Npy 0TpUMaHHI TOBCTUX LIAPiB Miji.
Kaiouosi caosa: eneKTpooca/pKeHHs; MeTaHCYJbPOHATHHUH eJIeKTPOJIIT; MiJb; eleKTponpoBifgHicTh; ¢isnko-mMexaHiuHi
BJIACTUBOCTI; MopdoJIorisi; CTpyKTypa
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IJIEKTPOOCAXKAEHUE MEJIU U3 METAHCY/Ib®OHATHOTI'O 3JIEKTPOJIUTA
Wpuna B. CkHap, IOpuii E. Cknap, Anekcanjipa A. CaBuyk, Anekcanp C. backeBuy,

Ouxner B. Koxypa, TaTesna B. 'pugneBa
I'BY3 «YkpauHckuii 20cydapcmeeHHblll XUMUKO-MexXHOo102u4ecKull yHugepcumemn»

AHHoTalus
YcTraHoBJ/1EHBI 3aBUCUMOCTH JJIEKTPONPOBOAHOCTH METaHCYJIb(l)OHaTHOI‘O JJIEKTPOJIUTA MeaHEeHUusA oT
KOHIEHTpAanuu KHCJIOThI )5 ¢ METaH(:yJ'Ib(l)OHaTa Meau. Hoxasaﬂo, qToO JJIEKTPOJIUT MAaKCHUMaAJIBHO

KOHLIEHTPUPOBAHHBIA 10 MOHAM MeJH, XapaKTepH3YyWIIHICcA BbICOKOH 3J1€KTPONPOBOJHOCTBIO, COOTBETCTBYET
coctaBy 0.6 M Cu(CH3S03)z + 0.6 M CH3SO3H. UcciesoBanne Mop¢oI0ruu MeAHbIX NOKPBITUM, MOJy4YeHHBIX B
Pa3HbIX THAPOJUHAMHYECKHX PeKUMaX, I0Ka3aJI0, YTO NPU NepeMellIMBaHNU MeTaHCY/1bPOHATHOIO 3JIEKTPOJIUTA
MO>KHO MOJIYYUTh IJIaJIKMe MEeJKOKPHCTa/UIMYeCKHe O0CaJKH, XOpOLIo CUelVIEHHble C OCHOBOI B JHamna3oHe
IJIOTHOCTEeH ToKa 1-7 A/amM2. KauecTBeHHbIE 0CaJiKU U3 NOKOSIIErocs 3/J1€KTPOIUTA NOIYy4YalTCs MPU MIOTHOCTH
ToKa HmkKe 3 A/aM2. PeHTreHOBCKHUII aHa/M3 MeJHBIX MNOKPBITUH, OCAXKAEHHBIX U3 MeTaHCY/J1bPOHATHOTO
3JIEKTPOJINTA, MIOKa3aJl, YTO UX CTPYKTypa COOTBETCTBYET rpaHEelleHTPUPOBAHHON KyGU4YecKoii pemeTke. Pazmep
KPHUCTA/UIUTOB OCa/IKOB CHIKAETCS IMPHU yBeJIUMYEHHH IVIOTHOCTU TOKA. 3aBUCHUMOCTD IJIOTHOCTU JUC/IOKALMi OT
IVIOTHOCTH TOKAa aHTHG6aTHas. [lepeMelmnBaHUE 3JIEKTPOJIMTA CIJIQXKUBAET BJIMSAHME IUIOTHOCTH TOKa Ha
nmapaMeTpbl CTPYKTYpPbl NOKPBITUI, HW3MeHEHUSA KOTOPbIX 3HAYUTEJbHO YyMeHbmawTcs. Iloka3aHo, 4TO
nepeMellMBaHue 3JIeKTPOJIUTA BJUAET Ha CTPYKTYPHO-3aBHCHUMble CBOMCTBa MeAHBIX NOKPBITUI BHYTpPeHHHeE
HaNps»KeHUus U MUKPOTBepAOCTb. BMecTe ¢ u3MebueHHEM KPHCTA/UIUTOB IPOUCXOAMUT NOBbIIIEHUE BHYTPEHHUX
HaNpsKeHUH M MMKPOTBEpJOCTHM NOKPBITHMH. Hcno/ib30BaHue NepeMellMBaHMA, HapAAy C pacliupeHHeM
JAMana3oHa IJIOTHOCTEH TOKa OcaXKJeHUs NOKPBITHH, NMO3BOJIAET CHHU3UTh MX BHYTPeHHHe HamnpsnKeHHA. JTO

BaXKHbIN (l)aKTOp MpH NOoJIy4€eHHUH TOJICTBIX CJIOEB MeAH.

Karoueswle caosa: 3JIEKTpOOCaXKaeHune,; MeTaHCyJ'lb(bOHaTHbll‘/ll 3JIEKTPOJIMT, MeJb; 3JIEKTPOIIPOBOAHOCTD; (bI/ISI/IKO-
MexaHH4YeCKHe CBOHCTBA; MOpPOJIOTHS; CTPYKTYpa.
Introduction electrolyte used in electroforming and

Obtaining electrolytic copper deposits is one
of the most demanded branches of electroplating
industry, both in terms of quantity and quality.
The main features of copper coatings are
ductility, low stress and good adherence to the
base or other coatings. Due to this, they are used
as a sublayer for the deposition of other metals
[1] and as a material for electroforming [2]. In the
printing industry, copper coatings are applied to
printing rollers. Due to its high electrical
conductivity and solderability, copper serves as
the main current-carrying layer in the
manufacture of printed circuit boards [3], where
more than 90% of the produced electrolytic
copper foil is wused. In addition, the
electrodeposited copper foil is used as a negative
electrode collector in lithium-ion batteries [4].

Depending on the field of application, copper
coatings must have certain mechanical and
physico-chemical properties. The desired
properties are imparted to the coatings by varying
the electrolyte composition and electrolysis
parameters [5-8]. In particular, copper coatings
obtained by electroforming and hydro
electrometallurgical processing should be
homogenous and free from dispersed or dendritic
formations on the surface [9]. At the same time,
these coatings have a considerable thickness; to
reduce the time of their growth, the deposition
current density should be increased. The latter,
however, is limited by permissible concentrations
of copper ions in the electrolyte. A traditional

hydrometallurgy is a sulfate electrolyte containing
copper sulfate and sulfuric acid. An increased
concentration of copper ions in this electrolyte is
limited by a rather low solubility of copper sulfate.
Moreover, increased concentration of sulfuric acid
needed for increasing the electrical conductivity
of the electrolyte causes a further decrease in the
copper sulfate solubility. Copper
methanesulfonate electroplating electrolytes are
good substitutes for sulfate electrolytes
[10]. Methanesulfonate electrolytes have several
advantages, such as high solubility of salts, the lack
of sanitary restrictions on the concentration of
methanesulfonate anions in wastewater, high
electrical conductivity. Great prospects for the use
of methanesulfonate electrolytes in modern
electroplating cause researchers to pay more
attention to these systems [11-16].

The kinetics of copper electrodeposition on
glassy carbon from methanesulfonate and sulfate
electrolytes was studied in [17, 18]. It was found
that the overpotential of copper deposition in the
methanesulfonate electrolyte is significantly
lower than that in the sulfate electrolyte. It was
shown in [19] that copper coatings obtained from
the methanesulfonate electrolyte have finer
crystallites in comparison with coatings deposited
from the sulfate electrolyte. It was found that the
use of gelatine as an organic additive to copper
methanesulfonate electroplating  electrolyte
provides the deposition of glossy copper coatings.
Therefore, copper methanesulfonate
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electroplating electrolytes enhance the prospects
for hydrometallurgical copper production and the
technology of applying copper coatings. The
solubility of copper methanesulfonate in water is
one and a half times higher that of copper sulfate
[20], which allows to use the more concentrated
solution and, consequently, to increase the current
density of copper deposition. An important fact is
that the lead and tin methanesulfonate have high
solubility [20]. This allows to wuse the
methanesulfonate electrolytes to produce copper
by the processing of electrical scrap. Based on the
foregoing, it seems relevant to study the
properties of  copper  methanesulfonate
electroplating electrolytes, as well as copper
coatings obtained from them.

Experimental

Certified reagents of the ‘purissimum’ grade
were used in the study: methanesulfonic acid
(70%) and copper methanesulfonate (36%)
manufactured by BASF. To measure the electrical
conductivity of the electrolytes, a digital E 7-8
L.C.R. meter was used. The volume of the cell was
100 ml; the volume of the solution - 30 ml; the
area of the platinum electrode - 1 cmz2.

The electrodeposition of copper coatings was
carried out at a temperature of 293 K in a two-
electrode cell. A BVP Electronics rectifier was used
as a direct current source. The cathode material
was made of 6 cm? copper foil. A 500 um thick
copper plate with an area of 12 cm? served as the
anode. The working current densities were,
A/dmz2: 1, 2, 3,5 and 7.Prior to the electrolysis, the
cathode was prepared as follows: a 2x3 cm copper
plate was degreased with soda and washed with
distilled water. After that, the plate was activated
for a minute in acid solution of the following
composition: 2 mol/L of H2SO4, 0.5 mol/L of HNOs.
The sample was rinsed with distilled water.

The internal stress of 25 pum copper coatings
was determined by the flexible cathode method,
which is based on measuring the cathode
deformation during the applying of the coating.
The cathode surface was insulated on the one side
with a duct tape so that during the electrolysis an
electrodeposited coating was applied to the one
side of the sample. The copper foil bends under the
action of internal stress arising in the deposit. The
bend deflection was determined by comparing the
projections of the sample before and after
electrolysis.

The equation for calculating the internal stress
o (MPa) has the form [13]:

o= Ekdk(dk + doc)' Z

31%d o

(1)

where E are the modulus of elasticity of the
cathode plate material, MPa;

dx — cathode thickness, m;

d,c — thickness of the copper deposit, m;

I - length of the working part of the cathode, m;

z - the cathode edge deviation after electrolysis
compared to the initial position, m.

The Vickers microhardness of the copper
coatings was measured using a PMT-3 device, at a
coating thickness of 25 pum. The microhardness
was measured using a regular tetrahedral
diamond pyramid as an indenter with an apex
angle of 136 °. The pyramid was smoothly
squeezed into the sample at aload of P =50 g. The
microhardness was determined by the formula

[12]:
1854-P

H= 1854-P ?2 (2)

where [ is diagonal length of the indentation of
a diamond pyramid, microns.

Surface morphology was studied using a
Supereyes B008 optical microscope.

The structure of copper coatings was
investigated by XRD using a DRON-3
diffractometer. The crystallite sizes were
calculated according to the Scherrer formula [21]:

L=k-)1/(B-cos9) (3)

where A is the wavelength;  is the line
broadening of the copper sample; k is an empirical
constant that is approximately equal to unity; 0 is
the diffraction angle.

The density of dislocations was calculated
using the equation [21]:

D=A-p’ 4)

where A is a coefficient that depends on the
elastic properties of the material. In the case of
metals with a crystal lattice of cubic type, A = 2 -
1016 cm=.

Results and discussion

Study of the Conductivity of the Electrolytes. One
of the key features of electrolytes used for the
electrodeposition of metals is their electrical
conductivity. For example, the low conductivity of
copper sulfate solutions requires the addition of
sulfuric acid to the electrolyte. The electrical
conductivity of these electrolytes can be enhanced
by varying their acidity. The same is true for
copper methanesulfonate electroplating
electrolytes.

Fig. 1 shows the dependence of the electrical
conductivity of methanesulfonate and sulfate
electrolytes on the concentration of the copper
salt and acid. An increase in the concentration of
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methanesulfonic acid results in an increase in the

electrical conductivity of the electrolyte. An
increased

concentration of copper
methanesulfonate in the copper plating
electrolyte, on the contrary, decreases the

electrolyte conductivity. The copper salt added to
the electrolyte apparently impedes the charge
transfer by the hydroxonium ion through the relay
mechanism. During the hydration of the ions
formed as a result of salt dissociation, some of the
water molecules are structured around these ions
and do not take part in the transfer of the
hydrogen ion.The conductivity of
methanesulfonate electrolytes is rather high,
although is inferior to the conductivity of sulfate

Q"-cm
=
(o)}

o) Electric conductivitys

electrolytes. The nature of the electrical
conductivity dependence on the concentrations of
the copper salt and acid is similar for
methanesulfonate and sulfate electrolytes. An
increase in the acid concentration is limited by the
limit of copper salt solubility in water at a given
temperature. When the concentration of copper
methanesulfonate is 0.6 mol/L and the content of
methanesulfonic acid is increased to 1 mol/L,
there is reached the solubility limit of the salt, and
it precipitates. Based on the data obtained,
methanesulfonate electrolyte containing Cu
(CH3S03) of the concentration of 0.6 mol/L and

CH3SO3H of 0.6 mol/L was selected for further
studies.

1
=)
(@)}

-1
Q -cm

Electric conductivity,

Fig. 1. Dependence of the electrical conductivity of methanesulfonate (a) and sulfate (b) electrolytes on the acid
and copper salt concentrations

Morphology and Structure of Copper Coatings.

Stirring of the electrolyte during the copper

Electrodeposition of copper coatings was carried
out at current densities of 1 to 7 A/dm? at a
temperature of 20°C in a quiescent and stirred
electrolyte. As can be seen from micrographs (Fig.
2), light and homogeneous copper coatings can be
only deposited from unstirred methanesulfonate
electrolyte at low current densities, not exceeding
3 A/dm2. With a further increase of current
density, dark coarse-grained coatings are
deposited that are poorly adhered to the
substrate. In deposits obtained at a current

density of 7 A/dm? pronounced dendritic
formations are observed.

coating electrodeposition significantly expands
the current density range, in which compact
deposits are formed. The micrographs showed in
Fig. 3 demonstrate that even with an
electrodeposition density of 7 A/dm?, the copper

coatings obtained from a stirred
methanesulfonate electrolyte are light and
homogeneous.

It should be noted that despite a uniform
macroscopic distribution of the current density on
the electrode surface, the local current density at

the coating depressions and protrusions turns out
to be different.
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d

Fig. 2. Micrographs of copper coatings obtained from an unstirred methanesulfonate electrolyte at a current
density, A/dm2:a-1;b-3;c-5;d-7

C

d

Fig. 3. Micrographs of the copper coating surfaces obtained from a stirred methanesulfonate electrolyte at a
current density, A/dm2:a-1;b-3;c-5;d-7

The difference in the conductivity of the
electrolyte and the electrode material leads to the
fact that the electric field is not homogeneous on
the rough surface. Equipotential surfaces deflect
on the boundary, and, accordingly, the field lines
are also deflected. The unevenness of the field
leads to an uneven distribution of current over the
surface. This is of fundamental importance in the
study of the development of surface roughness

during electrodeposition. Near the limiting
current density, the front of the deposit growth
becomes unstable, since any randomly formed
protrusion starts to grow faster than the rest of the
surface and do not disappear. When the current
density of the copper electrodeposition is
approaching the limiting values, the stability of the
deposit growth front is violated; the surface
roughness increases, and dendrites start to grow.
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In this case, the cause of the local increase in
current density is the uneven microdistribution,
which results in a further increase in the local
current density at the microprotrusions evolving
on the rough surface. Under the conditions of the
concentration polarization, the rate of the
roughness growth increases with an increase in
the electrodeposition current density. Stirring of
the electrolyte accelerates the transport of copper
(II) ions to the cathode surface and reduces the
diffusion limitations of the process of their
electroreduction. This positively affects the
conditions of electro crystallization; deposits,
obtained in the range of current densities of 1-7
A/dm? are fine-crystalline and do not exhibit

dendritic growth.
The  structure of  copper  coatings
electrodeposited from methanesulfonate

electrolyte is of face-centred cubic lattice type
with a lattice parameter of 3.6105 A (Fig. 4).
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Fig. 4. X-ray diffraction pattern of the copper coating
obtained from methanesulfonate electrolyte

As can be seen from Fig. 5, an increase in the
current density of the electrodeposition of the
copper coating from methanesulfonate electrolyte
leads to the crystallite fining and increase in the
density of dislocations. Stirring of the
electrodeposition electrolyte has a damping effect
on these parameters. The decrease in the
crystallite sizes and increase in the dislocation
density with increasing the current density is less
significant in this case (Fig. 5).
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Fig. 5. Dependence of the copper coating crystallite size (a) and dislocation density (b) on the current density

Physical and Mechanical Properties. Copper
belongs to the metals with an intermediate
melting temperature and is characterized by low
values of internal tensile stress. During
electrolysis, copper coatings tend to compress,
causing the stretch of the substrate.

Fig. 6 shows the dependences of the internal
stress of copper coatings on the current density of
the deposition from a stirred and unstirred
methanesulfonate electrolyte.

An increase in the current density of the copper
coating electrodeposition leads to an increase in

the values of internal tensile stress. This effect can
be explained as follows. With an increase in the
current density under the conditions of
concentration polarization, the predominant role
is played by the depletion of electrolyte layers
adjacent to the growing faces, because of the ions
participating in the electrochemical process. An
increase in the linear crystallization rate is lower
than the increase in the rate of nucleation of the
centers of crystallization. As a result, the grains
are becoming finer and the total grain surface is
extended. Since internal tensile stress arises as a



Journal of Chemistry and Technologies, 2020, 28(1), 1-9

result of a spontaneous movement of dislocations
in newly formed crystals to the periphery and
their annihilation at grain boundaries, the surface
extension facilitates the exit of most dislocations
to the grain surface. This statement is supported
by changes in crystallite sizes and dislocation
densities, observed during X-ray diffraction
studies of the copper coatings (Fig. 4).

25 1 . ..
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Fig. 6. Dependence of the copper coating internal
stress on the current density of deposition from
methanesulfonate electrolyte

Copper deposits obtained under stirring are
characterized by lower values of internal stress in
comparison with those obtained from an
unstirred electrolyte. They exhibit an almost
threefold decrease in internal tensile stress.
Obviously, this is due to the intensification of the
transport stage of the delivery of discharging ions
to the cathode surface and owing to a decrease in
cathodic polarization.

The microhardness of electrodeposited
coatings is one of the most important parameters
characterizing their mechanical properties. Figure
7 shows the experimental microhardness
dependences on the current density for copper
coatings obtained from a stirred and unstirred
methanesulfonate electrolyte. As can be seen from
the figure, the microhardness of copper coatings,
electrodeposited without stirring the electrolyte
increases slightly with an increase in the current
density.

A similar effect is also observed in deposits
obtained from the stirred electrolyte. However, it
should be noted that an increase in the current
density has a greater effect on the microhardness
of coatings deposited from the quiescent
electrolyte. The microhardness of copper coatings
electrodeposited under stirring is one and a half
times lower than the microhardness of the
deposits obtained without stirring.
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Fig. 7. Dependence of the copper coating
microhardness on the current density of the deposition
from methanesulfonate electrolyte

The microhardness of electrodeposited
coatings is determined by the structure and
morphology of their surface. An increase in the
microhardness of copper deposits with an
increase in the electrodeposition current density
is caused by the evolution of additional lattice
defects and a decrease in the mobility of
dislocations.

Therefore, a change in the conditions of
electrocrystallization  depending on  the
hydrodynamic conditions of the process is the
cause of changes in the physicochemical
properties of the resulting copper coatings.

Conclusions

The study provides a comparative analysis of
the electrical conductivity of methanesulfonate
and sulfate electrolytes of copper plating as a
function of the acid and copper salt concentration.
It has been shown that an increase in the acid
concentrations leads to an increase in electrical
conductivity, while an increase in the
concentration of copper ions leads to a decrease in
electrical conductivity. Ithas been established that
copper methanesulfonate electroplating
electrolytes have high electrical conductivity, the
values of which are slightly inferior to the values
of electrical conductivity of sulfate electrolytes.
Based on the maximum electrical conductivity,
copper methanesulfonate plating electrolyte of
the 0.6 M Cu (CHsSOs). + 0.6 M CH3SOsH
composition has been recommended for use. It has
been found that electrodeposited copper coatings
obtained from the methanesulfonate electrolyte
are compact and homogeneous. Fine-crystalline
coatings, well adhered to the base, were obtained
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in the range of current densities of 1 to 3 A/dm?
from the unstirred electrolyte and 1 to 7 A/dm?2
from the stirred electrolyte. It has been shown that
the deposition of copper coatings from the stirred
electrolyte allows to reduce the internal stress of
a deposit, which is important for obtaining thick
layers of copper during the electroforming. An
increase in the current density of the deposition of
copper coating leads to an increase in the deposit
internal stress and microhardness.
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Abstract

The properties of polymers are substantially determined by their molecular mass and molecular mass distribution.
At the same time, the average molecular mass of the polymers does not characterize them complete enough, partic-
ularly it does not describe the properties of the polymers of special purpose, which are produced for drug delivery
and drug release. In this case the accurate assessment of the properties of polymers is especially needed. The article
deals with the research of the composition of fractions and functional homogeneity of new amphiphilic copolyes-
ters. Fluorescein-containing amphiphilic copolyesters of N-acyl derivatives of glutamic acid and polyether diols,
which form self-stabilized dispersions in aqueous media can be considered as promising multifunctional polymers
and may be used in biomedicine.

The molecular mass fractionation of copolyesters was carried out with the use of dialysis. The obtained polymers
and their fractions were analyzed by exclusion chromatography and functional analysis, the surface tension was
determined.

A detailed molecular mass distribution of copolyesters was obtained byusing the efficient exclusion chromatog-
raphy, as well as due to the rather high mass of the monomers. The content of individual fractions, their functionali-
ty and colloid-chemical properties were quantitatively compared. It was shown that despite the different molecular
mass the individual fractions of a copolyester were homogeneous with identical properties. This allowed us to de-
scribe such copolyesters as the good base for the creation of drug delivery systems and nanodiagnostics.

Keywords: molecular mass distribution; copolyesters; fluorescein; Steglich reaction; drug delivery systems.

OCOBJIUBOCTI MOJIEKYJIAAPHO-MACOBOTI'O PO3MO/IL/IY ®JIYOPECHEIHBMICHUX
KOITOJIIECTEPIB CHHTE30BAHHX 3A PEAKHI€EIO CTETJIIXA

Mapis B. flkoBiB, Cepriii M. BapBapeHnko, Bonoaumup . Camapuk, Hatanisi I. HocoBa,

Haranisa B. @irypka, Osibra B. MakikoBuy, Ipuna A. [lpons, CtaHicias A. BopoHoB
HayioHaavHuil yHigepcumem «/Ivgigcbka nosnimexHika», 8ya. Cm. baxdepu, 12, /lveis, 79013, Ykpaina

AHoTalif

ByiacTuBOCTI MoJliMepiB 3HAYHOI MipOI0 BU3HAYAIOTHCA iX MOJIEKYJ/ISHOI0 Macol0 Ta MOJIEKYJ/IIPHO-MAaCOBMM PO3II0-
Aisiom. Ilpy nboMy cepegHA MoOJIEKy/IsIpHA Maca noJiMepy, 3a3BH4Yail XapaKTepu3ye€ HOro HeJOCTaTHbO NMOBHO,
0C06JIMBO AJIF MoJiMepiB cneniaJbHOTO NPM3HAYEeHHA CTBOPEHMX JAJIS 3aCTOCYBAaHHA Y IKOCTi CUCTeM JOCTaBKH Ta
BHUBi/IbHEHHSI JIiIKapCbKHUX 3aC06iB B OpraHismi A/ IKMX TOYHA OL[iHKA BJIACTUBOCTEH € HEO6XiAHOI0.

B cratTi po3srisaaerbea gocaifkeHHa PppakiiiiHoro ckiagy Ta QyHKIioHaIbHOI OAHOPiAHOCTI HOBUX aM@ipiabHUX
KomnoJiecrepiB. ®ayopecueiHnBMicHi ampidinbHi konosiecrepn N-anuanoxiAHMX rjyTaMiHOBOI KMCJIOTH Ta moJie-
TepAioJiB, yTBOPIOIOYH CaMOCTa6isi3oBaHi gucnepcii y BOJHUX cepeAOBHINAX, MOXKYTh PO3I/ISAAaTHCA SIK NepclekK-
TUBHI 6araToyHKIiiiHi moJiMepH A1 BUKOPUCTaHHS B 6ioMe AUIIUHI.

MeToaoM aiaji3y npoBeJeHo ¢paKiioHyBaHHA KOMoJliecTepiB 3a MOJIeKy/ASpHOI0 Maco. OTpuMaHi noJjiMepu Ta ix
dpakuii oxapakTepu3oBaHO MeTOJaMH €KCKJIK3iiHOI xpoMaTorpadii Ta pyHKIioHA/ILHOTO aHa/Ii3y Ta BU3HAYEH-
HAM [OBEpPXHEBOro HATArY. 3aBAAKH BUKOPHUCTAaHHI0O ePpeKTHUBHOI eKCK/II03iiiHOI XpoMmaTorpadii, a Takox J0BoJIi
BHCOKMX MOJIEKYJISPHUX Mac MOHOMepiB 6y/10 OTPUMAHO JeTa/ibHi MOJIEKY/IAPHO-MacoOBi po3N0AiIU KonoJliecTepiB
i npoBejeHa KijibKicHa NOpPiBHAJIbHA OLLiHKA BMicTy oKpeMuX ¢pakuii ix QyHKIiOHAaIbHOCTI Ta KOJI0IAHO-XIMIYHUX
BjacTuBocTell. [lIoka3aHo, 110 He3BaXKal04YM Ha pi3Hi 3HaYeHHA MOJIEKYJIspPHOI Macu oKpeMi ¢ppakuii y ckiaai kono-
JiecTepiB € 0JHOPiAHUMH 3a CKJIAAO0M i TOTOXKHUMM 32 BJIACTHUBOCTAMM. lle 703B0JIfA€ BBaXKaTU TaKi KomoJiiectepu
NPUJATHUMU K OCHOBH [/l CTBOPEHHSI CICTEM TPAHCNOPTY JIiKiB Ta HAHOJiarHOCTUKHU.

Kniouosi cnosa:MoJIEKyJITPHO-MacOBUH PO3MO/IiJi; KonoJtiecTepH; duyopeciieil; peakiis CTersiixa; CHCTEMH I0CTaBKH JKiB.
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OCOBEHHOCTH MOJIEKYJIAPHO-MACCOBOT'O PACIIPEAEJIEHUA
®JIYOPECHEMHCOAEPKALIUX COITOJINd®UPOBCUHTE3UPOBAHHLIX 110 PEAKIIUU
CTETJIUXA

Mapus B. ikoBus, Cepreit M. BapBapeHnko, Baragumup f. Camapuk, Hatanbs I'. HocoBa, HaTasnbs B.
®urypka, Osbra B. MalikoBud, Upuna A. [lpons, CtanuciaB A. BopoHoB

HayuoHasbHblll yHUsepcumem «/Ib8uscbka noaumexHuka», ya. Cm. baudepwl, 12, J/lvgos, 79013, YkpauHna

AHHoTanuga

CBoiicTBa MO/IMMEpPOB B 3HAYMTE/JbHOH CTelNeHU OMpeAe/AITCA HMX MOJIEKYJSHOH Maccoi M MoOJeKy/JapHO-
MaccoBbIM pacnpepesieHueM. [Ipu 3TOM cpeAHsAA MOJIeKyJ/IsIpHAasA Macca NoJiMMepa, 06bIYHO XapaKTepu3yeT ero He-
JOCTAaTOYHO MOJIHO, 0COGEHHO /JIs1 IOJIMMEPOB CNelHaJlbHOI0 Ha3HAaYeHHs MCI0/Ib30BaHNE KOTOPBIX NpeABUAUTCS
B CHCTeMax JOCTaBKH U BBICBOGOXKJAEHMs JI€KAPCTBEHHBIX CPEJCTB B OpraHu3Me AJis KOTOPBIX TOYHAs OLLEHKA
CBOJICTB fABJIsIETCA HEOGXOAUMBIM ycjI0BUEM. B craThe paccMaTpuBaeTcs uccaeJoBaHus GpaKkIOHHOro COCTaBa u
$yHKIIMOHATBHOI OZHOPOAHOCTU HOBBIX aMUPUIBHBIX conon3dpupoB. PiayopecuenHcogepxkamue ambudpuin-
Hble conoau3upsl N-anuImpou3BOAHBIX IJIyTAMHUHOBOM KHUCJIOThI M MOJIU3TEPJH0I0B, 06pa3ys caMOCTaGUIN30-
BaHHbIE JUCIIEPCUM B BOAHBIX CpeJaX, MOTYT pacCMaTPHUBAThCA KaK NepcleKTUBHbIE MHOTOQYHKIIMOHA/IbHbIE NO-
JIAMePHI A1 UCNI0JIb30BaHUs B GUOMe/JUIIUHE.

Ansa dpaKkUOHMPOBaHMUA CONOJIMI(DHUPOB MO MOJIEKY/JISIPHOH Macce MCNOJIb30Ba/JIM MeToJ Auanu3a. IlosiydyeHHbIe
N0JMMepbl U UX PpPaKI UM 0XapaKTepu30BaHbl METOJaMHM IKCK/II03MOHHOU XpoMaTorpadumy, a Takxke onpeaeaeHue
NOBEPXHOCTHOTO HATsHKeHMA M QYHKIMOHA/ILHOTO aHa/IN3a.

Baaroaaps ucnoJib30BaHUuI0 3P PeKTUBHON IKCKII03UMOHHOM XpoMaTorpadum, a Takke JOBOJBHO BBICOKMX MoJle-
KyJIIPHBIX MacC KOMOHOMEPOB /JI1 CUHTe3a GbLIM MOJIydYeHbl MOJIEKYJ/ISIDHO-MacCOBble pacnpejesieHUsaA CONOJIU-
3¢MpOB M NpoBejeHa KOJIM4eCTBeHHAsA CPAaBHUTE/IbHAA OLleHKa COAepPKaHUA MaKpOMOJIeKyJ OTAeJAbHBIX ppaKnuii,
UX GYHKIMOHAJIBHOCTH U KOJIJIOMJHO-XUMHUYeCKUX CBOUCTB. [loka3aHo, YTO HeCMOTPA HAa pa3Hble 3Ha4YeHUs MoJie-
KyJIAPHOH Macchl, OT/Je/IbHble PpaKIMU B COCTaBe CONOJIMIPHPOB ABIAIOTCA OAHOPOAHBIMH MO COCTaBY M TOXKAe-
CTBEHHBIMHU IO CBO¥cTBaM. ITO M0O3BOJIAET MCNO0/b30BaTh TaKue CONOJIMI(HUPHI B KayecTBe OCHOBBI AJI CO3JAaHMA
CHCTEM TPaHCNOPTa JIeKapCTB ¥ HAHOAMAarHOCTHKHU.

Kuiouesvie cnoea: MOJIEKYJIIPHO-MaccoBoe pacnpejesieHue; conoanadupsl; ¢uyopecuenH; peakuus CTersuxa; CUCTeMbl
JIOCTaBKH JIEKapCTB.

Introduction

Creating drug delivery systems based on
nanoscale particles is an urgent task at the
current stage of the development of chemistry
[1-5]. In addition to biocompatibility and non-
toxicity the polymers for the production of
modern nanocontainers must have certain
properties, the main of which are: i) the presence
of surface activity and ability to self-assemble
into nanoscale particles; ii) the ability to form
stable dispersed systems and operation of the
ones as nanocontainers; iii) the presence of
fragments in the macromolecules that provide
address targeting in the pathological zone
(target) and their traceability in the body [6-9].
Analysis of the studies in the field of drug
delivery systems has shown that the main focus is
on amphiphilic copolymers, which make it
possible to create aggregate-resistant nano- and
micro-sized colloidal systems with specific
properties [10-12]. The inject of lipophilic and
hydrophilic fragments in a certain ratio into their
macrochains enable them to form hierarchies of
self-assembled micellar structures. By changing
the nature of the constitutional units of the
original monomers it is possible to create a spe-
cific chemical structure of macromolecules, to
distribute the functional groups and to form
micellar structures of various morphologies [13;

14]. In the creation of polymeric drug delivery
systems, the molecular mass of the polymer is
important because it greatly affects the formation
of nanoparticles, their stability over time and
their steadiness in different biomedical
environments [15;16]. One of the most
important properties ofa polymer is the
molecular mass distribution of macromolecules.
In some natural polymers, such as in most
globular proteins, the molecules have the same
molecular mass. However, in the case of
modification of natural polymers (e.g, 2-
hydroxyethyl starch, dextran) or synthetic
polymers, the macromolecules with different
molecular mass are present in the final product.It
may have different properties depending on the
method of production. In this case, it may be diffi-
cult to predict the behavior of the polymer-based
drug accurately in the body [17]. We have
obtained a series of amphiphilic copolyesters via
the activated Steglich esterification reaction.
These products are good for the creation of
multifunctional dispersed drug delivery systems.
The purpose of this work is to study the
molecular mass distribution of copolyesters
obtained via copolycondensation of N-derivatives
of glutamic acid, polyoxyetherglycols and
fluorescein and its effect on colloid-chemical
characteristics in aqueous medium.
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Experimental

Average molecular mass, molecular mass
distribution and polydispersity coefficient of
copolyesters were determined by Size-Exclusion
Chromatography (SEC) with the use of a Waters
Corporation chromatograph (USA) with a Waters
2998 refractometer detector and Waters 1515
Isocratic HPLC pump. Tetrahydrofuran was used
as an eluent with a flow rate of 0.1 ml/min. The
standards (polyether diol) with narrow
molecular mass distribution were used for
calibration. The average MM, MM distribution,
content of a fraction and polydispersity
coefficient were obtained using the appropriate
software.Separation of copolyesters by dialysis
was performed using a Spectra/Por 6 Dialysis
Membrane with a capacity of 2.5 kDa (Cole-
Parmer, USA). A container formed from the
membrane was loaded with 20 ml of copolyester
dispersion and placed in a container with 500 ml
of water. The mixture was kept under slight
stirring for 5 days; water was changed twice a
day. The aqueous solution was evaporated with a
rotary evaporator to obtain a low molecular mass
copolyester fraction. The content of the dialysis
bag was evaporated and the main fraction of
copolyester was obtained.

R

m=13; 22 (3“2)
k=10; 16 H;
n=35

Qﬁ

The surface tension was determined by the Du
Nui method. The values of the surface tension and
the critical micelle concentration of copolyesters
were calculated according to the method
represented in [18].

The content of fluorescein in polymers was
determined after their hydrolysis in an alkaline
medium by spectrophotometry (UNICO 1201
spectrophotometer, “United Products & Instru-
ments, Inc.”, USA) [24].

Preparation of fluorescein-containing copoly-
esters by Steglich reaction were conducted
according to the procedure described in [23].

Results and Discussion

Investigations of the production of a copolyes-
ter by the irreversible copolycondensation meth-
od using the Steglich esterification reaction
showed that this method has ample opportunity
to construct copolyester macromolecules of a def-
inite structure and functionality [19-21]. Accord-
ing to the mentioned reaction, we obtained and
characterized a number of polymer products,
which differ by the substituent R- in N-
substituted glutamic acid, mass of polyoxyeth-
ylene diol (PEG 600, 1000) and the content of flu-
orescein. A generalized structure of fluorescein-
containing copolyesters is shown in Fig. 1.

M\/ﬁw/\r_

Fig. 1. Generalized structure of fluorescein-containing copolyester

Lipophilic (N-stearoyl or N-lauroyl glutamic
acids) and hydrophilic polyoxyethylene glycols,
which are combined in a one macromolecule pro-
vide amphiphilic properties of the resulting
copolyesters and are able to reduce surface ten-
sion on the water/air boundary to 35-45 mN/m
and form self-stabilized dispersed media in the
water. Since visualization is one of the key prob-
lems in the study of the efficiency of drug delivery
systems, we injected the fragments of a com-
pound with chromophore groups (fluorescein)
into the structure of copolyester macromolecules.
Investigations of critical micelle concentration
(CMQ), equilibrium distribution of synthesized
macromolecules of copolyesters between aque-
ous and lipophilic phases (Posw), ability to form

self-stabilized dispersions with particles of the
size of 150-300 nm (D) and solubilize water-
insoluble compounds (Table 1), allow to consider
them as perspective foundation for the future
drug delivery system. Due to the fluorescein
fragments they can be tracked in the body, ena-
bling to develope the new diagnostic
nanoinstruments based on them [22; 23]. Synthe-
sis via the Steglich reaction allows to obtain oli-
gomeric products with a polycondensation de-
gree of 3-10. The results of NMR spectroscopy,
photometry and determination of functional
groups indicate the presence of all monomeric
units in the composition of oligomeric macromol-
ecules [24].
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At the same time, it is evident from the data of
exclusion chromatography that the molecular
mass distribution (which is a characteristic for all
investigated polymers of this type) is represented
by several discrete fractions with different mo-
lecular mass (Fig. 2). In this case, the issue of the
homogeneity of their composition and their func-
tionality is of particular interest. The high priori-

ty should be given to the fractions with low mo-
lecular mass (MW= 500 + 2150 Da), the share of
which in the copolyester is low (14 %), but the
extent of the reproduction of polymer properties
is not determined. It is known from the previ-
ousstudies that fractions with molecular mass of
514 and 810.

Table 1
Colloid-chemical characteristics of aqueous dispersions of synthesized copolyesters
Sample Copolyster Fluorescein con- CMC, % D, nm Solubilizationmas, Pojw
number structure tent, % (at C=0.013%) tgeiudan/ g copolyes-
PomF-1 GluLa- 5.2 0.0069 210 2.4 2.85
PEG600-
DPG-F
PomF-2 GluLa- 1.87 0.0094 163 5.87 0.31
PEG1000-
DPG-F
PomF-3 GluSt- 9.69 0.0102 315 1.6 1.52
PEG600-
DPG-F
PomF-4 GluSt- 2.87 0.0128 232 6.0 2.36
PEG1000-
DPG-F

Da are the fragments of a side rearrangement
reaction of the carboxyl group of N-substituted
glutamic acid activated with dicyclohexylcar-
bodiimide [19]. However, it should be noted that
for the considered copolyesters the total content
of the rearrangement fragments is not more than
1% and has no significant effect on colloid-
chemical properties [25]. To separate the low

molecular mass fractions and to study their prop-
erties, it was carried out the fractionation of
copolyesters by dialysis using a membrane with a
capacity of 2.5 kDa. Due to the relatively high
mass of the monomer units and the use of effi-
cient exclusion chromatography, the content of
each fraction of the copolyesters was quantified
(Fig. 2, Table 2).
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Fig. 2. Gel permeation chromatogram of copolyester PomF-2.

Table 2
MM distribution of copolyester PomF-2 before and
after dialysis

Frac- Fractions content of copol-
tion MM yester, %

before di- after dial-

alysis ysis
514* 1.3 1.3
810* 0.9 0.3
2150 11.8 1.2
4505 0.4 0.4
6380 85.6 96.8

Note. * - no separation of the lipophilic low molecular
mass fractions with MW 514 and 810 occurred through the

membrane; they are the result of GluLa carboxyl groups re-
arrangement and apparently continue to be solubilized in
the copolyester dispersion particles [22].

The change in the copolyester fractions con-
tent before and after dialysis is shown in Table 2.
The fraction with MW = 6380 Da was almost 97%
of the resulting copolyester due to the appropri-
ate reduction of the fraction with MW = 2150 Da.

The values of surface tension of copolyesters
solutions and separated fractions determined by
the DuNui method showed exactly the same
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character of surface tension isotherms for the
PomF-2 copolyester fraction with MW = 2150 Da
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Fig. 3. Surface tension isotherms: 1) PomF-2
copolyester fraction with MW = 6380 Da, 2) PomF-2
copolyester fraction with MW = 2150 Da, 3) PomF-3
copolyester fraction with MW = 1795 Da, 4) PomF-3

copolyester fractions with MW = 4150 + 8540 Da.

Previously, it was found that the colloid-
chemical properties of copolyesters of this type
are determined by the molecular mass ratio of
hydrophilic and lipophilic fragments, which is
reflected by the GLB value [26]. The values are
calculated using quantitative composition charac-
teristics of the PomF-2copolyester obtained by
the 1H NMR spectroscopy. For the fraction as a
whole and the fraction separated by dialysis the
values of GLB are 7.7 and 7.9 respectively. It is
obvious that no significant change is observed,
which is also confirmed by the similarity of their
surface tension isotherms. So, the surface-active
properties of such copolyesters slightly depend

on their molecular mass.
Table 3
MM distribution of copolyester PomF-3 before and
after dialysis
Frac- Fraction content of copolymer,
tion MM %
Before dialysis

After dialysis

598* 3.8 4.1
840* 10.5 10.1
1235 0.3 0.3
1795 28.7 7.7
4150 29.8 39.0
7135 9.4 12.4
8540 17.5 26.4

Similar studies were performed for copolyes-
ter based on GluSt and PEG600 (Table 3), which
had significantly higher content of fluorescein.
Fluorescein is less reactive in esterification reac-
tions. So, when using fluorescein in large quanti-
ties (0.16 mol% in the synthesis of polymer
PomF-3 against 0.05 mol% in the case of polymer
PomF-2) a significant increase in the polydisper-

and copolyester, the main fraction of which has
MW = 6380 Da (Fig. 3, curves 1,2).
sity of the obtained copolyester is observed. This
contributes to the increase in the share of the
fractions with smaller MW. In this case, it was
established gravimetrically that 21% of the load-
ed copolyester has passed through the membrane
during dialysis. The SEC method confirmed that
after dialysis the content of the fraction with MW
= 1795 Da in the copolyester has decreased by
four times. The content of fluorescein has also
decreased from 9.69% to 7.88%. It was calculated
that the fraction separated during dialysis con-
tained 17.4% of fluorescein. The obtained data
suggest that the molecular mass of 1795 Da with
the specified fluorescein content and logical se-
quence of copolyester units may correspond with
acceptable accuracy (+ 10%) to the fraction, the
structure of which is represented by the follow-
ing sequence of monomer units F-GluSt-PEG600-
GluSt-DPG. It should be noted that the resulting
fraction contains all monomers that were used in
the initial reaction mixture for the synthesis of
copolyester. However, for the copolyester parts
which were separated by dialysis, there is no dif-
ference in their colloid-chemical properties. Sur-
face tension isotherms for the fractions with MW
of 1795 Da and 4150 + 8540 Da are overlapped
within the determination accuracy (Fig. 3, curves
3,4). Thus we may assert that the individual frac-
tions in the copolyester composition are quite
homogeneous and have the similar properties.

Conclusion

It is shown that the obtained statistical copol-
yesters are characterized by unconventional for
copolyesters molecular mass distribution. Quan-
titative assessment of each fraction of the ob-
tained copolyesters, which was carried out using
the effective exclusion chromatography indicated
that despite the number of the comonomers was
used and their possible unequal reactivity, only a
limited number of fractions with different molec-
ular mass were formed. The separation of copol-
yesters by dialysis made it possible to isolate
some of the fractions, carry out gravimetric anal-
ysis and study their composition and properties.
The analysis showed that the fractions of differ-
ent molecular mass of fluorescein-containing
copolyesters were homogeneous. It was also es-
tablished that the molecular mass is not the fac-
tor that determines the colloid-chemical charac-
teristics of copolyesters in general and their indi-
vidual fractions.
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Abstract

The cationic starch obtained by the simplified method was used and studied as a flocculant of curd cheese whey.
The facilitated one-pot method for synthesizing a cationizing reagent is offered, namely 2-hydroxy-3-
chloropropyltriethylammonium chloride with a yield of 79 %. The composition of the reaction products and
cationizing reagent structure were examined by 1H NMR spectroscopy. Afterwards we had to employ the latter to
cationize corn starch. Thermogravimetric investigations showed that the introduction of the 2-
hydroxypropyltriethylammonium moiety with quaternary nitrogen atom reduced the thermal stability of the
cationic starch compared with starting gelatinization corn starch, which can be interpreted in some decrease in the
orderliness of the macrochains. The synthesized cationic starch with the degree of substitution equal to 0.21 then
was researched as a flocculant for whey clarification. According to factual evidence, flocculation effectiveness
depended upon the cationic starch concentration and the pH level of whey. It was revealed that the optimal
concentration of the flocculant was in the range of 43.7 - 58.0 mg/l. Moreover, the effective flocculation was
monitored at the pH of 3.8, which is intentionally below the isoelectric point of whey proteins. The obtained results
were compared to whey flocculation by the solution of chitosan with deacylation degree equal to 82% in the very
same conditions. It was estimated that chitosan was more effective flocculant due to the greater content of
ammonium groups. The employment of the cationic starch at the whey pH above the protein isoelectric point was
not accompanied by clarification and flocculation.

Keywords: cationizing reagent; 2-hydroxy-3-chloropropyltriethylammonium chloride; thermogravimetry; cationic starch;
flocculation; whey.

KATIOHHUH KPOXMAJIb SIK ®JIOKY/ISTHT
Okcana A. Koctuk, Osibra I'. Bygimescbka, Bonogumup b. Boctpec, 3opana . Hagamkesuy,

CranicnaB A. BopoHos
HayionanawvHuli ynisepcumemem «/Ibgigcbka nosimextika», 8ya. C. baudepu, 12, /Iveis, 79013, Ykpaina

AHoTalif

KaTioHHMii KpoxMaJ/ib, o/ep>KaHUi COPOLEeHNM MeTOAO0M, BUKOPHUCTAHO i AOC/IIAKEeHO AK (PJIOKYJISIHT CUPOBATKH
nicia oAep)KaHHS KHCJAOMOJIOYHOro cupy. KartioHywoumii peareHT 2-riApokcH-3-X/J10ponpomniiTpyueTUIaMOHil
XJIOpU/J, OJeprKaJil OAHOPEaKTOPHUM CHPOLIEHUM MeTOAOM i3 BUXOAOM 79 %. JlocaijKeHO CKJIaj NpPOAYKTiB
peakuii i 6ygoBy kaTioHyodoro peareHty 1H SIMP cnekrpockomiel. KaTioHylouuii peareHT BHKOPHMCTAIM JJs
KaTiOHyBaHHA KYKYpPYA3dHOro Kpoxmasw. TepmorpaBiMeTpUYHi AOCHiJ)KeHHA IOKa3a/d, L0 BBeJEHHA Y
MaKpoOMOJIEKY/JIy KpOXMa/Jal 2-TiAPpOKCHMIPOMiJITPUeTU/IaMOHiifHOro ¢parMeHTy 3 KBaTepHi30BaHUM aTOMOM
HiTpOTreHy 3MeHIIy€ TepMOCTiiKiCTh KaTIOHHOr0o KpOXMaJIlo y NOPiBHAHHI 3 BUXiAHMM KYKypyA3sSHMM KpOxXMajieM
nic/sa Kielcrepusanii, 10 NMOsICHEHO 3MEeHIIEeHHAM BNOPSA/JKOBAHOCTI MaKpoJiaHLIOTiB. CHHTe30BaHUN KaTiOHHMH
KpoxMaJb i3 ctyneHeM 3amimeHHA 0.21 gocaigkeHo AK QJIOKYJIAHT AJIs1 OCBiIT/IEHHA cUpoBaTKU. IlokasaHo, mo
edeKTHUBHICTb (QIOKYyNAALilI 3a7eXUTh Bif KOHLeHTpanii kaTioHHoro kKpoxmamo i pH cupoBaTku. 3HaiigeHo
iHTepBa/1 ONTUMa/JBHUX KOHUeHTpauii ¢aokynanra: 43.7 — 58.0 mr/na. [lokasaHo, mo edpekTBHA QIOKYIALIA
crnocrepirajace npu pH cUpoBaTKM HUMXKYe i30eJIeKTPMYHUX TO4YOK mpoTeiHiB cupoBaTtku — pH 3.8. OpepxkaHi
pe3yJbTaTH NOPiBHIOBAIM 3 (PJIOKYJIALI€I0 CUPOBAaTKM PO34YMHOM XiTO3aHY i3 cTyneHeM JeaueTU/al0BaHHA 82 % B
aHa/JoriyHMx yMmoBax. Bu3HayeHo, w0 XiTo3aH € edeKTHUBHIIIMM (QJIOKYJAHTOM YHACAiJOK GijJbIIOro BMicTy
aMoHiliHuX rpyn. IlokaszaHo, 0 BUKOPUCTAHHSA KaTiOHHOT0 KpoxMaJsi npu pH cupoBaTKu Bulle i30e/IeKTPUYHOL
TOYKU NPOTEIHIB He CyNIPOBOKYEThCSA OCBiT/IEHHAM i QU1oKyA1i€l0.

Knatouosi cnoea: kKaTioHYIOUUH peareHT; 3-XJ10p0-2-TipOKCUNIPONIITPUETUIAMOHIN XJIOpU/JI; TepMOrpaBiMeTpisi; KaTIOHHUHI
KpOXMaJib; JIOKYJISALiS; CUpOBaTKa.
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KATUOHHBI KPAXMAJI KAK ®JIOKYIAHT
OkcaHa A. KocTthbik, Oabra I'. ByaumeBckas, Baagumup b. Boctpec, 3opsina /. HagamkeBuy,
CranucsaB A. BopoHOB

HayuoHaavHblll yHusepcumemem «/Ibguscbka nosumextuka, ya. C. bandepul, 12, /Ivsos, 79013, YkpauHa

AHHoTauga

KaTuoHHbIN KpaxMaJl, No/ly4eHHbIi yIPOIleHHbIM MeTO/0M, HCN0JIb30BaH U UCCIeJ0BaH B KayecTBe QJIOKYIAHTA
TBOPOXXHON ChIBOPOTKU. KaTHOHUpyHOIIUiI peareHT 2-TUAPOKCHU-3-X/JIOPONPONUJITPUITUIAMMOHUN XJIOpHUJ
NOJIY4YH/IM OJHOPEeaKTOPHBIM YIPOLLEHHBIM METO/0M C BbIX0J0M 79 %. Hcciiej0BaH COCTAaB NPOAYKTOB PeaKIMy 1
CTpOEeHME KaTUOHMpywulero peareHta ¢ nomombw 1H SIMP cnekrpockonuu. KaTuoHupymwmuii peareHT
HCN0/Ib30BaJIM AJI1 KATHOHUPOBaHUs KYKypy3HOro Kpaxmajaa. TepmorpaBuMeTpryecKue Mcc/ieJ0BaHUA NOKa3aJ/H,
4TO BBeJeHHMe B MaKpOMOJIEeKyJy KpaxMmaja 2-THJPOKCHNPONUITPUITUIAMMOHHEBOro ¢QparMeHTra
KBAaTEPHU30BAaHHBIM aTOMOM a30Ta yYMeHbIIaeT TEePMOCTOMKOCTh KaTHOHHOrO KpaxMmaja IO CpaBHEHHMIO C
HCXOJAHBIM KYKypPY3HBIM KpaxMaJiOM Hocje KJelCTepu3alyy, YTO 06bACHEHO YMeHbIIEHHEeM YNopsAJ04YeHHOCTH
Makponeneii. CHHTe3MpOBaHHBIM KaTHMOHHBIA KpaxMaJj cO CTeneHbl0 3aMemeHusa 0.21 mcciejoBaH B KadecTBe
dsoKynssHTA A1 OcBeT/IeHHUA ChIBOPOTKH. Iloka3aHo, 4YTO 3¢@PeKTUBHOCTD GIOKYJAANMM 3aBHCUT OT
KOHIleHTpalluM KaTHOHHOro Kpaxmaja M pH ceiBopoTku. HailijieH HMHTepBaJ ONTUMa/JbHBIX KOHIEeHTpaunuii
diaokynsanra: 43.7 — 58.0 mr/ 1. [lokazaHo, 4yTo 3¢pPpexkTrBHaAA PJIOKYIAUA HAGII04a/1ach Npu pH cbIBOPOTKHU HIKe
HU303/IEKTPUYECKOM TOYKM 6eJKOB chIBOPOTKH — PH 3.8. [losiydeHHBbIe pe3y/ibTaThl CPAaBHUBAIU € QJIOKyAALHeER
CBIBOPOTKHM PacTBOPOM XHTO3aHa CO CTeNeHbI0 JeaneTUIupoBaHus 82 % B aHAJIOTUYHBIX yca0BHUAX. [loka3aHo, 4yTO
XUTO3aH ABAAeTcA 3PQPeKTHBHBIM (JIOKYJIAHTOM BCAEACTBHE GOJBIIEro CoAep:KaHUs AMMOHHUIHBIX TpyNIlL
IlokaszaHo, YTO MCHOJIb30BaHHE KAaTHOHHOTO KpaxMaja npu pH ChHIBOPOTKHM BbIlle H303J€KTPHYECKONH TOYKHM
6eJIKOB He CONIPOBOKAAETCA OCBEeT/IEHUEM U (PJIOKy 1N e,

Knroueswie cao8a: KaTUOHUPYIOIIUHI peareHT; 3-XJ10p-2-TUAPOKCUIIPONUATPUETUIAMOHUI XJIOPUJ;
TepMOrpaBUMETPUSs; KATUOHHBIN KpaxMaJl; GJIOKYJISIIUS; CbIBOPOTKA.
Bcryn Kap060JIaHIIOT OB noJiliMepH, BaXKKO

PO3K/IaJalThCA Y NpUpodi. Bigjomo Takox, 110
MOHOMep AM Mae HEWPOTOKCUYHI i
KaHLleporeHHi BJsactuBocTi [6]. Kpim Toro,

[Ipo6sieMa oyHLeHHS IK NOGYTOBUX CTiYHUX
BOJI, TaK i1 CTIYHUX BOJ, NPOMMUCJIOBUX NPOLECIB €
BaOXXJIMBOI €eKoJIoTiyHOoo mpobJieMoro. lllupoko

BioMe BUKOPHUCTaHHS CHUHTETHUYHUX MOJIEKYJISAPHI Macu IJUX MOJiMepiB 3a3BUYal He €
aHIOHAKTUBHUX (GJIOKYJISAHTIB, TAKUX SK MOXiZHI ~ JOCTaTHBO BHUCOKMMH, IO € HEJOJIKOM /i
riipoJ1isoBaHOTo noJiiaKkpuaamizgy (MAM), &aokynanTis. OTKe, BHUKOPDHMCTaHHA TaKHX

KomoJsiiMepu akpuaamigy (AM) i akpuioBoi kuc-
JIOTU ab0 KaTiOHAaKTUBHHUX (QJIOKYJAHTIB, TaKUX
daK katioHoBaHuil I1AM, komosimepu AM 3 Me-
TaKPUJIOKCUETUATPUMETUIAMMOHUKUXJIOPULOM
Tomwo [1]. BaxkyiuBoio 6akaHOIO BJIACTHUBICTIO
KOAaryJisiHTiB 1 mnoJiiMepHUX QJOKYASHTIB €
CIpUSAHHA 3HEBOJHEHHIO AUCIEPCHUX TBEPJUX
pedoBUH, MiKpo6iosoTiuHE KOHMUI[IOHYBaHHS
MyJy, HU3bKe JO03yBaHHA peareHTiB,
arperyBaHHd i yTBOpPeHHS BEJMKHUX arperaris,
BHCOKAa IBUAKICTb CceJuMeHTallii, 30iJbIIeHHSs
Koresil B 0caii, BeJIMKa MOJIEKyJ/IApHa Maca TOLL0
[2; 3].

3 iHmOi CTOpPOHHW, KOJIOILHI 4YacTUHKU Y
CTiYHUX BoJlaX i IaMi 3a3BU4Yall HeraTUMBHO
3aps/KeHi, TOMYy  KaTioHHI  QJIOKYJSHTH
ONTHUMAJNbHO MiAXOAATh JAJs  HeMWTpaJsizaril
3apsagy 1 cnpusTiausi ans ¢uokynsnii. OgHak
CAHTETUYHI KaTiOHHI moJjiMepy, TakKi 4K
kaTioHizoBanut [IAM, komonimepu AM 3
KaTiOHI30BaHUMU MOHOMepaMU aKpuJoli-
OKCHETH/IAUMETUI-6eH3UIaMOHIl XJI0-pU[,
aKpUJIOIJIOKCHEeTU/I-TPUMETUJIAMOHIN XJI0pUJ Ta
MeTaKpUJIOiJ-OKCUETUITPUMETUJIAMOHIN  XJIO-
pun [1; 4; 5] € HememeBUMH, a TAKOX, K yci

CMHTETUYHUX KaTiOHHUX IOJIieJIeKTPOJITIB €
CYMHIBHUM y IIpoLieci OYHUILeHHA NUTHOI BOJH
[7].

BaxxsiMBOIO i BKpall 6a)kKaHOK BJIACTUBICTIO
GIIOKYISAHTIB € HETOKCUYHICTb i
6iomerpagabenbHicts [8]. Le ngo3Boawio 6u
BUKOPUCTOBYBATH JiedKi JUCIIEPCHI TBepAl ocau
y CIJIbCBKOMY TOCHNOJApPCTBI 1 He CIPUYUHATU
BTOPUHHE 3ab6pyAHIOBaHHA NPUPOJHOTO
cepenoBuiia [6; 7]. TakuM 4YMHOM, OJiep:KaHHS
€KOJIOTIYHO 4YHCTUX QJIOKYJISHTIB Ha OCHOBI
IIPUPOSHUX 6ionoJsiiMmepiB 3aJIMIIAEThCH
[epCreKTUBHUM | aKTyaJIbHUM IIUTaHHAM.

OctaHHiM d4YacoM omny6JikoBaHO 6ararto
JOCHi/PKeHb 3 TMOWIYKYy 1 BUKOPUCTAaHHSA
ITOHOBJIIOBAaHUX i 6iomerpagabenbHUX
GMOKYNAHTIB  CTiYHMX  BOJ /IS 3aMiHHU
CUHTETUYHUX MoJIiMepHUX QJIOKYJIAHTIB. K
npyUpo/Hi mosiiMepHi GJIOKYJISAHTH MPONOHYIOTH
noxigHi xiTo3aHy [9], aMiJIONeKTHHY,
KapOOKCHUMETUJ/ILe/NI0JI03Y, TIyapoBoi KaMefj,
KpoxMasito Ta riikoreny [10]. [ 3MeHILIeHHS
BUMUBAHHS TI'PYHTY fIK OCa/DKyrO4di J06aBKH
BOJAY JJis IOJIUBY OYJIM 3alpONOHOBAaHI cycneHsii
i pO34YUHU rnoJiicaxapuzis XiTO3aHy,
KCaHTOTeHaTy KpOXMaJll0 1 IeJoJo3d Ta
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MiKpodiGpUIHN 3 1es0J034 abo TigposizoBaHHOI
nestoso3n [11]. Ak PJOKYJASIHTH AOCIIKYBaAIU
CO€Bi G6iJIKM, CBUHAYMU >KeJAaTUH Ta EKCTPAKT
M'sico-KicTkoBoro 6opomHa [12]. OTxe, cuHTE3 i
BUKOPUCTAHHS  KaTiOHHOTO  GiomoJsiiMepHOro
dyoKyJITHTA HA OCHOBI moJicaxapujiB, 30KpeMa
KpoxMaJito, € epeKTUBHUM i BKpaill OGakaHUM
[13].

Y xapyoBiii NPOMHUCIOBOCTI BUJIy4YE€HHS
6inkoBoi  ¢paknii Ta iHUWIUX pEYOBUH 3
CUPOBAaTKUA MNpPHU OJEepPXKaHHI CHUPY 3JiHCHIOIOTH
pPi3HUMH MeToZaMH: MeMOpaHHOIO ¢iJbTpali€lo
[14], xpoMaTorpapiyHUMH, dIIOKy AL ERO
xiTo3zaHoM [15] To1ro.

Memot mnpeacTaBjieHoi po6GOTH € CHUHTE3
KaTiOHYH4YO0ro peareHTy 2-TigpoKcu-3-
XJIOPONPOMIITPUETUIAMOHIN XJIOpURy
OHOPEaKTOPHUM  CHOCOO60M,  JOC/iZKEeHHS
BIUIUBY  KaTiOHYBaHHS UM peareHToM
KYKYpPYZA35SHOI0 KpOXMaJl0 Ha TepPMOCTiHKICTb
KaTiOHHOTO KpOXMaJiro Ta  JOCJiIKeHHA
O0C3/PKEeHHs KOMIIOHEHTIB CHUPOBAaTKU IMicCjdA
BUpPOOHULITBA KHCJOMOJIOYHOTO CHpPY Ai€l0
OJlep>XKaHOr0  KaTiOHHOTO  KpoOXMaJlo  fK
dyokyIsHTA.

ExcnepuMeHTa/IbHA YaCTUHA

Mamepiaau. Kpoxmanb KykypyassHui (Kp)
(OnTMa) BUKOPUCTOBYBasiM 6e3 J04aTKOBOIO
ouniteHHs. Emnixnoprigpun (EXT) (Aldrich),
xiTo3aH (XiT) (Aldrich) i3 cTynenem
JleaneTu0BaHHA 82 % i MoJIeKyJIAPHOI0 Maco
30100 [la, rekcaseqUJATPUMETHIAMOHIN GpoMiz
(T'TMB)  (Aldrich) BukopucroByBaiu  6e3
JofaTkoBoro ouuileHHs1. Tpuerunamin (TEA)
(Aldrich) BucywmyBanu Hag KOH i neperansiiu.
[3onponinoBuit COUPT (I1C) (Aldrich)
neperansiid. NaOH 8.0 % BogHuii posuyun. HCI
354 % Ta 20.0 % BogHi po3uuHU. CupoBaTKa
nic/isi BUPOOHHUILITBA KUCJIOMOJIOYHOTO CUPY.

Memoduku.  KatioHyrouuit  peareHT  2-
TiIpOKCHU-3-XJIOPONPONIATPUETHIAMOHIN  XJIO-
pus  (AP) ogepxyBaiu  OJAHOPEAKTOPHUM
METO/,0M B3aEMO/IE TPUETUIAMOHIN XJIOpUAY 3
EXI'y npucyTHoCTi Boau i Katasizaropa 'TMb 3a
METO/IUKOI0 [16] (ocHOBHa peakiis
BifiI0yBaeTbca 3a piBHAHHAM (1). ¥ peakTop
3aBaHTaxyBasu TEA (9.826 r, 97.11 mMmoub),
98.26 r H;0 Ta HC1 35.4 % (11.34 1, 110.1 MMo.1B)
npu 20°C i nmepemimyBanu npotsiroMm 30 xBs.
[lotim 3aBanTaxyBasu EXI' (10.807 r, 116.75
MMoJib) Ta KaTtajiizatop 'TMB (2.176 r, 5.97
MMoJb). Cymim TepmocTtatyBaau npu 30 °C,
nepemimyBanHi i pH 8.0—8.5 nmpotsrom 7 rog.
[licsig nbOro NPOBOAUJIM BiATOHKY BOJU 1 JIETKUX
pPEe4YOBHH y BaKyyMi 3a KiMHATHOI TeMIlepaTypHu

[16].

KationHuii kpoxmanb (Kp-AP) opepxyBanu
B3aeMoJii€l0 mpoAyKTy peakuii (1) AP 3
KpoxMasieM y npucyTHocTi NaOH «HamiBcyxum
MeToJIoM» 3a MeToJuKkow [16]. [lo 3akiHueHHI
peakuii cymim He#TpasizyBaau 20.0 % BogHUM
po3unHoM HCl i pmomaBanu IIIC B 06’eMHOMY
CHiBBiAgHOIIEeHH] peakuiiiHoi cymimi i ITIC 1 : 10.
Kp-AP, AKUH BUIIaJaB B ocag,
BiguentpudyropyBasiu  npu 2500 o06/xB
npotsiroMm 15 xBusuH. Ilicas uboro Kp-AP aBiui

ekcrparyBasiu cymimmio IIIC i Boagm (B
o6’eMHOMy  chmiBBigHomenHi 1:1). Ilicsa
KOXXHOTO eKCTparyBaHHS ocaj
BignenTpudyropyBasin [16]. [licia Takoro

ounuieHHsa Kp-AP He MicTHB HenmpopearoBaHUX
peareHTiB Ta HU3bKOMOJIEKYJSPHUX MNOOIYHUX
MPOAYKTIB.

KosioigHuil po34MH XiTO3aHy oOJepXKyBalu
po3unHeHHsaM 1.0 r Xit y 99 ma 0.75 % onToBoi
KACJIOTH 3a KIMHATHOI  TeMmepaTtypu i
NOCTIMHOMY nepemilllyBaHHi. Po3BesenHda
3/iMICHIOBA/IYM JUCTUIBOBAHOIO BOJOI0.

BMmict HiTporeny y Kp-AP BusHavanu
MetonoM K'enbgasns [16].

Ctyninb 3aMmiuenHs (C3) aToMmiB rigporeny y
TiJPOKCUJBHIA Tpymi y JaHLi KpOXMaJsio
dparmMeHTaMHy 3 aMOHIMHOIO TPyNOI0 BU3HAYAIU
AK  BIJIHOLIEHHA  KIJIBKOCTI  KaTiOHYHYHUX
3aMiCHUKIB 0 3arajbHol KiJIbKOCTI
[JIIOKONIPaHO3HUX JIAaHOK B MaKpOMoJIeKyJax 3a
dopmyiioro [16]:

DS — 162 NC6) ’

1400-194 N(%)

e 162 — MoJssipHa Maca JIaHKM KpOXMaJllo;
194 — wMoJsfApHa Maca  3aMicHUKa  2-
TiIpOKCUNIPONI/IEHTPUETUIAMOHINA  XJIOpUAY §
KaTioHoBaHiN JyaHui; N(%) -BigcoTkoBUH BMiCT
HITpOTreHy.

1H AMP cneKTp NpoAyKTiB peakLil yTBOpeHHS
AP oTpumyBanu y felTepouMeTHICYIbGOKCUA]
npu iX KoHeHTpauii 12.5 Mr/mJ 3a J,0n10oMOrom
[IMP cnektpoMmerpa Varian Inova npu 4acToTi
500 MTI'u. Po3YMHHUK MICTUB BHYTPIillHIN
craigapt TMC. Amnaniz 'H fAMP cnekrpis
NpOBOJWJIM 3a MOJEJIOBaHHAM Yy Mporpami
ChemBioDraw Ultra 11.0.1.

TepMorpaBiMeTpU4YHHUU aHa/i3 MPOBOAUIM 3a
npomomorow aepuBatorpada Q-1500 D cucremu
“ITaynik-Tlaynik-Epgeit”. 3pasku aHasiizyBaiu B
JAUHaMiYHOMY pexuMi B aTMmocdepi mHoBiTps.
lIBuakicTh HarpiBanHs JopiBHIOBasa 2.5°C/XB.

[lizroToBKa  3paskiB  JJjid  TepMoOrpasi-
MEeTPUYHOI0 aHaJli3y:

a) 3pa3ok oumieHoro Kp-AP i3 C3 0.172 (BmicT N
1.23 %) BucylIyBa/u 3a KIMHaTHOI TeMIlepaTypH
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Yy BaKyyMi.

6) Kykypyassuuit  kpoxmanb (0.119
0.734 mMosib) 3MimlyBasii 3 JUCTUJIbOBAHOIO
Bomot (7.4 r) i TepmocraryBasu npu 80 °C i
nepeMimyBaHHi npotdaroM 4 roauH. IloTim
KpoxMaJib BUCa/PKyBaJlu IIIC, ocaj
BigueHTpudyropyBanu npu 2500 o06/xB
npotsaroM 15 XBuUJMH 1 [BiYi BHcamKyBaaH
cymimmio IIIC i Bogu (B 06’€eMHOMY
cniBBiiHomeHHi 1 : 1) i BigueHTpupyroByBau.
Bucymysaau npu 20 °C y Bakyymi. OgepyBaaiu
3pa3ok KJjenctepusoBaHoro Kp.

B) Kykypyassuuit kpoxmasnb (0.119 r, 0.734
MMOJIb) 3MillyBajJy 3 JUCTU/IBOBAHOIO BOJOI0
(7.4 r) i 8.0 % BogHuM po3unHOoM NaOH (0.734 r,
1.468 mMmoub) Ta TepMmocTtatyBaau npu 40 °C i
nepeMimyBaHHi npoTaroM 4 rogus. Ilicig uporo
peakuiiiHy cyMmimr  HeWTpanaizyBaau  20.0 %
BogHUM po3unHoM HCl. TloTiMm kpoxmasb
Bucampxkysanau IIIC, ocag BigueHTpUdyrosysaiu
npu 2500 06/xB npotsroM 15 XBWJIMH i ABiui
BUca/pKyBaau cymimio II1C i Bogu (B 06’eMHOMY

Typ6iguMeTpHdHI 10CTiKeHHA QJIOKYIIALIT ¥
CHUpOBATLi 3AiliCHIOBAaJU 3 BUKOPHUCTAHHIM
ceiTopoTomeTrpa UNICO 1201. 5 M cupoBaTKH
BHOCWJIM Y CKJSIHY KIOBeTy o6’'€eMoM 5 Mu i
ToBIMHOWO 0.5 cM, mogaBaiau 0.1 MJ1 BogHOTO
po3uuHy o¢uokyasHTa Kp-AP a6o XiT mneBHOI
KOHLleHTpauil, WBUAKO I[epeMillyBald Ta
HeramHo MPOBOJAWJIM BHMIipIOBaHHA abcopOIlil
npu A 560 HM i Temmneparypi 18 +1°C yepes
MeBHI INPOMDKKMA 4Yacy y TMOpiBHAHHI 3
JUCTUJILOBAHOI BOJIOK Y BiTHOCHUX OJIMHMUIISAX
(B.0.). BynyBasu rpacdiuni 3asexHocTi abcop6iii
Bij yacy a1 KoxkHOI KOHIleHTpallii GJIOKy/IsHTA.

Pe3ysbTaTH Ta 06rOBOpEeHHS

AMiHyrOUH# peareHT AP OJlepXKyBaJIU
OJJHOPEAaKTOPHUM METOJO0M, ONHUCAaHHMM HaMH
panime y [16]. ¥ peakTop 3aBaHTaxyBasin TEA i
Boay i mnpu oxonomkeHHi 35.4 % HCl pgasa
YTBOPEHHS TPUETUJIAMOHIN XJIOpUAY, NicJs 40TO
3aBaHTaxyBagu EXI' 1 kartanizatop ['TMBD.
OcHoBHa peaklis Bif0yBajacb 3 YTBOpPEHHSM

cniBBigHomeHHi 1:1) i BiaumeHTpudyroByBasu. aMiHyH4Y0Io peareHTy 2-rigpokcu-3-
Bucymysanu npu 20°C y Bakyymi. OfiepskyBasii  XJIOPONPONIJITPUETUIaMOHIM XJIOpUAY 3a
3pa3ok rigpoJizoanoro Kp. PiBHAHHAM (D).

CoHs

® CzHs
CoHs—otiti | @+ CHy~CH-CH,CI (CH3)3C1eH3sNBr ®| ©
| \/ 30C CoHs—N—CH,—CH—CH,CI | Cl
CoHs o | |

[lo 3aKiHYeHHI CUHTe3y 3 peaKTopa y BaKyyMi
BiAraHA/NM BOAy 1 JieTKi pedyoBUHH. [IpoaykT
peakuii npefcTaBafgB CcO0O0K NAaCTONOAIOHY
peyoBUHY 6ijsoro Kojabopy. BBakanu, wmo B
0/lepKaHOMY NPOAYKTI OCHOBHOI PEYOBUHOK €

C,Hs OH (1)
AP, a Takox no6iuHi npoAyKTH 1,2-AUTiApOKCH-
3-xsnoponponan (AXI) Ta 2-rigpokcu-1,3-
JUXJIOpOINpONaH (I AXI11), AKi MOTJIU
yTBOpIOBaTUCA 3rigHo 3 piBHAHHAMU (2) i (3)
BiAIOBiAHO.

CH, CH—CH,CI + H,0 —— CH, CH—CH,CI @)
o OH OH

CH, CH——CH,CI + Hal — » CH,CI——CH——CH,CI (3)
o OH

Ananiz 'H AMP cnekTpy npoAyKTiB peakuil
(puc. 1) 3a [omoMoOrow MOJENIOBAaHHA Y
nporpami ChemBioDraw Ultra 11.0.1 po3BoJsiuB
3pOOMTH BHCHOBOK, 110 Yy peakTopi micag
BiATOHKUM  HU3BKOMOJIEKYJSIDHUX  HPOAYKTIB
(Bogu i Hagnmumky HCl) ik oCHOBHMI NpPOJYKT
O0yB mpucyTHiA AP, a TakoX MOGIYHUM MPOAYKT
ATXII. MynbTumnietHu curdas iz 6 1.2 m.u. (3H,
CH3) (A) BizHECEHO 0 METUJIbHUX PpparMeHTiB y
cKJaai AP Ta KaTaJizaTopa ['TMB.
MysibTHUNIETHI CUTHA/IY, 10 HAKJIaAaloThed, i3 §
3.39 m.u. (2H, CH?) (B) Ta 6 3.64 m.u. (2H, CHz) (Z)
BiflTHECEHO A0 MeTuJieHOBUX rpyn y AP Ta y
ATXII. Ymupenui cursan i3 § 4.28 m.u. (1H, CH)

(E) i 6 3.9 m.u. (F) (1H, CH) BigHeceHo fo CH npu
TpeTuHHOMY Kap6oui y AP i AXIl BiznoBigHo.
Curnamu i3 8§ 6.44 mu. (K) i 6 591 mu. (K?)
HaJiexkaTb npotoHaM OH rpyn AP i AT'XII.

Buxin AP oniHooBa/uM K BiJJHOIIIEHHS
interpany curnaany E (OH y AP) mo yacTtku
TpUeTUJaMOHiHOro ¢parMeHTy B iHTerpasi
curHaJsiB A i fopiBHI0BaB 79 % MOJIBH.

Opepxxanui AP BUKkoprcToByBaau Hajasll A
aMiHyBaHHS KYKYpPYZ3sHOrO KpOXMaJlo 3TiZHO
piBHSHB (4) i (5). ¥ piBHaHHI (5) Kp no3HayeHo
ak St-OH. IlpoAykT He ouullyBasd, TOMY L0
JOMILIKKM TO6GIYHMX NPOAYKTIB ampiopi He
BIJIMBAJIM Ha aMiHyBaHHSA TiAPOKCUJBHUX Ipynl
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Ta CTyNeHb 3aMillleHHs riaporeHiB B OH- rpymax y JIaHKax KpPOXMaJIIo.
CaHs CaHs
+ - + -
C'CHz—?H—CHz—T—Csz Cl + NaOH — CHZ\—CH—CHZ—N—Csz Cl + NaCl )
OH CyHs (¢} CoHs
C2Hs CHs
| + - + -
St-OH + CHz\—CH—CHz—N—CzH5 cl —> St—o—CHz—CH—CHz—hll—csz cl (5)
S CaHs OH CzHs
[licns peakuii B3aemofii AP 3 Kp kaTioHHUN  MoJIeKyJISpHUX MNPOAYKTIB poskiaay [17; 18].
KpoxMaJilb O4YMIlaJM 3riflHO 3 HaBegeHow Iliciga 3akiHYeHHs1 [iJISHOK IWIBUJKOI BTpaTH
METOAMKOIO, B pe3yJibTari YOro MacH CIIOCTePIiraEThCs KapOoHi3ais 3paskKis.

HU3bKOMOJIEKYJISIPHI JJOMIIIKK BUAJISIJIUC.
Jis Toro, mo6 OIiHWUTHU BIJIMB BBEJEHUX Y

JIAHKU KpOXMaJIto 2-
TiAPOKCUNIPONiJIEHTPUETUIAMOHIMHUX

¢dparmeHTiB Ha TepMOCTIHKICTb Kp-AP,
MPOBOJUIHN TepMorpaBiMeTpUYHI (TQ)

JocaigxxeHHa 3paskiB Kp-AP. KpuBy TG Kp-AP
nopiBHwoBasii 3 KpuBuMu TG Kp micad
kJsercTepusauii Ta 3 TG rigposizoBanoro Kp.

Ha xpuBux TG ycix 3pa3kiB B iHTepBaJi Bij
20°C pgo 400 °C cnocrepiraJuch TpH [AJISSHKA
(puc. 2). llepma apinsguka Ha kpuBux TG (20°C —
110°C) y Bcix TppoX 3pa3kax MPUOIU3HO
crniBmazae i BiAmoBigae BTpaTi abcop6GoBaHOI
BOJ Y.
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Fig. 1. The 1H NMR spectrum of the product after the
interaction of triethylammonium chloride with
epichlorohydrin.

Puc.1. 'H AMP cneKkTp NpoAyKTiB peakuii B3aemoaii
TpueTWJIaMoHil xsiopuay 3 EXT.

Hpyra OIJIIHKa MOYMHAETHCA npu
TeMnepaTtypi, Buuii 3a 110°C JUITHKA
nocTtifiHoi Macu. lg AinsiHKa 3aKiHYYETbCSA AJs
KO>KHOT'0 3pa3Ka IpH pisHUH TeMmmepaTypi, a il
JIOBXKMHA MOXe CBiJYUTH MpPO TEePMOCTIHKICTb
JOCHipKyBaHUX  3pas3kiB. Tperd  JinsfiHKa
BiZiMOBiflae MakcHMMaJibHIM IIBUAKOCTI BTpPaTH
MacH i 3yMOBJIeHa JeCTPYKLIE MaKpOJIaHLIOTIB
Ta  ¢parmeHTarniero i  poskmagom  a-D-
[JIIOKONIpaHO3HUX  JIAaHOK, a Y  BUNAAKY
KaTiOHHOrO KpOXMaJil0 — JIaHOK 3 aMOHiHHUM
dparmeHTOM 3 YTBOPEHHAM HU3BKO-

50 ~

40 -

30 -

20 -

mass, mg

10 A

0 T )
0 200 400

Temperature, °C

Fig. 2. The thermogravimetric (TG) curves of specimens:
the gelated starch (curve 1), the cationic starch with the
degree of substitution (DS) equal to 0.17 (curve 2) and
the hydrolyzed starch (curve 3).

Puc. 2. TepMmorpasiMeTpU4Hi KpUBi 3pa3KiB: KpoxmMaiio
nicas kneicrepusanii (kpuBa 1), KaTioOHHOT0 KpoxXMaJiio
i3 crynenem 3amimenns C3 0.17 (kpuBa 2) Ta
rizpoJsiizoBaHoro kpoxmaJsiio (Kpugsa 3).

Kpusi TG Ha puc. 2 cBifg4aTh, U0 HaMOiAbII
TEPMOCTINKUM € 3pa30K HerigpoJsizoBaHoro Kp
micasg  KJelcTepusanii, ToOMy w0 AiJMsSHKA
MaKCHMaJIbHO IIBUJKOI BTpaTU MacHu Ha KpUBiH
TG nmoyuHa€eTbCA | 3aKiHUYETHCA NPU HaWBUIINX
Temnepartypax: 253 °C i 310 °C, BiznmosigHo, a
JiNsiHKa cTasol Macu — HaijoBma. Kp-AP MeHIn
TepMocTikui, Hixk Kp micnsa knelcrepu3sauil.
TeMmnepatypu MNo4yaTKy 1 KiHUA  JIJIAHKH
iHTeHcUMBHOI BTpaTu Macu Kp-AP MeHmi, Hix y
Kp (220°C i 277 °C, BignoBigHO), a J0OBXUHa
JUISHKU CTaJIoi Macu TakoXX MeHUa. OyeBHUHO,
1110 KaTiOHyBaHHA KpOXMaJlio py¥HYyE
BIOPSAJKOBaHY KpUCTaJIiuHy CTPYKTYpYy
KpOXMaJilo, a TMpUCYTHIiCTb {JparMeHTy 3
KBaTepHi30BaHHUM HITpOTeHOM 3MeHILYE
MIDKMOJIEKYJIAPHY B3a€EMOJII0 MaKpOJIAaHLIOTIB
Kp-AP (30kpeMa, 3a paxyHOK BO/IHEBHUX 3B’SI3KiB)
I IX BINOPAAKOBAHICTb y NOpiBHAHHI 3 Kp micas
KJIercTepHr3alii, 1110 3HMKY€E TEPMOCTIHKICTB.
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lle ysromkyeTbcad 3  Omy6JiIKOBaHUMH
pe3yJibTaTaMU TepMOTpaBiMeTPUYHUX
JOCJiJKeHb KaTIOHHOT'0 KPOXMaJllo, O4,epP>KaHoro
y  ioHHIH  piguHi [19], xiTo3any 3
KBaTepHi3oBaHUM HiTporeHoMm [20; 21] Ta
KaTioHi3oBaHOI 1estosio3u [22; 23], y sgKux
3po6JieHi  BUCHOBKH, 1[0  TepPMOCTiMKiCTb
noJiicaxapuziB 3MEHIIYETHCA YHaCJIiI0K
3MeHIIEeHHSA KPUCTAMIYHOCTI i BOIOPAAKOBAHOCTI
MaKpOJIAaHLIOTIB 3 KBaTepHi30BaHWMMU aTOMaMU

HITpOreHy.
3 puc. 2 BUAHO, 1110 HallMeHIlI TePMOCTINKHUM €
riiposizoBaHui KpPOXMaJlb. Temnepartypu

[o4YaTKy i KiHUA [LiJIAHKYA IHTEHCUBHOI BTpaTHU
Macu TiApoJii30BaHMM KpoxmajeM HaWHWKYi
(214°C i 272°C BiamoBiAHO), a [AOBXKHUHA
JIJITHKY cTaJsiol Macu HaliMeH11a. OueBUHO, 1110
BIpPOJZOBX Trifgposisy y npucytHocti NaOH npu
80°C BigOyBa€eTbcA 4YaCTKOBa Jerpajaris
JIAHLIOTIB KpoXMaJsitlo i IX oJiiroMepusania —
3MeHIIeHHS JO0BXWHU JIAaHLIOTIB, 110 MOJIETIIYE
po3kJaz i ¢pparmeHTallilo MaKpoJIAHIOTIB i a-D-
[JIIDKOIIPAaHO3HUX JIAHOK.

Jocaidxncenns  @gaokyaayii  y  cuposamyi.
Cunrte3oBanun Kp-AP i3 C3 0.21 Bukopucraiu

O OCa/DKEHHS pedYoBHH CHUPOBATKH, 110
YTBOPIOETHCS nicsd oJiep>KaHHA
KHWCJIOMOJIOYHOTO CUpPY Y  IPOMHUCJIOBOCTI.
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JlocaigmKeHHs ocaJ KeHHs y CUpOBATLi
NPOBOAWIN TypOiUMETPUYHUM METOJO0M 3a
HaBeJleHOI0 MeTojukow npu pH MeHumomy i
Oi/IbIIOMY, HDXK i30€JIEeKTPUYHI TOYKH MPOTEIHIB
cupoBatku: pH 3.8 i pH 7.4, BignosigHo.
Typ6iafuMeTpUYHI [AOCAIIKEHHS CBif4aTh, 110
Bifipasy micsis nomaBaHHs QuokyssHTa Kp-AP y
cupoBaTky 3 pH 3.8 Big6yBaeTbcsa GJoKyaALis i
CIIOCTEPIraeTbCs OCBITJIEHHS MPOTATOM MEepLINX
10 xBUJIMH, Ha 1[0 BKa3y€e 3MeHIlIeHHS abcopoIii.
[licis 1uporo abcopbuis HabyBae Malixke
NOCTIHHOTO 3HAYEHHSI — IJIATO Ha KPUBUX (pHC.
3a).

[IBUAKICTD duokysnii
iHTepnpeToBaHa fK IIBUJAKICTb OCBITJIEHHA
CUpOBAaTKM  ab0  MIBUAKICTb  3MeHIIEeHHS
abcopbuii cBiTia mix aiero  puokynasHTa. 3a
JaHUMHU Typb6igumeTpii (puc. 3a) ojepxanu
3aJIKHICTh LIBUJAKOCTI OCBITJIEHHS CUPOBATKHU
Bif KoHUeHTpanil ¢iokyasanta Kp-AP npotsirom
nepwnx 5 XBUJHH (puc. 36). BcraHoBsieHo, 110
ICHYIOTh ONTUMaJIbHI 3HAuYeHHS KOHLEeHTpalLii

MoXKe oyTH

Kp-AP, npu dKMX WBUIKICTb OCBITJIEHHA
CHUpPOBATKHU MaKCUMaJbHa. Haii6inbuy
LIBUAKICTb  OCBITJIEHHA  CIOCTepiraju IpHU
KOHUeHTpauisx ¢uokynasanTta Kp-AP B Mexax
43.7 — 58.0 Mmr/J.
=
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Fig. 3. Whey clarification Kkinetics at different St-AR flocculant concentrations (a) and clarification rate against St-AR
concentration during 5 minutes initial period. Nitrogen content in St-AR [N] = 1.46%, DS 0.21, the whey pH of 3.8.
The starting whey absorbance without St-AR at the pH of 3.8 equals 1.48 relative units.

Puc. 3. KiHeTuka oCBiT/IeHHAI CMpOBaTKH 3a pisHUX KOHLeHTpaLiil ¢psiokyasHTa Kp-AP (a) Ta 3a/1eXKHicTh
IIBHUAKOCTI OCBiT/IeHHA BiJ KoHUeHTpanii Kp-AP npoTtarom nepmux 5 XxBuiMH (6). Bmict HiTporeny y Kp-AP [N] =
1.46%, C3 0.21, pH cupoBaTtku 3.8. [louaTkoBa a6cop6Lia cupoBaTku 6e3 Kp-AP 3 pH 3.8 gopiBHioe 1.48 B.o.

HasaBHicTb MaKCUMyMy LIBUKOCTI
OCBITJ/IEHHA B inTepBasi HeBeJINKUX
KoHUeHTpaniil Kp-AP MoxHa MOSCHUTHU 3MiHOIO
koHdopMalii MakpoMmoJsieKys MnoJjicaxapuay, a
came, iX «pO3ropTaHHAM» TMpPHU MEHIIUX
KOHLIEHTpaLifx Ta MOJIiNLIEeHHAM YMOB
MIi2KMOJIEKYJISIPHOI B3aeMozii MakpokaTioHiB Kp-
AP 3 MakpoMmoJieKyJlaMd IpOTeiHiB  Ta

KHCJOTaMM CHUPOBAaTKU. Y pe3yabTaTi LbOro
YTBOPHOIOTHCA HEPO3YMHHI KOMIIJIEKCH NPOTEIH
— IoJiicaxapu/, Ta HEPO34YMWHHI C0JIi 3 KUCJIIOTAMHU
CUpOBaTKH, IX IIBHJKA HyKJealis Ta LIBUJKA
BTOpHHHA arperauis [24] (puc. 3a). [Ipu 6inbiux
KoHLeHTpanifsx Kp-AP enektpocrathyna i
JAucnepciiiHa B3aEMOZifA MaKpOMOJIeKYJI
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NpoTeiHy i moJjiicaxapuZly € MeHIIOI yHaCJiJoOK
uiisibHimoi koHdopmariii Kp-AP.

Bigomo, 1mo sk epeKTUBHUNU QJIOKYJAAHT
CTIYHUX BOJI IIMPOKO JocjimKyBaBca XiT [1; 25;

1,6
2 a
=
= 15
]
=
T 14 ——74.3 mg/]
5]
=
5 13 —8—59.4 mg/]
§ ——49.5 mg/l
2 1,2
é —e—37.2 mg/l
=< 11 . . .

0 10 20 30
Time, minutes

26], Xo4a A1 TaKOi METH BiH € JOCUTD JIOPOTUM.
Jlns mopiBHSIHHSA NMPOBeAEHO TypOiuMeTpUuHe
LOCJIPKEHHA OCBITJIEHHA CUPOBAaTKU PO3YMHOM

XiT (puc. 4).
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Fig. 4. Whey clarification Kinetics at different chitosan-based flocculant concentrations (a) and clarification rate
against chitosan concentration during 20 minutes initial period (b). The whey pH of 3.8.
Puc. 4. KiHeTHKa OCBiT/IeHHS1 CHPOBAaTKHM 3a Pi3HUX KOHIleHTpanii ¢ ioKy/IsIHTA XiTO3aHy (a) Ta 3a/1eKHICTh
IIBHUAKOCTI OCBIT/IEHHSI CHPOBATKM Bif KOHIeHTpanii XiT npoTsarom nepmux 20 xBuanH (6). pH cupoBatku 3.8.

3 puc. 4a BuJHO, 10 abcopbuia micasa
JofaBaHHA XiT TIOCTYIIOBO  3MEHIIYETbCA
npotsiroM 20 XBWJIMH. 3HAuyeHHs MOCTilHOI
abcop6uii (maTo) mpu mNeBHIW KoHIEHTparlil
byokynsaHTa  XiT  J0CATAETBCA  NPOTATOM
TpuBajimworo yacy, Hixx Kp-AP, a Takox 3
MEHIIUMU 3HAaYeHHSIMH abcopoOIii, 1o Moxe
OyTH NOSICHEHO OGi/bLIMM BMicTOM aMiHorpymn i
6i/IbILIOI0 I[IJIbHICTIO MO3UTUBHUX 3apsjiiB Yy
MakpokaTioHi Xit. UIBMAKOCTI OCBiTJIEHHA MHiJ
Jiero  XiT 306iJbIIYETbCA NpPU  3MEHIIEHHI
koHneHTpanil Xit mo 37.2 mr/a. [JocaimkeHHSA
Ipd MeHIUIM KOHLeHTpalil He MNPOBOJLUJIM.
OueBuHO, 10 i y BUNaJAKy XiT iCHy€ ONTUMaJbHA
KOHLEHTpallis, 3a KOl IWBHUAKICTb GJIOKyASLii
Ha#bibLa.

[Ipy nopiBHAHHI puc. 3a Ta 4a BUAHO, 110
LIBUKOCTI OCBITJIEHHS y CUpOBaTLi mif Agiero XiT
3a oaHakoBux ymoB (pH 3.8 Ta koHUeHTpauis
doKyISHTA) Ha NOPSAAOK Oinblui, HiX mif Aiero
Kp-AP. lle, 04eBUJHO, 3YMOBJIEHO OiJbIIUM
BMICTOM aMOHiIHHUX rpyn y XiT. /lo aHa/I0TI9YHUX
BUCHOBKIB NPUHILIN aBTOpHU [27], sAKi mokasaiy,

mo edeKTHUBHICTb  OCaJKeHHs  JAucnepcid
KaoJliHy KaTIOHHUMU KpOXMaJIiMU
36isbIyeTbC TpU Ginbluimx 3HaveHHsXx C3 i
JOBXUHU MaKpOMOJIEKYJIUA KaTiOHHUX
KpOXMaJliB.

[lokasaHo, 1m0 e(eKTUBHICTb OCBITJIEHHS
CHUPOBAaTKMA  [Ai€l0  KaTiOHHOr0  KPOXMaJIlo

3asiexxuTh Big pH cepenosumia. [lpyu npoBeseHHi
TypOiauMeTpUYHUX JochailkeHb npu pH 7.4

BCTAHOBJIEHO, L0 OCBITJIEHH CHUpPOBAaTKH He
BiGyBaeThcA (puc. 5).

[louaTkoBa abcopblis CUpPOBAaTKUA TMepes
JomaBaHHAM Kp-AP npu pH 7.4 popiBHioe 1.38
B.0., a npu pH 3.8 — 1.48 B.0. lle Mo>kHa MOSAACHUTHU
3MiHOI0 KOHopMallii mpoTeiHiB CHpPOBAaTKU NMpPH
pH, 6inpbmomy a6o  MeHmoMy 3a @ iX
i30e/IeKTpUYHY TOYKY, Ta 3MiHOMW
€JIEKTPOCTAaTUYHOI B3a€EMOJII NPOTEeIHiB, KUCIOT
Ta IHIIMX CKJ3aJHUKIB CUPOBATKH, L0 3MIHIOE

ONTUYHY TYCTUHY KOJIOI{HOI CUCTEMH
CHUPOBATKH.
BMicT cyxux pedyoBHH Yy [AOCHAiAKyBaHiN

cupoBarui ckaagae 7.25 %. KucinotrHa ckiazoBa
(MoJsioyHa KHCJIOTA, iHIII OpraHiyHi KHCJIOTH,
XJIOpUAHA KHUCJOTA TOLO)  JOCAiAXKyBaHOI
cupoBaTkd ckiaazae 0.0067 r-exkB/Ja, w0
BignoBifae 67°T (pH 3.8). ¥ cknazx mporeiHiB
CUpPHOI CHUpPOBAaTKU BXOJATb B OCHOBHOMY
rJ1I06yJiHM Ta  CUPOBAaTKOBUM  aJbOyMiH.
[30esiekTprUYHa TOYKa O-JaKTOrJo6yJiHiB - pH
4.8, [B-makrorsnobysniHy — 6sau3bka pH 5.3, a
cupoBaTKoBoro ajabbymiHy - pH 5.3 3rigHo 3
[24]. 3 orssay Ha Ue, NpoTeiHU CUPOBATKHU MPHU
pH 7.4 mnepeBaXHO 3HaxOJATbCA Yy BUIJIAAL
MaKpOaHIiOHIB, fKi eJIeKTPOCTaTUYHO MHUTTEBO
B3aEMOJIIOTh 3 MaKpoKaTioHaMU QJIOKYJISHTA
Kp-AP. Ilpy 1pboMy yTBOPHOIOTbCS  CTiMKi
MDKMOJIEKYJIAPHI  MoOJIIMEpHiI  KOMILIEKCH, a
abcopbIiisa cBiT/Ia y CUPOBATIi MUTTEBO 3POCTAE
3 1.38 B.0. A0 6inbLIMX 3HaveHb (puc. 5).
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[IpoTsiroM MeBHOIr0 4acy MyTHICTb 3pocTae, abo
3a/IMIIAE€TbCI  MocTikHOIO.  O4eBHUAHO, WIO
36iJIbIIIEHHS MYTHOCTi cupoBaTku mnpu pH 7.4,
IKUH € OUIBIIUM  i30€JIEKTPUYHOI  TOYKH
NpOTeiHIB CUPOBATKH, MNpOTArom nepuwux 20

XBUWIMH y npucytHocti Kp-AP 3ymoBieHO
yTBOPEHHAM CTIMKUX MIXKMOJIEKYIIPHUX
koMmiuiekciB  Kp-AP 3 nporeinamu Ta 3

MPUCYTHIMHU KUCJIOTaMU [24].
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Fig. 5. Whey clarification Kkinetics at different St-AR flocculant concentrations. Nitrogen content in St-AR [N] = 1.46%,
DS 0.21, the whey pH of 7.4. The starting whey absorbance without St-AR the pH of 7.4 equals 1.38 relative units.
Puc. 5. KiHeTuka ocBiT/IeHHA cCMpOBaTKHU 3a pi3HUX KOHIleHTpaniii Kp-AP. Bmict HiTporeHy y Kp-AP [N] = 1.46%, C3
0.21, cupoBaTtka 3 pH 7.4. [louaTkoBa a6cop6uisi cupoBaTtku 6e3 Kp-AP 3 pH 7.4 gopiBHioe 1.38 B.o.

BUCHOBKH

Kartionyrounn peareHT 2-rizpokcu-3-
XJIOPONMPOMIITPUETHUIAMOHIN XJIOpUJ, O eprKaar
O/lHOpEeaKTOPHHUM MeTOoJ0M 3 BUXx0A0M 79 % i
BUKOPUCTAH JJIs KaTIOHYBaHHS KYKYpYyZA3sSHOTO
KpOXMaJIto.

TepmorpaBimeTpuUyHi JOCJIiIKEeHHH
MoKasajd, W0 TEPMOCTIHKICTb KaTiOHHOIO
KpPOXMaJIl0 3MEHIUYETbCA Yy TMOpIBHAHHI 3

BUXIJJHUM KYKYpPYA39HUM KpOxMaJjeM Iicjd

KJIeHCTepu3allil, 10 TMOSCHEHO 3MEHIIEHHSIM
MI>KMOJIEKYJIAPHUX B3a€EMOJiN i
BIIOPAAKOBAHOCTI MaKpOJIQHLIIOTIB B pe3yJ/bTaTi
BBeJleHHA y MaKpOMOJIEKYTY 2-

TiIpOKCUNIPONINTPUETUIAMOHINHOTO GparMeHTy
3 KBaTepHi30BaHUM aTOMOM HiTpOreHy.
CvHTe30BaHMK KaTIOHHUMHW KpoOXMalb i3
ctyneHeM 3amimeHHs 0.21 pgociigxeHo fK
GJIOKYJNIAHT A/ OCBITJIEHHS CUPOBAaTKHU Mic/asd
BUPOOHHMIITBA KUCJIOMOJIOYHOr0 cupy. [lokasaHo,
10 I[MBMAKICTb OCBITJIEHHS 3a/IeXKUMThb BI[
KOHUeHTpauii kaTtioHHoro kpoxmaiaw i pH
cvpoBaTKU. Haiibinbila mIBUAKICTL OCBIT/EHHS
crocTtepiraeTbcs npu KoHneHTpanisx Kp-AP 43.7
— 580 wmr/n i pH cupoBaTku HmIKYe
i30eJIeKTPUYHUX TOYOK NPOTEiHIB CUPOBATKU —
pH 3.8. OpepxaHi pesynbTaTH [JO3BOJISAIOTH
po3r/isg/aTh KaTiOHHUH KpoxMaJb, OJepxKaHUH
CIOpPOLIEHUM MeTOJO0M, fAK MepCHeKTUBHUY,
HeJloporuii, 6iojerpajsabesbHUN, HETOKCUUYHHUU
GJIOKYNAHT JJ151 OCa/P)KeHHSI PeYOBUH CUPOBAaTKHU
mic/is BUPOOHUITBA KHCJIOMOJIOUOTO CHPY |

Mo/IaJIbIIT X JOCJTiKeHb BHUKOPHUCTaHHSA
KaTiOHHOTO KPOXMaJIto IK QPJIOKYJISTHTA.
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Abstract

The influence of Triton X-100 concentration and time of ultrasonic treatment (frequency 44 kHz, intensity 1.5
W/cm?) on the determination of sodium, potassium, calcium and magnesium in whey processed products by atomic
absorption spectroscopy (AAS) was studied. It was shown that the maximum value of the analytical signal is achieved
with a mass fraction of Triton X-100 of 5 % and an ultrasonic treatment time of 15 min. The sensitivity of measure-
ments increases from one and a half to two times. Procedures have been developed for determining the content of
sodium, potassium, calcium and magnesium in whey and products of its processing by AAS and atomic emission spec-
troscopy with inductively coupled plasma (AES-ICP). Validation of the results of determination of magnesium and
calcium by AAS and AES-ICP was carried out by varying the weight of the sample and standard addition method.

Key words: whey; triton X-100; ultrasound; atomic absorption spectroscopy; inductively coupled plasma atomic emission
spectroscopy.

MOHITOPHUHI BMICTY HATPIIO, KAJIIIO, KAJIBIIIIO TA MATHIIO B ITPOAYKTAX
MEPEPOBKU MOJIOYHOI CHPOBATKH

Ouer 1. Opuenkol, Cepriit M. I'y6cbkuii?, TeTsaHa B. YepHoxkyk!, Osnekcanap M. baksiaHoBl,

Osekciii A. KpaBueHkol.
1Xapkiecvkull HayioHabHull yHigepcumem imeni B.H. Kapasina, na. Ceo60du, 4, Xapkis, 61022, Ykpaina
2 Xapkiscokuil OeparcasHuil yHigepcumem xapuyeants ma mopeieni, sya. Kaoukiecvka, 333, Xapkis, 61051, Ykpaina

AHoTaliga

JocaigxeHo BIVIMB KOHNeHTpanii TputoH X-100 Ta yacy 06po6KH yIbTpa3ByKoM (4acroTa 44 KI'n, iIHTEHCHMBHICTh
1.5 Bt/cm?) Ha Bu3HayeHHA HaTtpilo, Kasilo, Kaabniro Ta Marsilo y npoaykrax nepepo6Ky MOJIOYHOI CHPOBAaTKH Me-
TOAO0M aTOMHO-a6cop6uiiHoi cnekTpockomnii (AAC). [lokasaHo, 0 MaKCUMaJIbHe 3Ha4YeHHS aHAaJIiTUYHOr0 CUTHAJIY
AocATa€eTbcs npu MacoBii yactni TputoH X-100 5% Ta yaci 06po6ku yabTpasBykoM 15 xB. UyT/IMBicTh BUMipIOBaHb
36i/IbIIyEThCA Bij NmiBTOpa A0 ABOX pasiB. Po3po6/ieHi MeToAUKYN BM3HaYeHHA BMicTy Hatpil, Kasilo, Kaabniro Ta
Marsil B cupoBarTii Ta npojykTax ii nepepo6ku Mmetoaamu AAC Ta aTOMHO-eMiciiiHoi cnieKTpockomii 3 iHAYKTUBHO-
3B’s13aHOI0 I1a3Molo (AEC-I3II). [lepeBipKy npaBU/IbHOCTI pe3y/bTaTiB BU3HaYeHHs MarHiw Ta Kasbnino meToaamu
AAC Ta AEC-I3I1 npoBeseHO MeTO4aMM BapiloBaHHA MacHl HaBaXKKU Ta J06aBOK.

Karouosi caoea: MosiouHa cupoBaTka; TpUTOH X-100; yabTpa3ByK; aTOMHO-abcop6LiiiHa ClIEKTPOCKOMNis; aTOMHO-eMiciliHa
CNEKTPOCKOMIA 3 iHAYKTUBHO-3B’s13aHO0 IJIa3MOI0
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MOHUTOPUHI COAEPKAHUA HATPH A, KAJIUA, KAJIBLIUA U MATHUA B TIPOAYKTAX
MEPEPABOTKH MOJIOYHOM CbIBOPOTKH
Ouster Y. Opuenkol, Cepreit M. I'y6ckuii?, TatbsHa B. YepHoxyk!, Anekcanzap H. bakianosl,

Anexkceit A. KpaBueHkol.
1Xapuvkoseckull HayuoHabHbLl yHugepcumem umenu B.H. KapasuHa, na. Ceo600ul, 4, Xapvkos, 61022, YkpauHa
2XapvkoscKutl 20cyO0apcmeeHtblll yHugeepcumem numanusi u mopeosiu, ya. Kaoukoeckas, 333, Xapvkos, 61051, YkpauHa

AHHoTalus

HccnenoBaHo BausiHue KoOHIeHTpauuu TputoHa X-100 u BpeMeHU 06paGoOTKU yIbTpa3ByKoM (yactoTta 44 kI'n, uH-
TeHCUBHOCTbH 1,5 BT/cM2) Ha onpeAeieHne HATPUS, KaIuA, KaJIbIMA U MarHusA B IPOAYKTaXx epepaGo0TKHA MOJIOYHOH
CBIBOPOTKH METO/0M aTOMHO0-a6copoOHHOM cneKTpockonuu (AAC). [Toka3aHo, YTO MaKCMMaJ/IbHOE 3Ha4YeHHUe aHa-
JIMTUYECKOr0 CUTHajIa AOCTUraeTcs Npu MaccoBoi Aosie TputoHa X-100 5% u BpeMeHHM 06paGOTKH yJIbTPa3BYKOM
15 MuH. YyBCTBUTEIbHOCTh U3MEPEHUI yBeJIUYNBAETCA OT NOJIyTOpa A0 ABYX pas. Pazpa6oTaHbl METOAUKU oNpeAe-
JIeHUA COAepKaHUA HAaTpH, Ka/Ius, KaJbIUs U MarHus B CbIBOPOTKe U IPOAYKTaXx ee nepepa6boTku Metogamu AAC u
ATOMHO-3MHCCUOHHOM CIEKTPOCKONNH C UHAYKTUBHO-CBsI3aHHOH m1azmoi (A3C-UCII). [IpoBepka npaBUJILHOCTH pe-
3yJIbTATOB oNpeAes/ieHus Maruua U Kaabuusa Metogamu AAC u A3C-UCII npoBejeHa MeTOAaMHU BapbHUPOBAaHUA MACChI
HaBeCKH M A00aBOK.

Katouesvie caoea: mono4yHasi cbiBOpoTKa; TputoH X-100; y/ibTpas3ByK; aTOMHO-a6COpOLMOHHAs CIEKTPOCKOMNHS; aTOMHO-

9MHCCUOHHAA CIEKTPOCKONHUA C HHAyKTHBHO-CBHBaHHOﬁ MJ1a3MOM.

Bcryn

[Ipu nepepob1i MoJi0Ka B mpoleci BUPOOHUIL-
TBa TBePAUX CUPIB, CUPIB Ta Ka3eiHy B AKOCTi 10~
6i4HOro MPOAYKTY YTBOPHETHCS MOJIOUHA CUPO-
BaTKa. [lepepo6ka ii B OkpeMi KOMIIOHEHTH € BaX-
JINBOI0 NpO06JIEMOI0 CY4acCHOTO CTaHy HAyKH |
TEXHOJIOTII MOJIOYHUX NPOAYKTIB Ta 03BOJISE BU-
pilyBaTH psj npobJem [1-4]. CupoBaTKa BHUKO-
PHUCTOBYETHCA NPU BUPOOHULTBI Oi/IKOBHUX KOH-
ueHTpartiB [5].

3rigHo 3 JiTepaTypHUMH JAaHMMH, CUpPOBaTKa
Ma€ TepaneBTUYHUU moTeHLiana [6; 7], € eHepre-
TUYHO LIHHMUM Ta 36arayeHMM Ha KOPMCHI cIo-
JIYKM MOJIOYHUM NpoAyKToM [8; 9], B skoMy Mic-
TUTbCS 6/11M3bK0 50 % cyxux pedoBUH MOJIOKA i 710
200 pisHux peyoBuH. CepeJ OCTaHHIX CJIiJ Bii3Ha-
YUTU 6i/IKK, MiHEpasbHi coJi, TaKTO3y, a TaK0oXK
BiTaminy, depMeHTH, opraHiuHi kucaoTu. [lopsaz
3 MOKMWBHOIO LIHHICTIO, MOJIOYHA CUPOBATKa Ta
NpOAYKTH ii Nepepo6KU MalOTh AIETUYHE Ta JIKY-
BaJIbHe 3HaYeHHH.

Y TenepiimHii yac y 3B’s13Ky 3 LIKPOKKUM PO3IIO0-
BCIO/DKEHHSIM MeMOpaHHUX MeToJiB (yabTpadi-
JIbTpallisi, 3BOPOTHUH OCMOC, eJIeKTpo/jiai3)
3’IBUJIACA MOXKJIUBICTB Gi/bII rJIMO60KOI nepepo-
OKU MOJIOYHOI CUPOBATKU 3 OTPUMAHHSIM CYXHUX
KOHLIEHTPATIB, 10 AKUX BiJHOCUTLCA CyxXa MOJIO-
YHa CHpOBaTKa JeMiHepanizoBaHa (CMC/I). Mem-
O6paHHi mpouecu 3acHOBaHi Ha ¢pakiioHyBaHHI
6araTOKOMIIOHEHTHOT0 CyOCcTpaTy (B HAIOMY BU-
NaJIKy — CUpOBAaTKH) 3a ,0NIOMOrol0 MeM6paH pis-
HOI MOPUCTOCTI, 1110 326€3MeUy0Th NOAiJ1 CUCTEMU
Ha ¢pakuii «KkoHLeHTpaT» Ta «inbTpaT» Bigmo-
BiZIHO 10 pO3MipiB MOJIEKYJ1 KOMIIOHeHTiB. Hanis-
MPOHUKHI MeMOpaHU pi3HOI MOPUCTOCTI MpH
[[bOMY BHUCTYNAlOTb y PpOJi «MOJIEKYJAPHOIO
cuta» [10; 11]. [Ipu yabTpadinpTpauii Mmem6paHa

3aTPUMYE JIMlIe BUCOKOMOJIEKYISAPHI CIOJAYKU Ta
nponyckae 3 GiJbTpOM pevyoBHHH, 10 YTBOPIO-
I0Th «iCTUHHUW» po34uH. Tak, npu yjabTpadinpt-
pauii MoJIOYHOI CUPOBATKU 3aTPUMYEThCS (KOH-
LeHTPYEThCA) 610K, a y ¢pinbTpaT (?) monagawTb
coJii i JakTo3a. Y pisbTpaT nepexoquTh 6JHU3bKO
30 % kasbuio, 90 % kasiro Ta HaTpito, 70 % mar-
Hit, 80 % xsopy Ta 50 % ¢pocdopy, ki MicTuaMCH
B [OYATKOBi¥ cupoBaTii. BMicT BiTamiHiB B KOH-
LeHTpaTi Takuil caMuii, siK i B BUXiZHIN cUpoBa-
Tii. HeobxigHui TUCK [Jis 3/iHCHEHHS TIpolecy
yapTpadinbrpanii (3a NpUHLUIOM 3BOPOTHOIO
ocMocy) 3HaxoJguTbcs Ha piBHi 0.1 - 1 MIla
(1-10arm).

Y pesyabTtaTi yabTpadinbTpanii OTpUMYIOTh
6i/1KOBUY KOHIIEHTPAT (peareHT), 1[0 MiCTUTb BU-
COKOMOJIEKYJISIPHI COJIYKU MOJIOYHOI CHPOBAaTKHU
(i, BimmoBiiHO HOro KOHIEHTpAaIlil, KOMIIOHEHTH)
i inpTpaT (mepmeat) - po3UMH JIAKTO3H, MiHepa-
JIbHUX COJIEW Ta IHIIMX HU3bKOMOJEKYJISAPHUX
CIOJIYK, aHaJIOTiYHUH 3a CKJI3JlOM MOJIOYHIN cu-
poBatui [11].

TexHosoriuHMM po1ec BUpo6HuITBa CMC/] €
b6araToeTanHHWM, 3 TMOCTYNOBUM 3MEHLIEHHSIM
KOHILIeHTpalil MiHepaJbHUX PEYOBHH 10 HEOOXi/I-
HOT'O PiBH, 0 BU3HAYAETHCA TEXHIYHUMHU YMO-
BaMU BUpPOGHULTBA. BesnuuHa miHepanizanil €
BaXJIUBUM (aKTOpPOM Ha CTaJlii CyIIKH, SKUU
BIJINBAE Ha CTaH BaKyyM-BUIAPHOTO i CyLIWJIb-
HOro o6siafiHaHHA. 3 iHLIIOro 60Ky, eQEeKTUBHICTD
no/iijly 6araTOKOMIOHEHTHOI CUCTEMHU, SIKOHO €
MOJIOYHA CUPOBATKa, Ha CKJIa/|0Bi, BUMarae pos-
pOOKHM Ta 3aTBEpP/KEHHS METOJHUK KOHTPOJIIO
BMICTy IIMX CKJIaJIOBUX Ha BCiX CTafisIX BUPOOHU-
I[TBA, 1[0 € aKTYaJbHUM MUTAHHAM [IJIs1 IOTPeO
epeKTHBHOTO BUPOOHUIITBA.
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Y gkocTi MeTOAiIB AOCHiIKEHHA BMICTy MiHe-
paJIbHUX KOMIIOHEHTIB MOJIOYHUX NPOAYKTaX J0-
[[iJIbHO BUKOPUCTOBYBATH Pi3HOBU/U aTOMHO-a06-
copo6uiiHoi (AAC) Ta aTomHo-eMiciiiHoi (AEC)
cnektpockomii [12; 13]. EdeKTUBHUM MeTOA0M
iHTeHcHudikalii Mpo6oMmiAroTOBKU AJs1 HACTYII-
Horo Bu3HaueHHs MeTojaMu AAC, AEC Ta iH-
LIMMU METOJAMU € BUKOPUCTAHHSA YJIbTPAa3BYyKO-
BOTO BUIIpOMiHIOBaHHA [14-17]. [lepeBaru gaHux
MeTOZAIB XiMiYHOI'0 aHaJIi3y NOJIATAIThb Y MOXJIU-
BOCTi OJHOYACHOT0 BU3HAYEHHA MaKpO- i Mikpoe-
JIEMEHTIB, €KCIIPeCHOCTI BHMIipHOBaHb, MPOCTOTI
rpasyloBaHHsA, BUCOKIH CTabiJIbHOCTI aHaJiTHY-
HOTO CUTHaJy i BiJHOCHO CJaBKUX MaTPUYHUX
edeKrTax.

Baxk/IMBY poJib TPY BU3HAYEHHI aHAJIITIB B 6a-
raTOKOMIIOHEHTHHUX 3pa3Kax BiAirparThb Cy4acHi
MeTOJMY NMPOo6GOMNiAroTOBKY sl aHaJli3y NMPOAYK-
TiB XapuyBaHH# [15; 18]. /lns nigBuULIIeHHS Yy T/IU-
BOCTi BHM3HAyeHHs Ta OiJbLI MOBHOrO MepeBe-
JIeHHS aHaJIiTy 3i 3pa3ka B JIOC/IiXKyBaHy MPo6y
BUKOPUCTOBYIOTh CIIOCI6, 110 mepeabadae aoja-
BaHHSl TMOBEPXHEBO-aKTUBHUX pe4yoBUH ([1AP)
JlJIs1 yTBOpPEHHs HoBoro cepepoBuiia [19]. Ocran-
Hill criocib 3aCTOCOBYETHCS TaKOXK 3 0JJHOYACHOIO
cTabisizalnieo MiKpOOTOYEHHsI aHaJITy 3a JOIOo-
MOTOI0 YJIbTPa3ByKoBOI 06po6ku [20].

MeTa gaHoi po60TH nossiraja B po3pooui Me-
TOAVKU BU3HadyeHHA BMicTy Hartpirw, Kaiirwo, Ka-
JbLil0 Ta MarHito, 010 CTaHOBJIATE OCHOBY MiHe-
paJIbHOI YaCTHHM ¥ BUXiIHOMY, TPOMiXKHUX (peTe-
HTaT, TepMeaT) i KiHlleBOMYy NMPOAYKTaxX Mpolecy
nepepobKd MOJIOYHOI CHpPOBATKU MiACUPHOI B
CMCA. IIpoaykTu nepepobKu CHPOBAaTKHU BUKOPU-
CTOBYIOTb JJI1 IPUTOTYBAaHHS NPOAYKTIB Xap4y-
BaHHA [JIsl BOIHIB 30pOWHUX cUJ YKpaiHU. BoHu
MalOTb BEJUKY €eHepreTU4Hy €MHICTb. Pawnime
TaKi KOMIIJIEKCHI JOCJi)KeHHA NPOAYKTIB mepe-
pPOOKH CUPOBAaTKU Ha BMICT JIy>KHUX Ta JIy>KHO3e-
MeJIbHHUX MeTaJliB He IPOBOJANJINCE.

ExcnepuMeHTa/IbHA YaCTUHA

Peaxkmueu ma eukopucmane 061adHaHHA. Y po-
60Ti BUKOPHCTAaHO aTOMHO-abCOpPOLiHUN CIIEKT-
pometp C-115M1 (nosnym’ssHUM BapiaHT), laMnu
3 MOPOKHUCTUM KaTOZ0M, [TOJIYM'sI alleTUJIEH-TI0-
BiTpsi. BUMiproBaHHS NpPOBOAUIN NPU JOBXHUHAX
xBwb: HaTpiit - 589.0 um; Kaniit - 766.5 HM; Ma-
rHil - 422.7 um; Kanbniit - 285.4 uM. Cunia ctpymy
Ha JjiamIi - 7.5 MA, IIMpUHA IIJIMHA MOHOXPOMa-
Topa - 0.1 HM, Hanpyra Ha OEY - 1.1 kB. Takox
BUKOPUCTAHO aTOMHO-eMiCiiHUH CIEKTpOMeTp 3
iHAYKTHUBHO-3B’s13aH0I0 m1asmoto (AEC-13I1) iCAP
6300 IUO: mBUAKICTh NJ1a3MOYyTBOPIOIOYOTO IO-
TOKY AproHny - 12 s1/xB; noTy»HicTb ns1a3mMu 1350
BT; pexxuM cniocTepiraHHs NJ1a3Mu — akCiaJbHUHY,

noTik Aprony y po3nutoBadi — 0.55 J1/xB; mBuI-
KicTb 06epTaHHs Hacocy - 50 06/XB; 4yac iHTerpy-
BaHHsA curHaay - 20 c¢; 5 mapasesbHUX BUMipIO-
BaHb. /|11 rpa/lyloBaHHA BUKOPUCTOBYBAJIH CTaH-
JapTHI 3pa3Ku CKJaAy, BUTOTOBJieHI B di3uKo-
xiMmiuHOMYy iHcTUTyTI iMeHi A.B. Borarcekoro HAH
Ykpainu (M. Ofeca). IHwi peakTuBU 6y KBaJi-
dikanii «x.9». PifKi 3pa3ku MOJIOYHOI CHPOBATKH,
peTeHTaTy Ta llepMeaTy OYJIH BifibpaHi 3 BUPO6-
HUYoOI JiiHii 3 Bunycky CMC/l nigcupHa 3 piBHEM
neMinepadizariii 40 % (AI1 «MinkaeH -Ykpaina»),
1110 € KiHIleBUM IPOJyKTOM NPOLieCy NepepooKHu.

IIpo6onidzomoseka. CHpoBaTKy, pETEHTAT i me-
pMeaT po36aBJsIU 6iAMCTUIBOBAHOK BOJIOI0 B
100, 1000 a6o 10000 pasiB (B 3aJiekHOCTi BiJ
TOro, IKUH eJleMeHT BH3Ha4yaau). HaBaxky cyxoil
pPEYOBUHU PO3YHHSIN B MipHil K061 MicTKicTIO
100 cms3.

Posuynnu Hatpirw, Kauito, Kanbiito Ta Marsiro
JUIs OOYZ0BY TpajiyloBajbHOTO rpadiky O6y/iu
IPUTOTOBJIEHI LIJIAXOM pPO3BeJEeHHA BUXIJHOIO
pPO34YMHY BiiIOBIJHOTO MeTaJly 3 KOHLIeHTPaLli€l0
0.1r/n.

Po3uuH gJid Bu3HavyeHHA BMicTy Marhioo Ta
KanbLito B MOJIOYHIA CUpOBaTLi 3 BUKOPUCTAH-
HsM TputoH X-100 Ta y/ibTpa3ByKOBOI 06pO6KHU
rOTYBaJIM HACTYIIHUM YUHOM. /l0 HaBaXKKU 3pa3Ky
(m = 0.2056 r) gopaBanu 1 cm3 koHn. HNO3z, 4 cm3
BoAHOr0 po34uHy TputoH X-100 3 MacoBo1 yac-
TKOI0 5 % Ta nepeMillyBasii MarHiTHO0 MimaJ-
kor 30 xB. PO34MH KiJIbKICHO IepeHOCUJIH B Mi-
pHy KoJ16y MicTKicTio 10 cM3, 10BOAWIM [0 IO3HA-
YKHU JJUCTUJIbOBAHOIO BOIOI0 Ta 06p006Jisiin 15 XB
yAbTpa3BykoM. [Ipyu npomy oTpumyBaiu cTabi-
JIbHI Ta OQHOPiZHI pO34YHHY, 1[0 He pO311apOBYyBa-
JIUCS IPOTSATOM 6 [1i6.

Pe3ysibTaTH Ta iXx 06roBOpeHHA

JocaioxcenHs emicmy Kasairo ma Hampiro 6 npo-
dykmax nepepo6ku cupogsamku memodamu AAC ma
AEC-1311. Tlpu BukopuctanHi MetoaiB AAC Ta AEC-
[311 Halibisble 3HaYeHHS Ma€ ePeKTUBHICTb po-
3M0pPOLIEHHS aHa/li30BaHUX 3pasKiB. fKicHe auc-
IepryBaHHs PO34YHMHIB | yTBOPEHHH KpalleJib p0o3-
YUHY fAKOMOTa MEHLIOro po3Mipy [03BOJAKTH
JOBIIe YTPUMYBAaTH B aTOMapHOMY CTaHi BU3Ha-
yyBaHi aHa/1iTU. OJHUM 3 IPOCTHX, aJle Ayxe ede-
KTUBHUX CHOCOGIB [JOCATHEHHS1 Oa)XKaHOTo pe-
3yJbTaTy € BUKOPUCTAaHHA NOBEPXHEBO-AKTUB-
HUX pedyoBUH. Komb6iHoBaHe BukopuctaHHs [1AP
Ta yJbTPa3BYKOBOI'O ONPOMIHIOBAHHS J03BOJISIE
NiBUIIUTH YYTJUBICTh Ta MNpelusilHIicTL pe-
3yJIbTaTiB aHaJIi3y.

[Ipu BukopuctaHsi [IAP Tputon X-100 Ha
Mexi po3noziny ¢pa3 3MeHIIYEThCS TOBEPXHEBUHN
HaTST, B'A3KIiCTh Ta po3Mip KpamneJsib aepo30JIi0 Ta
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3MIHIOIOTbCH OKHCHO-BiJJHOBHI XapaKTEpPUCTHUKHU
noJiyM’si, pO3MOAiNA 3apsfly MoJieKyJ, epeKTHB-
HiCTb eHeprii 30y >KeHHS.

Y Tabs. 1 HaBeJleHi pe3y/bTaTH BH3HAYE€HHS
Kanito B cupoBaTii Ta npoaykTax ii nepepobku
MeToZ0M AAC, a TaKOX APYTUM He3asJeXXHUM Me-
TogoMm AEC-I3II.

Table 1

The results of determination of potassium in whey and products of its processing by AAS and ICP-AES methods
(n=5,P=0.95)

Ta6a. 1
Pe3syabTaTi Bu3HaYeHHs Kastilo B cupoBarni i npoaykrax ii nepepo6ku metogamu AAC ta AEC-1311
(n=5,P=0.95)
3pa3ok Bmict Kanir, r/a Sr BwmicT Kauito r/kr Sr F t
MeTon AAC MeTon AEC-13I1
CupoBaTka 1.37 +0.03 0.02 1.36 + 0.03 0.02 3.65 1.30
PeTeHTaTr 2.24 + 0.04 0.02 2.22 £0.03 0.02 3.80 1.28
[lepmeat 1.07 £ 0.03 0.02 1.05 +0.03 0.02 1.90 1.67
Cyxa pe4yoBHHA 155+ 0.3 r/kr 0.02 15.4 + 0.3 Mr/Kr 0.02 1.80 0.38

[lopiBHAAHHA BiJATBOPIOBAHOCTI pe3yJbTATIB
BU3HadyeHHs Kaunito MeTogamu -AAC Ta AEC-I3I1 3a
kpuTepieM @imepa cBifUUTH Npo BiACYTHICTH
3Ha4uMol pisHULi MiXx gucnepciamu. OTpuMaHi
eKclepUMeHTabHi 3HaueHHs1 KpuTepito Pimepa
y BCiX BUINaJKax CYTTEBO HWX4Yi, HDK TabJIUYHE
3HavyeHHs. Lle cBiAUMTH NpoO Te, 110 OTPUMaHI pe-
3yJIbTATH HaJIeXaThb /10 OJ(Hi€l BUGIpKHM i 03BO-

BU3HauyeHHd MeTogaMu AAC ta AEC-I3II anas ycix
JOCJIPKEHUX 3pas3KiB He BiZpi3HAOTHCA CTaTHC-
TUYHO 3HAYMMO 3a KpuTepieM CTbIOJEHTa, L0 €
JOKa30M BiZICYTHOCTi CUCTEMAaTUYHOI MOTPIlIHO-
CTi B pe3y/ibTaTax 060X METOAIB. tras: (P = 0.95; f=
8) =2.31, t < traen

PesysnbTaTu Bu3HayeHHd Hatpito y cupoBaTtui
i npoaykrax ii nepepo6ku metogamu AAC ta AEC-

Jissle TmNopiBHIOBaTH cepeAHi 3HayeHHA. Fren 1311 HaBegeniy Tabu. 2.
(P=0.95;f1=4;f,=4) =4.94, F < Fra6.. Pe3ysnbTaT
Table 2
Results of determination of sodium content by AAS and ICP-AES methods in whey and products of its processing
(n=5,P=0.95)
Ta6a. 2
PesysibTaTh BU3Ha4YeHHs BMicTty Hatpilo meTogamu AAC Ta AEC-I3I1 y cupoBaTni Ta npoAyKTax ii nepepo6ku (n =5, P
=0.95)
3pasok Bwmict HaTpito, r/n Sr Bmict HaTpito, r/n Sr F t1,2
AAC AEC-13I
CupoBaTtka 0.14 £ 0.03 0.02 0.16 £0.03 0.03 1.76 0.68
PeTeHTaT 0.74 £ 0.03 0.03 0.77 £ 0.04 0.03 1.16 1.30
Ilepmeat 0.30£0.03 0.02 0.34 £ 0.04 0.03 1.89 1.43
Cyxa pe4yoBHUHA 5.63+0.07 r/kr 0.03 5.68 +0.06 r/kr 0.03 212 1.61

[Ipu Bu3HaveHHi BMicTy HaTpito y cupoBatui
Ta npoAaykrax il nmepepobku metojamu AAC Ta
AEC-13II oTpuMmaHi pe3yibTaTy, AKi CBif4aTh Ipo
3a/I0BiJIbHY TNPaBUJBHICTb i BHUCOKYy Mpenusii-
HICTb 3aCTOCOBAHMX METOL UK aHai3y.

AmomHo-abcopbyiiiHe ma amomHo-eMiciliHe 3
IHOYyKMUueHO-38'13aHOK0 N1A3MOI0 8USHAYEHHS BMi-
cmy Maenito ma Kaavyiro 8 Moa04Hill cupogamyi 3

suxkopucmauuam Tpumon X-100 ma yabmpa3gyko-
80i 06po6ku. [lepiiM eTanoM po60TH O6YJI0 10CTi-
JKeHHd BIUIUBY KoHLeHTpauil TputoH X-100 Ha
BEJIMYMHY aHAJIITUYHOTO CUTHaJ/ly NMPU aTOMHO-
abcopbuiliHoMy Bu3HadyeHHi MarHito Ta Kasbljio,
pe3y/IbTaTH KOT0 HaBeJleHi y TabJ1. 3.

Table 3
Influence of Triton X-100 concentration on the atomic absorption determination of Magnesium and Calcium in whey
(n=5, P=0.95)
Taba. 3
BniuB KoHneHTpauii TputoH X-100 Ha aTOMHO-a6cop6iiiHe BU3HaYeHHs MarHilo Ta Kasabnilo y cupoBarni (n=5,
P=0.95)
MacoBa yactka Tpu- BwmicT MarHirw, Mr/kr BmicT Kanblito, Mr/kr
ToH X-100, % Ceep £ A Sr Ceep £ A Sr
3 2.66 * 0.08 0.03 83.0+x15 0.02
4 2.70 £ 0.09 0.03 83.2+15 0.02
5 2.73 £ 0.07 0.03 83.3+15 0.02
6 2.66 * 0.07 0.03 83.2+1.6 0.02
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[llnssxoM BapitoBaHHA MacOBOI YaCTKU TpPUTOH
X-100 y po34HHi BCTaHOBJIEHO, 1[0 aHAJTITUYHUHN
CUTHaJI MaJio 3a/1eXUTb Bif BMicTy [IAP y po3uuHi
npu BapitoBaHHi koH1leHTpauii [TAP Big 3 go 6 %.

MakcuMasibHe 3Ha4eHHA aHaJiTUYHOrO CHUTHay
OyJio OTPMMaHO MPU J0JaBaHHi B aHaJi30BaHi Ta
cTa”HgapTHi po3ynHU Tputony X-100 3 MacoBow

YaCTKOI0, 1[0 CTAHOBUTL 5 %.
Table 4

Influence of time of ultrasonic treatment on the content of Magnesium and Calcium obtained during their atomic ab-
sorption determination in whey (n = 5, P = 0.95) (n=5, P=0.95)

Taba. 4

BniuB yacy 06po6KM yJabTpa3ByKOM Ha BMicT MarHil Ta Kanbnilo, orpuMaHuii npu ix aTOMHO-a6CcopoLiliHOMY BU-
3HavyeHHi y cupoBartui (n=5, P=0.95)

Yac 06pobku Y3, xB BmicT MarHimw, r/Kr

Bumict Kanb1iito, Mr/Kr

Ceep £ A Sr Ceep £ A Sr
10 2.73£0.05 0.014 833+15 0.011
15 2.85 £ 0.06 0.011 84.7+15 0.012
20 2.79 £ 0.05 0.015 842+15 0.017
25 2.76 £ 0.05 0.010 84.1+1.6 0.013

[Ipy BCcTaHOBJIEHHI ONTUMAaJIbHOIO Yacy 06po-
OKU yJIbTPa3BYKOM PO3YUHU 06POGJISAIN yAbTPa-
3BykoM Bif, 10 go 30 xB. [Ip1 bOMy OTPUMYIOTH
CTabi/JbHI Ta OHOPIAHI PO3YMHH, Ki He po3lla-
POBYBAJIMCS MPOTATOM 6 71i6. 3a/IeXXHICTh BMiCTy
Marsito Ta Kanbuito B cupoBatii Bif 4acy o6po-
O6KU yJbTPa3BYKOM HaBeJleHO B TabJ. 4. BuaHo,
110 Bxe npu 10 xB 06po6KHU YJIbTPA3BYKOM JOCS-
ralThCs CTabi/IbHI 3HAaYEeHHS aHATITUYHOTO CHUT-
HaJy.

3 MeTO10 BU3HAUYEHHS CTYIEHIO0 BIJINBY KOMOi-
HOBaHOI 06po6KHU ybTpa3BykoM Ta [IAP Ha aHa-
JITUYHUU CUTHaJ OyJKM MPUTOTOBaHi pPO3YHMHHU
6e3 Ta 3 job6aBkamu IIAP i oTprMaHi aHaJMiITUYHI
CUTHAJ/IY /11 BOJHUX PO34YUHIB Ta PO34YUHIB 3 J0-

6aBkamu [IAP, 06po6seHux yiabTpasBykoM. CTy-
niHb BIUIMBY BU3HAYAJ/IM 32 KOeQil[iEHTOM Yy TJIU-
BOCTi S, IKMM po3paxoByBa/iM K BiJIHOLIEHHS
TaHTeHCiB KyTiB Haxu1y rpaZyroBajabHOl QyHKLI]
tgoz/tgo. BcTaHoBJIEHO, 1[0 YYTJAMBICTh NMPU [0-
AaBaHHi Tputon X-100 Ta ys1bTpa3ByKoBOi 06po-
OKHU Npu BU3HaYeHHi MarHito 36i/blInaach npuo-
JIM3HO B NiBTOpa, a KasbLiio - B ABa pa3u.
[TepeBipky MPaBUJIbHOCTI pe3yJibTaTiB
aTOMHO-a6Ccop6LifiHOr0 BU3HAYeHHs MarHiio Ta
KanbLiro B MOJIOYHIN cupoBaTLi NPOBOAUJINA Me-
TOJIOM «BBeJleHO-3HalAeHo» (TabJ. 5). 3 oTpuma-
HUX JaHUX BUJHO, 110 BBeJeHa A06aBKa MarHito
Ta Kasibllit0o MOBHICTIO BiATBOPIOETHCA B MexKax
BUNAKOBOI MOXUOKU. TO6TO MaTpUUHUU edeKT
BiZiCYyTHIN.
Table 5

Assessment of accuracy of the results of atomic absorption determination of Magnesium and Calcium in whey by the
addition method

Taba. 5

IlepeBipKka npaBUJIBHOCTI pe3yJ/bTaTiB AaTOMHO-a6CcopOLiiiHOro BU3HayYeHHs MarHilw Ta Kaabnilo y cupoBaTtuni meTo-
JAoM 106aBok (n=5, P=0.95)

EnemeHnT BmicTt BBezneHo 3HalieHo Sr CtyniHb noBep-
HeHHs, %

Mg, Mr/kr 29+0.1 3.0 5.8 0.02 96.7

Ca, Mr/Kr 848+1.5 100.0 185.9 0.02 101.1

[Ipu Bu3HavyeHHi BMicTy MarHito Tta Kasbiito
meTtogoM AEC-I3IIl y po3yrMHax MOJIOYHOI CUpPOBa-
TKH, SIKi 6yJi1 06po6JieHi yAbTPa3ByKOM Ta Mic-
Tuau TputoH X-100, 6ysiu oTpuMani HacTymHi pe-
3yabTaTy. BmMicT Marsito y MoJ1049HIN cupoBaTLi
ckaaaas 2.83 = 0.05 r/kr, S; = 0.01, a Kanbuito -
84.5+1.5 mr/kr, S, = 0.01. [lopiBHAOYH 1ii pe3yb-
TaTU 3 pe3yJbTaTaM{, OTPUMaHUMH MeETOJO0M
AAC (Tabs. 4), MoXHa 3pOOGHUTH BHUCHOBOK, LIO
BOHU Jiy>Ke 6JIM3bKI, 1 Lie 1ie pa3 miITBep/KY€E Ha-

JiHICTE Ta NMPAaBUJIBHICTH PO3POOBJIEHUX METO-
AWK aHaJsizy. [Ipyu nopiBHAHHI pe3y/bTaTiB BU-
3HayeHHa Marxio metogamu AAC Ta AEC-I3II
otpumMani 3HauyeHHs F 1.40 ta t 0.75, a g Kanb-
uiro 2.31 ta 1.11, BignmoBigHo. Bci 1i 3HavyeHHs
MeHllle TabJMYHUX IPU PiBHI loBipyoi BiporigHo-
cTi 0.95.

OuiHKy NpaBUJIbHOCTI BU3HaYeHHA MarHiro Ta
Kanbuito y cupoBarii TakoK NPOBOJAUIN METO-
JIOM BapiloBaHHS MacH 3pa3ky (TabJ. 6).
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Table 6
Estimation of accuracy of determination of Magnesium and Calcium in whey by variation of sample mass
(n=5, P=0.95)
Ta6a. 6
OuiHKa npaBUJIBHOCTI BU3Ha4YeHHA MarHir Ta Kanbuio y cupoBaTLi MeTOAOM BapiloBaHHA MacH 3pa3Ka
(n=5, P=0.95)
Hasaxka cupo- Bumict Mg, Mr/kr Bumict Ca, Mr/Kr
BaTKH, T Ceept A Sr Cept A Sr
0.4 2.83£0.06 0.02 84.7+1.6 0.012
0.6 2.85%0.07 0.01 84.8+1.5 0.02
0.8 2.84£0.06 0.01 84.7+1.5 0.015
BUCHOBKHU factors, vitamins and nucleotides / A. Michaelidou,
B J. Steijns // Int. Dairy J. - 2006. - Vol. 16, N. 11. - P.
nepuie InpoBegeHo KOMIIJIEKCHE 1421-1426
AOCIIPKEHHA BMICTY JIyAKHHUX Ta  [9] Bioactive components in milk and dairy products / ed.

JIY)KHO3€eMeJIbHUX eJIEMEHTIB, Yy TOMY 4YMCJl

Y. W. Park. - Wiley-Blackwell, 2009. - 426 p.

Harpiro, Kasito, Maruiro ta KasbLito y MoJio4Hik [10] PeanbHble MeMOGpaHHble TexHosioruu / U. A. EBroku-
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Abstract

Welded joints with corrosion-resistant steels and heat-resistant alloys requiring different modes of heat treatment
to achieve the level of mechanical properties specified in the design documentation are used to manufacture parts
and components of the rocket engine turbo-pump unit.

For the manufacture of parts and assemblies of liquid-propellant rocket engines at the machine-building enterpris-
es of Ukraine there was a necessity of replacement of half-finished products because of certain difficulties at deliv-
ery of materials from EU countries.

First of all, it was necessary to replace flat products from high-alloy XH67MBTIO and 06X15H6MB®B with one alloy
that would possess the necessary set of physicomechanical characteristics. In the work, as a replacement for the
used heat-resistant alloys, the Inconel 718 alloy welded to 316L steel was chosen. As a result of comparative studies
of the intercrystalline corrosion resistance of welded joints of the heat-resistant Inconel 718 alloy with stainless
steel, after testing various heat treatment conditions, the low-temperature heating conditions were recommended
for soldering at a temperature of 950 °C. Samples of welded joints, processed according to the recommended mode,
showed increased corrosion resistance.

Keywords: heat-resistant alloy; corrosion resistance; intercrystalline corrosion; welding; structure; soldering.

BIIJIUB TEMIIEPATYPU TEPMIYHOI OBPOBKH HA CTIMKICTh J10
MDKKPUCTAJITHOI KOPO3II 3BAPHHX 3'€IHAHDb

Hataunia €. Kaninina,! Jliana b. I'ymikosa,? €sren 0. [xyp,! Ceprii . Xoaupes,2 Bacuas T. Kaninin,3
Cepriii A. [lonimko?!
1/Tninposcobkuli HayioHaabHUll yHieepcumem imeHi Onecst [onvapa, np. lazapina, 72, [lHinpo, 49010, Ykpaina
3HayioHaabHa memasypeitina akademis Ykpainu, np. I'azapina, 4, JHinpo, 49600, Ykpaina
2Xapkiscbkull HaYioHaAbHUL a8MOMO6IALHO-00p0XCHIl yHIBepcumem, 8y. SfIpocaasa Mydpozo, 25, Xapkis, 61002, Ykpaina

AHoTalis

JJ1s1 BUTOTOBJIEHHA JeTaJsied i By3/iB TYp6GOHACOCHOIO arperaTty pakeTHOIro ABUI'YHA 3aCTOCOBYIOThCS 3BapHi 3'eA-
HaHHA 3 KOPO3iMHOCTIIKMMHU CTa/JIAAMM i )KapOMilJHUMU CIlJIaBaMy, Ki BUMarawThb Pi3HUX pe>KUMiB TepMidyHOi 06po-
6KM JJ1sl JOCATHEHHS PiBHA MeXaHiYHUX BJIACTUBOCTEM, 3a3HaY€HUX B KOHCTPYKTOPChKOI JOKyMeHTaIlji.

IIpu BUroTOBJIeHHI AeTasiell i By3/iB PiiJUHHUX paKeTHHUX ABUTYHIB, y 3B’I3Ky 3 I€eBHUMH TPYAHOILAMHU NPHU NOCTA-
4YaHHi MaTepiaiB 3 KpaiH €C, Ha MalIMHOGYAiBHUX NiANPUEMCTBAX YKpaiHU BUHUK/Ia HEOOXiAHICTh 3aMiHU HamiB-
daGpukariB. B nepmy yepry morpi6Ha 3aMmiHa JIMCTOBOro HMpOKaTy i3 BucOKosieroBaHux cmiaBiB XH67MBTIO i
06X15H6MB®b Ha oaMH cI/IaB, AIKUH BOJIOJIB 64 HeO6XiJHUM KOMIIJIEKCOM (i3MK0-MeXaHiYHMX XapaKTepUCTHK. Y
poGOoTi B IKOCTi 3aMiHM 3aCTOCOBYBaHMX »KapOMIIHUX CIJIaBiB 06paHuii ciiiaB Inconel 718 y 3BapHOMYy 3'€jHaHHI 3i
crasunio 316L. Y pe3y/ibTaTi NOpiBHAJIBHUX AOCAiJKeHb CTIKOCTI 40 MDXKKpHCTa/lIiTHOI KOpOo3ii 3BapHUX 3'€HaHb
»kapominHoro cniaBy Inconel 718 HepxkaBiwouoi mic/is pisHUX pexKUMiB TepMi4HOI 06POGKU peKOMeHA0BaHMH pe-
»KUM HU3bKOTEeMIepaTypHOro HarpiBy npm naiini npu remnepatypi 950 °C. 3pa3ku 3BapHUX 3'€JHaHb, 06p06JIeHi 3a
pPeKOMeHA0BaHUM PeKUMOM, NOKa3a/Iy NiABUILLEeHY KOPO3iiHy CTilKiCTb.

Karouosi caosa: xapoMilHUH clJIaB; KOPO3iKHa CTIMKICTh; MiP)KKpUCTaJIiTHA KOPO3is; 3BaplOBaHHs; CTPYKTYpa, NakkKa.
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BJIUAHUE TEMIIEPATYPbI TEPMUYECKOH OBPABOTKH HA CTOMKOCTB K
MEXKPUCTAJIV/IMTHOU KOPPO3UU CBAPHbBIX COEAUHEHUHU
Hartanusda E. Kanununa,! luana b. I'nymkoBa,2 EBrenuit A. Jlxxyp, ! Cepreit 4. Xoapipes,?

Bacuauit T. Kanunun,3 Cepreit A. [lonniko?!
1 /Tnenpoeckutll HaYyUoHabHbLIU yHUsepcumem umenu Osecs ['onuapa, np. l'azapuna, 72, [luenp, 49010, Ykpauna
3HayuoHnaavHas memanaypaudeckas akademusi Ykpaunsl, np. 'azapuna, 4, /[Henp, 49600, YkpauHa.
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AHHOTan Mg

JJIs1 UI3TOTOBJIEHUA JeTajlei U y3/10B TYPGOHACOCHOI'0 arperata pakeTHOro JABHUraTeJ/is IPUMEHSAIOTCA CBapHbIE CO-
eJMHEHUS] C KOPPO3MOHHOCTOMKUMHM CTa/IIMM U KapONPOYHbIMHM CIUIaBaMH, TPeGyoliye pa3/IMYHbIX PEeXHUMOB
TepMHYeCcKOH 06paGOTKH AJIA AOCTHKEHHUs YPOBHS MeXaHHYeCKHX CBOMCTB, YKa3aHHBIX B KOHCTPYKTOPCKOM AOKY-
MeHTaLMH.

IIpu U3roToB/JE€HNH JeTajlel M y3JI0B »KUAKOCTHBIX PAaKeTHBIX JABUraTeJsel, B CBA3HU C onpeje/ieHHbIMU TPYAHOCTS-
MM IIpH NIOCTaBKe MaTepua/ioB U3 cTpad EC, Ha MallMHOCTPOUTE/BHBIX NPeJNPHUATUAX YKpauHbl BO3HUK/IA He06-
XOAUMOCTb 3aMeHbl N0/1y$pa6puKaToB. B nepBylo oyepeAb He06X04UMa 3aMeHa JIMCTOBOrO NMPOKaTa U3 BbICOKOJIe-
rupoBaHHbIX cmiaBoB XH67MBTIO u 06X15H6MB®BF Ha O0AMH CIUIaB C BBICOKHM KOMILIEKCOM (QH3UKO-
MeXaHH4YeCKUX XapaKTepUCTHK. B pa6oTe B KayecTBe 3aMeHbl NPUMEHSEMbIX >KaPONPOYHBIX CIJIABOB BBIGPaH
ciiaB Inconel 718 B cBapHOM coeAUHEHUH €O cTasbio 316L. B pe3ysbTaTe CpaBHUTEIbHBIX HCC/I€A0BAHUI CTOMKOC-
TH K MEXKPHUCTA/VIMTHOH KOPPO3MHU CBapHBIX coeJUHEHHMH >Kaponmpo4yHoro cmiasa Inconel 718 c¢ HepxkaBelomei
CTa/Ibl0 MOC/Ie Pa3/JINYHbIX PeXKUMOB TEPMUYECKOH 06PaGOTKM PEKOMEHAOBAH pPeXUM HM3KOTeMNepaTypHOro Ha-
rpeBa npu naiike npu temneparype 950 °C. O6pa3ubl CBApHbIX COeJUHEHUH, 06paGoTaHHbIEe IO PeKOMEHA0BaHHO-
MY peKHUMY, IOKa3aJI1 NOBbILIEeHHYI0 KOPPO3HUOHHYI0 CTOMKOCTD.

Katouegbie csn08a: »aponpoyHbIN CIJIaB; KOPPO3UOHHAsK CTOHKOCTb; MEXKPHUCTAUIMTHAsA KOPPO3Us; CBAPKa; CTPYKTYPa;

namka.

Introduction

The main operational properties of turbo-
pump engine parts and units (TPA) are heat re-
sistance, long-term durability and corrosion re-
sistance [1-3]. These requirements are achieved
by selection of materials, technology of their pro-
duction and subsequent processing. Thermal in-
fluences during welding and heat treatment affect
the alloy structure and change performance
properties. Therefore, the effect of thermal influ-
ences on the corrosion resistance of welded joints
of the main combinations of materials used in the
missile carrier manufacture was studied during
the work. Since most parts and assemblies of TPA
are soldered and welded in different sequences,
the soldering of heat-resistant alloy using band
solder after corrosion-resistant steel welding was
considered. This work was carried out to study
various thermal influences of the soldering pro-
cess on a welded joint to simulate the conditions
for manufacturing real assemblies.

Problem Overview

Corrosion is a spontaneous redox process of
destruction of metals and alloys due to interac-
tion with the environment. When multi-
component alloys come into contact with an elec-
trolyte (which can be water adsorbed from air),
many micro-galvanic pairs appear on the metal
surface. In these pairs, atoms of a more active
metal (usually Fe) play the role of an anode, and
atoms of a less active metal play the role of a
cathode. At the cathode, there is a reduction pro-
cess of O, molecules in neutral and alkaline me-

diums, or of H* ions in an acidic medium
[5; 6; 8; 9].

Iron oxides Fe,03; form a loose film does not
prevent the penetration of air oxygen and corro-
sion. Corrosion resistance of steels is achieved by
alloying steels with chromium or chromium and
nickel [4]. Corrosion-resistant steels can be clas-
sified by structural class as ferritic, pearlitic, mar-
tensitic and austenitic - depending on the struc-
ture after heating the steels in the austenite field
and cooling in air [9-13].

Nickel is the basis of the Inconel 718 alloy; it
has an FCC crystal lattice similar to the Fcy lattice.
Therefore, nickel doping broadens the austenite
field [27] (Fig. 1).

The most widely used steels are nickel-
chromium steels of 12X18H9 and 12X18HOT
grades. The structure of these steels is austenitic,
both at room temperature and upon heating, i.e.
they do not undergo polymorphic transformation.
Products made of these steels are subjected to
heat treatment, but not for the purpose of hard-
ening (this is impossible, since recrystallization
does not occur with a change in temperature),
but to increase corrosion resistance due to the
chromium enrichment of solid solution [14-17].
Presence of carbon means that chromium car-
bides are present in the structure of the annealed
steel, which means that not all chromium is in
solid solution. Quench hardening at a ~1000°C
temperature allows to dissolve the chromium
carbides in austenite and to prevent their precipi-
tation during quenching.
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Materials and Methods

The Inconel 718 heat-resistant austenitic alloy
of the Fe-Cr-Ni system and the 12X18H10T and
SLS 316L corrosion-resistant steels were selected
as the materials for the study. Inconel 718 alloy is
a heat-resistant nickel alloy of the Fe-Cr-Ni sys-
tem and is used in rocket engineering for the
manufacture of rocket engine combustion cham-
ber jackets, parts of turbopump assemblies and
other critical duty products [18-22]. The alloy is
used in the temperature range from -252.8 °C to
+704.4 °C, and is stable in chemically active gase-
ous environments at the temperature of up to
+980 °C [23-26].

316L steel is austenitic structural cryogenic
steel. This steel is resistant to corrosion in ag-
gressive environments, as well as to most exter-
nal influences, it has the ability to maintain the
structure integrity during an increase or decrease
of temperature [26; 28]. The studied samples of
316L steel were obtained using powder raw ma-
terials and additive technology [29].

The studied materials and chemical composi-
tion are given in Table 1.

Table 1
The chemical composition of the investigated alloys
Semi- Chemical composition, %
fabrica-
Alloy  ted ) ) )
product, C Mn Si S p Cr Ni Ti Mo W \Y Al Cu Fe
mm
§h1e7et 0.03 0.08 0.08 0.0001 0.008 18.24 53.53 097 299 - B-0.002 0.51 0.07 17.9
Inconel
718 Filler
wire 0.04 0.06 0.07 0.001 0.008 18.7553.44 098 288 - B-0.004 058 0.11 17.8
d1.6
'112())(%81—[ gh(;aet 0.05 0.57 0.59 0.002 0.029 17.58 9.05 03 0.1 0.023 0.029 - 0.22 Basis
Sheet .
316L 30 0.03 2.0 1.0 0.003 0.045 16.0 14.05 0.5 3.1 0.023 Basis

Tests and studies were performed on the
equipment of a machine-building enterprise. The
ICC tests were carried out using the “AM” method
in accordance with GOST 6032-89 [30]: the weld-
ed samples were boiled for 24 hours in a sulfuric
acid solution with the addition of copper sulfate
and copper chips, then the samples were bent by
90 degrees. The bending point was controlled by
visual inspection and metallographic method us-
ing MBC and Neophot-2 microscopes with magni-
fication up to 200 times. 5x10 mm samples for
the manufacture of metallographic specimens

were cut from the bending sections. Heat treat-
ment was carried out in a CII-1300 heat-
treatment silit furnace, I'70HX soldering was
simulated in accordance with soldering condi-
tions and a standard process, welding was per-
formed with a CAHE-2M welding machine.

Discussion

Weld preparation. Before welding, each work-
piece underwent geometry control, magnet check
and visual inspection for the presence of oxide
scabs and nicks. In accordance with OST 92-
1152-75, before welding, each weld edge was
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cleaned of oxide films formed during heat treat-
ment and degreased with a petroleum solvent.

Welding process. Welded assemblies were
welded by manual argon-arc welding in accord-
ance with the recommendations of the Nicrofer
manufacturer: I = 140 A, argon consumption: 15
1/min for protection, 5 1/min for blowing. During
shielded arc welding, grade 1 argon was used
(volume fraction of argon - 99.90%, oxygen -
0.005%, nitrogen - 0.10 %, water vapor at 760
mm Hg - 0.03 g/m3).

Weld joint treatment. To remove the oxide film
and oxidation tint, the surface of the weld joint
and the weld-affected zone was treated to a Rz 40
roughness parameter and all welded joints un-
derwent X-ray control for welding defects. Ac-
cording to the manufacturing process, after weld-
ing workpieces were sent for '70HX band solder-
ing (the solder contains Mg 70 %, as well as
additional components - nickel, chromium).

Soldering was carried out in two modes:

— heating to 950£10 °C, holding for 30 minutes
from the moment of loading into the furnace,
cooling to 300 °C in the furnace, then in the air.

— heating to 1200+10°C, holding for 20
minutes from the moment of loading into the fur-
nace, cooling to 300 °C in the furnace, then in the
air.

Determination of ICC resistance. To determine
the ICC susceptibility, either welded samples or

samples after special ICC provoking heat treat-
ment are tested. The provocative treatment con-
ditions depend on the structural class of steel.
Standard test methods and standard steels are
specified in GOST 6032-89. For new non-
standardized steels, the MCC control method is
selected taking into account the environment for
which the steel is intended.

The study of welded samples of Inconel 718-
stainless steel alloy for ICC resistance was carried
out on the steel side. The 316L steel surface in the
weld zone was examined in the as-received con-
dition (condition of supply), without surface con-
ditioning. The results of the study are given in
Table 2.

Etching treatment was carried out using a rea-
gent of the composition: water — 1000 cm3, cop-
per sulfate - 130.0 g, sulfuric acid - 120.0 g. In
accordance with the GOST requirements, the
sample is considered resistant if the ICC depth
does not exceed 0.03 mm. Increased etchability is
not considered a defect, but it indicates a tenden-
cy for the material to corrode (Table 2). When
identifying ICC using structural etching, it should
be noted that grain boundaries are thermody-
namically more active and etched more strongly
than the rest of the grain surface. Therefore,
etched grain boundaries can be mistaken for ICC.

Table 2
The results of research on intercrystalline corrosion
Sample Material Heat' . treatment ICC depth, mm Conclusion
No. conditions
Soldering imitation
132 o . No ICC
.STS 316L - 950 C.+ aglng - (increased etchability to a 0.33 mm  Resistant
133 inconel 718  Soldering imitation depth)
1200 °C+ aging P
151 After soldering: 0.24
141 12X18H10T- Soldel;mg 1m1tat10n 0.17, (increased etchability to a .
inconel 718 1210 °C+ aging 0.23 mm depth) Not resistant
2 Soldering imitation 0.07, (increased etchability to a

950 °C+ aging

0.14 mm depth)

Before ICC susceptibility testing, a visual in-
spection and a metallographic study (with a
welded sample surface magnification up to 200
times) on the 316L steel side were performed. It
was established that the surface of the samples
from the initial side is rough with the presence of
recesses and protrusions of oblong and round
shape, the other side is smooth and slightly rough
after mechanical cleaning.

During microexamination of sections of the
samples No. 132 and 133 intercrystalline corro-
sion was not detected. From the surface to a
depth of 0.33 mm, increased etchability of grain
boundaries was observed due to the precipitation
of various oxide inclusions. During visual inspec-
tion, recesses up to ~0.08 mm were found (Fig. 2)
in sections on the initial surface side of samples
No. 132 (Fig. 2a) and No. 133 (Fig. 2b).
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Increased etchability
area

Increased etchability
area

Fig. 2. Increased etchability of grains from the sample surface from the side of steel STS 316L, x200

Increased etchability of the grain boundaries
of 316L steel indicates the ICC susceptibility of
the alloy, but it is not definitive. When increased
etchability of grain boundaries is detected in the
steel structure study, it is important to note its
depth. Increased etchability of grain boundaries
near the edge of the sample also occurs during
electrolytic etching due to the higher current
density at the edge.

When examining samples that were soldered
at a 1200 °C temperature, it was found that they
are less resistant to ICC than those that have been
soldered at a 950 °C temperature. Intercrystalline
corrosion on 12X18H10T steel samples is shown
in Fig. 3. The occurrence of susceptibility to cor-
rosion damage of boundaries when steel is ex-
posed to a corrosive environment is obviously
associated with the occurrence of new grain
boundary phases or segregations that differ in

\\V

PITY

composition from the average chemical composi-
tion of steel.

Fig. 3. Intergranular corrosion on steel samples
12X18H10T, x200

Grain corrosion areas are clearly visible in Fig.
3, which indicates that 12X18H10T steel is not
[CC-resistant after soldering at a 1200 °C temper-
ature.

The etching pattern of the steel grain bounda-
ries during the ICC testing is shown in Fig. 4.

5

Fig. 4 Etching microstructure of steels:
a - ICC; b - grain boundary etchability

ICC susceptibility occurs as a result of struc-
tural heterogeneity of grain boundaries, second-
ary phase precipitation, depletion or enrichment
of adjacent sections of the a-solid matrix solution
of alloying elements, formation of submicro- and

micro-cavities through the drainage and coagula-
tion of vacancies.

Conclusions
1. A comparative study of the ICC susceptibil-
ity of Inconel 718-stainless steel alloy welded
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joints at various soldering temperatures was car-
ried out.

2. The study of welded samples of heat-
resistant alloy with stainless steel for ICC re-
sistance showed that it is not advisable to use

welded

joints of Inconel 718 alloy with

12X18H10T steel and 316L steel when soldering
in aggressive environments at a 1200°C tempera-
ture.

3. Recommended heat treatment conditions:
heating to 950 + 10 °C, holding for 30 minutes,
cooling to 300 °C in the furnace, then in the air.

Welded samples of Inconel 718 alloy with
316L steel, treated in accordance with the rec-
ommended heat treatment conditions, showed
high ICC resistance.
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Abstract

The optimal synthesis conditions for the practically important chabazite zeolite have been predicted based on the
hydrothermal modification of the natural mineral of Nakhchivan of the Kyukyuchayfield.The starting component
and hydrothermal reaction products have been identifiedby X-ray diffraction, thermogravimetric analysis and
scanning electron microscope.The practically important chabazite zeolite has been identified by X-ray diffraction.
The optimal conditions for its synthesis with a 100% degree of crystallization have been predicted. It has been
established that the area of existence of chabazite is wide and the optimal conditions for its hydrothermal synthesis
have been a temperature of 230°C, a concentration of a thermal solution of 15-20% Ca(0OH)2, of a mineralizer CaClz
of 10-15 % and a processing time of 100 hours. The obtained zeolite of chabazite was found to be stable up to
950°Cand dehydrated chabazite was completely rehydrated within 72 hours, which once again proves its zeolitic
character. The data allow to predetermine the synthesis conditions of a practically important chabazite-type
zeolite.

Keywords: Nakhchivan mineral; zeolite; chabazite; natural mineral; hydrothermal synthesis; optimal condition.

CUHTE3 I JOC/IIAKEHHA HEOJIITA TUITY XABA3UTY HA OCHOBI ITPUPOAHOTI'O
MIHEPAJIBHOT'O HAXYIBAHA

['yuenb A. MamenoBa,Todir A. Anies
HaxiuigaHcwvkuii 8i00in Azep6atidxicaHcbkoi HayioHavHoi akademii Hayk, [Hcmumym npupodHux pecypcis,
npocnekm leiidapa Aniesa 76, HaxiuieaH, 7000, Azep6atioxicaH

AHoTalif

CnporHo3oBaHi ONITMMaJ/IbHI YMOBHY CHHTe3y NPAaKTUYHO 3HAYYIIOT0 LEeOoJITy Ma6a3uTy Ha OCHOBI rizporepmiuHoi
moaudikanii mpupogHoro MiHepaay HaxiviBan Kiokwouaii pogoBuma. BuxigHi KOMNOHEHTM Ta NPOAYKTH
riAporepMasibHOi peaxnii 6y/JM BH3HauYeHI 3a AONOMOrol peHTTeHiBCbKOI Audpakuii, TepMorpaBiMeTpUIHHMX
MeTOAIB aHaIi3y Ta MeTOAYy CKaHyH4YO0i eJIeKTPOHHOI Mikpockomii. [IpakTUYHO BaXJIMBUH LEeOJiT ma6a3uT 6yB
BH3HaYeHUH peHTreHorpadiyHo. BusHadeHi onTuManbHi yMoBH #Horo cuHTe3dy 3i 100%-HMM CTyneHeM
KpucTaiaizauii. BcraHoB/ieHa mMpoKa 06/1acTh iCHYBaHHA IWIa6asuTy, a ONTUMaJbHUMHM YyMOBaMH HOro
rizporepMiyHOro cuHrte3dy craju: Temmeparypa 230 °C, KOHLIeHTpaLis TepMaJibHOro po3yuHy 15-20 % Ca(OH)z,
miHepaJisaTopa CaClz 10-15% Ta yac 06po6ku 100 roauH. BcTaHOBJIEHO, IIl0 OTPUMAHUI Le0JIIT a6a3suT CTIHKUA
A0 950 °C, a 3HeBOJHEeHHU! 11a6a3UT NOBHICTIO peripaTy€eTbCcs NPOTAroM 72 roAuH, 1o 1ie pa3 NiATBepAXKy€ ioro
neoJIiTHYHUM XapakTep. OTpuMaHi JaHi 403BOJIAIOTh BUSHAYMTH YMOBHU CHHTE3y NPAKTUYHO BaKJIMBOI0 LEOJiTy
TUNY IWAGa3UTYy.

Kawwuosi caoea: HaxidiBcbkuH MiHepasi; 1[eoJniT; ma6a3uT; NPUPOJHUHM MiHepaJs; Ti[poTepMaJbHUA CHUHTE3; ONTHUMAaJbHI
YMOBH.
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CUHTE3 U UCCIEJOBAHHUE HEOJIMTA THUIIA IIABA3SUTA HA OCHOBE
INTPUPOJAHOT'O MUHEPAJIA HAXYbIBAHA

['toHenb A. MamesioBa, Todur A. Anues
Haxuwigarckoe OmadeneHue HayuoHanvHoli Akademuu Hayk Asepb6atidxcana, HFHcmumym npupodHbix
pecypcos, np. l'elidapa Anuega 76, HaxuvigaH, 7000, Azep6atidxcaH

AHHoTauga

CHporHo3upoBaHbl ONTHUMAaJIbHbIE YCJAOBUA CUHTE3a NMPAaKTHYE€CKU 3HAYMMOr0 I[€0JIMTA TUNA Ia6a3uTa Ha OCHOBe
rUApoTepMajbHOi MoguduKanuu npupogHoro MuHepasa HaxuybiBaHa KioKio4aiicKoro MecTOpOXAEHM.
UcxoaHBIH  KOMIOHEHT M  MNPOAYKThl  THAPOTEPMAJBHOW  peakuuu  ObUIM  MJEHTUQHUIUPOBAHBI
peHTreHorpaduyecKuM, TEpMOrpaBUMETPUYECKMM METOJaMU aHa/IM3a U METOJO0M CKaHMPYWIIed 3/1IeKTPOHHOU
MHUKpockonueii. lleosuT ma6a3ur GblI MCC/IeJ0BaH METOJO0M PEHTIreHOBCKON AudpaKIMy, U GbIIU YCTAaHOBJIEHBI
ONTMMAaJIbHbIE YCJI0BUSA €ro cuHTe3a co 100%-HoM cTeneHbl0 KPUCTA//IMYHOCTH. YCTAaHOBJIEHA IUPOKas 06J1acTh
CyLeCTBOBAaHUA IMa6a3uTa, a ONTHMaJbHBIMHM VCJOBUSAMHM €ro THAPOTEPMAJBHOrO CHHTE3a OKa3a/IMCh:
Temneparypa 230 °C, KoOHLeHTpanysa TepMaabHoro pacrsopa Ca(OH)z 15-20 %, muHepau3atopa CaClz 10-15 % u
BpeMsi 06pa6oTku 100 yacoB. BbL/IO yCTaHOBJIEHO, YTO MOJIYyYEeHHBIH LEOJIMT Ima6a3uTt crabuieH go 950 °C, a
JAeTuJpaTUPOBAHHBIH IIA6a3UT NOJHOCTBIO peruApaTUpyeTcs B Te4eHHe 72 4acoB, YTOo elle pa3 NoATBePKAAeT ero
LleOJIUTHBIA xapakTep. IloslyyeHHble JAaHHble TMO3BOJIAIOT 3apaHee IpejoNpeAe/]MTb YCJAOBUA CHHTe3a

NpaKTU4Y€CKH BAXKHOI'O LI€0JIMTA TUIIA ma6asuTa.

Kawuesvie caosa: MUHEepaJa HaxuybiBaHa;
ONNTUMAJIbHBbIE YCJIOBUA.

LIEOJIHUT;

abasuT;

NPUPOAHBIA MHUHepas; THUJPOTEPMaJIbHBIA CUHTE3;

Introduction

Research activity in the field of the synthesis
of zeolites based on natural minerals, as well as
the study of the Nakhchivan zeolite is a promising
and urgent task of our time. The fact is that
research activity on the basis of natural minerals
reduces the country's dependence on foreign raw
materials, contributes to the rational use of
natural resources of the Nakhchivan Autonomous
Republic (NAR) and its use in various areas of the
national economy.

It is known that zeolites, synthetic or natural,
have a wide range of application - starting with a
catalyst [1-7] and ending with an adsorbent [8-
17].

The need to study the hydrothermal
recrystallization of zeolite-containing rocks is
associated with the possibility of using them to
obtain zeolites of other structural types with
improved properties.

The development of the scientific background
of the synthesis and fields of application of
zeolites, as well as the implementation of
crystallization based on local mineral raw
materials is currently one of the important areas
of basic research.

The use of local mineral raw materials (low-
cost materials) in the synthesis of zeolites
becomes an area of great interest and plays an
active role in advancing technological advances
related to scientific research and production
technologies of zeolite materials in optimized
experimental conditions.

Numerous studies have been conducted on the
synthesis of zeolites based on zeolite-bearing
rocks of various countries.

In [18], the conversion of natural zeolite into
Na-A zeolite by the two-step method has been
carried out. Silicon dioxide used as a starting
component was obtained from zeolite tuff and
sodium aluminate from chemical reagents. The
process was carried out at 90-100°C in a time
interval of 0.5-4 hours, and as a result Na-A was
obtained with maximum crystallinity. Despite
the moderate synthesis conditions, it took a lot of
time and material costs to obtain the initial
components.

In the work by Tatlier and Atalay-Oral, [19]
zeolite A was obtained from natural clinoptilolite
under more severe conditions.

In [20], hydrothermal synthesis of ZSM-5
zeolite was carried out from natural zeolite of
Bayat-Klaten at 250°C, in the presence of
tetrapropylammonium hydroxide and 40 % silica
suspension in water. As can be seen, numerous
chemicals were used for hydrothermal synthesis.

Our proposed method can provide more cost-
efficient mass-scale production of synthetic
zeolites based on cheaper natural resources.

A series of zeolites was synthesized in
hydrothermal conditions,phase-wise both in its
pure formand in the form of associations, on the
basis of the natural zeolite of the Kyukyuchai
deposit of the Nakhchivan AR [21-23]. It has
been established that the use of local natural raw
materials from the Kyukyuchai deposit
contributes to the process under moderate
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conditions, purephase-crystalline
products.

In [24-26] chabazite was obtained on the
basis of organic structure-directing agents. But
synthesis based on them is expensive and toxic.

Considering the above, the purpose of this
research work is to study the hydrothermal
modification of the natural sample of Nakhchivan
with the production of zeolite such as chabazite
and the establishment of optimal conditions for
its synthesis using local natural raw materials
from the Kyukyuchai deposit of the Nakhchivan
AR. Usage of local natural resources reduces
dependency on the foreign raw stock and it leads
to the reasonable use of natural resources.
Furthermore, it can bring certain benefits to the
national economy.

Compared with the published data [27; 28] the
chabazite synthesized by us is characterized by
maximum crystallinity (100 %).

We have been the first to carryout a chemical
modification of the natural mineral material of
Nakhchivan, to synthesize of chabazite based on
it, and we have also determined the optimal
synthesis conditions.

obtaining

Results and discussions

Zeolitic tuffs of Nakhchivan have been used as
a source of samples, 78.5 % of which is the major
mineral - mordenite (1), 19.5% is quartz (2) and
2.00 % is anortithe (3).

Ca,Na,K, ;Al;;Siyg ,04 - 34H,0

(1)
Sio, (2)
Cay gsNay 1, Al ,Si, 06051 (3)

The chemical composition of the natural
zeolite of Nakhchivan is given in the Table 1.

Table 1
The percentage of oxides and elements in the
composition of the natural sample of zeolite

time interval of 50-100 hours, at the temperature
of 200-300°C. The concentrations of Ca(OH);
thermal solution and mineralizer CaCl, was
studied in the range of 5-30 %.

According to experimental data, the optimal
temperature for the synthesis of the chabazite is
230°C, concentration of Ca(OH).thermal solution
is 15-20 %, concentration of mineralizer CaCl,is
10-15 % and the crystallization process takes
100 hours. Under the presented optimal
conditions, a pure phase-stable chabazite has
been obtained.

As can be seen from Table 2, the change in
temperature and processing time has a
significant effect on the crystallinity degree of
synthesized chabazite.The crystallinity of the
samples was calculated from the relative peak
intensities. On standards of the American Society
for Testing and Materials, the percentage of
crystallinity is determined by the formula [29]:

Crystallinity (%) = Sample peak
intensity/Standart peak intensity 100%

Table 2

The degree of crystallinity of synthesized chabazite at
various temperatures and processing time

Degree of
crystallinity, %
200 70
Temperature, °C 230 100
250 80
300 40
320 -
50 40
Time of 60 50
processing, hour 70 60
90 80
100 100

Element Weight Atomic Amount Formula

(%) (%) of oxides

(%)

Na 0.42 0.37 0.56 Na20
Mg 0.38 0.32 0.63 MgO
Al 4.49 3.38 8.48 Al203
Si 39.90 29.08 85.93 SiO2
K 0.75 0.39 0.90 K20
Ca 1.14 0.58 1.59 Ca0
Fe 0.87 0.32 1.12 FeO
Ti 0.63 0.25 0.78 TiO2
0 51.42 65.32
Total 100.00

The hydrothermal synthesis experiments of
the chabazite-type zeolite were conducted in a

The study of the process began at a
temperature of 200 °C, at which the degree of
crystallinity is 70 %, i.e., the initial mass does not
completely crystallize into the reaction product.
In addition to chabazite, quartz and anorthite are
present in the reaction products. At 230 °C, the
entire initial mass recrystallizes into chabazite. A
further increase in temperature (250 and 300 °C)
leads to a decrease in the degree of crystallinity
of chabazite, and in addition to it, albite
crystallizes in the composition of the product.
And at 320 °C, the synthesis products are albite
and quartz.

Changes in the degree of crystallinity of
synthesized chabazite are also observed with a
change in processing time. The crystallization
process has been investigated in a time interval
of 50-100 hours. For 50 hours, the degree of
crystallinity of chabazite is 40 % and besides it,
anorthite and quartz are present in the reaction
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products. A further increase in the processing
time (60, 70, 90 hours) leads to an increase in the
degree of crystallinity of chabazite, but in
addition to the main product, anorthite and
quartz are present in the reaction products. For
100 hours of treatment, the degree of crystallinity
of chabazite reaches 100 %.

The diffraction patterns of natural mineral
raw materials of Nakhchivan and the products of
hydrothermal  crystallization at  various
temperatures are presented in Figure 1 and
Figures 2, and the tabulated data of X-ray
diffraction analysis of chabazite is given in Table
3.

1.5e+004
Meas data: 130116 =
Quartz, syn., 01-083-2466
Mordenite, 01-073-1450
1.0e+004| Anotithe, 01-076-0833 ——
5.02+003}
3
E 0.02+000p~ {ubdt") MM}LJb L'M-’L.vw'w..wﬁw
g 10 20 a0 50
g 10 Quartz, syn., 01-083-2466
50/
| : .
100
50
100 76-0
] il
oy 2(1) 1H|,|’,3|A|H. Il'io Le & -
°20
Fig. 1. XRD patterns of Nakhchivan natural zeolite
Table 3
X-ray data of synthesized chabazite
Chabazite
dexp, A Irel hkl deaic, A
9.44 100 100 9.45
6.68 20 101 6.68
5.46 25 111 5.46
4.24 50 201 4.23
3.89 40 211 3.86
3.36 10 202 3.34
3.14 10 300 3.15
3.05 10 301 3.00
2.94 70 311 2.85
2.62 15 320 2.62
2.52 20 312 2.52
2.32 10 322 2.29
2.23 10 303 2.23
2.17 10 402 2.11
2.10 15 412 2.06
2.07 10 323 2.01
1.96 10 422 1.93
1.88 10 500 1.89
1.87 10 501 1.86
When comparing X-ray diffraction 14, 19.5, 22, 25.5, 26, 27, 28, etc. The relative

experimental data with literature data [30], it
was established that the sample under study is a
zeolite - mordenite and the synthesized product
of chabazite (Table 3). The interference maxima
characteristic of the mordenite phase correspond
to the values of the Bragg angle 26 = 6.5, 9.8, 13.5,

intensity and interplanar distances obtained
experimentally correspond to the literature data
(within the experimental error), which indicates
that mordenite is the main phase of the sample.
The interplanar distances (d) and the intensities
of the diffraction lines (I) equal to d=3.34 A (100),
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2.45 A (30),2.28 A (201) and 2.12 A (20) indicate
that that the sample contains silicon dioxide, i.e.

anortithe (4.30 A, 3.60 A, 3.40 &, 3.19 A) is also
present in the sample composition in small

a-quartz. According to the diffractogram quantitie.
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%‘ 5.0e+003
5 Ji L ,U F AT W gtk i
0.06+000
0] 20 30 0 50 10 ™ ] ) 50
o Quartz | Chabazite
50 50|
T 1 | | ‘ | I | 1l IR
1 20 30 0 50
Anortithe
50
|| ‘ ‘ | ‘ | | ‘
Chabarite
50 ‘
| ‘ ‘ 1 11 [v i
[0 % 30 0
1364004,
€ d
10e+004,
E J
2 3 0eH03
| LM IJ\- A "
i p] 0 £} 50 0 0 m m =
: Atbite]! Quartz
50) ‘ 50
0 ) 0 [ 50 ! !
Chabazite| | Albite
50 ‘ 30
| | ‘ | [ 11 [r i | ‘ |
[0 20 30 [ 3 0 20 30 50
2 theta (deg) 2 theta (deg)

Fig. 2. XRD patterns of hydrothermal crystallization products at 200° C (a), 230 °C (b), 250 and 300 °C (c), 320 °C (d)

The obtained hydrothermal modification of
natural mineral raw of Nakhchivan chabazite
crystallizes in the cubic crystal system with the
unit cell parameter a = 9.459 A, which agrees well
with the reference data [31].

950
r10
TG DTA
350
120 r20
24 %
'l Am, %
230
T T T T T*uc
200 400 600 200 1000

Fig. 3. DTA and TG curves of chabazite with 100%
degree of crystallinity

The area of dehydration, water content and
thermal stability of chabazite are determined by

the method of thermogravimetricanalysis. The
DTA and TG curves are presented in Fig. 3.

DTA curves are characterized by
endothermic and one exothermic effects.

The first endothermic effect refers to the
dehydration of the sample. The hydration shell of
cations with a maximum of 230 °C is subjected to
dehydration that occurs with a loss of the TG
curve of 24 %.

The dehydration and rehydration properties
of the obtained chabazite were studied. Since we
received chabazite thermal stability, the process
of dehydration has been reversible, characteristic
for zeolite. The sample dehydrated at 120-350 °C
is completely rehydrated within 72 hours, i.e.
dehydration is reversible.

Ifa change in the structure of the zeolite is
observed in the process of dehydration, then the
DTA curve becomes more complex, that is,
multiple excesses appear. Like the wine from
Figure 3, the DTA curve is smooth, that is, there is
no structural change during dehydration.

one

The second endothermic effect, with a
maximum of 950°C, observed at high
temperature, according to X-ray analysis,
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corresponds to the destruction of the crystal
structure of chabazite with the formation of

The diffractogram of
presented in Fig. 4.

hydrosodalite.
hydrosodalite is
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Fig. 4. XRD patterns of hydrosodalite

Hydrosodalite crystallizes in the cubic crystal
system with the unit cell parameter a = 8.85 A,
which agrees well with the reference data [31].

Fig. 5 shows the micrographs of the
synthesized products. As can be seen from figure
5 the individual phase of chabazite crystallizes in
an indefinite form of nanoparticles.

30 NL D6.2

TM3000_0232 2014/02/18

Fig. 5. Micrograph of chabazitewith 100% degree of
crystallinity

20 um

Materials and methods
Instrumentation. The initial component and
the reaction products were examined by X-ray,

thermogravimetric analysis and scanning
electron microscope.
XRD  analysis. The X-ray diffraction

measurements were performed using the X-ray
analyzer 2D PHASER "Bruker" (Cu K. radiation,
26 = 5-50°), using of NaCl, SiO; (quartz) and pure
zeolites in internal and external standards.
Samples have been placed on a front mounted
plastic sample holder. The measuring conditions
have been as follows: step size of 0.15 s/step,

nickel filter as incident beam, slit aperture of 0.3°
and scan range from 0.5° to 10° 26.

Thermogravimetric analysis. The thermos-
gravimetric analysis of the samples has been
carried out on a “Q-Derivatograph 1500-D” of the
Hungarian company MOM in the dynamic mode
in the temperature range 20-1000 °C. Shooting
mode: heating rate of 20°/min; paper speed of
2.5 mm/min; the sensitivity of DTA, DTG and TG
is 500 mv; ceramic crucibles; the standard is
Al;0s.

Scanning electron microscopic analysis. The
scanning electron microscopic analysis of the
starting materials and reaction products was
carried out on a Hitachi 3000 TM high resolution
microscope (magnification 30000 times). The low
vacuum mode allows to examine samples without
preliminary spraying. The sample is placed on a
double-sided adhesive tape glued to a metal disk
and vacuum to a pressure of 104 Pa, then the
sample is viewed under a microscope and a
micrograph is obtained.

Natural mineral. The natural sample has been
obtained from the zeolite horizon in the north-
west of the Kyukyuchai river where zeolite
content varies in the range of 75-80 %. The
sample has thoroughly been washed with
distilled water and dried at the temperature of
100 °C for three days.

Chemicals. Calcium hydroxide and calcium
chloride (flake, 99 % purity, Alfa Aesar GmbH &
Co KG, Germany) have been used as received
without further purification.

Working methods. The hydrothermal synthesis
has been carried out in Morey type autoclaves
madeof 45MNFT stainless steel with a volume of
18 cm3, and with the filling coefficient of F = 0.8.
The hydrothermal crystallization experiments
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have been carried out on generating a
temperature gradient AT = 0 and without stirring
of the reaction mass. Solid-liquid ratio is 1:10.
For each experiment, 2 g of natural zeolite has
been used.After crystallization is completed, the
final material is separated from the initial
solution. It is washed with distilled water from
excess alkali, and dried at 80 °C.

Conclusions

Thus, the hydrothermal modification of
natural mineral raw materials of Nakhchivan was
obtained initially and a practically important
zeolite of chabazite type was synthesized. A
hydrothermal modification was carried out in
wide ranges of temperature, concentration of
thermal solution and treatment time. It was
found that the optimal conditions for the
synthesis of phase-pure chabazite were
temperature of 230 °C, concentration of thermal
solution - 15-20 % Ca(OH):, concentration of
mineralizer - 10-15 % CaCl; and treatment time
- 100 hours. It was established that the resulting
zeolite of chabazite was dehydrated in the
temperature range of 120-350 °C, stayed stable
up to 950°C, and a further increase in
temperature leads to the destruction of its
structure and crystallization of hydrosodalite. It
was shown that dehydrated chabazite is
completely rehydrated within 72 hours, which
once again proves its zeolite character. Based on
the natural zeolite of Nakhchivan, a series of
synthetic practically important zeolites can be
synthesized (directed synthesis).
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Abstract

Aim. To develop technology for dietary supplements made from walnuts to increase the biological value of beverages.
Methods. The state of plant cells of the nut residue after extraction with various extractants was determined with a
help of histological and chemical analysis. Microphotography of the areas selected for illustrations using a Biorex-3
VM-500T microscope with a DCM 900 digital microphotometer with software adapted for these studies was
performed. The Statistical V. 6.0 program was used for mathematical processing of experimental results. The study
of quality indicators of dietary supplements was carried out with a use of standard methods. Results. The expediency
of using walnuts as a dietary Supplement for beverages is justified. The parameters of extraction (duration,
hydromodule) of biologically active substances from fruits of milk-wax ripeness and pericarp of a ripe nut were
studied. The selection of extractants was confirmed by histological studies of the plant cell of the raw material after
extraction. A basic technological scheme for preparing extracts has been developed. Physical and chemical
parameters of dietary supplements made from walnuts were studied. Conclusions. The introduction of the proposed
technology will expand the range of natural dietary supplements and beverages with their use of increased biological
value. The consumption of beverages in the daily diet will help to improve overall health of people and improve their
quality of life.

Keywords: technology; walnut; milk-wax ripeness; pericarp; dietary Supplement; extract; extraction.

TEXHOJIOI'IA AIETUYHUX JOBABOK I3 BOJIOCBKOI'O I'OPIXA

Inna C. TropikoBa,!, Muxaitio I. [lepeciunuii?, FOuiga A. Mauyk3, Ania I1. Katinaw4, Hina B. BygHuk4
1Buwjuti Hag4aabHull 3ak1ad Ykooncninku «[loamascvkuii yHieepcumem ekoHoMiku i mopzieni», 8ya. Koeass, 3, [loamasa,
36014, Ykpaina
2KuiecbKkull HayioHaabHUll yHigepcumem Kyabmypu i mucmeyms, 8ya. Konosaavys, 36, Kuis, 01601, YkpaiHa,

3 /lninposcbkuli HayioHabHull yHieepcumem imeHi Onecs I'onuapa, np. lazapiua, 72, /Jninpo, 49010, YkpaiHa,

4 [lonmascvka depicasHa azpapHa akademisi, 8ya. Ckosopodu, 1/3, [loamasa, 36003, Ykpaina

AHoTaliga

P03po06/1eHO TEXHOJIOTiI0 AiETUYHUX A06ABOK i3 BOJIOCHKOrO ropixa AJjis niBuieHHs1 6i0/10TiYHOI IiHHOCTI HanoiB.
CTaH pOC/IMHHMX KJIITHH ropixoBoro 3sa/IMIIKy IiC/s eKCTparyBaHHsA pi3HUMH eKCTpareHTaMd BH3Haya/IM 3a
AONOMOrol0 ricrosioriyHo-ximiyHoro anaiizy. MikpodoTorpadyBaHHsa oGpaHMX AJA iJdlocTpanii  AiAsHOK
NPOBOAWIMA 3a JomnoMorolw Mikpockony Biorex-3 BM-500T i3 nmudposorw mikpodoroHacaakorw DCM 900 3
aJanToBaHUMHU [JJA JaHUX JOCJHiJ)KeHb MporpamMaMu. /liA MaTeMaTHYHOro o0GpOGJeHHS pe3y/bTaTiB
eKCllepuMeHTa/IbHUX [0C/i/)KeHb BUKOPMCTOBYBaJ/JIM nporpamy Statistic v. 6.0. JociifkeHHsA NOKa3HUKIB AKOCTi
Ai€ETUYHHUX J06aBOK NPOBOAUIIN 3a CTAHAAPTHUMHU METOJMKAMHU.

OGrpyHTOBaHO AOLJBHICTh BUKOPMCTAHHA BOJIOCBKOrO ropixa K Ai€TU4YHOI A06aBKM AJs HamNoiB. /JlocaigkeHo
napaMeTpHu eKCTparyBaHHA (TPUBAJIICTh, FipoMoayJib) 6i0/10TriYHO aKTUBHUX PEYOBHH i3 IUI0/iB MOJIOYHO-BOCKOBOIL
CTHUIJIOCTi Ta IEpUKaPMilo CTUTJIOro ropixa. Bu6ip ekcrpareHTiB nmigTBepAKeHU# ricToJI0riYHUMHU AOCTiJKeHHAMH
POCJMHHOI KJITMHM CHPOBUHHU Mic/ad eKcTpakiii. Po3po61eH0 NPpUHIMIOBY TE€XHOJIOTiYHY CXeMy NPHUroTyBaHHs
eKCTpakTiB. locaigxeHo ¢i3nko-xiMiuHi NOKa3HMKM AiETUYHUX A06ABOK i3 BOJIOCBKOro ropixa.

BrnipoBa/keHHs 3alIPONIOHOBAHOI TEXHOJIOTii J03BOJINTh PO3IINPHUTH ACOPTUMEHT HaTypPa/IbHUX Ai€ETUYHUX J06aBOK
Ta HaNoiB NiABUIeHOi 6io10riyHoi HiHHOCTI. CHOKMBaHHA HaNoOIB y 0J€HHOMY PalioHI CHPpUATHME NOKPalleHHIO
3araJibHOro CaMonovyTTs JIOJAUHHU Ta NOJIiNIIEHHIO AKOCTI iX XKUTTH.

Katouosi cnoea: TeXHOJIOTiS; BOJIOCBKUM ropix; MOJIOYHO-BOCKOBA CTUIJIICTh; MepUKapMil; AieTUYHA J06aBKa; €KCTPAKT;
eKCTparyBaHHs.
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TEXHOJIOTHA AUETHYECKHUX JOBABOK U3 I'PELIKOI'O OPEXA

WuHa C. TropukoBa,! Muxaua U. [lepecuunbiii?, l0ausa A. Manyxk3, Amnna I1. Kalina4,

Huna B. Byjnuk*
1 Buicwee y4ueb6Hoe 3agedeHue Ykooncow3sa «lloamasckuil yHugepcumem sKOHOMUKU U mopzosauy, ya. Kosaxs, 3, [loamasa,
36014, YkpauHa
2 KuescKull HQUUOHA/IbHbLIU yHUBEpcUmMem Ky/ibmypbl U uckyccms, y4a. Konosanvya, 36, Kues, 01601, YkpauHa,
3/THunpo8gcvkuli HaAYyUOHALHLIU yHUBepcumem umenu Oaecst ['onyapa, np. I'azapuna, 72, /lHunpo, 490106 YkpauHa
4 [loamaeckas 2ocydapcmeeHHas azpapHas akademusi, yAa. Ckogopoowl, 1/3, [lonmasa, 36003, YkpauHa

AHHoTalus

Pa3pa6oTaHa TeXHOJIOTHs JUeTHYeCKUX J06aBOK M3 IPelKoro opexa JJis NOBbIIIEHUA GHOJIOTMYeCKON IeHHOCTH
HanmUTKOB. COCTOSIHME PACTUTeJbHBIX KJIETOK OpPeXOBOro OCTaTKa MNocje 3KCTParupoBaHWs pas/JIM4YHBIMH
3KCTpareHTaMM ONpeAeasA]d C NOMOIIbI0 THCTOJOTrHYeCKM-XMMHUYECKOro aHaausa. MukpodoTtorpadupoBaHme
BbIGpPAHHBIX JJIsl WIJIOCTPALMHA y4acTKOB MPOBOJMJIM C MOMOIIbI MUKpockomna Biorex-3 BM-500T ¢ nudpoBoit
mukpodoroHacagkoid DCM 900 c¢ azanTHpOBaHHBIMU /[JiA JaHHBIX HCCAeJ0BaHUil mnporpammamu. /[as
MaTeMaTH4eCKOM 06paGoTKHU pe3y/ibTaTOB 3KCIEepPHMMEHTA/IbHBIX HCC/IeJ0BaHNH HCN0/1b30BaIM NporpaMmy Statistic
v. 6.0. HccnepoBaHue noKa3saTesiell KayecTBa AUETHYECKUX J06aBOK NPOBOAUJIN O CTAHAAPTHBIM MeTOJUKaM.
0GoCcHOBaHa Iie/1eC006Pa3HOCTh UCN0JIb30BaHUA IPENKOro opexa B KayecTBe AUeTHYECKON A06AaBKH AJIS HAIUTKOB.
HccnepoBaHbl NapaMeTphl IKCTPAKIUHY (IPOAO/HKUTE/ILHOCTD, THAPOMOAY/Ib) 6M0JI0THYEeCKH aKTUBHBIX BEIleCTB U3
IJIOAOB MOJIOYHO-BOCKOBOM CHeJIOCTU M NepuKapnus CHesjaoro opexa. Bbi6op 3KCcTpareHTOB MNOATBepXKJeH
TUCTOJIOTUYECKMMH HCCJeJLO0BaHUSMM PACTUTEJbHOM KJIETKH ChIpbA IMOCJAe 3KCTpakuuM. Paspa6oTtaHa
NpPUHIMIKAJBHAsA TeXHOJOorudeckas cxeMa NPUTrOTOBJIEHMA 3KCTPakToB. UccaemoBaHbl (PU3MKO-XMMHUYECKHE
NMoKa3aTeJ M JMeTU4YeCKHX A06aBOK U3 rPeIKoro opexa.

BHe peHMe npeAJiOKeHHOH TEXHOJIOTMH NMO3BOJIUT PacCIIMPUTh aCCOPTUMEHT HATyPa/IbHbIX JUeTHYECKHX J06aBOK
U HalUTKOB NOBBIIIEHHOH 6GM0/IOrM4eCcKoil IIeHHOCTH. YNOTpeGieHne HAalUTKOB B eXXeJHEBHOM panMoOHe GyJeT
CIIOCOGCTBOBATD Y/Iy4YlIEeHUIO 0611ero CaMO4yBCTBHA JII0Jell M KayecTBa UX )KU3HH.

Kntouegvie cnosa: TEXHONOTHS; IPELKHH OpeX; MOJIOYHO-BOCKOBAs CIIEIOCTb; IEPHKApIUH; IUeTHYecKas J00aBKa; IKCTPaKT;
SKCTParupoBaHHe

Bctyn

XapuyBaHHA € TOJIOBHUM  KepOBaHUM
YMHHWKOM BILJIMBY Ha 3/J0POB’A JIIOAUHH, AKICTB ii
JKUTTH, NpaLe3faTHICTb, akTUBHE JOBTOJITTH Ta
TBOpYik moTeHuiaa. [IpaBuJbHO oOpraHizoBaHe
Xap4yyBaHHA BiJlirpa€ BaXK/IMBY POJIb Y 3HUKEHI
pU3UKYy PO3BUTKY 3aXBOpPIOBaHb, MOB’S3aHUX i3
BIJINUBOM YUHHUKIB HaBKOJIMUIHbOTO
cepe/loBUILA, 3pOCTAHHAM CTPECOBUX CUTYyaLiH i
HeraTUBHUX Nepe>KUBaHb, HIKIJJIUBUMU
3BMYKaMu Touo [1-3].

Bigomo, 1mo 3a6e3neyeHHS  OpraHi3My
6ios0riuHO akTUBHUMU peuvoBHHaMu (BAP),
30kpeMa, BiTamiHamu (A, C, E, rpynu B i f-
KapoTUHOM), (GeHOJbHUMU, MeKTUHOBHMH Ta
MiHepaJbHUMHU peyoBUHAMH, XapuyOBUMU
BOJIOKHaMHU IHifcuaoe (QyHKLIOHyBaHHA HOro
3aXMCHUX CHUCTEM - IMyHHOI, aHTUOKCHAAHTHOI;

peryasnii anomnTo3y Ta MeTaboJTi3My
KCeHOOIOTUKIB [4].

OpzHuM i3 OpiopUTeTHUX  HampaBJieHb
3arajbHOAEPKaBHOI MNporpamMu  «370poB’'ss -

2020» Ta cy4dacHol Xxap4yoBoil IiHAycTpili €
pPO3ILIMPEHHSI ACOPTUMEHTY HOBUX TeXHOJIOTIH
NpPOJyKTiB QYyHKIiOHAJbHOTO MPU3HaYeHHs [5].

Oco6siMBe 3HayeHHS HAOYBAa€E BUPOOHHUIITBO
HAIlOIB Ha OCHOBI €KCTPaKTiB i3 pPOCJMHHOI
CUPOBHHU 3 BUCOKOI0 KOHLIeHTpaLi€lo
diziosioriyHO 3HAUUMUX [IJIsT OpPraHi3My JIIOJAWUHU

HAaTUBHUX MiKPOHYTpi€HTIB [6]. [x BUKOpHCcTaHHA
JI03BOJISIE CTBOPIOBATH HAIOI HalpaBJieHol Ail —
JJI1  CTUMYJIIOBAaHHS  PO3yMOBOI  JiflJIBHOCTI,
peryJitoBaHHs1 OOMiHY XOJleCTEPUHY, TOHi3youi,
3acnokiauBi Ta iHwi [7]. [Ipupoani BAP pociaun
(bs1aBoHOIAM, BiTaMiHM, KapoOTUHOIAW, OapBHI
pedyoBuHY, edipHi osii Ta iH.) cOpUAOTH
3HIDKEHHIO BHUKOPHCTAaHHSl Xap4yoBUX [J00aBOK
(apomaTuzaropiB, 6apBHHUKIB, KOHCEPBAHTIB Ta
iH.) y TexHoJioril HamoiB, ypi3HOMaHITHEHHIO IX
CMaKOapOMaTHU4YHUX BIATIHKIB Ta MiBUILYIOTHb
CTIMKiCTB y npolieci 36epiraHHs.

IlocmaHoska npob1emu. BpaxoBytouu gedinut
MIKpOHYTPIEHTIB y XapuyBaHHI JIIOJAWHY, Cy4acHi

KOHUeNuii po3BUTKY 6e3aJKOroJbHOI raaysi
nepenbavaroTb  36ijblIeHHS ~ BHUPOOHUIITBA
HaloiB y  KOMIO3ULil i3  pOCIWHHHUMHU

eKCTpaKTaMHU 3 KoMIliekcoM BAP HanpaBJieHoi fil
[8].

Ha Teputopii Ykpainu nomupeni fedaki BUgu
JAUKOPOCJIOI i ClJIbCBKOTrOCNoAapChbKOl CUPOBUHHY,
dKi € T[epcneKTUBHUM  xepesoM  BAP
pe3uCTeHTHOI [il, 30KpeMa, IJIOAU BOJIOCBKOTO
ropixa. BoHu MicTATh 3Ha4HY KinbKicTb BAP, mjo
NOCWJIIOIOTh Jil0 ofHa oAHOI Ta e(eKTUBHO

BIUIMBAKOTh Ha MNiATPMMAaHHA 1 BiZJHOBJIEHHA
byHKLiN opraHiaMy JoauHU [9].
BukopuctaHH  BOJIOCBKOTO ropixa B

TEXHOJIOTiIX Xap4yoBoi MpoAyKIii 06rpyHTOBaHO
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AKICHUM BMICTOM HYTPIEHTIB PE3UCTEHTHOIL Ail,
30kpeMa, Mr/100 r: ackop6GiHOBOI KHCJOTU -
2007, Toxkodepoay - 14.5, perunoay - 0.80,
kapotuHoifgiB - 20.5, mupugoxkcuny - 0.8,
doutieBoi kucaotu - 0.06, voxy - 0.26, UHKY —
2.44, nosnideHoiB - 5300 Ta XapuoBUX BOJOKOH —
8.6 %. [lepukapniii cTuryoro ropixa 6araTuii Ha
deHosbHI ciontyku — 2175 mr/100 r, ackop6iHOBY
Kuciaorty - 243 mr/100 r [10].

Cy4acHi TexHoJIOTil KyJliHApHOI OpOAYyKLil y
3akJajax pecTopaHHOro rocrnojapcTaa
nepej6a4aloThb IIMpPOKe BUKOPUCTAHHS
BOJIOCBKOTO TroOpixa B SAKOCTI OCHOBHOI i
JonoMmixkHoi  cupoBuHM  [11].  BakiuBoro
CKJIaZl0BOIO 3arajlbHOI CXeMH Xap4yyBaHHS € HAIIO],
sAKI ~ BH3HAHO IEePCIEeKTHUBHOK  Xap4OBOIO
CUCTEMOI0 JJis1 36araueHHsl OpraHiaMy JIOJLUHHU
BAP [12]. ToMy po3po6JsieHHSI HOBUX TEXHOJIOTIH
HanoiB 3a YMOB KOMILJIEKCHOI'O BHUKOPHCTaHHA
BOJIOCBKOI'O Tropixa, fKi MawTb 03[0pOBYMHU
BIUIMB Ha OpraHi3aM JIlOJUHH, 3abe3NedyoThb
npodisaKkTUKY aJliMeHTapHO-3aJIeKHUX
3aXBOPIOBaHb, CIPUATHUMYTb KOpeKLii JiJIbHOCTI
3axMCHOI CHCTEMU OpraHisMy Ta BiJJHOBJIEHHIO
nopyueHux GyHKILiN opraHiB i cucrem.

[ pyHTOBHMX JocCaiXKeHb 00
BUKODPHUCTAaHHS BOJIOCBKOT'O ropiXa B TeXHOJIOTII
HamnoiB, sKi 6 CTaBWJMU 3a MeTy NiJBUIEHHA iX
6iosioriuHol UiHHOCTI, y HayKoBi{ JiTepaTtypi
BUSIBJIEHO HeJOCTaTHBO, L0 CTaJO MiAIPYHTAM
JlJIs1 pO3pO6JIeHHS TeXHOJIOTI IIETUYHUX 106aBOK
pesucteHTHOI Ail (MJIOAM MOJIOYHO-BOCKOBOI
crursocti (MBC), nepukapmiii cturJioro ropixa ta
eKCTPaKTH Ha iX OCHOBI).

AHaniz ocmauHix docaidxceHb 1 nybaikayii.
Bu3HayeHO TepMiHM MNPOMUCJIOBOI 3aroTiBJi
IJIOZiB MOJIOYHO-BOCKOBOI CTHUIJIOCTI (UepBeHb)
Ta NepuKapnilo (BepeceHb-KOBTEHb) JJIf
LLeHTPaJIbHOTO perioHy YKpaiHy, IKi 3HaX0AAThCA
y npsMidl 3ajieXXHOCTi Bify morogHux ymoB [9].
[i7bOBUMH pe4YOBHHAMHU [Ji €KCTparyBaHHA
06paHo GJaBOHOIAU Ta acKOpPOIHOBY KHCJIOTY,
SIKUMHU 6araTui BosiocbKuil ropix [10]. BuByeHo
BIIJIMB KOHLLEHTPALIil BOAHO-CIUPTOBOI CyMilli Ha
BUJIyYeHHs] aCKOpOIHOBOI KUCIO0TH i GeHOJIbHUX
pedoBuH [13]. BcTaHOBJIEHO CYTTEBUM BILJIUB
TUINY eKCTpareHTa Ha CTYNiHb €KCTparyBaHHA
BAP ropixa. /JloBegaeno, mo 70 %-i BOJHO-
COMPTOBUM pO3YMH, SIKOMYy BJIACTUBI BHCOKaA
MOJIAPHICTh i PO3YUHHICTBL AJis TipodinbHUX
CIOJIYK, Ma€ 3Ha4yHy eKCTparywdy 3JaTHICTb
[9; 10; 13].

JocnifxkeHo BIJIMB NoONlepeHbOr0 TEIJIOBOTO
06p06JIeHHsI TOpPIXOBOI CUPOBUHM Ha IpoLec
ekctpaknii [14]. Bu3HadyeHO  3MeHIIEHHS
KOHIleHTpaIlil ackop6iHoBoi kucaoTH Ha 52.1 % i

36i/bIIeHHS BMICTy (QEHOJbHUX CHOJAYK B
eKcTpakTi Ha 16.2 % psa muogfiB ropixa MBC,
6s1aHIIOBAaHUX 3a TeMnepaTypu 80 °C BIpoOBxK
1060 c. Ekcrpaktu i3  6GJIaHIIOBAaHOTO
NMEPUKAPHiI0 CTUIJIOTO Topixa MICTUIA BUILLY
KOHIIEHTpallil0 acKop6iHOBOi KHUCJOTH Ha 14-
20 %, ¢eHonbHUX cnoayk - Ha 3-13 %,
TUTPOBaHUX KucaoT - Ha 30-80 %, cyxux
pe4oBUH - Ha 1-3 %. Y nepukapmnii nepesaxae
HepOo3YMHHA MPOTONEeKTHHOBa ¢pakKIjis, ska
3Mil[HIO€ CTiHKU KJITHUHHU. llelt dakTop mosicHIOE
HeOoOXi/HICTb TeMIlepaTypHOro o6po6JeHHs (t =
80 °C, T = 1060 c) TibKM A/ MEpUKaPITiIO A5
riApoJiisy NMeKTUHOBUX HEPO3YUHHUX pPEYOBUH
[9; 14].

Mema ma yini JdocaidxcenHs. BpaxoByrouu
pe3yJbTaTyd MNolepefHiX [OCaAipKeHb, METOI0
po6oTHu OyJio  po3poGJIEHHA  TEXHOJOTii
JIETUYHUX A00aBOK i3 BOJIOCBKOIO ropixa Ta
JOCJIiIKEHHS iX Gi3UKO0-XiMIYHUX OKAa3HHUKIB.

JAna  pocarHeHHA NOCTaBJIEHOI  MeTH
HeoO6XiIHO 6yJ10 BUPILIMTYU HACTYNHI 3aBJaHHS:

1. JlocmiiuTd CcTaH PpPOCAWUHHUX KJITHH
ropixy nicsas €KCTparyBaHHA pisHUMU
eKCTpareHTaMH.

2. BcraHoBuTH 3asexHicTh ekcTpaknii BAP
BiJi TPUBaAJIOCTI eKCTparyBaHHA Ta TiZpoOMOAYJs
JUIsT  acKOp6GiHOBOI KHCJOTH Ta (PEeHOJIbHUX
CHOJIYK.

3. CkjacTd TNPUHLUIIOBY
CXeMy NpUTOTYBaHHS eKCTPAKTIB.

4. BusHauuTd Ji3uKo-xiMiuHI NOKA3HUKHU
JETUYHUX 106ABOK i3 BOJIOCBKOTO ropixa.

Pe3ysibTaTH Ta IX 06roBOpeHHA

O6rpynmyeaHHsi 8uU60py PpPO3YUHHUKIE 045
ekcmpazyeaHHss BAP eoso0cbkoeo 2opixa. [ns
pPO3LIHPEHHSI aCOPTUMEHTY HaANoIB CIPSIMOBAaHOI
Al i KoJia cHnoXxuBayiB JIOLiIBHUM  0yJ0
p03p0o6JIeHHS OCHOBU /151 AIETUYHOI 106aBKY 6€3
BMicTty cnuprta. OfHak, pocauMHHaA Jo6GaBKa
MOBMHHA 3a/IMIIATUCS CTabi/IbHOIO Y Bi/IHOILIEHHI
MiKpoOHOTO 3abpy/lHEHHsI 6e3 [0AaTKOBOIO
BBeJIeHHs] KOHCepBaHTIB [15; 16].

3 MeTo0 306epekeHHs CTabiJIbHOCTI JIEerko
OKHUCJIOBAJbHUX PEUYOBUH y  TOpiXOBOMY
ekctpakTti (BiTamiH C, ¢eHOJbHI peyoBUHHU)
nepenbavaid OTPUMaHHS iHBEPTHOrO CHUPONY —
50 %-ro BoaHO-LyKpoBOro po3uuHy (BLP), mo
SIBJISIE COGO0I0 CyMilll piBHOI KIJIBKOCTI IJIIOKO3U ¢
bpyKTO3M HLIAXOM Tifgposidy caxaposu (50 %)
iJ, yac HarpiBaHHA i HAABHOCTI 10HIB BOJHIO AK
KaTaJsiizaTopa. Heo6xi/lHO 3a3Ha4YUTH, 1110 3HAaYHA
KOHLIEHTpal{ifd LyKpy CTBOPIOE  BUCOKHUU
OCMOTUYHUI TUCK y CHUpOMaX, 110, B CBOIO YEPTY,
3anobirae pocTty i po3BUTKY MiKpoopraHismis y

TEXHOJIOTIYHY
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npolieci 36epiraHHs, a BoJla € YHiBepCaJbHUM
PO3UMHHUKOM [JiJIl BUWJIY4YeHHA TCifpodisbHO-
JinodibHUX PpedyoBHH i3 pOCAMH $fK B
KiJIbKiCHOMYy, Tak i B sikicHOMy BifgHomeHHi [15-
19].

Jnda nigTBep/KeHHA BUCYHYTOl TrinoTesu 3a
JOIIOMOIOK  TiCTOJIOTIYHO-XIMIYHOrO  aHasi3y
BU3HA4Y€HO CTaH POCJMHHUX KJITHH TrOpiXxoBOro
3aJIMIIKY  MicJd  eKCTparyBaHHA  Pi3HUMHU
eKcTpareHTaMu. B sikocTi ekcTpareHTiB o6upaiu
Boay, 70 %-i1t BCP ta 50 %-i BIP, riapomoayib

(cupoBuHa : ekcrtpareHT) - 1 : 1, B gkocTi
KOHTPOJIIO — CBIXKMU MepUKapImii.
PocivHHul  Matepian A 36epe)XeHHS

CTPYKTYPHHUX BJIACTUBOCTEH KJITUH CUPOBHHU
CBiXKOI Ta mic/a 11 ekcTparyBaHHs QikcyBasu 3a
3arajibHOBiZoMUMU MeToAUKaMH [20].
@®parmeHTH i 6ionTaTU CUPOBUHHU (TKAHUHH)
3anyptoBasu B 10 %-i1 po34MH HeWTpPaJbHOIO
dopmaniny Ha 3 f06u. PocivHHUEM Martepian
3HEeBOJHIOBaJ/IU y GaTapei CIUPTIB 32 BUCXiZHOIO
mkanow. llepekynaganun Martepian y cymim
abcoIoTHOrO CUpTy i xsopodopmy Ha 12 rog,.
Jia Kpamoro npocoyyBaHHs — napadiHoM
IIMaTOYKH MaTepiany 3aHYpIOBaJIU y
po3miaBjeHy cymim xjaopodopmy i napadiny Ta
BUTPUMYBaJIM B TepMocTaTi 3 TOAWHHU 3a
Temneparypu 40 °C. I3 cyMimi Marepian

8

nepekJafaJu y po3IJIaBJeHUd mapadin i
BUTPUMYBa/NU 10 4 ropuH. Iliciga BUTPUMKH y
ApyroMmy napadiHi rapsyuMM MiHUETOM TKaHUHY
IIepeHOCUJ/IM Y 3a3/aJleriJib NiiroToBJeHy Gopmy
i MOBTOpPHO 3ajJMBaJM YWUCTUM MHapadiHOM.
Oxos101xeHHs apadiHOBUX 6JI0KIB IPOBOAUIIU Y
MOCYyJHUHI 3 BOJOI KIMHATHOI TeMIepaTypH.
OTprMaHi 6JIOKM HakJelOBaJd Ha JepeB’siHi
KOJIOJKHU.

3pi3u ToBUMHOIO 5-10 MKM OTpUMYyBa/u 3a
JOIIOMOTOK CaHHOTO MIKpOTOMa I MOHTYBaJ/IH iX
npeAMeTHi CKeJIbLs 3a TpadapeTHOI0
METO/UKOIO. [Ticna 3a6apBJIeHHS
reMaTOKCUJIIHOM Ta €03WHOM 3aKJ/4alu B
[I0JIICTEPOJI | BUBYA/IM B CBiTJIOBOMY MiKpOCKOIII.
MikpodoTorpadyBaHHs 00paHux st
iyMocTpali AiSTHOK NPOBOAUWJIM 3a J0IMOMOTrOI0
Mikpockony Biorex-3 BM-500T i3 upudposoro
Mikpo¢poToHacazkow DCM 900 3 aganToBaHUMU
JJI JAHUX JOCJIPKeHb IporpaMaMHu.

Yci BU3HaueHHA NpPOBOAWIA Y  KIJBKOX
NOBTOPHOCTAX. [lJI1 OTpUMaHHA y3araJbHEHOro
pesyJbTaTy BUPaXOBYBaJlH cepeiHE
apupMeTHUHE 3HAa4YeHHS. Yci aHaJsi3U
BUKOHYBaJIUCA B 0JHAKOBUX YMOBaX.

Ha puc. 1 npencraBiieHO TiCTOJIOTIYHI 3pi3u
[lepUKapIilo ropixa micjas eKCcTpakuii pisHUMHU
eKCTpareHTaMu.

2

Fig. 1. Histologial sections of ripe walnut pericarp before and after extraction (hydromodule 1: 1): a-before
extraction; b - with water; c - with 70 % water-alcohol solution; d -50 % water-sugar solution
Puc. 1. TicTosioriyHi 3pi3u nepukapmiio CTUTJIOro BoJIOCHKOro ropixa Ao Ta mic/isi ekcrparyBaHHs (rigpomoayib 1
: 1): a - A0 ekcTparyBaHHs; 6 - BOA0I0; 8 - 70 %-M BOAHO-CIMPTOBUM PO34YUHOM; 2 - 50 %-M BOAHO-LYKPOBUM
PO34YHHOM
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K/aiTUHU CUPOBHHM [0 eKcTparyBaHHSI 6y/u
LIJIMMH, BaKyo0JIi HallOBHEHI KJIITUHHUM COKOM 3
po3unHeHumMu BAP  (puc.1la). HanexsicTb
00paHUX ILiJIbOBUX PEYOBHUH M0 TiApodisbHUX
CHOJIYK TOSICHIOE IX J0Opy eKCTparymody
3/laTHICTb BO/IOM0, ajle HeTpUBaly 36epexeHicTh
€KCTpPaKTIB. KutiTuHHI 0060JIOHKHU nicg
eKCTparyBaHHAd BOJZOI - He YUIKO/PKEeH,
30iJIbIIIEHOr0  PO3Mipy, eJincomoAibHOi  Ta
OKpyTJIOl dopmy, MaKwTb OJVUHUYHY
HanoBHeHicTh (puc. 16). [licisa ekcTparyBaHHS
BO/JJHO-CIIMPTOBUM PO3YUHOM POCJUHHI KJIITUHU
MaJld BUIJISAJ TMOPOXKHIX, eJimTUYHOI ¢opMy,
KJITHHHI 060JIOHKU Jy>Ke TOHKi (puc. 1B), ToMy
BCP o6paHo palioHaJIbHUM J1Jis1 BUJIydeHHs1 BAP
BOJIOCBKOTO ropixa. Ilic/ii ekcTparyBaHHs BOJHO-
LYKPOBMM  PO3YMHOM  POCJMHHI  KJITHHHU
BUTJIA /N ZebOpMOBAHUXMH, YaCTKOBO
3pyHMHOBaHUMH, KyTOBOi ¢OpMH, 3MilllEHUMHU 10
nepudepii, 3i cToBieHO 060JI0HKOW (puc. 1r).
Otxe, 3aBaskud 3gatHocti BLP cTBOproBaTu
BUCOKHWUM OCMOTHUYHUHI THCK Ta 3amob6iraTv pocTy
i pO3BUTKY MiKpOOpraHi3MiB, € AOLIIBHUM HOro
BUKOPHCTAHHSI $IK eKcTpareHTa. CTaGiJIbHICTb
eKCTpakKTiB y  mpoueci ix  36epiraHHs
MiJCUIIOETBCA BMICTOM y HUX XiHOHOBUX CIIOJIYK
3 6aKTEepULIUIHOIO Ai€l0, a caMe IT/I0HY [21].

OTke, ricToa10ro-XiMiuHi A0CIiIKeHHSA OY10BU
3€JIEHOI'0 BOJIOCBKOI'O TroOpixa [JOBEJU BILJIUB
BOJJHO-IIYKPOBOTO €KCTpareHTy Ha CTPYKTypy
WOr0 pOCJAMHHOI KJITUHH, SKAN TMOJSraEe B
OCMOTUYHOMY ii 3HEBOJHEHHI Ta 4YaCTKOBOMY
nopyueHHi gisicHocri. [loBegeHo, wo mig 4ac
KOHTAaKTY KJIITUHH 3 KOHLLEHTPOBaHUM PO34YHMHOM
BO/Ia 3 PO3YMHEHUMHU TiAPOPIILHUMU CIIOJIyKaMHU
(mostideHosH, ackopbiHOBa KUCJIOTA) OCMOTHYHO
JUOYHAYE Yy PpO3YMH 4Yepe3 HANBIPOHUKHY
000JI0HKY KJITUHM, 3HEBOJHIOE ii A0 BTpaTH
TYypropy, CTBOPKE CTaH LIMTOPi3y Ta 4acTKOBO
pyHHYE.

O6rpyHmyeaHHs 3aaexcHocmi ekcmpakyii BAP
810 2idpomody19 ma mpusaniocmi ekcmpazy8aHHS.

3ayBaXKuMo, 110 AN JLOCATHEHHA
MaKCuMMaJibHOI KoHueHTpanii BAP B ekcTpakTi
ONTHUMaJbHUM—CTYIIEHEM NOJApPiOHEHHS IJIOJIB
ropixa BU3HaueHO po3Mip yacTuHOK Bif 10 go 25
MM [22], a onTUMaJibHA TPUBAJIiCTh EKCTPAKIi He
MOBUHHA MepeBUILyBaTU TpUALATH Ai6 [9; 23].
Asie Ha edeKTUBHICTb MpPOLECY TAKOX BILJIMBAE
riipoMOAYyJib — CHDOBUHA i EKCTpareHT.

Bizomo [24], wo TexHosoriuHi, ¢i3nuHi,
ximiuHi, Mikpo6iosioriyHi BJacTUBOCTI KiHLIEBOTO
MNPOAYKTY € byHK1iE0 XapaKTepUCTUK
[104YaTKOBOI CUPOBUHU i napaMeTpiB
TeXHOJIOTIYHOro mpolecy. 3rifjHO 3 Teopi€w
CHUCTEMHOTIO niAXony, OKpeMy cTafito

TEeXHOJIOTIYHOr0  Ipouecy NpejCTaBJadAId Y
BUIJIAAI apaMeTpUYHOI MoJeJii, Ha AKYy AiI0Tb
BXi/iHi (x) i BUXijHi (y) napaMeTpu.

Y nponeci NOoCTaHOBKYU IJIAaHY €KCIIePUMEHTY
dikcyBanu BXiJHI napaMeTpH, 30KpeMa
riApOMOAYJIb i TPUBAJIICTb IPOBEJeHHA POLeCy,
I mpuiMaau iX K KOHCTAaHTH BIiJNOBigHO [0
pe3yJbTaTiB BUKOHAHHUX AOCaikeHb. OTxe, 14
ONTUMI3allii npolecy eKcTparyBaHHs MpUUMa/Iu
BXiZHI napaMeTpu:

— X1 - TipoMOAyJib;

— Xz - TPUBAJICTbh €KCTparyBaHHs, T, Ji6.

OCcHOBHUM BUXIJTHUM KpUTEpiEM
ONTHUMAJIbHOCTI CUCTEMHU OOMpaIud TNapaMeTpu:
MacoOBY KOHI[€eHTpallil0 acKOpOGiHOBOI KUCJIOTH i
($eHOIbHUX PEYOBHH B €KCTPAKTAX Y 3aJI€KHOCTI
BiJ rizpomMoAyJisl Ta TPUBAJIOCTI eKCTparyBaHH4.

OcHoBO1O OISt NpOBeJleHHS npouecy

eKCTparyBaHHs1 OOWpa/Jii eKCllepUMeHTAJbHI
JaHi, OTPMMaHI i3 3aJIeKHOCTi:

y = f (x1, x2). (1)

Y pe3sysbTaTi eKClepUMeHTaJbHOI OILiHKH

piBHIB  QaKTOpiB y TMNpUBEJEHUX  HIKYe

iHTepBa/siax 3HayeHb HaBeJeHa JAWHaMiKa 3MiH
BMiCTy ackop6iHOBOI KUCJI0TH ab60 $peHOJIbHUX
pe4oBUMH B EKCTPaKTi, TOMYy Li IHTepBaIx
obUpasiM SIK TpaHU4YHi 3HAYeHHS BXiJHUX
napameTpiB CUCTEMHU:

—  aaa ¢akropaxi - 0,1...1;

—  pJd akropa xz - 5...30 zi6.

KoayBaHH# dakTOpiB  MpPOBOAMIH  3a
dopmysnamu:
x1=(ti-to) / As; (2)
X2 = (Tti-To) / Az (3)

Zle tj, Ti— HaTypaJibHi 3HaYyeHHs QaKTopiB;
to, To - HaTypa/JbHi 3HayeHHs1 $aKTOpiB Ha
HYJIbOBOMY DiBHi;

A1, A2, - HaTypa/bHi 3HauyeHHs iHTepBa1y
BapiloBaHHSl  BiAmoBigHoro  ¢akTopa,  fKi
BU3HaYaJM 32 popMyJI010:

Ai=(Hi+-Hy) /2 (4)
ge Hi,, Hi - HaTypanbHi 3HauyeHHs BXIiJHHUX
napamMeTpiB  BiANOBIZAHO Ha BepXHbOMY |

HIDKHBOMY PiBHsIX [24].

B pe3yabTaTi MaTeMaTH4YHOro 06pOGJIeHHSA
eKCIlepuMeHTaJIbHUX JaHuXx Ha EOM ogepxkaHa
HaCTyMHa perpeciiiHa 3a/eXXHiCTb AJs1 Ipolecy
eKCTparyBaHHSI aCKOpGiHOBO1 KMCJIOTH:

y=170.17+137.17 -x4+81.17 X2+96.17 X1-X2,

Jle 'y - 3aKoJi0oBaHe 3HAa4yeHHsI KpPUTepiro
ONTUMAaJIbHOCTI /151 KOXKHOT'O MPOLECY;
Xi - 3aKoJl0BaHi 3HaueHHs ¢aKTOpiB [

aHaJ/1i30BaHUX NPOLIECIB.
Yucno crymneHiB cBo6oau gopiBHOBasO f =8,
TO/i 3Ha4eHHSA KpuTepito CThIOJIeHTa CTaHOBUJIO
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t = 2.31. ¥ pe3yabTaTi nepeBipKHd 3HAYYL[OCTI
koedilieHTiB piBHAHHSA perpecii BU3HAYeHO, L0
Bci koedinienTn Oysau BigMiHHuUMH Big 1.34
(bi=1.34). PerpecitiHa 3a/eXHIiCTb JJIs1 IPOLECY
eKCcTparyBaHHs GeHOJIbHUX PEYOBUH CKJIAIA:
y=12.47+10.83 -x1+9.72 x,+8.48 X1-Xa.
Y  pesysabTaTri nepeBipKM  3HAYYUOCTI
koedilieHTiB piBHAHHA perpecii, Bci koedilieHTH
6ysiu BiaMiHHUMU Bij 1.66 (bi= 1.66). OTpumMaHi

pe3yJbTaTH nokasaay, o KkoedinieHTn
piBHAHHA po3paxoBaHi 6e3 apUPMeTHUUYHHX
MOMUJIOK [24].

Pe3ysbTaT MOpOBELEHOr0  EKCIIEPUMEHTY

300pakeHo Ha puc. 2, 3.
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Fig 2. Response surfaces of the process of extracting
L-ascorbic acid from walnut fruits of milky-waxy
ripeness 70 % WAS
Puc. 2. [loBepxHi BIiATyKy Nponecy eKcTparyBaHHsA
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Fig. 3. Response surfaces of the process of extracting
phenolic substances from the fruit
of the MVD nut 70 % WAS
Puc. 3. [loBepxHi BIATyKy nponecy eKcTparyBaHHsA
deHO/ILHUX pe4OBUH
i3 moAiB ropixa MBC 70 %-m BCP

Y3arajsibHeHi pe3y/bTaTH JOC/TiKeHb
nokasanay, wo micag 20 [obu ekcTparyBaHHSA
KOHLIeHTpaLif ackop6iHOBOI KHUCJIOTU
3MEHIIYEThCA. To6To BiA6yBaOThCA

OKHCJIIOBaJIbHI TMpoliecd mig A€o ¢pepMeHTIB
CHUPOBUHU Ta KUCHIO (puc. 2). PeHONbHI CIONYKU
NpPOJIOBXKYIOTh  €KCTparyBaTHUCs, aJie JyXe
noBisibHO, A0 30 #i6 (puc. 3). PaumioHaJbHUMMU
napaMeTpaMy AJisd eKcTparyBaHHs BAP miofiB
MBC o6paHo: TpuBajiictb - 20 Ai6, riipomMoayib
(cupoBuHa : 70 %-i1 BCP) - 1:1. MacoBa
KOHIeHTpanis ¢peHOJIbHUX PEYOBUH B €KCTPAKTI,
OTPUMaHOMy 3a pO3pO06JEHUMH MapaMeTpaMH,
ckjaasa 3880+ 200 mr/100 r, ackopb6iHOBOI
Kuca0TH - 484 + 30mr/100 .

AHaJIOTiyHI  JocaigKeHHS MPOBEAEHO 3
ekcrpareHToM — 50 %-m BLP. BcraHoBsieHo, 110
ONTUMAJIbHUMU MapaMeTpaMU [AJd eKCTpakKuil
BAP mioaiB MBC e€: TpuBanicte - 20 g#i6,
rizpomoaynb (cupoBuna: 50 %-i BLIP) - 0.75: 1.
MacoBa KoOHIeHTpallisi $eHOJbHUX PEYOBUH B
eKCTPaKTi, OTPUMaHOMY 3a 3alaHUMH
nmapameTpamu, ckjaisa 4480 wmr/100 T,
ackop6iHoBoi kKucaoTu - 519.2 Mr/100 r.

OTxe, BUABJIEHO, 10 MiJi YaC eKCTparyBaHHA
70 %-m BCP koH1eHTpAaliii ackop6iHOBOI KUCI0TH
i mostideHOMiB 3pOCTAOTh Y MOPSI/IKY 36i/bIIeHHS
YaCTKU CUPOBHHH.

[lix yac ekcrparyBaHHa 50 %-m BLP
BifOyBaeTbci  Macoob6MiHHMM  mponec. B
pe3y/bTaTi 4bOro NpoLecy pO3YUHHI pEYOBHHHU i3
30HM 3 BUCOKOIO KOHIIEHTpAl[i€l0 pyXalTbCs B
30Hy 3 HU3bKOI KOHLeHTpalji€o (CUpoBHUHA) i
BUKJIMKAIOTh BHUCOKHUH MJa3MoOJi3 KJITHHU.
[I[poHMKHEHHS eKCTPareHTy B POCAWHHY KJIITUHY
BiiOyBa€ETHCA 3a paXyHOK $IBULIA ocMocy. BmicT
LyKPy B TOTOBOMY €KCTPAaKTi HWX4YiA Bij
M0YaTKOBOTO, HalleBHE, 32 PaxyHOK BMICTy BOJU
(34.9 %) y niiogax MBC.

Ha mizgcTaBi ekcriepuMeHTa/IbHUX JOCHIKEHb
ekctparyBaHHA BAP i3 mepukapmito cTurjoro
ropixa ImpoBeJd ONTUMIi3anio mnponecy. B
pe3yJabTaTi MaTeMaTUYHOTO 06po6IeHHSA
eKcrepuMeHTaJbHUX JaHuX Ha EOM ogepiaHa
HaCTyllHa perpeciiiHa 3aJIeXHICTb AJA Ipouecy
eKCTparyBaHHs1 aCKOp6iHOBO1 KUCJIOTHU:

y=139.75+38.75 -x1+88.25-x2+19.25 x1-X2,

Yucno ctyneHiB cBo6oau gopiBHIOBaso f=8,
TOJi 3HaYyeHHs KpuTepito CTeofeHTa t = 2.31. Y
pe3yJsibTaTi nepeBipKu 3HA4YyL[OCTI Koedil[ieHTiB
piBHSAHHA perpecii, Bci koedilieHTH O6yIU
BigmMinHuMu Bix 1.28 (bi=1.28). Perpeciiina
3aJIeXKHICTb  JIJI1  TIpolecy  eKCTparyBaHHS
$eHOIbHUX PEeYOBHH CKJIANA:

y=19.50+-5.45x1+16.90 x2+4.45x1-X>.

B pesysbTaTi nepeBipKM  3HAYYLOCTI
koedilieHTiB piBHAHHA perpecii, Bci koediieHTH
6ysu BiaiMiHHUMU Big 1.57 (bi=1.57). OTpumani
pe3ybTaTH NMoKasalk, 1o KoedilieHTH
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apuPpMeTUIHUX
IIPOBE/IEHOTO

piBHAHHS po3paxoBaHi 0e3
noMusok [24]. PesynbTatu
eKCIIeEpHMEHTY MO/IaHo Ha puc. 4, 5.
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Fig 4. Response surfaces of the process of extracting
phenolic substances from ripe walnut pericarp
50 % WSS
Puc. 4. [loBepxHi BiATyKy npouecy ekcrparyBaHHsa L-
acKOpG6iHOBOI KMCJIOTH i3 IepUKapPIil0 CTUTJIOTO
ropixa 50 %-m BLIP

3a pe3yJsibTaTaMU NpPOBeJeHUX JOC/iKEHb
BCTAaHOBJIEHO, 10 Ha 20 106y eKclepUMeHTY
BMICT  acKOp06iHOBOi  KHMCJOTH  [JOCATaE
makcumymy (510 wmr/100 r) i mnouuHae
3HIKyBaTHCA. MMoBipHO, mo BifGyBaiucs
OKUCJIIOBAJIbHI MpoOLlecH Mif, Ji€0 KUCHIO |
¢depmeHTiB cupoBuHu (puc. 4). PeHosbHI
peYyoBUHHU IpOJOBXKYBaJN NOBIJIBHO
ekctparyBaiucsa go 30 ni6 (4680 mr/100)
(puc.5). PauioHanbHMMM napamMeTpamMu AJs
ekctparyBaHHsi BAP mnepukapmnito o6paHo:
TpuBatictb - 20 Ai6, riApoMoAyb (CUPOBHHA :
50 %-i1 BIIP) - 0.75: 1.
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Fig 5. Response surfaces of the process of extracting
L-ascorbic acid from ripe walnut pericarp
50 % WSS
Puc. 5. [loBepxHi BiAryKy npouecy eKkcrparyBaHHs
¢eHO/ILHMX PeYOBHH i3 NepUKapmilo CTUTJIOTO ropixa
50 %-m BLIP

ExcnepuMeHTa/IbHO OTPUMaHO i
MaTeMaTHU4HO pO3paxoBaHO TeXHOJIOTI4HI
napaMeTpu BUPOOGHUIITBA EKCTPAKTY i3 MJI0AIB
ropixa  MOJIOYHO-BOCKOBOI ~ CTUIVIOCTI  Ta
nepuKapmito cTurjoro ropixa. Po3po6sieHo
TEeXHOJIOTiI0 JiETUYHUX J00aBOK i3 BOJIOCBKOTO
ropixa, ki 3axuineHo maTeHTaMu [25;26].
TexHOJIOTIYHY CXEMY 3 BUTOTOBJIEHHSI EKCTPAKTY
3 IJIOAIB BoJiocbKoro ropixa MBC nmoaaHo Ha puc.
6.

B ekcTpakTax, OTpMMaHUX 32 PO3PO6JIEHOIO
TEXHOJIOTIE, BHU3HA4YE€HO ¢isuko-xiMiyHi
MOKa3sHUKM  BoOJIOCbKOTO  ropixa MBC i
NepuKapmilo CTUIJIOrO Tropixa W eKCTPakKTiB

(Tabs.), mwo mNiATBEpPAMJIO IX XapyoBy Ta
6i0J10TiYHY LiHHICTb.
Table
Physical and chemical parameters of dietary supplements from walnuts
and products of its processing
Tabauys
®i3uko-xiMiuHi NOKa3HUKHU Ji€TUYHHUX J06aBOK i3 BOJIOCHKOIO ropixa
Ta NPOAYKTIB iioro nepepo6sens: (n =15, P £ 0,05)
. . MacoBa yacTka, % MacoBa koHIeHTpauis, Mr/100 r
HasBa aieTuunoi - "
noGaBKM CYyXUX TUTPOBAHUX MEKTUHOBHUX L-ackop6iHoBoi deHONMBHUX pH
peYOBUH KHUCJIOT pe4oBUH KHUCJIOTH pEe4YoBUH
I1100u moso4Ho- 17.8 0.58 0.067 2000 5300 4.6
80CK0801 cmuaaocmi +0.9 +0.02 +0.001 +100 +265 +0.2
ExcTpakT BogHO- 10.5 0.54 0.011 900 3680 4.6
CIUPTOBUU +0.5 +0.02 +0.001 +45 +180 +0.2
ExcTtpakT 35.0 0.41 0.012 800 3040 4.6
BOJHO-IIYKPOBHUI +2.0 +0.01 +0.001 +40 + 150 +0.2
Ilepukapniii cmuza020 20.8 0.52 0.521 240 2180 4.2
2opixa +1.0 +0.02 +0.020 +10 +250 +0.2
ExctpakT 11.0 0.40 0.160 75 690 4.1
BOJHO-CIUPTOBUHU +0.6 +0.02 +0.010 +5 +25 +0.2
EkcTpakT 36.7 0.33 0.180 90 630 4,1
BOJHO-LYKPOBUH +2.0 +0.01 +0.010 +5 +25 +0.2
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JeKaHTyBaHHA

\ 4

1< 7 g6, t<25°C

' t

e | v

\ AN
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—» ocajg

J1eéHa BOAa

Ekcmpakm

MigrotoBneHa Tapa —»

dacyBaHHsA

v

MigrotoBneHi KpUWKKM

3aKynoptoBaHHA

v

Mapa —»

MacTepu3alia Ta OXONOAMKEHHA
(BNA LYKPOBOro eKCTpaKTy)

—» KoHpaeHcaTt

v

MNepeBipKa repmeTUYHOCTI

v

EKCTpaKTV Ha BUPOOHMLTBO HaMNoIB

Pig. 6. Basic technological scheme of preparation of extracts from walnuts of milk-wax ripeness
Puc. 6. [IpyHIMNIOBa TEXHOJIOTiYHA cXeMa NPUroTYBaHHA €KCTPAKTIB i3 UIOAIB BOJIOCHKOro ropixa MOJIO4YHO-
BOCKOBOI CTUTJIOCTi

BHCHOBKH

OTpuMaHi pe3yJbTaTH JL03BOJINJIN
OGIPYHTYBAaTH TEXHOJIOTiUHI mMapameTpu AJs
OTPUMaHHA EKCTPaKTiB i3 BOJIOCBKOI'O ropixa
miBUIeHO] 6i0/10TiYHO]I I[iIHHOCTI.

Ha ocHOBI pociip)keHb CTaHy pPOCJUHHHUX
KJIITUH TOpixXy HicJfg eKCTparyBaHHSA BH3HA4eHO
panioHanbHUMU ekcTpareHTH 70 %-ii BoJHO-
cnupToBUi Ta 50 %-1 BOAHO-LyKPOBHUU PO3YHHH.

3acTocyBaHHA BOJHO-LYKPOBOI'O PO34YUHY [JIA
ropixoBoi CHPOBUHU [I03BOJIUTb (HE TiJIbKHU)
pO3IIMPUTH ACOPTUMEHT HANOIB 3 JIETUYHOIO
JlobaBkoo 6e3 BMmicty cnupty, aje (i)
3a0e3MeuyuTy  MiKpo6ioJoriyHy  CTabibHICTB
eKCTPaKTYy y npolieci 36epiraHHs 3aBAsKH BMiCTy
LYKpy i 6aKTepULIUJHOTO IOTJIOHY.

BcTaHoBJIEHO 3aJIeXKHICTb eKCTpaKLil
6i0/710TiYHO-aKTUBHUX PEYOBUH BiJi TPUBAJIOCTI
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eKCcTparyBaHHs Ta rigpomoayas: ajas 70 %-ro
BOJHO-CIIUPTOBOI0 PO34YUHY riipomMoayJib
(cupoBuHa : ekcTpareHT) ckaaB 1:1, s 50 %-ro
BOJHO-I[yKPOBOI0 po3uuHy — 0.75:1, TpuBaicTb —
20 gi6.

P03p06J/1eHO TEXHOJIOTiI AIETUYHUX A06ABOK
i3 BOJIOCBKOTrO ropixa, 1Ky 3axuvIlleHO NaTEeHTOM.
[logaHO NPUHUMIIOBY TEXHOJIOTIYHY CXEMY
NPUTOTYBaHHA €KCTPAKTY i3 BOJIOCBKOIO ropixa
MBC.

Pi3nKo-xiMiYHUMHU NOKa3HUKaAMH JiETHYHUX
JI06aBOK i3 BOJIOCBKOrO Tropixa HigTBepauIn
BHUCOKI  KOHIleHTpalii 6ioJIoTiYHO  I[iHHUX
pedyoBUH  pesucTeHTHoi Aii  (ackopbiHoBa
KHCJIOTa, GEeHOJIbHI i MEKTUHORBI CIIOJIYKHY Ta iH.).

BripoBajkeHHs 3alpONOHOBAHOI TEXHOJIOTII
JIETUYHUX [A00aBOK i3 BOJIOCBKOrO Tropixa
J103BOJIMTh PO3IIUPUTH aCOPTUMEHT
HaTypaJbHUX HamoiB MiJBUILEHOI 6iosoridyHOl
IiHHOCTI. IX cHO>KMBaHHA cipUATUMe ONTHMI3alji
XapyoBOTO  paLioHy JIIOAWHH, MiJCUJIEHHIO
PE3UCTEHTHOCTI OpraHi3aMy /[0 3aXBOpHOBaHb |
HEeCHPUATJIUBUX YHHHUKIB JOBKIJLIA,
[OKpALeHHI0 CaMOIOYyTTd Ta MOJIIIIEHHIO
SAKOCTI XXUTTS 3arajoM.
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Abstract

At present, synthetic oxides and oxyhydroxides in the form of pigments, adsorbents, and magnetic carriers are widely
used in industry. This is due to their non-toxicity, chemical stability, durability, a wide variety of colours and low cost.
The properties of the obtained pigments are determined primarily by the dispersion of the obtained product and its
phase composition, specific surface of the powders. The problem of improving the quality of the final product is
mainly a technological problem and it can be solved by improving the technological stages, especially precipitation
and oxidation.

In this work, the dependence of the phase composition of the products on the synthesis conditions is investigated.
Oxyhydroxides and ferric oxides are synthesized by oxidation ferrous hydroxides obtained by precipitation. Air was
used as an oxidizer of FeZ + ions. The study of the influence of synthesis parameters on the precipitation of a-
oxyhydroxide nanoparticles was studied by the experimental design method. Particles with a different form factor
and specific surface were formed depending on temperature, initial concentrations of salt and precipitant, air flow
rate.

It has been established that the concentration of iron(II) sulphate has a decisive influence on the particle size of a-
FeOOH and its specific surface, to a lesser extent on the concentration of sodium hydroxide and rate oxidation.

Key words: iron oxides; precipitation; oxidation; pigments; a-oxyhydroxide.

BII/IMB PI3BHHUX ®AKTOPIB HA CUHTE3 a-OKCUTIAPOKCHAY ®EPYMY

Jlinist A. ®posioBa, TeTsiHa B. [pusneBa

ABH3 «Ykpaincbkuil ximiko-mexHoo2iuHull yHisepcumem»
AHoTarniga
B panuii yac cunreruyHi ¢pepym(IIl) okcuau i okcuriazpokcuau y BUT/IsiAi nirMeHTiB, aAcop6eHTiB i MarHiTHUX HOCIiB
IIMPOKO BHMKOPHUCTOBYKWTbCA B HNPOMHCJIOBOCTI. Lle moB'A3aHO 3 iX HETOKCHUYHICTIO, XiMiYHOI0 CTa6i/JbHICTIO,
JAOBroBIYHiCTIO, LINPOKUM PO3MaiTTAM KOJIbOPiB i HU3bKOI0 BapTiCTIO.
ByiacTUBOCTI OTpMMaHUX MNirMeHTIiB BM3HA4alOThCH, Nepll 3a BCe, JMCIEPCHICTIO OTPUMAHOr0 NPOAYKTY i ioro
da3oBuM CKJIaA0M, TUTOMOIO IOBEpPXHEI0 NOpouKiB. [Ipo61eMa niABUILLEHHA AKOCTi KiHIIeBOr0o NPOAYKTY € nepul 3a
BCe TeXHO0JIOTiYHOI0 MP06/IEMOI0 i MO)ke GyTH BHMpillleHa IIJIAXOM NMOKpPAaIlleHHs TeXHOJIOTIYHUX cTajiii, 0c06IMBO
0Ca/J)KeHHs i OKHUC/IeHHA.
Y paniit po60Ti AocaigkeHa 3a1eXHicTh ¢pa30BoOro ckjiajy NpoAyKTiB Bif yMoB cuHTe3y. OKCUTiAPOKCHAH i OKCUAM
3aJ1i3a CMHTe3yBaJIu okucjaeHHAM ¢epyM(Il) rizpokcuay, orpumMaHoro ocajkeHHsM. B skocTi okucoBaya ioHiB Fe2+
BUKOPHCTOBYBABCA NOBIiTps. MeTOJ0M IUIaHYBaHHA eKCIIepUMEHTY BUBUEHO BIIMB NapaMeTpiB CUHTe3y Ha Nponec
YTBOpPeHHs HAaHOYaCTHHOK O-OKCUTigpokcuja. YacTMHKM 3 pisHMM ¢opM-GakTopoM i NMHMTOMOI0 NOBEPXHEID
dopmyBasiMcs B 3a/1€2KHOCTI BiJ, TeMnepaTypHu, BUXiAHUX KOHIeHTpauii cosi i ocajKyBaya, IIBUAKOCTI mojayvi
NnoBiTps.
BcraHoBJIeHO, 0 BUXiAHA KoHLeHTpanisa ¢epym(Il) cynbdaTy Mae cyTTEBMHA BIVIUB HA po3Mip YacTUHOK o-FeOOH i
MOro NUTOMY NOBEPXHIO. Y MeHIUi# Mipi BIVIMBa€ KOHIeHTPaLis riApoKCUAY HATPil0 i IBUAKICTh Mojgadi moBiTpA.
Karuosi cnosa: depym(111) okcuan; oca/pkeHHsl; OKMC/IEHHS; TIrMeHTH; O.-OKCUTiAPOKCHU/L.
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BJIMAHUE PA3/IMYHBIX ®PAKTOPOB HA CUHTE3 a-OKCUATUAPOKCHUJA KEJIE3A

Jlunus A. @posioBa, TaTbsiHa B. 'puiHeBa
I'BY3 «YkpauHckuii 20cydapcmeeHHblll XUMUKO-MeXHO102Uu4eCcKUll yHU8epcumemy»

AHHoTalus

B HacTosAlee BpeMAaA CHHTETHYEeCKHEe OKCHAbl U OKCUTHAPOKCHABI KeJie3a B BHJA€e IUIMEHTOB, a,qcop6em'on 51
MarHMTHBIX HOCHTeJel HIUPOKO HMCHOJBb3YHTCA B HNPOMBINIJIEHHOCTH. 3TO CBfA3aHO C HX HEeTOKCHYHOCTHIO,
XHMHYECKOM CTaGH.IIl:HOCTb]O, AOJITOBEYHOCTbHIO, HINPOKHUM p33H006pa3HEM IIBETOB U HHU3KOM CTOUMOCTBIO.
CBoiicTBa NOJIYYEHHBIX IMTMEHTOB ONpeAe/IAITCA, IpeXje BCero, AUCNEepCHOCTbI0 NMOJIYY€HHOI'0 NpoAYKTa U ero
(l)aBOBblM COCTaBOM, yAEHLHOﬁ NOBEPXHOCTHIO NMOPOIIKOB. Hpoﬁnema NOBbIIIEHUA Ka4Y€CTBA KOHEYHOro npoayKra
ABJISETCS B OCHOBHOM TE€XHOJIOTHYECKOMH HpOﬁJIEMOif'I M MOXKET ObITh penieHa nyTeM yJaydvleHUuda TeXHOJIOrn4e CKUX
CTaﬁlPlﬁ, 0COOGEHHO O0CaAXKAEHHUA U OKHCJIEHUA.

B AaHHOﬁ pa60Te HccJieJ0BaHA 3aBUCUMOCTDb (1)a3030r0 cocCTaBa NNIPOAYKTOB OT yc.)'lOBlflﬁ CHUHTeE3a. OKCP[Fl/IﬁlpOKCI/IALI
U OKCH/ABI XKeJjie3a CUHTE3UPOBAJIUCh NIYTEM OKHCJIEHHUA THAPOKCHAOB JKeJjie3dd, NOJIYY€HHBIX O0CAXKAEHHEM. B
KayecTBe OKHCJAUTEJNss MOHOB FeZ+ mcmoJib3oBaJicAa BO34yX. METOAOM IVIAHUPOBAHUSA 3KCIIEPpUMEHTA H3Yy4YE€HO
BJ/IMSIHUE NIApaMETPOB CHHTE3ada Ha nmpounecc oGpasonaHml HAHOYACTHUL], O.-OKCUTHAPOKCHAA. qaCTPH.U:I C pa3/IMYHbIM
dopm-pakTOopoM U yAe/ibHON NOBEPXHOCTbI (POPMHUPOBA/INICH B 3aBHCHMOCTH OT TeMIepaTypbl, HCXOJHbIX
KOH].IEHTpa].ll/Iﬁ COJIM 1 0cajuTeJid, CKOPpOCTH NoAa4Y4 BO34yXxaA.

YcTaHOBJIEHO, YTO MCX0AHAA KOHIeHTpanus cyabdarta xese3a(ll) okaspiBaeT cyliecTBeHHOe BJIUsAHUE HA pasMep
qactun a-FeOOH u ero yaeibHy10 NOBEepPXHOCTh. B MeHbIIel cTeneHN KOHIleHTPaLusa ruAPOKCHAA HATPHS U CKOPOCTh
nmojga4yu BO3Ayxa.

Kawuesvle caosa: OKCH/bI meﬂesa(lll); OCaXKJeHue; OKUCJIeHUEe; IMT'MEHThI; O.-OKCUTUAPOKCHU/,.

Introduction it possible to obtain goethite particles with the

Currently, iron oxides are commercially maximum form factor.
represented by a large group of pigments. This is
due to their non-toxicity, chemical stability,
durability, a wide variety of colours and cheapness
[1-4].

There are many studies devoted to various
methods of obtaining of goethite, magnetite,
maghemite, hematite [3-10], described in
literature. Such pigments are used in the paint and
varnish industry for the production of various
enamels, primers. They not only determine the
coating colours, but also affect their technological
characteristics.

The iron oxides, commonly used as pigments,
are coloured in black, red, brown or yellow. A
special place is occupied by a group of iron oxide
pigments in the yellow-orange colour scheme
(goethite, acaganéite, ferrohydride). The
properties of the resulting pigments are
determined primarily by the dispersity and phase
composition of the product obtained [11-14].

The problem of improving the quality of the
final product is mainly a technological problem
and can be solved by improving all the processing
steps (sedimentation, dehydration). So, achieving
the necessary developed surface, necessary
particles shape and powder phase composition is
determined by the technological mode selection
[15-21].

The establishment of the basic technological
regularities in the synthesis of the dispersed
systems  with  crystallographic  particles
anisotropy, as well as shape anisotropy, will make

Experimental Section

The pigments were obtained in the laboratory
facility by precipitation from the standard
solutions of iron sulphates with caustic soda. The
precipitation was conducted in a three-necked
flask.

The flask was set on a hotplate equipped with a
mercury thermometer and a water refrigerator.
During the experiment the required amount of
metal sulphate necessary for the experiment with
a concentration of 0.5 mol/l was placed in the
three-necked flask; different amounts of sodium
hydroxide were added and the mixture was
stirred with a magnetic mixer.

During all the experiment nitrogen was added
into the flask and the temperature about 30-45°C
was supported. The value of pH was measured
with a pH-meter.

At the moment when the temperature and pH
of the medium reached their nominal values, the
mixing was stopped. Then compressors were
connected to oxidize the mixture with oxygen. The
oxidation time was 1.5-2 hours. The mixture was
filtered, the resulting paste was dried and ground.
The filtrate was analyzed for the presence of
cations and OH-groups according to the known
methods. 3 parallel experiments were conducted.

The influence of different principal variables:
concentration of FeSO4, concentration of NaOH, air
feed rate and temperature were investigated using
factorial matrix ((2k! k being the number of
factors; k = 4). In this case, a half-replica type was
used to plan the fractional factorial experiment.
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The plan was given by the generating relation x4 =
x1-X2.The coefficients of the model were calculated
using the half difference between the arithmetic
average of the response values when the
associated coded variable is at level (+1) and
the arithmetic average of the response values
when the associated coded variable is atlevel (-1).
The experimental range investigated and the code
values are shown in Table 1.

Table 1
Experimental range and levels of chosen variables
Fact Name Units  Levels
or High Low Middle Interval
D (=1 (0)

X1 C(FeS04)
X2 C (NaOH)

mol/l 10 03 065 035
mol/l 15 05 1.0 05

X3 Air feed ‘mint 50 5 27.5 22.5
rate

X4 Tempera- °C 45 30 375 7.5
ture

Results and discussion

According to preliminary experiments, the
main technological factors that influence the
shape, size and morphology of goethite particles
are the concentration of ferrous sulphate, the
concentration of sodium hydroxide, temperature
and air feed rate. To determine the limits of these
factors changes, which affect the product output
with the maximum particles anisotropy, an
optimization of the experimental statistical
mathematical model was carried out. This model
was constructed using the results of a series of
experiments implemented according to the plan
for a full four-factor experiment.

As a limiting conditions were chosen the
following values of factors (Table 2).

‘L-_“_-ﬂ_'_‘_‘ﬂb—-—-_._‘______‘_‘
9,7

Table 2
Experimental matrix and responses for the factorial
design

X1 X2 X3 X4 Y1 Y2

+ + + + 3 63
- + + - 9.6 39
+ - + - 4.5 52
- - + + 11.1 42
+ + - 4.7 62
- + - - 11.8 38
+ - - - 6.9 52
- - - + 14.1 40

As the response functions the form factor value
(Y1) characterized by the shape anisotropy and the
specific surface value (Y:) were chosen. The
calculation of the equation coefficients,
determination of their significance, verification of
the model adequacy were performed by means of
the program STATSGRAPHICS 10.0.

The dependence of the form factor value on the
above factors is adequately described by the
equation:

Y1:1254 - 9.01X1— 0.79X2+3.86X12+1.5X1X2

In Fig. 1. the dependence of the form factor
from the independent variables is presented: iron
(II) sulphate concentration and sodium hydroxide
concentration.

The greatest influence on the particles habitus
is exerted by the ferrous sulphate concentration.
With its increase the length of the particles is
decreasing.

The concentration of sodium hydroxide acts in
the same way.

In the investigated range, the largest value of
the form factor is attained at the points x; = 0.3
and xz = 0.5.

—+—C(FeS04)=0,3M
—=—C(FeS04)=0,45

C(FeS04)=0,55 M
C(FeS04)=0,7M
—+—(C(FeS04)=0,85M

Formfactor
]
)
J

—o—C(FeS04)=1 M

82
|
__,_Ab-—"‘(_.,r/
?'7 ‘y__."‘.'“—‘
05 a7 0,9 1,1 1,3 1,5
C(NaOH), M

Fig. 1. Dependence of the form factor value on the concentration of sodium hydroxide



64

Journal of Chemistry and Technologies, 2020, 28(1), 61-67

f\ —+—C(NaOH)=0,5M
97 i\ —=— C(NaOH)=0,7
—+— C(NaOH)=0,9M
C(NaOH)=1,1M
9,2
——C(NaOH)=1,3M
S —s—C(NaOH)=1,5M
=]
£ g7
3
[=H
8,2
7,7 .
0,3 05 0,7 0,9
C(FeS04),M

Fig. 2. Dependence of the form factor on the ferrous sulphate concentration

To verify the results of the calculation of the
experimental statistical model, an additional
experiment was carried out. At these levels of
factors, the value of the original variable, which is
in good agreement with the theoretical model, was
obtained.

The dependence of the specific surface value on
the above factors can be adequately described by
the equation:

Y;=6.74 - 3.26x1 + 8.93x2 + 0.128x3 + 0643x4 +
+ 26.87x12-0.002 1X32 - 7.475X1X2

In Fig. 3, 4 the dependence of the specific

surface on the independent variables is shown: the

concentration of ferrous sulphate and the
concentration of sodium hydroxide.

The greatest influence on the specific surface is
exerted by the concentration of ferrous sulphate.
With the increase of the ferrous sulphate
concentration the specific surface area increases
too. With the increase of sodium hydroxide
concentration, the specific surface area decreases.
In the investigated range the maximum value of
the specific surface of goethite was reached at the
point x1= 0.9 and x, = 0.5. The use of caustic soda
of higher concentration leads to the formation of a
mixture of goethite and magnetite.

———
P____..._-—lk———.—'_"‘
58 . ——C(FeS04)=0,3M
—8—C(FeS04)=0,45
. —+—C(FeS04)=0,55 M
) e ( )
w53 e C(FeS04)=0,7M
= % —#—C(FeS04)=0,85M
:, —o—C(FeS04)=1 M
% 18
@ 43
1._,_..--—-"""_ r_'—’/',.-""'
38 3
0,5 0,7 0,9 1,1 1,3 1,5
C(NaOH), M

Fig. 3 Dependence of the specific surface area on the concentration of the sodium hydroxide (temperature 30°C
effective air supply rate of 45°C)



65

Journal of Chemistry and Technologies, 2020, 28(1), 61-67

The initial concentration of ferrous(II) sulphate
has the determining effect on the particle size and
its specific surface. The concentration of sodium
hydroxide has a lesser effect, as well as the pH of
the start of oxidation and the rate of oxidation. It
should be noted that the use of the caustic soda of
a high concentration leads to the formation of
magnetite. The temperature also has a great

influence on the phase composition of the final
product.

It is obvious that the temperature of the
oxidation in the range 35-45°C has a significant
effect on the course of the oxidation and the
formation of a new phase. In addition, the X-ray
analysis confirms the presence of the impurities of
magnetite in the goethite obtained at a high
temperature.

. /' ——C(NaOH)=0,5M
—=— C(NaOH)=0,7
—— C(NaOH)=0,9M
w0 C(NaOH)=1,1M
& cg ——C(NaOH)=1,3M
o / —o—C(NaOH)=1,5M
[1-1
% S 4
W 43 r/-/’/‘/'/
38 3
0,3 05 0,7 0,9
C(FeS04), M

Fig. 4. Dependence of the specific surface area on the concentration of ferrous sulphate (temperature 40°C,
effective air supply rate of 10 min-1)

Fig.5. SEM micrograph of goethite powder

In Fig. 5 the photomicrograph of a powder of
goethite obtained under the following conditions:
C(FeS04)=0.3 mol/], C(NaOH) = 0.5 mol/l], t = 30°C,
W =45 min-! is shown.

The SEM micrograph of the goethite product
(Fig. 5) showed that the formfactor was 10. The
particles of bright yellow goethite were needle-
like in shape and fairly monodispersing.

The XRD analysis of the powder showed the
goethite to be the main phase. The slight
broadening of the XRD lines (Fig. 6) may be due to
the poor crystallinity and small particle sizes.
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Fig.6. X-ray diffractogram of goethite powder
Conclusion The experimental data shows that with the

The determining effect on the size and specific
surface of the a-FeOOH particles is exerted by the
concentration of iron(Il) sulphate. To a lesser
extentitis affected by the concentration of sodium
hydroxide, as well as by the pH of the onset of
oxidation and its rate. It should be noted, that the
use of caustic soda with a high concentration leads
to the formation of magnetite.
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Abstract

The purpose of the research is to create an optical piezometer and a working chamber of a high-pressure apparatus
for spectral studies of food products (liquid and viscous plastic) in situ; to obtain indicators of compression and
spectral (optical) properties of food products of animal and plant origin with precision at pressures from 0 to 1000
MPa. Methods. The developed optical piezometer is based on the Michelson principle of interferometer. Changes in
the volume of the studied food samples under pressure are recorded when the concentrically located interference
rings from the laser module change. The precision of pressure recording is provided by measuring the change in the
position of a more intense Rz, the line of the luminescence spectrum of a ruby located in the working chamber, when
the pressure changes. Result. For the first time, the design of the high-pressure working chamber allows obtaining in
situ experimental data on changes in the compressive parameters (absolute and relative volume, density, volume
modulus of compression, isothermal compression coefficient) of solid, viscoplastic and liquid food products with
precision. The accuracy of measuring the change in the volume of the studied samples is not less than 0.0003 mm3.
To obtain the spectral characteristics of food products in situ, the windows of the working chamber are composed of
NaCl, a ruby crystal, and protective plates made of sapphire crystals. The test sample is in a developed hydrostatic
cuvette installed in a high-pressure chamber and consisting of a fluoroplastic glass, sodium chloride plates and a ruby
plate 0.5 mm thick. Conclusions. The research results allow us to reasonably develop high-pressure food processing
technologies and design the appropriate technological equipment.

Key words: food products; high pressure; compression properties; accuracy, piezometer; relative volume; density; bulk
compression module; isothermal compression ratio; optical density.

ONTHUYHUM II'€30METP TA NPELU3IMHI JOC/I>)KEHHS BJAACTUBOCTEN
XAPYOBUX ITPOAYKTIB ITPU TUCKAX BIJ 0 10 1000 MIla

Basnepiit O. CykmaHoB,? Osier B. Papguyk,! Mapuna 0. CaBueHko-IlepepBa,! Hina B. bByanunk?
1Kagpedpa iHsxiceHepHUX mexHo102il Xxapyosux supo6HUYM8
CyMmcbKull HayioHaabHUll azpapHull yHigepcumem
Byauys I'epacuma Kondpamtoka, 160, Cymu, Cymcoka 06.4., 40021, Ykpaina
2Kagpedpa xapuosux mexHo.oeill, [lonmascvka depicasHa azpapHa akademis
36000, syauysa Ckosopodu, 1/3, [lonmasa

AHoTaliga

MeTa JocaifgKeHb - CTBOPEHHS ONTUYHOIO m'€3oMeTpa i poGo4Yoi KaMepu YCTAaHOBKHU BHMCOKOIO0 THUCKY AJIA
CHEeKTPaJbHUX AOCHiAKeHb XapY0BUX NPOAYKTIB (pigKHX Ta B’A3KOIJIACTUYHMX) in situ; oTpuMaHHS MOKa3HUKIB
KOMIpeCiHHUX Ta CHeKTPaJIbHMX (ONTHYHUX) BJIACTUBOCTEH XapyoOBHMX NPOAYKTIB TBapMHHOIO Ta POCJIUHHOrO
MOX0>KeHHS 3 Npenu3iiiHOI0 TOYHICTIO NpHU THCKaX Bijg 0 ;o 1000 MIla. MeTo 1. B ocHOBY po3p06/IeHOr0 ONTUYHOTO
n’'e3oMeTpa NOKJIaJleHO NPpUHIUI iHTepdpepomMeTpa MaiikesbcoHa. 3MiHM 06'€eMy AOC/IiPKYBaHUX 3pa3KiB Xap40BUX
NPOAYKTIB MiA Ail0 THUCKY QiKCylOTbCA NpHU 3MiHI KOHIEHTPUYHO PO3TAlIOBAaHMUX iHTepdepeHLiMHUX Kijenb Bij
Ja3epHoro moay.isa. IlpenusiiiHa TO4YHICTH peecTpanii THCKY 3a6e3neyeHa BUMipaMu 3MiHM MOJIOXKEHHS GibII
iHTeHcMBHOI R:-71iHii cmekTpa JnlomiHecneHnii py6iHa, po3TalIOBaHOrO B pOGOYMHA KaMmepi, MpH 3MiHI THCKY.
Pe3ysbTaT. KOHCTpPYKLisAA po6040i KaMepH BUCOKOIr0 TUCKY BHepllle J03BOJIsIE OTPUMYBATH eKCllepUMeHTa/IbHi JaHi
in suti npo 3mMiHy KoMmpeciiHMX NMOKa3HUKIB (a6COIOTHUII Ta BiJHOCHHUII 06'€M, I'yCTUHA), 3HAYEHHS MOJYJIs
06'€MHOr0 CTHMCHEHH, i30TepMidYHMHA KoeilieHT CTHC/IMBOCTI) TBepAMX, B'ASKOIJIATUYHHUX Ta PiJKUX Xap4YOBHX
NPOAYKTIiB 3 mpenu3iiiHO0 TO4YHicTIO. ToYHiCTh BUMipIOBaHHS 3MiHM 06'€My JAOCJIiJ)KyBaHUX 3pa3KiB He HIDKYe
0.0003 MM3. [l1g OTPUMaHHS CIEeKTPAaJIbHUX XapaKTEePUCTUK XapuyoBHX MPOAYKTIB in situ B KOHCTPYKILii po6oyoi
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KaMepu po3TtamoBaHi BikHa 3 NaCl, kpucraay py6GiHy Ta 3aXMCHHMX IJIACTUH BiKOH KaMepH i3 KpucTaaiB cangipy.
JocaifxyBaHui 3pa30K po3TalllOBaHO B po3po6JiIeHil riApocTraTH4Hii KI0BeTi, AKa CKJIaAa€ThcA 3 $TOPONIACTOBOTO
CTaKaHa, MJIAaCTHH i3 XJIOPUJy HaTpilo Ta NJIACTUHKHM PYGiHy TOBIIMHOKW 0.5 MM Ta fIKy BCTAaHOBJIEHO y KaMmepy
BHCOKOTO THCKY. BUCHOBKHU. Pe3yIbTaTH J0C/Ii)KeHb J03BOJIAIOTh OGI'PYHTOBAHO PO3POG/IATH TEXHOJIOTii 06pOGKHU
Xap40BHUX NPOJYKTiB BUCOKUM THCKOM i IPOEKTyBaTH BiANOBiAHE TEXHOJIOTiYHe 06/1aAHAHHA.

Katouosi cnoea: xap4yoBi NPOAYKTH; BUCOKUH THCK; KOMIIpeCiiiHI BJIACTHBOCTI; TOYHICTh, I'€30MeTp; BiAHOCHUU 06'eM;
T'YCTHHA; MOJYJb 06'€EMHOI0 CTUCHEHHST; i30TepMiYHUH KoedilieHT CTUCINBOCTI; ONTUYHA LiITBHICTB.

ONTUYECKUH NBE30OMETP YU NPEIIM3UOHHBIE UCC/IEJOBAHUSA CBOVICTB
ITUIIEBBIX ITPOAYKTOB ITPU JABJIEHUAX OT 0 10 1000 MIla

Banepuii A. CykmaHoB,? Oser B. Paguyk,! Mapuna l0. CaBuenko-IlepepBa,! HuHa B. ByiHuK?
1Kaghedpa uHiceHepHbIX MeXHO102Ull nuUUesblX npou3eodcme
CyMcKoll HaYUOHAbHYBLI azpapHblll yHU8epcumem
Yauya 'epacuma Kondpamioka, 160, Cymui, Cymckasi 064., 40021, Ykpauna
2Kaghedpa nuwegbix mexrHoio2utl, [loamasckas 2ocydapcmeeHHas azpapHasl akaoemust
36000, yauya Ckosopodel, 1/3, [lonmasa, Ykpauna

AHHoTalus

Ilean uccies0BaHUM - CO3aHUE ONTUYECKOr0 Mbe30MeTpa U pa6oyeil KaMephbl yCTAHOBKH BBICOKOT0 AABJIEHUs AJIA
CNeKTPaJbHBIX MCC/AeJ0BAaHUI NMINEBBIX NPOAYKTOB ((KMAKMX M BA3KOIJIACTMYHBIX) in situ; mosydeHue
NnoKa3saTejiell KOMIPECCUOHHBIX M CNEKTPaJbHBIX (ONTHYECKMX) CBONMCTB NMUILEBbIX NPOAYKTOB >KMBOTHOTO U
PacTUTE/ILHOTO IPOUCX0XK/IEeHUA C NPEeNM3UOHHON TOYHOCTBIO IPHU JaBJieHUuAX oT 0 1o 1000 MIla. MeToapbl. B ocHOBY
pa3paGboTaHHOTO ONTHYECKOT0 Nbe30MeTpa MNoJI0KeH NpUHOUN uHTepdepoMeTpa MaiikesnbcoHa. H3MeHeHMA
o0'beMa MccjeyeMbIX 06pa3sL0oB NUILEBBIX NPOAYKTOB MO/ JelicTBUEM JaBJieHHA QUKCHPYIOTCA NPH U3MEeHEeHUH
KOHLLEHTPUYECKH PacCNo/0KeHHbIX HHTepdepeHIHOHHbIX KoJIel, OT Jla3epHoro MoAys. [Ipeny3anoHHas TOYHOCTD
perucTpanum AaBjieHUs o6ecniedyeHa U3MepeHUsIMH H3MeHEeHUs N0J1I0KeHUs1 60/1ee UHTEHCUBHOI R2-/THHIHU crieKTpa
JIIOMHHECIeHIIUM pyG6GHMHA, pacloJIoKeHHOro B pa6odeil KaMmepe, Npu H3MeHEHUM JaBJjieHUA. Pesysbrar.
KoHcTpyKkusa pa6oyeii kamepbl BLICOKOTO JaBJieHHUs BliepBble M03B0JINJIA N0JIy4YaTh IKCIepMMEeHTalIbHble JaHHble
in suti 06 M3MeHeHMM KOMIPECCHOHHBIX NoOKa3aTesieli (aGCOJIIOTHBIH U OTHOCUTEJIbHBIH 06beM, NJIOTHOCTD,
3HayeHHe MOJyJ/A 06GbeMHOr0 CXKaTHUsA, U30TEPMUYECKUH K0IPPUIMEHT CKATUs) TBep/blX, BA3KOMJIACTUYHBIX U
)KMAKUX T@UILEBbIX NPOAYKTOB C NpPENU3MOHHOW TOYHOCTbIO. TOYHOCTh H3MepeHMsA H3MeHeHUs o6GbeMa
ucciaeayeMbIXx o6pa3noB He MeHbimie 0.0003 mm3. /i moJiydeHUs CHEKTPAJIbHBIX XapaKTePUCTUK NUIIEBBIX
NPOAYKTOB in situ B KOHCTPYKIMK pa6oyeil kKaMepbl pacnoJioKeHbl 0KHA, coctogmue u3 NaCl, kpucra/ia py6uHa u
3aIIUTHBIX IUIaCTMH U3 KpHUCTa/UIoB cangupa. Hcciaeayemblii o6Gpasen, HaxoAUTCA B pa3paGoTaHHOM
THAPOCTAaTHYECKOH KIOBeTe, yCTAHOBJIEHHOW B KaMepy BBICOKOIrO JaBJIeHM:A, U COCTosALell M3 PpTOpPON/IacToBOro
CTaKaHa, VIaCTUH U3 XJIOPHJA HaTPUA U IVIaCTUHKHU Py6GHHA TOIMHOM 0.5 MM. BbIBoABI. Pe3y ibTaThl HCC/1eA0BAHUI
NMO3BOJIAIOT 0G0CHOBAHHO pa3pa6aThiBaTh TEXHOJIOTHMM O0GPAGOTKH NMUILEBBIX NPOAYKTOB BbICOKMM JaBJIeHHEM U
NMPOEKTUPOBaTh COOTBETCTBYIOIee TEXHOJI0TUYECKOe 060pyAOBaHHE.

Knouesvie cnosa: MUIICBBIC MMPOAYKTHI; BBICOKOC HABJICHHUE; KOMIIPECCUOHHBIC CBOﬁCTBa; TOYHOCTbD, MIBE30METDP; OTHOCHTEIbHBIN
O6’beM; IJIOTHOCTB; MOAYJIb 00BEMHOI0 CXXaTus, HSOTepMI/I‘IeCKI/If/i KOS(b(i)I/IL[I/IeHT CXKaTtud, ONTHUYCCKAaA IJIOTHOCTD.

KOHCepByBaHHs, MoAudikalilo abo eKCTpaklIilo
XapyoBOl CHUPOBUHM 1 TOTOBOI NPOAYKIL],
CTBOPIOBATH iX HOBi ¢opMH Ta TexHOJIOTII [2].
Bukopucranusa BT y xap4yoBHUX TeXHOJIOTIfIX
Jlo3BoJisie  36eperTd  BCi  LiHHI  HaTUBHI
KOMIIOHEHTH (BiTaMiHy, depmeHTH) i
BiZIMOBUTHUCA BiJi KOHCEPBAHTIB, AKI HETaTUBHO
BILUIMBAIOTh Ha dakictb XII, 3ab6e3mnedyuTH

Bcryn

Y 1895 poui Brepiie 6ys1a onrcaHa MeTOAUKa
BUKOPUCTAHHA BHUCOKOro Tucky (BT) gas
3HUIeHHA 6akTepill. KisbkoMa pokaMu mi3Hilie
O0yJI0 BCTAHOBJIEHO, 1[0 OOGPOOGKOI THCKOM B
450 MIla a6o 6inplie MOKHA 36iMBLUIMTH TepPMiH
36epiraHHss MoJsioka Ao 4 pai6. ¥ 1911 pouni
Bridgman mnepenb6ayuB mNOBeiHKY 06'€MHUX

dparmMeHTiB MaKpOMOJIEKYJ] B KOMIpeCiHHUX
pigkux cepenoBuiiax. byso BCTaHOBJIEHO, IO
SIEYHUU OiJI0K 1 TpoTeign M'sica 3TOPTalThCS Mif
Jlieto TUCKy 6su3bko 6000 aTM mpu KiMHaTHIN
Temnepatypi [1].

Ha cvoropnimHiid neHp BukopuctaHHsa BT €
HaHo6iJbII iIHHOBALiMHOK TEXHOJIOTi€E0 B 06J1acTi
BUpPOOGHUIITBA XapuyoBuUx mnpoaykTtiB (XII) Ta
LIIMPOKO BUKOPHUCTOBYETbCA MPAKTUYHO BCiMa
IIPOMUCJIOBO PO3BMHYTUMM KpaiHaMu CBiTy. Y
cBiToBiN mpakTuli o6pobka BT (300 - 900 MIla)
pO3rJIAJAEThCA K TEXHOJIOTIYHUN eTall NpoLecy
BUpo6HULTBA XII, IKUH MOXKe BKJIIOYATH B cebe

CTabi/IbHICTD IKOCTI B mpoleci ix 36epiradHs, i B
nepuy 4yepry - ix Mikpo6iosioriuHy 6esmeky.
06pobka XII (roToBHUX NpPOJYKTIB,
HaniBdabpukaTiB 3 M’sca, pubU; MoJIOKa Ta
MOJIOUHHUX NPOAYKTIB, COKiB, $pyKTiB i 0BOUiB;
KOHAUTEPChKUX BUPOOGIB Ta iH.) BT y fgiamazonax
300 - 900 MIla po3BoJisie He Jidile 30eperTu
SIKiCTb, HATYpPaJIbHUM apoMaT, KoJIip i TEKCTYpYy, a
i 6e3 icTOTHOI BTpaTU HYTPIiEHTIB MOJIMNLIUTH
okpeMmi ix BsiacTUBOCTI (xap4oBy i eHepreTU4Hy
LIHHICTB, CTYNiHb lIepeTpaBJeHH, JUCIIePCHICTB,
KOJIip, peoJioriyHi NMOKa3HUKW Ta iHiue). [lpu
BUILle3a3HaYEHIN 006poO6ITi BifiOyBaroThCs
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dyHk1ioHaNMBHI 3MiHM B CTpPyKTypi mpoTteiaiB i
CKJIaJHUX BYTJIEBOJIB, 1110 B 6araTboX BUMaJKax
MPU3BOJAMUTH 10 3pOCTAaHHA IX Xap40BOI LIiHHOCTI.
3aBAsSIKM HU3bKiH CTHCJAHWBOCTI BOAH, KiJIbKiCTb
eHeprii, ika Heo6xiaHa Asd ctiucHeHHs XII, B 3-4
pa3su MeHIle y IMOpPIBHAHHI 3 eHepriewn 4
TeMIepaTypHOI cTepuJisanii. TakuM 4YHUHOM,
JaHUH MeTOoJ[, MOTPebye JHille eJeKTpoeHeprii i
BOJIY, V 3B'SI3KY 3 UMM BiH € 3HAYHO YHUCTIlIUM
eKoJioriyHo, 60 CYTTEBO 3HMWXKYE Bigxoau
BUpPOGHHUIITBA [2; 3].

[Tpu 1000 MIla migBUIYETHCS B'SI3KiCTb BOAH,
BOJla CTHCKaeTbcad Ha 25% i 6iabmicte il
BJIACTHUBOCTEMN 3MiHIOETHCS; BiIOYBaOTHCA 3MiHU
Ha MOJIEKYJIADHOMY | MDKMOJIEKYJIAPHOMY
piBHSX: MNpPU CTUCKAaHHI pedyoBHHA HabyBa€
eHepril, 4Kol JOCTaTHbO [Jd 3MiHM aTOMHOIL
CTPYKTYPH, 110 B CBOIO YEPTY aKTUBYE peaKLilHy
3[JaTHICTb ~ pe4YOBUHM, IepeTBOPIOE  OJHI
MOJIEKYJIApDHI  CTPYKTYypd B iHIUi, 3MiHIOE
dyHKLiOHa/MbHI BJACTUBOCTI 6GiJIKiB, 3HULLYETHCS
naToreHHa MikpodJiopa, BipycH, mapa3vuTH Ta iH.
HabamxkeHi 3akoHHM, $Ki XapaKTepHU3YIOThb
NMOBeAIHKY 1 BJIACTUBOCTI cucTeM Ta IX
KOMIIOHEHTIB B YMOBAaxX HU3bKUX TUCKIB €
HeJJOCKOHaJIMMM 1  BUMaralTb  iCTOTHHUX
MonpaBok [4].

3rigHo 3 npuHyunoM Jle lllaTenke, gJid cucreMm,
10 CTHUCKAKTbCA i3 3MEHIIEHHIM MOKAa3HUKIB
00'eMy, 30iJbIIYIOTbCS MNOKAa3HUKU THUCKY |
HaBIMaKW. TaKUM YHMHOM, MiJ, Ji€I0 TUCKY peaklis
piBHOBa)XKHOI cUCTeMH 3MILlyeTbc y  Oik
HalOi/bll KOMIIAKTHOTO CTaHy, a KOHCTaHTa
IBU/IKOCTI] peakuii 36i/bIIYETHCA abo
3MeHIyeTbcsA [5]. KoBasneHTHI 3B'siI3kM 3HAa4yHO
MigHimi y  nopiBHAHHI 3 IOHHUM Ta
MDKMOJIEKYSIPHUM [6], OT>Ke He pyWHYIOThCS Mif,
BIUIMBOM Mi/IBUILEHOT0 TUCKY. ¥ ToH 4ac ik BT
CTUMYJIIOE Jiesiki peHOMeHM (Hampukiaz, ¢pas3osi
nepexoAu), XiMiYHy  peaKTUBHICTb, 3MiHY
MoOJIEKYJISIpHOI KoH@irypauii, xiMiuyHy peakiiiio),
SKI CYNpOBO/PKYIOTBC 3MEHIIEHHAM 00'eMy, i
NPOTUCTOITH  peakuiaM, dAKi  BKJHYAKOThb
36isbLIeHHS 06'eMy [7].

3MiHM 06'emy pisHux XII mig THUCKOM
BIUIMBAIOTh Ha JieHaTypalilo 6i/Ka, BKIYaY1
JeHaTypallilo KoJjiareHy, i XimMiyHi peakuii, Kpim
MiKpo6HOI iHakTHuBalii. BesMunHa cTaHAapTHOI
3MiHM 00'€eMy, 10 BHUHHUKAE Yy pe3yJbTaTi
He3ropTYyBaHHA IVI00YIsIpHUX Oi/KIB, 3a6e3ne4ye
YHiKa/bHE pO3yMiHHA BiAMIHHOCTEH
CTPYKTYypYyBaHHA Ta rifpaTtanii Mi>k 3rOpHyTUMHU i
He3ropHyTUMH 6Ginkamu [8]. [lapuianbHuit
MOJIAPHUM 06'€eM JAeHaTypoBaHOI  6iJKOBOI
CUCTEeMH 3MEHIIYEThHCS 31 361bLIEHHSAM TUCKY 110
BiZiHOLIIEHH!O /10 HATUBHOTrO 6iska. Ha BiaMiHy Bij,

rJI0OYJISIPHUX 6isKiB, s KoJIareHy
He3ropTyBaHHS (ZeHaTypauis KoJIareHy)
NpU3BOAUTbL [0 30iJblIeHH MapLiaJbHOTO

IUTOMOI0 06'€My 3a YMOBU HHU3bKOI'O THUCKY Ta
3MeHIIeHHS MapliaJlbHOTO MUTOMOTro 06'eMy 3a
yMOBHU THUCKY Bullle 324 MIlla [9]. /loBeaeHo, 110
nepeHeceHHs1 TipoPOOHUX CHOJYK y BOLY
CYIIPOBOJKYETHCA 3HAaYHUM 3MEeHILEeHHAM
MUTOMOTO 06'€MY 332 YMOBU HU3bKOTO TUCKY [9].
[lpy npakTudHOMy 3actocyBaHHi BT wmoxe
NOpYLIyBaTH TPUBUMIPHI CTPYKTYpU BeJUKHUX
MoOJIeKyJ1 a0 KJIITHHHUX CTPYKTYp (HampuKJIaj,
OiJIKIB, BKJ/IIOYAIOYM €H3UMH, JiNiAiB KJAITUHHUX
MeMb6paH i T. A.), ajie He BIJIMBAE Ha MaJi
MOJIEKYJIU 3 KOBaJIEeHTHUM 3B'I3KOM, HallPUKJIAJ,
TakKi pEe4YOBUHHY, K BiTaMiHWy, CMaKoOBi
KOMIIOHEHTH i [iesKi NirMeHTH.

Y paHuil 4yac icHye oOMexeHUH mHepeJik
JKepes iHopMalii, [0 CTOCYIOThCA JOCTiPKEHb
3MiH 06'eMy Ta KoMIlpeciiHuUX BjacTuBocTel XII
abo CTPYKTYypHHUX 3MiH IX KOMIIOHEHTIB Mif Ji€to
BT. Kpim Toro, icHytoue focifiHe 06J1afjHaHHSA He
JL03BOJISIE IIPOBOJWTH JOCJIiPKEHHA 3
npeuusifiHOI TOYHICTIO, fKa Jo3BojujJa 6
BCTAHOBJIIOBATH BIJIUB IapaMeTpiB mpouecy
(Tuck, TeMneparypa Ta iH.) Ha TEXHOJIOTiUHi Ta

CIIO’KHBYi BJIACTUBOCTI  TBepAMX,  PiAKUX,
B’a3komacTudHux XII.
AHaui3 OCTaHHIX AOCIIIKeHb Ta

nyo6aikangin. Ha po3pobKy JabopaTopHOTro
06J1aZiHaHHS, 1110 JJ03BOJISIE JOCJiIKYyBaTH BILJIUB
BT na BaactusocTi XII, i B nepiy 4yepry Ha ix
KOMIIPECifiHI BJIaCTUBOCTI, cCOpsIMOBaHi 3ycuis
MPOBIAHUX YHIBEpPCUTETIB CBiTYy, AKI
pPO3pO6GJISIIOTh Ta BIPOBAPKYIOTh TeXHoJI0Tii BT y
rajyssx xap4oBoi mnpomuciaoBocTi [1;2;4;5].
BuMipioBaHHsI 006'€eMHMX |  KOMHOpeciHUX
ByaactuBocted XII mig THCKOM HeoOXigHO [AJid
BUpILeHHA npo6semMu MpOeKTyBaHHA
TEeXHOJIOTIYHMX  MNpoueciB 1  BiANOBIZHOTO
TeXHOJIOTIYHOr 0 006Js1afiHaHHSA, OLiHKH
KOMIIPEeCIHHOTO HarpiBy MaTepiaJiB, po3paxyHKy
TPAHCIOPTHUX ABULY i po60TH cTucHeHH: [10].
MeToau eKCepUMEHTAJbHOTO BU3HAYE€HHA
TUCKY, 00’€MYy, KOMIIPECIHHUX i TeMmepaTypHUX
BJIACTUBOCTEN [OCHIpKYBaHUX 3pasKiB MOXKYThb
OyTH mofiseHi Ha ABi rpynu: npsmi i Hempsmi
Metoau. llpami  MeToau — IepejbavyaroTb
BUMIpIOBaHHS fIK TPbOX 3MiHHHUX Ipolecy (p, v
a6o T), Tak i ofHi€l 3 TPpOX 3MiHHUX K PyHKLI]
ABOX iHIIMX. 3a3BUYal 06'eM — Ile BUMiploBaJbHA
3MiHHa $fK QYHKIig TeMIepaTypu i THUCKY.
Henpsami MeToAM BUKOPHUCTOBYIOTb OYyAb-fKI
32/Ie)KHOCTI MK BJIACTUBOCTAAMU  PiAWHHU
(Hanmpukag, MOKa3HUKOM 3aJIOMJIEHHY,
LIeJIeKTPUYHOI0  NPOHUKHICTIO,  IBUJKICTIO
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3BYKY, TEMJIOEMHICTI0) i MOBe/[iHKOW PiUHU NpU
cTucHeHHi (a6o posuivpeHHi). [lpsami MeToau
O6inbm  TouHi, HiXK Hempsami. Ha xaup,
BUMIpIOBAJIbHI IPUJIAJH A1 NIPSAMUX BU3HAYeHb
3a3BUyYadl 6inbi ckaaaHi. bpumxkmen [1] 6yB
[IOHEpPOM Y eKCIepUMEeHTaJbHOMY BHU3HA4YeHHI
TepMOJAMHAMIYHUX BJacTUBOCTedl Boau npu BT
(mo 5000 MIla) i po3pob6ui MeTOAiB s
BU3Ha4YeHHs 3MiHU 06'eMy pigunu npu BT i pizHiit
TeMIepaTtypi. Y oAHOro 3 eplIux NPUCTPOIB g
BUBYEHHA O6'€EMHHX BJIACTUBOCTEH BOAU [0
temnepatypu 323 K i Tucky gmo 350 MIlla
peecTpyBaJiics 3MiHeHHAM 06’€My pU 3MillleHHi
MOPIIHA yCepeArH] LUIIHAPUYHOIO KOHTENHepa
3 JOC/IPKyBaHUM 3pa3KoM; TOYHICTB
BUMiploBaHHsA ckianae +0.04 % [11]. Asada i
cniBaBT. [12] Tako»K BU3HAYMJIU MUTOMUHN 006'€M
Boau Big 253 K go 298 K i Bix 200 MIla go 350
MIlIa 3 o1[iHOYHO0 HEBU3HAYEHICTIO HUXKYE, HIXK £
0,1%. Pecar and Dolecek, Pifieiro et al.i Lopez [13-
15] BM3HAYU/IM NUTOMHUU 06'€M pi3HUX piAUH i3
BHUMIpPIOBAaHHAIM TyCTUHU JeHcuMeTpoM Jo 40
MIla 3 HeBu3HaveHicTIO £0.01 %.

KoHcTpyKkuis ONTUYHOIO n'e30MeTpa,
ejleMEHTaMU SIKOro OyJiM IJIACTUHKA 3 XJOPUAY
HaTpito 1 mJlaCTUHKa i3 KpuUCTaly pyb6iHy
NpH3HavYeHa JJad JOCHIKeHHs 3MiHU 00'eMy
3paskiB NPOAYKTY Mif Ai€0 TUCKY Ta BUMIipy
ONTUYHUX NIApaMeTpiB Yy IIMPOKOMY Jiala3oHi
TeMIepaTyp Ta TUCKIB [16]. Ha xkanb, HegoaikamMu
LbOTO MPUCTPOI0 € BHCOKA MOXUOKa BHUMIpY,

HeoObXigHICTh CUCTEMHU OXO0JIOPKEHHA )7
cTabinizanii TeMIlepaTypH, CKJIAZHICTh
KOHCTPYKLI.

JocnigHnkamu [17] OTpUMaHi

eKCrepUMeHTalbHi JiaHi Npo NUTOMHH 006’eM
TOMAaTHOI aCTH B 3aJIeXKHOCTI Big TUcky ( Big 0.1
no 350 MIlla) i Ttemneparypu (Big 273.16 K no
323.16 K 3 moxubkorw 0.01 K). Illpu ubomy
eMnipu4Hi piBHSIHHSA [J151 KOHKPETHOTO 06’€EMy Ta
i30TepMiuHOI CTHUCHEeHiCTi OyJM OTpUMaHi fK
byHK1ig mapaMeTpiB THUCKY i TeMnepaTypu. [Ipu
BU3HaueHHI 3MiHHeHHsI 06’eMy 3pa3ka, 3MiHHU
TUCKY | TeMIlepaTypHu BUKJIMKa/IU 3CYyB pyXOMOTO
MOpLIHA y LWIIHAPUYHIA KaMepi. Pyx #oro
depomarHiTHOro XBOCTOBHKA B
JudepeHiaibHOMY TpaHcopmaTopi
[epeTBOPIOBAaB IlepeMillleHHs B HaIpyry, fdka
3anucyBaJjacs CUCTEMOIO 360py  [JaHUX
0/JJHOYACHO 3 pEECTpaLli€lo TUCKY | TeMIepaTypH 2
cL

JlocaimkeHHsA CTHUCHEHOCTI i MeTOoau
BUMIipIOBaHHS I'YCTUHU ONUcaHi B psaai po6it [17-
20]. OTpumMaHO ekcHepUMeHTa/JbHi JAaHi Mpo
BIIMB BT Ha rycTuHY TOMaTHOI HacTH i 161y4HO]
M'sakoTi [17], po34MHIB caxapos3u, TIJIIOKO3H,

auMoHHoi kucyaoTH i NaCl [20], ntope ¢pykTiB Ta
oBouiB [21].

[T'e3oMeTpu 3i 3MiHHUM 06'eMOM CHUJIb(OHIB
BHUMIPIOIOTb CTUCHeHicTb piguHu no 300 °C i
1200 MIla, opHak cunbPoHH, HKi MOXKHa
3aCTOCOBYBATH JJisd PiAWHU, HE MOXYTb OYTH
BUKOPMUCTAHHI TNpU  JOCHI/PKEHHI  TBepAuX
6iomarepianiB. IloTeHmioMmeTpu a6o JiHiMHI
3MiHHI gaTyuku gudepeHniaa TpaHchopmaTopa
[22; 23] BuMarawThb BUKOPUCTAaHHS B SKOCTI
MPOMiIXKHOI pob6oYoi piguHKM cepeaoBUINA 3
HU3bKOK TEeIJIONPOBiAHICTIO, TOMy IO 3HA4He
KOMIIpeciliHe HarpiBaHHA CTBOPIOE
€KCIlepUMeHTa/IbHI TPYyZAHOLUI NpU LOCaiLKeHi
b6iomartepiasiB, le KOHTPOJIb TEMIIEPATyPH MaE
BUpilla/JbHe 3Ha4YeHHH.

[[py BUMIpHOBaHHI TYCTUHU PpigUHU mif
THCKOM MOXJIMBE BUKOPHUCTAaHHSI BUMiplOBaHHS
LIBUAKOCTI 3BYKYy, OJHaK IIpH JOCJiJKeHHI
oisbmocti  XII, 4gki € 6araTodaszHUMH,
MOJIIAUCIIEPCHUMU | HEOZHOPILAHUMU CUCTEMAMH,

po3CiloBaHHSI  3BYKOBOI  XBWJi  YCKJaJHIOE
iHTepnpeTaunito pesyabTaTiB [20]. OnTuyHe
BHUMIipIOBaHHSA MOKa3HUKa 3aJI0MJIEHHA

MpO30poro po3dyuHy npu temnepatypi Big 20 °C
Ta TUCcKax fo 500 Mlla kopeJsioBa/id 3 IT'YCTUHOIO
3rigHo 3i cniBBigHOUEeHHAM JlopeHna-JlopeHua;
OJJHAaK BIUIMB BJIACTUBOCTEW pEYOBHH, HKi
BUKOPHUCTOBYIOTbCA [JJI1 HaHeCeHHS 3pas3KiB
IPOAYKTIB Ha HENIPO30pi MaTepiaiv, He BUBYEHO.

Y koHCTpykuili m'e3oMeTpa 3i 3MiHHUM
06'eMOM, 34aTHOrO BHUMIpIOBaTH 3MiHEHHS
06'emy piakux i TBepaux XII go 700 Mlla npu 25
°C, BUKOpHMCTaHa MarHiTHa JpoToBa KOTyUIKa i
MiJJHUM NOpLIEeHb B AKOCTI JaTYMKa BUXPOBHUX
CTpYMIB, fIKa pearye Ha 3MillleHHd NOPIIHA IPHU
HNiABULeHH]I TUCKY. TOYHICTH BHUMIipHOBaHHA
Tucky 0.4 % i Temnepartypu o 1 °C [23].

3 oriiAy Ha BaXKJIMBICTh BUMIPIOBaHb I'yCTUHHU
i ctucHeHocTti in situ gaga  XII mMeToau
eKCIeprUMeHTalbHOI0 BU3HA4Y€eHHs JAHUX
MOKAa3HUKIB YAOCKOHaMOIOThCA. Denys [24]
pO3paxyHKOBY TYCTHHY TOMAaTHOI mNacTu i
s16J1yqHol M'sikoTi fo 540 MIla npu TemmnepaTtypi
20 1 60 °C pgocuimxyBaB LULJIAXOM BUMIpHOBaHHA
00’eMy pigvHU, 10 TMepeaae TUCK, HEOOXiTHUM
JUIT  CTHUCHEHHAA  3paskiB. Barbosa  [25]
BUKOPUCTOBYBAaB yJ/bTPa3BYKOBI BHMipHOBaHHA
JJI BM3HAYeHHS TYyCTHHU PO34YMHIB Caxaposy,
[JIFOKO3U | IMMOHHOI KUCJIOTH IPU TeMIlepaTypax
Biz 10 g0 30 °C i Tuck go 600 MIla. Eder i Delgado
[26] BUKOpUCTOBYBaIM BUMipIOBAaHHS ONITUYHOIO
NOKa3sHUKa 3aJIOMJIeHH [JId  BU3HAuYeHHA
TYCTUHU PO3YMHIB XJIOPDUAY HATpil0 i caxaposu
npu THckax ao 500 MIla i TemnepaTtypi 20 °C.
Kowalczyk [27] BUkopucTOBYBaB KOMOiHOBaHHUM
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eKCIIepHMEeHTabHO-TEOPETUYHUI  Mmiaxig — Jo
OI[iHKM KOMIIpeCiiHUX BJIACTUBOCTEHN i T'yCTUHU
KapToIuli, CBUHUHHU 1 Tpicku o 200 MIla; rycTuHa
BBa)kaJjlacsl He3aJIeXKHOK BiJ TeMmnepaTypu i
[ONpPaBKU [0 pPO3PaxyHKOBOI TeMIepaTypi
BHU3Ha4vyaJIHCA BiITOBiAHUMHU
eKCleprMeHTaJlbHUMU 3Ha4YEeHHSIMHU.

Pe3ysibTaTu BUMIPIOBAaHHA CTHUCJAUBOCTI |
FYCTUHU pAAY PiAKUX 1 TBepAux NPOAYKTIB:
po3uyuHiB  caxapo3u (2.5-50%), po3uHHIB
coeBoro 6inka (2.5-10 %), coeBoi ouii, KypsA4YOoro
»KAPY, OCBITJIEHOTO BEPILKOBOTO MacJja, Kyps4oil
IPYAKH, IIUHKW, CUPY 4ejJiep, MOPKBH,
ryakamoJie, ss6JiyaHoro coky i meny npu 25 °C i
Ttuckax Big 0.1 go 700 MIla BHKOHAHO 3
BUKOPUCTAHHSM Ibe30MeTpa 3MiHHOro 06’eMy
[28].

[Ipy  ekcnepuMeHTaJIbHOMY  JOCJiJpKeHHI
3HayeHHs TYCTUHU in situ psagy HOpPOAYKTIB B
3aJIeXXHOCTI BiJ, THUCKy BCTaHOBJIeHO [29], 1wo
TrYCTHHA BOJM 36iybimuaack 3 997 kr/m3 npu 0.1
MIla go 1189 kr/m3 npu 700 Mlla; a6y4uHui cik
MoKa3aB HaWOisblle 3pOCTAaHHA  L[IJIBHOCTI
(17.4 %) npu nigBuweHHi Tucky Big 0.1 go 700
MIla; TonsieHe BepuikoBe Macjo (17.2 %) nociB
JApyre Miclie 3a 3MiHeHHSIM I'yCTHHH, IOTIM COEBA
onisi (16.9 %), kypssuuit xkup (16.2 %), MopkBa
(14.6 %), kypsiua rpyaka (14.1 %), cup 4denzep
(13.7 %), nenikatecHa muHKa (13.0 %), Mex
(8.9 %) i .10cocsh (8.6 %).

B pganHuii 4yac 6iJbIICTh JOCHIZHHUKIB, IO
NpalKTbL Yy Tajay3i BUKopucTaHHA BT y
Xap4yOBUX TEXHOJIOTIfAX, BI/I3HAYaOTh BiICYTHICTh
JIOCTOBIPHUX €KCINepUMEHTaJbHUX [JaHUX NpOo
3MiHy 06'eMy Ta IHLWKX KOMIpeCiHHUX
BJAacTuBoCcTerd Jua pisHux XII B mmpokomy
JianasoHi THckiB (7o 900 MIla) [30; 31].

BnactuBocti Boau mnpu BT pgocuth fo6pe
BUBUeHi [32; 33], i faHa iHpopMaLlis KOpUCHA AJ1s
Mo ieir0BaHHA noBeiHKU XII 3 BUCOKMM BMiCTOM
BoJsioru. Ilpore, MawTb Micue pgesaki 3Ha4HI
p036iXKHOCTI B MpPOTrHO3aX MOJEJNIOBaHHS MpHU
€KCIIEpUMEHTAJIbHUX [JOCHIPKEHHAX PIAKUX |
B'si3komacTUYHUX XII. Ile 0COGJIMBO OYEBUIHO
Ha Mpukaafi xkupoBMicHux XII, gna AKuUx
ajiiabaTU4yHe TEIJIO BUIIE, HiXK A/151 Boau [34; 35].
CtBopeHi i mpoTecToBaHi Aesaki Mogenai s
po3paxyHKy Temo¢disuyHux BJyacTuBocTei XII
npu BT 3 ypaxyBaHHSM BJIaCTUBOCTEN BOJU MpPHU
BT i po3unHeHOi pedoBUHU NPU aTMOCHEPHOMY
TUCKY [36]. Ha kanb, mepeBipka nux Mojesieil He

3aBXKAM OyJla MOXJIMBA 4Yepe3 BiJCYTHICTb
BHCOKOTOYHOTO €KCIIepUMEHTaIbHOTO
o6J1aiHaHHS.

B po6oti [37] 6yaum ekcliepuMeHTaJIbHO

JlocaipkeHi  nmuTOMUM  06'eM, i30TepMiuHa

CTUCJIUBICTD 1 TeNJIOBe PO3LUIUPEHHA 0JIMBKOBOI i
COHALIHUKOBOI 0JIil 1 TpeACTaBJAeHO 3aJIEXKHICTIO
BiZ THCKy i TeMnepaTypu. [luToMuii 06'eM 6yJ10
BUMIipSHO SIK QYHKIIil0 TUCKY i TeMIepaTypH; AJs

OTPUMaHHA  i30TepMiYHOI  CTHUCJAUBOCTI i
TEIJIOBOI'O PO3UIMPEHHS OyJu po3pobJieHi
eMmipu4yHi  piBHAHHA  cTaHy. Ha  kaJp,
JOCJIiIPKEeHHSA 06'eEMHUX BJIACTUBOCTEN

COHSIIITHUKOBOI Ta OJIMBKOBOI 0J1i1 6y BUKOHAHI
B ZianasoHi TUcKiB jnmie go 350 MIla.
KomMnpeciiiHi BJIaCTUBOCTI POCJAMHHHUX OJIiH
nig BT poarnanyTi B psazgi po6it [38-41]. Y Bcix
JOCJIPKEHHSX 3apeecTpOBaHUU dazoBuit
nepexiJi nepuIoro poAy i 3saTBepAiHHA [UX OJIiN.
Y crarti [38] mnpexacraBJsieHi AOCITImKEHHS
CTUCJIUBOCTI JlesIKUX POCJUHHUX OJifl (parcosge,
COEBE, COHSILIHUKOBE, JUISIHE) B Jliana3oHi g0 1
['lla. BukopuctaHHd n’'€30MeTpa, B SKOMY
nepeMilleHHA HOPLIHA 6yJsi0 BUMIpAHO
eJIeKTPOHHUM LU(PPOBUM LITAHTEHLUPKYJEM 3
inTepdeiicom RS232 3 koMI't0TEpHOO CUCTEMOIO
360py JlaHHUX [JI03BOJIWJIO BUBUUTH MOXKJIUBI
MoaubiKalii TpUrainepuaiB i He3BOPOTHI 3MiHY,

BUKJIMKaHi ¢dbazoBUMU nepexojamy,  AKi
CIIOCTEePIiraloThCAd K Y XXUPHUX KUCJI0TAX, TAK i B
ix TPUIJIiLEPUIAX. BukopucraHHs

MoaubiKOBaHOTO piBHSAHHA TelTa M03BOJIMJIO
OTPUMATHU PiBHAHHSA CTAaHY, Ke OIUCYE K PiAKY,
Tak i TBepAy da3u JociKeHUX OJTiH.

B pob6oTi [42] JJ1s1 OTPHUMAaHHS
eKcnepiMeHTaJbHUX  JaHUX 1Npo  06'eMHI
BJIACTUBOCTI aleJIbCUHHOBOI'0O COKY B BIiJJHOCHO
LIMPOKOMY Jiana3oHi THUCKIB 1 TeMmeparyp
(temnepatypa Big +20 °C fo + 40 °CiTuck go 350
MIla) Ta BIJMBY KOHLEHTpaLii pO3YMHEHHUX
peYoBUH Ha MWoro o06'€eMHi BJIACTUBOCTI i
THUCKOM, OYB BHUKOPUCTAaHUHW N’'€30MeTp 3i
3MiHHUM 00'eMoM. Cnpoba MNpPOTHO3YBaHHS
BJIACTUBOCTI NPOAYKTY INpPU IHIIMX 3HAYEHHAX
TUCKy 1 TeMnepaTypyd TIOKasaja 3Ha4yHY
HeBHU3HA4YeHiCTb IPY PO3PaXyHKY aAiabaTUYHOTO
Temja 1 KOMIPeCiiHUX BJIACTUBOCTEH, L0 B
yeproBui pas 3acBifyuyo NOoTpe6y B TOYHHUX
eKCIIepMMEeHTAaJIbHUX [JaHUX MO0 BU3HAYEHHIO
koMmIpeciiiHux xapaktepuctuk XII npu BT.

ExcnepuMeHTanbHe BU3HA4YE€HHA
KoMHpeciiHuX i TennodisMUHUX BJIACTUBOCTEMN
miJl TUCKOM € CKJaJJHUM 3aBjaHHAM [43]. Pap
JOCJIJHHUKIB Bi/I3HA4YalTh BiZICYTHICTb
eKCIepUMeHTaJbHUX JAaHUX CTOCOBHO (Pi3MUHHUX
BJIACTUBOCTEH SIK PiUHY, 10 Tepea€ TUCK, TaK i
XI1 mij TUCKOM, 110 YCKJIAHIOE HaJliliHe YyHCeslbHe
MOJieJII0OBAHHA TEXHOJIOTIYHUX INpoueciB MifJg
THUCKOM [44; 45]. BIUIUB KOMIIOHEHTIiB, KpiM BOH,
B cucTeMi pvT-BJIaCTUBOCTEN PO3TAAHYTHH A
JesIKUX POO0YUX PiiUH, 1110 NepeJjaloTh THUCK [46].
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[Ipy BHUKOpHUCTAaHHI B H[KOCTi MNPOMIXHOI
po6oyoi piluHU BOAH i cyMillli, 1110 CKJIAJAAETHCS 3
MPOIiJIEHTJIIKOJIb/BO/Ia (50/50), oyJsu
3adikcoBaHi CYyTTEBI BiAMIHHOCTI KOMITPECIHHUX i
Temnopi3UUHUX BJIACTUBOCTENM y KOHTEKCTI
TOYHOCTI IIPOrHO3yBaHHA MoJeJti
TeXHOJIOTiYHOTrO0 nponecy [47].

[Ipu mocuimkeHHi i NporHo3yBaHHA 00 €EMHUX
BJIACTUBOCTEN CHPOTrO HE3O0HPAHOr0 MOJIOKO i
3HEXKUPEHOr0 MOJIOKO TYCTHHHM, MHUTOMOIO
00’eMy, i30TepMiUyHOI CTUCIUBOCTI i KoedillieHTy
TEMJIOBOTO PpO3LIMPEHHSI) TMpU M[apaMmeTpax
npouyecy: temneparypa Bif 0 go 60 °C i Tuck go
350 MIla, BUKOpPUCTOBYBaJIU II'€30METP 3MiHHOTO
00’eMy 3 06'€MHHM IOPIIHEBHUM BUTPATOMipOM
[48].

BpaxyBaHHs 3MiH ¢di3uKo-XiMiuHUX
XapaKTepUCTUK 4K IpPU 3MiHI THUCKY, Tak i mpu
3MiHI TeMIlepaTypH, BaXKJIMBeE s
KOHTPOJIIOBAaHHSA XapaKTEPUCTUK OJep>KyBaHOrO
npoaykty [49]. Tak sik Boza i /1iniAu MaloTh pisHY
TYCTUHY 1| XapaKTepUCTHUKU afiabaTUYHOrO
HarpiBaHH$, IPU JOCJIIJKEeHHI MOJIOKQ, ¥ AKOMY
KpiM JIaKTO3H4, OJJHOI'O 3 OCHOBHHUX BYIJIEBOJIB, €
O6iKM Ta MOJIOUHI >KUpH, fAKI NiAAAITHCA
Moaudikanii miJ; THCKOM, 6yJI0 BCTAaHOBJIEHO, 1110
JIaKTO3a, UMOBIPHO, He NiAJAA€TbCSA BIIUBY TUCKY,
60 B Il CTPyKTypi NHepeBakalOTb KOBAJIEHTHI
3B’A3KU (L0 He pYHHYIOTbCA Mif, TUCKOM);
KapaMeJiizanis i peakuia MOTEMHIHHSA
rajbMyoThcsa mig tuckoMm npu 60 °C [50], Ha
BigMiHy Bif kupy i OinKiB, MoJieKyJqM SKHX
yTBOpEHi HEKOBaJIEHTHUMU 3B’sI3KaMH,
YyTJIABUMH 0  THCKY. BT  BukJHKae
KpucTasizaniro xkupiB [51; 52], koHdopmariro
6inkiB - MiLesn KaseiHy i CMpOBaTKOBUX OiJKiB.
Barato aBTOpiB BiZ3HayawTh, 110 pPO3Mip
Ka3eiHLeNI0JSPHUX KJIITUH 3MEHUIYETbCA NpHU
BT, oco6siuBo mixk 150 i 300 MIla [53;-56], B Toi
yac fAK ix po3mip nigBuinyetbcsa npu 40 °C ta npu
B3a€EMOJAIl 3 [JIeHaTypOBaHOW CHUPOBATKOIO.
Hait6inpur 4y T/IMBUM /10 leHaTypallii TUCKOM € [5-
JIaKTOTJ/106YyiH [55].

3 MeTow MifBUIEHHA TOYHOCTI peecTpaLii
BUMipIOBaHb 06'€MHUX BJIACTUBOCTEN MaTepiany
nify TuckoM (rycTuHH, cTtacauBocTi i iH.) i

NoAajbIlol  OLIHKK  TEIJIOTU  CTUCHEHHS
MaTepiasiB, OyB po3pobyieHUNd 1'€30MeTp
3MiHHOro o06’emy i  JiHiHHUMNA  3MiHHUU

audepeHninHui Tpancdopmartop [56]. 3 MeTom
30i/blIeHHsI [jilana30Hy BHMIpIOBaHb THCKY |
MiJIBUIIEHHSI TOYHOCTi peecTpauii TUCKY OYB
po3pobJieHUl M'e30MeTp [Ji1 BUMIipIOBaHHSA
3MiHu 06’emy XII Ta iHmUX OGioMmaTepianiB y
3aJIe’KHOCTi BiJ THCKyY o 700 MIla npu 25 °C [28].
[Ipy uboMy TouHicTh JaTuyuKa ckjiana 0.3 % Bif

BUMIipssHOTO 06’€My; HOro MoxubKa [03BOJISIE
BUMipIOBaTH 3MiHU MiKpOJIITPOBUX 0OCATIB.

Ha cborogui ogHuMM 3 HaWmoumMUpeHIiNIUX
CTaHAAPTIB BHUMIipPIOBaHHSA TUCKY B
eKClleprMeHTaxX € pyO6iHOBA LIKaJ/ia TUCKIB, y Kl
TUCK BUMIDIOETbCA 3a 3MillleHHSIM JIiHIN
JIIOMiHeclleHIii Kpucrtaja pyo6iHy Ri i Ra
Hai6isibll MONMyJAspHUM € KasliOpyBaHHSA M€l
LIKaJMd THUCKIB, SIKi BUMipOBasu 3pyuieHHA R»-
JdiHii JroMmiHecneHnii py6iHYy B aproHOBOMY
cepegoBuii g0 Tucky 80TTla [57]. Twuck
BU3HauaBcs 3a i3oTtepmamu Cu i Ag, gki Gysu
po3paxoBaHi y po6oTi [58].

Ananiz  HasgBHOI iHdopmauii  J103BOJIMB
KOHCTaTyBaTH, 10 CTBOPEHHsS IT'€30MeTpa [Js
BUMIipIOBaHHA KOMIpecinHUX BaactuBocTeu XII 3
NpEeLU3iMHOK  TOYHICTIO 1  NOpOBEAEHHIM
CHeKTpaJbHUX JociailkeHb XII Moxe 6yTH
peasi3oBaHO Ha OCHOBI ONTHUYHHUX METOZIB
JOCJHI/PKEeHHA 1 BUKOPUCTAHHA MPUHLUIIOBO
HOBUX MiAXoJiB A0 peecTpanii 3MiHU 06'eMy
JOC/IP)KyBaHUX 3Pa3KiB.

CnekTpasibHi XapakTepucTUKU XII 10CTaTHBO
KOHKPETHO ONUCYIOTb 3MiHU (i3UKO-XiMiuHUX
BjacTuBocTen mnpu pAii BT, wmawTe Micue
byHKIioHaNMBHI  3asexHocTi MK ¢i3uko-
XIMIYHMUMH Ta CHEKTPaIbHUMH (ONTUYHUMH)
xapaktepuctukamu XII. Po3pobka npuJiagoBUx
METO/IB JOCJIIPKEHHS CIIEKTpPaJIbHUX
BiaactuBocted XII mig BT in situ J03BOJUTBH
OTpUMaTH HOBI 3HaHHA npo BmiaWB BT Ha
BJIACTHUBOCTI, AKi eKCllepUMeHTaJlbHO LOCTIAUTH
in situ B ;aHU¥ Yyac HeEMaE MOXKJIMBOCTI

Mema docaidyceHb - CTBOPEHHSI ONTUYHOIO
n’e3oMeTpa i pob6o4oi kamepu yctaHOBKU BT pns
cnekTpasbHux  gocaimxkenb  XII  in  situ;
OTPUMaHHSI NOKAa3HUKIB KOMIpeciiHUX Ta
CrneKTpasbHUX (onTuW4yHUX) BJyactuBocted XII 3
Npeny3iiHOI TOYHICTIO NpU THUCKax Big 0 o
1000 Mlla. BusHayeHHA [OCTOBipHOCTI Ta
MOXUOKM  BUMIpIOBaHb 3a  CTaHJAAPTHUMHU
MeTOJaMU MaTeMaTUYHOI CTaTUCTUKHU.

3asdanHs docaidxHceHHs:

- OOIPYHTYBaTH KOHLENLil0 CTBOPEHHS Ta
OPUHLUI POOGOTH ONTUYHOrO M'e3oMeTpa i
KOHCTPYKTHBHUX eJleMeHTiB po6oyoi kamepu BT;

- CTBOPUTH ONTUYHUM IT'€30MeTp i pobouy
Kamepy  OJs npenysiiHuX  JOC/i/PKeHb
BaactuBoctei XII npu Tuckax Big 0 1o 1000 Mlla;

- po3pobuTu METOJNKY MpOBeJleHHA
Npeny3iiHUX eKCIepUMeHTaJbHUX [JOCJIiKeHb
KOMIIPECiHHUX i cieKTpaibHUX BiaacTuBoctei XI1
mig BT;

— NpPOBECTHU NpeLu3iiiHi BUMipIOBaHHSA 3MiHU
00’eMy [JOCJIIKYyBaHUX 3pasKiB; JOCHIIUTH
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koMmmpeciiHi i ontuuni BsactuBocti XII mpwu
THcKax Big 0 10 1000 MIIa.

MaTepiaiu 1 MeTOAM AOCTiAKEeHb

ExcnepuMeHTa/IbHI JOCJIIPKEeHHA oysu
BUKOHaHI Ha JociaigHomy komimekci BT, mo
JI03BOJISIE MPOBOJUTH Pi3HOMaHITHI
JocJimpKkeHHs B ob6sacTti BT.

JocaidxceHHss komnpecitiHux esaacmueocmel.

TepMmoauHaMiuHUil  koedil[iEHT  CTUCAMBOCTI
(isoTepMiyHa CTUCJIHUBICTD):
1(oV
VP )
3 piBHsiHHA (1) BUTiKaE, 1110:
vz:_[avj (2)
oP );
06’eMm cucteMH, 10 CKJagaeTbca i3 N

KOMIIOHEHTIB, J0pPiBHIOE CYyMi iX 06’€MiB:
N

Ve =Vi+V, V44V => (Vi) (3)
i-1
3MiHa 06’eMy cucTeMHd 3 N KOMIIOHEHTIB
CTaHOBUTh:

v, =Y (V) @)

PiBHsiHHA (2) 3 ypaxyBaHHsAM (3) i (4) npuiime
BUIJISLL;

N 1 N
Z(Vi;ci){—zwvi)j (5)
i=1 6P i=1 T
PiBHSIHHSA (5) JI03BOJISIE BHU3HAYUTH
TepMOJHUHAMiYHUN  KoedillieHT  CTUCAUBOCTI

OKpeMOro KOMIIOHEHTa CUCTeMH, KOJIM BiJoMi
koedillieHTH cTUCAUBOCTI iHIIUX. /laHe piBHAHHA

6yJ10 BUKOPHUCTAHO B IpOrpaMHOMY
3abe3neyeHHi ycTtaHOBKHU BT.
BusHayeHHd koedinieHTa CTUCJIIUBOCTI

JIOCJIiPDKyBaHUX 3pa3KiB 3JiWCHIOBaJM Y TpPH
eTanu.

Ilepwuii eman. Po6ouuit 06'em kamepu BT
HalOBHIOBAJIM POO0YO0I0 piJJMHOI0, BH3HA4Yal04u
00’'eM po6oyoi piauHU. 'oTyBaniu A0 po6GOTH
kamepy BT 1 npoBoauJu  BUMIpIOBaHHA
koedillieHTa CTUCAMBOCTI po6oyoi piguHU B
HeoOXi/JTHOMY [Jliana30oHi TUCKiB. 3HalZleHy TaKUM
YUHOM BeJIMYUHY KoedilliEHTa CTHUCJIUBOCTI
po6040i piAMHMA BBOJUJIM B SIKOCTI MapameTpa y
nporpaMmHe 3a6e3nedyeHHs] pO6OTH YCTAHOBKH.

/Jlpyeuii eman. BignoBigiHO A0 MeToay
BU3HAYeHHsS 00’€My TiJ1 HempaBWJbHOI dopMy,
BH3HAYaJIM 00’€EM TAaKyBaJIbHOT'O MaTepiaJy.
06'em mnopoxHboi kamepu BT Ha mnoso0BUHY
3all0BHIOBAJU pOO0OYOI0 PiMHOIO, BH3HAYal4u
npu oMy ii 06’em. Jlasi B poboyiii 06'eM kamepu
noMminjasid HakKyBaJbHUK MaTepian i AoJaBajiu
TakUi 06’eM pilUHY, 11106 3aIOBHUTHU MOBHICTIO

06’eM kamepu. IlpoBoauIM  BUMipHOBaHHSA
koedinienTta CTUCJUBOCTI [IaKyBaJIbHOTO
MaTepiasly B HeoOxiJHOMy niama3oHi THCKiB.
OTprUMaHy TaKUM YMHOM BeJIMYMHY KoedillieHTa

CTUCJUBOCTI TAKyBaJIbHOrO  MaTepialy 3a
JOIOMOTr010 MIpOrpaMHOro 3abe3neyeHHs
BBOAWJIM B AKOCTI NapamMeTpa y Iporpamy
yIpaBJiHHA npoLecoM [0JaJIbLIOTO
BHUMIipIOBaHHA.

Tpemiii eman. BumiproBaHi 3pasku

repMeTHUYHO NMaKyBa/M B NaKyBaJbHUU MaTepia
i MeToZOM BU3HaYEeHHS 00’ €MY TiJI HEITPABUJIbHOI
dopMH Bu3Havaau ixX 06°'€eM 3 ypaxyBaHHIM
06’eMy  makyBajbHOro Martepiany. 06'eMm
MOpOXKHBOI po6ovoi kamepu BT Ha uBepTh
3al0BHIOBAJIM PO6OYOK pifiMHOI0, BiJHIMar4u
npu 11boMy ii 06’eM. /lasti B po6ounii 06'eM kamepu
MOMILIA/IY AOCJIIKYBaAHI 3pasKHu i JoJaBajiv Taky
KiJIbKiCTb po604o0i piavHYU, 11106 pobouuil 06'eM
OyB TMOBHICTIO 3alOBHEHUH |1 MPOBOAUIU
BUMiploBaHHsI KoedillieHTa cTUCIUBOCTI 3paskKiB
XII.

Moayibp 06'€eMHOrO CTUCHeHHs (MOJyJb
06'eMHOi  mpyxHocTi) [, BU3HAYaId SIK
BiIHOLIEHHA BEJWYUHU HOPMAJIbHOI HAalpyru o
J10 BEJIMYMHU BiJHOCHOTO 06'€MHOr0 CTUCHEHHS
A, BUKJIMKAQHOTO Lji€0 HANIPYTOl0:

o
'B=X (6)

[30oTepMiyHMI  KOeQiLiEHT CTUCHEHHA ¥
BUpaXka€ 3MeHILIeHHSI OJAUHHUYHOrO 00'eMy Tija
npu 36ijablIeHHI TUCKY P Ha 0JHY OJUHUII0 NIPU
NOCTiNHIN TemnepaTypi T:

Z=_1[AVJ : )
VAP T=Const

ne AV - 3MiHa 06’emy V npu 3MiHi TUcKy P Ha
BeJIMYuHy AP.

Mopay/ib 06'eMHOI pPY>XHOCTI S MOB'sI3aHU 3
i3oTepMiuHMM KoeQiLiEHTOM CTHUCIUBOCTI Y

CNiBBiJHOIIEHHSM:
p=1 (8)
4
[IpoBoAAYM  BUMIipHOBaHHA /A  pi3HUX
3Ha4yeHb P, 3HaXOQUJH 3aJIEXKHICTh
i3oTepMiuHOrOo KoedilieHTa CTUCAMBOCTI Bif
TUCKY y = y(P). IlpyxHi BJacTUBOCTI

JOCJIPKYBAaHUX 3pasKiB NPOAYKTIB BHU3Ha4yaJu
NpU NiBUILEHHI TUCKY BiJi aTMocdepHOro A0
BeJIMYUHU Pi.

3HalO4YX  eKCIepUMEeHTaJbHO  BHU3HA4YeHy
BeJINUMHY, 3HAXO/AUJIU i30TepMiyHUN KoeilliEHT
CTUCJIMBOCTI 3pa3Ka AJ TUCKy P npu NocCTilHIN
Temieparypi T:
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1 (AVPOK 0 j
S (e £ S VY (9)
\% ; P- PO e T=Const

Oo6p

Z Oo6p

0 0 . .
ae Vpu u Voa,, NOYaTKOBi 06’eMH po60YOI

piAWHM i 3pa3Ka BiJIOBIgHO;

- PO - HYJIbOBUH (aTMOCPEPHUI) THCK;

- Vpox - 3MiHU po6Go4Oro 06'eMy KaMepHu B
pe3y/bTaTi CTUCHEHHS;

- ypx — i30TepMiuHUN KoeQilliEHT CTUCHEHHS
po60oYOoi piIUHU.

Pe3ynbpTaTu eKcieprUMeHTaJbHUX A0CAIKEHb
PEECTPYIOThCS HAa KOMIT'toTepi ycTaHOBKU BT sk y
nudpoomy Buraaai (200 peectpalliil B ceKyHIy
KOXXHOTO 3 KOHTPOJIbOBaHUX NapaMeTpiB), TaK i B
rpadgiyHOMY BUTJISAI.

[ BpaxyBaHHsSl TiCTepe3UCHUX SIBUL IpPU
JocaigpkeHHi koMmnpeciiHux BJjacTuBocTed XII
3aIuc KOHTPOJIbOBAaHUX napameTpiB
3/iMCHIOBAJIM SIK B epio 36i/bIIeHHS] TUCKY BiJ,
0 mo BenuuuHu P; (0 = Pj), Tak i B 3BOPOTHOMY
HanpsAMKY, IPY 3MeHUIeHH] BeJIMYWHU THUCKY BiJ|
3HaveHHs P; 7o 0 MIla (P — 0).

3 METOH0 OTPUMaHHA pe3yJbTaTiB
BUMIipIOBaHb 3 TMpenu3iiHOI ToYHicTIO 6yJa
po3pobJieHa aBTOpPCbKa IporpaMa ynpaBJ/liHHA
npoLecoM BUMIpIOBaHb, AKa BPaXOBYE
KoMIpeciiHi BJacTUBOCTI po6odoi piguHWy,
[IaKyBaJIbHOTO  MaTepiajly, BIUIUB  3MiHHU
TeMIlepaTypHy IPHU CTUCHEeHHI 3pa3kiB (puc. 1).

BxiAHMMM JaHUMHU [OporpaMu OyJad §K
3a/IeKHOCTI | 3HaYeHHd NMapaMeTpiB, BUSHAYEHUX
anpiopHo, TakK | 3HA4yeHHs BJIACTUBOCTEH
JOCHiPKyBaHUX 3pasKiB, OTpPUMaHUX Y XOZAi
nonepejHix J0CaiIKeHb.

CnekmpanvHi docaidrceHHs. MeToauka
BUMIpIOBaHHSl CIEKTPiB MOTJMHAHHA B MEBHIH
CIeKTpa/lbHIA 06J1acTi mosiArasa y peecTtpanii
CHEeKTPOMETPOM CYILiIJIBHOTO CIEKTPA 6y Ab-IKOT0O
JKkepesia 6e3nocepeHbO, @ MOTIM CIEKTPa, L0
NpOHLIOB Yepe3 3pa30K BUNPOMiHIOBaHHA. [Ipu
peecTpalii clieKTpa JxxepeJa:

Io(io)zr(lo)E(lo)' (10)

Je Io(Ao) - IHTEHCUBHICTb BUNIPOMiHIOBaHHS,
['(Ao) - cnekTpasbHa YYTJIUBICTb CIEKTPOMETPA,
E(Ao) - oCBiT/IEHICTB.

[Ipy npomyckaHHi
JKepeJia yepes 3pa3ok:

BUIIPOMIHIOBaHHA i3

(%) = T (% JE(4)T(% ), (11)

Je T(Ao) - crieKTp MponycKaHHs 3pa3Ka.

CnekTpasibHa 3aJIEXKHICTh ONTHUYHOI
LIiIJIBHOCTI 3pa3ka:

D(ﬂo)zlg( 1 j:|g[lo(/10)J, (12)

T(%) (%)

e T(7) = ()

o).
BuMiproBaHHA ONTUYHOI IIiJIBHOCTI Wapy
LOCJIIpKyBaHUX 3pa3KiB IPOBOAUIIU B [iBa €TAIlH.
Ilepwuii eman - BUBHaYEHHS CIIEKTPY JpKepesia
BUIIpOMiHIOBaHHA. [limacTuHy 3  1po3oporo
[IaKyBaJIbHOTO MaTepiajly IOMIIyBa/Id B KIOBETY
ontu4yHoi kamepu BT i 3akpinitoBaiu B pob6oyomMy
06’eMi, IKMH 3alI0BHIOBAJIM p060Y0I0 PiJUHOMN0. Y
ONTHUYHIN Kamepi cTBoproBasiu BT, 3akpydyBaniu
¢dikcyrouy raiiky, BUMMaau Kamepy 3 yCTaHOBKH
BT, posTaumoByBa/Ji Ha  ONTUYHIH  OCi
CIIEKTPaJIbHOI YCTAHOBKU BiJOBIAHO A0 pUC. 2 i

3alMCyBa/d CHEKTpP BHUIPOMIHIOBaHHA, 110
MPOUINOB Yepe3 KaMepy 0e3 3pa3kiB XII (cnekTp
JKepesia).

Jpyeuii eman - BU3HAYEHHS CIEKTpa

NpPOIYCKaHHA JOC/IiKyBaHUX 3pa3KiB, A/ YOTO
BUIIEONIUCAHI onepaunii IMOBTOPIOBAIU 3
IUVIACTUHOK, 10  MICTUTh TOHKHH  wLIap
JOCJIPKYyBaHOTO IPOAYKTY.

JlocaipkeHHsT ONTUYHOI LIIJIBHOCTI (crieKTpu
NOTJIMHAaHHA Y BUAUMIN 06s1acTi ciekTpa) 3pa3kiB
NpOBOJWJM Ha OJHONPOMEHEBOMY CIEKTpO-
doToMeTpi 3 JIOCKOI0 JUPPAKI[IHHOIO PELTITKOO
PGS-2 «Carl Zeiss», (po3fifbHa 3AaTHICTH -
45600; 3BopoTHa JiHilHa gucnepcis - 7.4 A /mu;
pob6oya 06J1acTh AOBKUH XBUJb CIEKTPOMETpA -
2000-8500 A). fx mxepeno BUKOPHUCTOBYBAJIU
JlaMIly  pO3XaploBaHHA 3  Oe3NepepBHUM
NPHUPOJHO MOJIIPU30BAaHUM BUIPOMiHIOBAHHSIM.
[IlpuiiMayeM BUNpPOMiHIOBaHHA 6yB  QoTO-
eJIEKTPOHHUH NIOMHOYBay OEII-118.
Peectpanito cnekTpa 3fhilicHioBasiM AudepeHLi-
QJIbHUM [JIeCSTUPO3PSAAHUM aHAJIOro-IuppPoOBUM
nepeTBOproBavYeM Ha 6a3i npouecopa Kp1113I1B1
i nepconanbHoro komm'torepa. IliaroToBKa
OOCHIPKYBaHUX 3pa3KiB A JOC/iIKeHHs IX

ONTHUYHOI LIJIBHOCTI poBoOAUIIaCA 3a
CTaHJApPTHOIO METOAUKOW  JAJd  JIaHOTO
cnektpodotoMeTpa.  JlocaimpkyBaHi  3pasku

nomillyBajd B CTaHJApPTHY ONTHUYHY KIOBETY 3
TOBUIMHOW Miapy 3pa3ka 0.6 mMm. Ha puc. 2
HaBeJleHa cXeMa eKCIlepUMeHTa/lbHOI yCTaHOBKH.

BunpoMiHIOBaHHA BiJi JIJaMIIA pO3:KaplOBaHHA
(S1), MPOXOASTYU yepes NOTJINHAKYH U
BUIlpoMiHOBa/bHUH QinbTp (P), AocaimKyBaHUN
3pasok (06p) i cucteMmy koHzaeHcopiB (JI1 i JI2),
NOTPAIVIsJIO HAa BXiAHY LiMHY crekTporpada
(CIT). OTpuMaHui TPOMiHb B IJIOMMHI BUXiHOI
IIIJIMHU CIeKTpa peecTpyBaju (POTOe/eKTPOH-
HUM noMHoxyBaueM (@II), »KUBJIEHHSI SIKOTO
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3iMCHIOBaJIN cTabisli3oBaHUM JKepeaoM
»xuBseHHs (BII).

CurHan 3 d¢QoTonpuiMaya moOJaBad Ha
KOMIeHcal[inHUHN miicuaoBay MOCTiMHOTO
ctpyMy (¥Y) 1 peecTpyBasu  eJIeKTPOHHUM
aBToOMaTU4YHUM mnoTeHuiomerpom (C). /Jlaa

rpaayroBaHHA CII€EKTpPa IOIJIMHAHHA 3pa3Ka II0

JIOBXKHMHAX XBUJIb B SIKOCTi /pKepeJsa eTaJIOHHUX
JIiHIH ~ BUKOPHUCTOBYBaJU HEOHOBY JIaMIy
TJiitoyoro po3psazay (S:), BUNPOMiHIOBaHHSA SIKOI,
npoxoasuyd  KoHAeHcop (JI3), HampaBJisIu
IJIOCKUM [J3epkajsioM (3) Ha BXiHY UiJUHY
cnektporpada.

Bl

cn | Prl

Puc. 2. CxeMH eKCllepMMEHTa/IbHOI YCTAHOBKU BU3SHaY€HHA CIeKTpa/JIbHUX XapakTepucTUK XII npu BT
Fig. 2. Schemes of the experimental setup for determining the spectral characteristics of foods at high pressure

Pe3ysibTaTH Ta iX 06roBOpeHHs

Y  ocHOBI po3po6JIeHOT0 ONTHUYHOIO
m'e3oMeTpa AJsd npeuusinHux gocaimpkeHb XII
JIEXKUTBb KOHCTPYKLid onTU4YHOI kamepu BT Tuny
"UUAIHAp-NIopLIeHb", MajorabapuTHUHN Ipec Ha
50T

Jg focArHeHHs 3aJjaHol TOYHOCTI peecTpariii
THUCKy OyJla BH3HauYeHa HeoOXiZjHa TOBIIUHA
KpucTtaldy pyb6iHy. I3 wLieto MeTow y Kamepi
CTBOpIOBaJIM Pi3Hi ¢ikcoBaHi THCKH, NMPH SKUX
JUCKpeTHO 3MiHIOBajaca  TeMIlepaTypa B
nianasoHi Big 5 10 95 °C i3 kpokom 20 °C. Ilix yac
eKCIlepuMeHTiB peecTpyBaau R; i Rz Ta Besinuuny
TUCKY BU3Ha4YaJIu 32 BUMipaM| 3MiHU N0JI0XKEHHSA
6ib11 IHTEHCUBHOI Rz-ninil CIleKTpa
JoMiHecueHLii py6iHa npy 3MiHi TUCKY w0A0 ii

MOJIOXKEHHS] TpU aTMocPepHOMYy THCKYy Ta
HETiIPOCTAaTUYHOCTI  CTUCHEHHSI  KPHUCTaIy
py6iHa fgaHOi TOBUMHH, $SKa 3’ ABJSETHCSA

BHACJIiZJ0K PO3X0/P)KEHHS BeJIMYNH TUCKY Ha KOT0
IJIOCKOIIapaJ/ie/IbHUX IOBEPXHSX.

[3 3acTocyBaHHAM iTepariili 6yJio aHAJITUYHO
onucaHo Rp-siHIIO cnekTpa JIlOMiHecCLeHIil
py6ina 3 ¢aktopom BiporizHocTi Big 0.9905 mo
0.9964. bysio BHU3HA4YeHO, L0 NpPHU TOBLUHI
KpucTasa py6iHa 0.5 MM TouHicTh peecTpauii
THUCKY CTaHOBUTb He Gisbuie + 10 MIla. Kpucran
JlaHoi TOBIIMHU | OyB BUKOPUCTAaHUU Yy
KOHCTpyKLii BikoH kamepu BT 3 onThuuyHum
m'€30MeTPOM

Ha puc. 3 npencraBieHa KOHCTPYKLiA
ontudyHoro  m'eomerpa. Jasga  peanizanii
Mpely3iiHOro BUMIipIOBaHHS 3MiHEHHS 06‘€My

NpPOAYKTIB, 110 0OpPOGJSIOTECA, 32 OCHOBY
ONTUYHOrO TM'€e30MeTpa OyJI0 B3ATO 3MiHU
iHTepdepeHnifiHOl KapTHUHU y BUTJIAA1

KOHLIEHTPUYHO PO3TallOBaHUX iHTepdepeHLiii-
HUX Kijelp, sika cnocTrepiraeTbcst y $okKaabHil
miouMHi  kosimartopa (9), nme nepebGyBae
¢doronpuiimau (10) (puc. 3).

Kopnyc (1) ontuyHoi  kamepu BT
BUIOTOBJIEHUH 3 TepMoobpo6JieHOl MilbHOI
cTajsieBol 3aroToBku Mapku 40X. 3ycuana
rigpaB/iyHOro npeca mepefaETbCd LITOBXady
nopwiHsg  (4), JKOpPCTKO  MOB'sI3aHOMY 3
KpoHIITeHOM (24) pyxoMmoro nmeda (25)
JaTyuKa nepemimeHHs (26) i nopmHeM (2) s
CTBOpDEHH: THUCKYy B KaMepi. KponHumreitH
HEpYyXOMOro Ijleya JaTyhKa nepemiuieHHs (27)
»KOPCTKO MOB's13aHUM 3 mificTaBKolo (12), Ha Ky
BCTAHOBJIOIOThL KaMepy. CepenoBuieM (28), o
nepefae TUCK 3pa3Ky, € MOJeTiJICIIOKCaHOBA
piguHa wapku [IEC-3. [ns  3ano6iraHHs
BuTikanHa piguHu I[IEC-3 3 po6Goyoro o06'emy
KaMepH BUKOPHUCTOBYEThCSA Kijiblie YIiJIbHIOBaYya
o6Tiopatopa (10), yuwinbHIOIOYa BTyJKa (23)
HakiHedyHUK (22) mopwHa (2) 1 kinbus
ylIiJbHIOBauiB onTUYHUX BiKOH (17). Kopmycu
BikoH (5) BurortoBJsieHi 3i crani Mapku 40X
OnTtryHe BikHO (9) CKJIafAa€TbCS 3 BOX YACTHH,
BUTOTOBJEHUX 3  candipa, MK  SKUMH
po3MilyeTbcsi mnpoksanka (8) 3 iHgiro. [uas
3aXUCTYy ONTHUYHUX BIKOH BiJi MeXaHIYHHUX
NOIIKO/KEHb BUKOPUCTOBYIOTHCSI 3aXMCHI BikHa
(7), mo ¢ikcyroTbca raiikoro (16). BikHo B 360pi
J10 KaMepU KpinUThCs raiikoro ¢ikcanii (6).
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Puc. 3. KoHCTpyKIiist KaMepH 3 ONTUYHMM II'€30MeTPOM Ta BiKHaMH AJIf1 CHEKTPaJIbHUX AOCTiAKeHb
1 - Kopnyc KaMep¥; 2 - IOpPLIEHb AJiS CTBOPEeHHsI TUCKY B KaMepi; 3 - raiika ¢ikcanii THCKy; 4 - IITOBXa4y NOPIIHS; 5 -
Kopnyc BikHa; 6 - raiika ¢ikcanii BikHa; 7 - 3axucHe BikHoO (candip); 8 - npokiagka (iHaii); 9 - onTu4He BiKHO
(candip); 10 - kinbLe ymijibHIOBaYa 06TIOpaTopa; 11 - o6Toparop; 12 - migcraBka kamepu; 13 - raiika ¢pikcanii
oGTIOpaTopa; 14 - HanpaBaswYUl WTUPT 06TIOpaTOPa; 15 - KOHYC 06TIOpaTOPa; 16 - raiika ¢ikcanii 3axmcHoro
BikHa; 17 - KizibIle yIiiibHIOBa4ya BikHa; 18 - py6iH; 19 - 3aXxucHUI KOXKyX AaTYHKIB; 20 - KOTyIIKa JaTYMKA TUCKY; 21
- KIOBeTa /J1 3pa3Ka Ip¥ ONTUYHUX BUMipax; 22 - HAaKiHeYHMK NOPIIHSA; 23 - NpoKJIajKa BTYJKa; 24 - KPOHIITEHH
pyxoMoro mjieua inreppepomeTtpa; 25 - pyxome mjiede JaTUyUKa nepeMilieHHs; 26 - JaTYUK nepeMilieHHs; 27 -
KPOHIITEHH HepyXoMoro 1nie4a JaT4YMKa nepeMilieHHs; 28 - cepef0BHILe, 110 NepeJa€e TUCK 3pa3Ky.

Fig. 3. Construction of a camera with optical piezometer and windows for spectral studies
1 - chamber body; 2 - piston for creating pressure in the chamber; 3 - pressure fixing nut; 4 - piston pusher; 5 -
window body; 6 - window fixing nut; 7 - protective window (sapphire); 8 - gasket (indium); 9 - optical window
(sapphire);10 - the ring of the seal of the obturator; 11 - obturator; 12 - camera stand; 13 - obturator fixing nut; 14 -
obturator guide pin; 15 - cone of obturator; 16 - fixing nut of the protective window; 17 - window seal ring; 18 - ruby;
19 - protective cover of sensor; 20 - pressure sensor coil; 21-sample cuvette for optical measurements; 22- piston tip;
23- bushing gasket; 24- interferometer movable arm bracket; 25- displacement sensor movable arm; 26-
displacement sensor; 27 - displacement sensor fixed arm bracket; 28 - medium transmitting the sample pressure

[Ipy onTHUYHHUX BHUMipax TUCK B pPoOOYOMY
06’eMi micns o¢ikcauii nopuwHsa (2) raiikow (3)
BU3HAYaeTbCcAd 3a 3CyBoM JiHIK R; 1 Rp
JoMiHecueHLii Kpuctana py6iHa (18) mifg
THUCKOM. JlocmipKkyBaHUM 3pa30K, i30/1bOBaHUM
NpO30pMM MaKyBaJIbHMUM  MarTepiajJoM  BifJ
cepeZl0BUIIA, 110 NepesaE TUCK, NOMILIYETbCA B
KtoBeTy (21).

3 MeTO0 NpoBeJileHHsI ONTUYHUX JO0CJIiKeHb
CHEeKTpPaJbHUX BJIACTUBOCTEN MPOAYKTIB po6oya
KaMepa Mae€ ONTHUYHI BiKHA, eJleMEeHTH SIKUX
300paxkeHi Ha puc. 4.

[Ipy HEONTHUYHHUX BHMipax THCK y pobodoMy
06’emi BH3HAYaEThCS 3a JIOTIOMOT 00
MaHTaHiHOBOTO  MaHOMeTpa OIOpy, fKUH
HaMoTaHuM Ha kotymni (20) i 3akpinieHuid Ha

BepxHil yacTuHi kKoHyca (15) obTiopaTopa (11).
Hanpasnadarwouui wTudT (14) BU3HAYa€
NOJIOXKEHHsI 006TIOpaTopa, KUK 3aKpillJIIOETbCS

3a gomnoMoroto  ¢ikcyrouoi ranku  (13).
MaHraHiHOBUI MaHOMETp 3axUleHUH Bij
MeXaHIYHMX TOIIKO/PKeHb  Koxyxom  (19).

JedbopmManiiiHi monpaBKM Npu BUMipax 3MiHH
06cAry [0C/IiIKyBaHOTO 3pa3ka BpPaxOBYIOTbCH
ABTOMATHUYHO.

[lepeMilieHHA NOPIUHSA A/ CTBOPEHHA THUCKY

B kamepi (2) i, BigmoBigHO, 3MiHa 06’eMy
JLOCJTiPKYBaHOTO 3paska, BU3HAYAETHCS
besnocepeHbO  3a  JIOIOMOIOK  JIaTYMKA

nepeMimeHHss (26), BUTOTOBJIEHOTO HA OCHOBI
inTepdepomerpa MalikesnbcoHa. KoHcTpykuis
JlaTYMKa NepeMilleHHs HaBeJieHa Ha puc. 5.
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Puc. 4. CxeMa ONTUYHMX JleTajell BiKOH y Kamepi
BHCOKOTO THCKY:

1 - gocaigKyBaHUil 3pa3okK, 2 - KBapLOBi BikHa A1
3paska, 3 - BikHa kamepu 3 NaCl, 4 - kpucrtas pyo6iny, 5 -
3aXMCHi IVIAaCTMHM BiKOH KaMepH i3 KpucTajiB cangipy,

6 - po6oya piguHa.

Fig. 4. Diagram of optical details of windows in a high-
pressure chamber:
1-the test sample, 2-quartz windows for the sample, 3-
chamber windows with NaCl, 4-ruby crystal, 5 -
protective plates of the chamber windows made of
sapphire crystals, 6-working fluid.

Puc. 5 laTyuk nepeMinieHHs.
1 - gUIIHAPUYHUI KOpOYC JaTYUKA epeMillleHHS;
2 - pyxoMe 1leye AAaTYMKa nepeMilieHHs; 3 -
I0CTYBa/IbHUI TBUHT; 4 - pyXJIMBe A3epKajio
iHTepdepomeTpa; 5 - Hepyxome A3epKajio
iHTepdepomeTpa; 6 - pikcaTop Ky6uKa; 7 - MOAYJIb
Jla3epHUii; 8 - TpuMay Ky6uKa; 9 - kosrimarop; 10 -
doTonpuiimay; 11 - noBOpoTHA NpYKUHa; 12 -
dikcyroua raiika; 13 - Ty6yc kosimmMaTopa; 14 -
KpinuibHU# rBUHT; 15 - TpuMad J1a3epa; 16 -
cBiT/I0NMOAi/TBHUY KyGUK iHTEepdepomMeTpa; 17 -
TpUMaY A3epKaJs; 18 - pyxsiuBuii Ty6yc AaTUUKA.

Fig. 5 displacement Sensor

1 - cylindrical body of the displacement sensor; 2 -
movable arm of the displacement sensor; 3 - half -

length screw; 4 - movable mirror of the

[% DF][

Pyxome neve faTuyrKa nepeMiieHHs: (2) (puc.
5) KopcTkO TmOB'SI3aHO 3 TMOpIIHEM [AJf
CTBOPEHHSI TUCKY B KaMepi i pyxoMUM Ty6ycom
JaTt4yuka (18), 70 AKoro KpinuThCs IOCTYBAJIbHUN
6J10K pyxoMoOTO [J3epkaJia iHTepdpepomeTpa (4),
3aKpinsieHoro Ha TpuMaui pA3epkana (17).
KcTtyBaHHs PyXOMOTO JA3epKaja
iHTepdepoMeTpa BUKOHYETbCS 3a J0OINOMOTrOI0
obepTaHHA IOCTyBaJbHUX TBUHTIB (3), ki
dikcytoTh raiiku (12) i 3BopoTHuUx npyxuH (11).
IOcTtyBasbHUH GJIOK HEPYXOMOI0 Ji3epKaJia
inTepdepomeTrpa (5 NOB'SI3aHUI 3
LUJIIHAPUYHUM KOPNyCOM JlaTYMKa [lepeMilleHHs
(1), a ¥oro KOHCTPYKLis i cmoci6 rCTyBaHHSA
HEpYyXOMOI'0 J3epKaJja ijeHTUYHI KOHCTPYKLII
I0CTYBaJIbHOTO O6JIOKY 1 CIocoby IOCTyBaHHSA
pyxoMoro Ji3epKaJa iHTepdepomeTpa
BignoBigHo. Tpumau Ky6uka (8) 3a A0mOMOrorw
KpinuabHUX TBUHTIB (14) mpuUKpIiN/IOETBCA 10
LUJIHAPUYHOIO KOPIyCy JaTYMKa NepeMilleHHs.
CeiTnonoainbHuil Ky6uk iHTepdepomeTpa (16)

interferometer; 5 - fixed mirror of the
interferometer; 6 - cube retainer; 7 - laser module; 8
- cube holder; 9 - collimator; 10 - photodetector; 11 -
return spring; 12 - fixing nut; 13 - tube of the
collimator; 14 - fixing screw; 15 - laser holder; 16 -
light-split cube of interferometer; 17 - mirror
holder; 18-movable sensor tube.

3HaXOJUTbCA Mix ¢ikcaTopamMu Kybuka (6),
»KOPCTKO MOB'I3aHUMHU 3 TpUMadeM Kyb6uka. Ak
JoKepeso OIIOPHOTO BUIIPOMiHOBaHHA
BUKOPUCTOBYETbCSA J1azepHuit Mmoay/b (7) HLDP-
650-A-5-02 motyxHicTio 5 MBT, 3adikcoBaHuit
TpyuMayeM Jiazepa (15) Ha TpuMaui KyOHKa.

InTepdepenyiina kKapTuHa y  BUIJIAAI
KOHLIEHTPHUYHO pO3TallOBaHUX KiJenpb
cnoctepiraeTbcsi B QOKaJbHIH  IJIOHIMHI

kosiMaTopa (9), fie 3HaxoAUTbCsA GoTonpUiiMay
(10). [Ans 3MeHWeHHs MyMy KoJjimatop i
doTonpuiimMau MOMIIATHCH B TyOycCi
kosiMmatopa (13). [lpy BUKOpPHUCTaHHI [JaHOrO
MeTOoAy JJs BHMIpIOBaHHS 3MiHHM 06’eMy
JOCJIPKYBAaHOTO 3pa3Ka [A0CATAETHCA TOYHICTh
He MeHIe 0.0003 MMm3.

Jl/1s1 IpoBe/leHHS CHeKTPa/ibHUX (ONTUYHUX)

pociimpkeHb 3pas3kiB X[l Gysna  pospobieHa
creliajibHa KIOBeTa, Mpo3opa y BHUAUMOMY
CIeKTpaJbHOMY JlianasoHi (puc. 6).

ligpocTaTuyHa KooBeTa AJ1 ONTUYHUX KaMep BT
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MICTUTBh CTaKaH, IJIACTUHHU i3 XJIOPUAY HATpIlo,
MJIACTUHKY pYyOiHy, 1[0 3HAXOJUTbLCA MiXK HUMU,
3pa3oK, 3riJHO 3 KOPUCHOK MOJEJUII0, CTaKaH,
BUKOHAaHMH i3 QTOpOmIacTOBOro Marepiany,
SIKMWA Ma€ B HUXKHIN YaCTHHI JIaCTUHY i3 XJI0pUAY
HaTpilo, 1110 BUKOPUCTOBYIOTh B SIKOCTi MPOOKHY,

MPUYOMY CTaKaH 3anoBHIOKOTH pigvHoto [1EC-3, B

5 8
p 3
7 I

L 23l sze

[Ipu npoBezieHi BUMipy THUCKY TiAPOCTAaTUYHY
KIOBETY BCTAHOBJIOBaJIU B KaMepy BT. Y akocti
cepezloBUINaA, sKe nepejae THUCK,
BUKOPUCTOBYBaJIM XiMiYHO HEUTpaJbHY [0 BCiX
eseMeHTiB kioBeTu piauHy [IEC-3 (Hu3bKa
CTUCJIUBICTD, aHTUPPIKLiAHICTB, HU3bKUHI
MOBEpPXHEBUMW HATAr i BHUCOKMM MaCTHJIbHHUU
edeKT NpU KOB3aHHI MeTajy No MeTajay; Maja
B'SI3KICTb, HEUTpPaJbHICTb A0 JOCJiPKyBaHUX
006'ekTiB, ekoJsioriuHa 6e3smneka, [lieJIeKTPUK, He
BUKJIMKAa€E Kopoa3ii, XiMiyHO iHepTHa, 6e3 3amaxy,
HeieQIIUTHICTD, BiAHOCHO HEBUCOKA BaPTICTh), 3
CYLLiJIBHUM CIIEKTPOM IOIJIMHAHHSA B ONITUYHOMY
JAiana3oHi. /Iy ycyHeHHS MOKJIMBOCTI BUTIKaHHSA
pifiMHU i3 KIOBETHM Ha JHO (TOPOIJIACTOBOTO
cTakaHa (9) nomiwanyd MJACTHHY i3 XJI0puzay
Hatpito (8). [ani sanuBanu piauny I[IEC-3 Ta
noMimand 3pas3ok (7), AKUU 3HAXOAUBCA MiX
MJIacCTUHaMU  npo3oporo  Matepiany  (5),
MJIACTHUHOIO i3 xJ10puAy HaTpito (4) i miacTHHKO
py6iny (3) ToBUMHOO 0.5 MM.

[Ipoctip Mix mnaactuHkow py6iHy (3) i
KPUILIKOIO i3 XJ0puay HaTpito (1) 3anoBHIOBaIU
IJIACTUHOW i3 xsopuay HaTtpito (2) Takoi
TOBLIMHY, 11106 CyMapHa TOBIIWHA LIApPy PiAUHU
MiK BCiMa BHYTPILIHIMU eJjleMeHTaMU KIOBETHU
6ysa He  Oinpmwe  1mMm. [licngs  uboro
¢droponsactoBuit  ctakaH (9)  3akpuBaid
KPUIIKOK 1 po3MilllyBajid B CTaKaHi i3 xjaopuny
HaTpilo, IKUH po3TalloBYyBaJU B pO60UUI KaMepi.
g BUKJIIOYEHHA 3MiHM IIOJIOXKEHHA 3pa3Ka
11010 oci KIoBeTH, BikHa ¢ikcyBasiu B ii kopmyci 3a
JIOIIOMOTO10 KiJIbLIeBOr0 TpUMaya BiKOH.

BukopucTaHHA JaHOI riIpOCTaTUYHOI KIOBETHU
JaJI0  MOXJIMBICTb IPOBOAUTH CIEKTpaJibHi
ONTHUYHI BUMIpU BJIACTUBOCTEU PiJKHUX NPOAYKTIB

AKIl pPO3TallOBYIOTh JAOCAIIPKYBAaHUUA 3pa3ok,
SIKMW 3HAXOASATbCSA MiXK MJIACTUHAMHU MPO30POTO
MaTepiajsy, a IJIACTUHKA pyO6iHYy i MJIacTUHU
XJIOPUAY HATpil i30J1bOBaHI OAWH BifJ OJHOI
piaunoro IIEC-3 i 3Bepxy d¢TopomiacToBui
CTaKaH 3aKpUBAaKTh KPUIIKOW i3 xyopupy
HaTpiro.

Puc. 6. [1o3a0B:xkHii po3pi3 KioBeTH.

: 1 - KpMIIKa i3 X7I0pUAY HATpilo; 2, 4, - IJIACTUHM i3 XJIOpUAY

: HaTpilo; 3 - mIacTUHKa py6iHy; 5 - IIacTUHA i3 mpo3oporo

Mmartepiainy; 6 - piauna I[IEC-3; 7 - gocaiaKyBaHui 3pa3ok; 8 -
npo6kKa i3 xJ10puay HaTpimw; 9 - crakaH i3 ¢ropomniacra.

Fig. 6. Longitudinal section of the cuvette.

1 -sodium chloride cover; 2, 4, sodium chloride plates; 3 -ruby
: plate; 5 - transparent material plate; 6 - liquid PES-3; 7 -
investigated sample; 8 - sodium chloride tube; 9 - fluoroplastic

glass.

Ta MPOAYKTIB B'I3KOMJIACTUYHUX, U[iIJIbHICTb IKUX
MOXKe OyTH NMPONOPIiMHO 3HIKEHA NIJISXOM iX
pO3BeJleHHSI  AUCTUJBOBAaHOK  BOJAOK  IIpHU
HU3bKI HepiBHOMIpHOCTI po60YOro THCKY,
BHACJAiJOK 4Yoro OyJI0O CYTTEBO MiJBULIEHO
TOYHICTb BUMIipy Ta BHUKJ/OYEHA MOXJIUBICTh
pyHAHYBaHHS pyOiHOBOI IJIACTUHKH i 3pa3kKa, 110
JOCJIKYETBCA.

3ajaHui THUCK y KaMmepi BT aBTOMaTH4HO
CTBOPIOBABCA TiipaBJ/IiyYHUM [IPECOM, 1110 Nlepea€e
3yCUJLJIA MOPLIHIO KaMepH. ['iapaBaiyHui 6J10K i3
HAcoCOM i Ipec peryJilol0Th BeJUYHUHY THUCKY B
KaMepi BiAIIOBIHO 3 KOMaHAaMHU 1EPCOHAJIBHOTO
KOMI'IoTepa O6JIOKY KepyBaHHfl YCTaHOBKOIO.
CTBOpeHHS Ta MiATpUMKa 3aZlaHOl TeMIlepaTypHu
B kamepi BT 3abe3neuyyeTbcsi KOMI'IOTEPHOIO
CUCTEMOI0 YIIPaBJIIHHA IPOLECOM.

[Ipu BUMIipIOBaHHI 6e3mnepepBHO
PEECTPYIOTBCA  THUCK, TeMIepaTypa, O00'eM,
koediieHT cTUCAMBOCTI 1 mMOTOYHMHM dac.

JIOKyMEeHTYBaHHA [JaHUX BeJeTbCAd B PEXUMI
peasibHOrO yacy rpadiyHo i y BUTJIS/li TEKCTOBOTO
daiiny, popMaT SKOro nokazaHui B Tabauui 1.

Anpo6anis pe3yabTaTiB A0C/IiKEHb

BukopuctaHHs po3p06JIeHOTO ONTUYHOTO
m'esomeTpa, kKamepu BT 3 MOXIMBICTIO
NpOBeJeHHA CHeKTpasibHux fgocaimxkeHb XII in
situ Jo3BOJIM/IO BIeplle OTPUMATH KOMIIPeCiiHi
Ta CHeKTpaJibHi XapakTepUcTUKU HuUsku XII:
LiJIbHOM'SI30Bi M’sicHi BHUpo6H, KoOBGacHi Ta
ne4yiHKOBI ¢apiili, MOJIOKO, M’ IKHUH CUP, BEPLUIKOBE
MacJio, BULIHEBUU Cik, A6Jy4He MIOpe, NacTH 3
OpSHUX TpaB, Kypsdyi adus (610K, KOBTOK,
MeJIaHX) Ta iHIe.
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Ta6a. 1
dopmMaT TeKCTOBOro ¢aiiy NIpu JOKYMEHTYBaHHI JaHUX
N, [ToTo4HMI Yac, TemnepaTypa, Tuck, (k6ap) 06’eMm, Koed. ctucnocri,
(n/m) (u:M:xB) (%) (cm3) (k6ap-1)
1 9:56:40 27.40 0.915 4.606798 0.0859741808
2 9:56:41 2741 0914 4.606761 0.0860101693
3 9:56:42 27.42 0.913 4.606739 0.0862783043
4 9:56:43 27.43 0.915 4.606718 0.0859914627
5 9:56:44 27.44 0914 4.606688 0.0863420359
PesysibTaTu  JocaigpkeHb ~ KOMIIpeCiHHUX BUTJIsIAL HaBe/leHI Ha puc. 7.
BJIACTUBOCTEN M’SIKOTO CHUpPY y rpadidyHoMy
1.3
A MITa 10 7
SMIa 10’ pxr/ VIV,
10,0+ 5,041,400 1,00 - >
/Ny (0=P -
9.014,54, 350.|0.90 \ e 7Y %( )// ==
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Puc. 7. 3MiHu KOMIIpeCciHHUX NOKa3HUKIB M’ SIKOT'0 CHPY MiJ [i€l0 BUCOKOI'O TUCKY
Fig. 7. Changes in compression parameters of soft cheese under high pressure
AHani3 OTpUMaHUX 3a/JIeXXHOCTEH CBIJYUTH, MOJIOKA CTaHOBUJIA 3.43+0.12 %. Cnin

110 B nporieci 06pobku cupy BT Big 0 10 600 MIla
Bii0yBalOTbCcs Taki 3MiHM HOro peoJIoTiYHUX
MOKAa3HUKIB:  BiAHOCHUH 06G’€EM  NPOAYKTY
3MeHWyeTbcA Ao 0.76, ane micia 3HATTA THUCKY
MOBepPTAEThCA i cTaHOBUTH 0.95 BiJi moyaTkoBOro
roro 3HAYeHHS; IIiIbHICTD IPOAYKTY
36inbIyeTbca Ha 29 % (3 1047 kr/m3 mo 1351
Kkr/m3); micaAg  3HATTA  THUCKY  IIJIBHICTB
3HWXKYETbCA [0 3HadyeHHa 1085 kr/m?, 1o
CTaHOBUTb 3.6 % BiJ, MOYATKOBOIO; 3HAYEHHHA
MOJyJisl 06'€EMHOTO CTUCHEHHS MpU 36iJbIleHHI
TUCKY 306iJbIIYyETbCA NPAaKTU4YHO B 17 pasiB (3

0.55-103 MIla pgo 9.4-103 MIla) i mnotim
noBepraeTbcd A0 BeauwynHu 2.0-103 Mlla;
isoTepmiunui koedilieHT cTUCAMBOCTI TpHU

niiioMi TUCKY 3HMXKY€ETbCs Ha 77.3 % (Big 1.1-10-
3 no 0.25-10-3 MIla -1), i noTiM, NpU 3HATTI TUCKY,
Horo 3HaueHHs nepeBuiye 4.5x10-3 MIla -1.

Ha puc. 8 HaBeieHO  cHeKTpaJbHI
XapaKTepUCTUKHU MOJIOKA cuporo,
NacTepU30BaHOr0 Ta 0O6P06JIEHOT0 NpPH Pi3HUX
pexxumax BT y Bugumomy i ysibTpadioneToBomy
Jianasoni. KupHIicTb JoCHimKyBaHUX 3pas3KiB

3a3HAYMTH, 110 BUCOKUN rOMOT€HI3yI0Uni epeKT
)XUpoBoi ¢pakiii MoJsioka, o6pob6seHoro BT,
JlOCATAETHCA 33 PaXyHOK 301/IbILIeHHS 3araJIbHOT0
YUCJIA )KUPOBUX KYJIbOK | 3MeHIIeHHA IX po3MipiB
IIeHTUYHO NaCTEPU30BaHOMY FTOMOTE€HI30BaHOMY
Mosioky. fAxkmo y 100 ms cuporo MoJiOKa
3”Haxoguaoca 2,48-1011 KUPOBUX KYJBOK, TO B
[acKaJJi30BaHOMY i [acTepU30BaHOMY
FOMOTEHI30BaHOMY MOJIOLI IX KiJIBKICTB 3pocJa
6inpmr Hi)k B 800 i B 1000 pasiB i cknaana
BignoBigHo 2.88-1014 — npu 300 Mlla, 2.96-1014 -
npu 330 Mlla i 3.29-10* - romoreHnisanis.
CepefHill fiaMeTp KUPOBUX KYJIbOK y CUPOMY
MoJioni 6yB 3.54 MkM, y npoieci romoreHisarii i
nackaJsisanii cepefjHiii po3Mip XUPOBUX KYJbOK
He MepeBUlyBaB 2 MKM i ckyiajaB 1.47 MKM B
MOJIOIIi, 1110 roMoOTreHi30BaHO, 1.93 y
nackasizoBanomy npu 300 MIla i 1.89 - npu 330
MIla.

PesysibTaTn JOCJIPKeHHA ONTUYHOI
IiIBHOCTI  CBiAYaTh, 110 HaMbiAbIIe cMyr
MOrJIMHAHHA CIOCTEPIraeETbC y CUPOMY MOJIOL.
Cmyra noraivHaHHA 440 HM CIOCTepIraEThCs i B
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IHIIUX JOCJIIJHUX 3pasKax. CnekTpu
MacTeprU30BaHOT0 MOJIOKAa MOPIBHSIHO i3 CUPUM
3HAYHO BiZ|pi3HAITHCA. Lle MpOosABAAETHCA B TOMY,
mo cmyru 390, 515, 800 i 820 (HM) 3HUKAIOTH,
npu4omy 3'ABasTbCsA cMyrd 810 1 830 (HM).

Y pesyabTati 06po6bKH cuporo MoJioka BT
CIIOCTePIraeTbCcA YaCTKOBO iJeHTUYHA KapTHHA i3

MOJIOKa, 06po6JsieHoro TuckoM 330 MIla
npotsarom 30 xBuauH npu Temnepatypi 43°C, i
MOJIOKA, miggaHoro TeIlJIOBiH 06po61i,

CIIOCTepiraroThbCs TPU BUAKUMI CMYTH MOTJIMHAHHS
Ha jgoBxuHax xBuiab 440, 810 i 830 HM. VY
CIeKTpax MoJioKa, o6pob6isieHoro Tuckom 300
MIla, BUsIBJIEHO ABI BUAWMI CMYrd MOTJIMHAHHSA

CIIEKTPOM MOTJINHAHHA nactepu3oBaHoro (440 i 810 HM), AKi TaKOX NPHUCYTHI y JBOX
MOJIOKA. 30KpeMa, B CIHeKTpi I[OIJIMHAHHA I[IoNepeJHixX 3pa3Kax.
1 - KoHTpoJib (cHUpe MOJIOKO)
2.80 L 2 - 300 MIla - 43°C - 30x601c
_— i 3 -330 MIla - 43°C - 30x601c
= o N4 4 - macTepu30BaHe MOJIOKO
© 2.64 *
) . e ]
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; ‘k\' -‘--"" -. /',
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JloB>XXHWHa XBWJIi, HM

Puc. 8. CnekTpa/ibHi XapaKTepUCTHKH AOCIiJHUX 3pa3KiB MOJIOKA IIPU TOBIMHI mapy 0.6 MM
Fig. 8. Spectral characteristics of experimental samples milk at a layer thickness of 0.6 mm

Y pesyabTtaTi 06po6KM cuporo MoJjoka BT
CIOCTepIiraeTbCcs 4YaCTKOBO i/leHTUYHA KapTHUHa i3
CHEKTPOM NOTJINHAHHA MacTepU30BaHOTO
MOJIOKa. 30KpeMa, B CHEeKTpi NOIJIMHaHHSA
MoOJIOKa, o06pobseHoro Tuckom 330 Mlla
npotarom 30 xBuauH npu Temnepatypi 43°C, i
MOJIOKA micJist TEeIJIOBOI 06pPO6KH
CIIOCTEPIraroThbCA TPU BUAUMI CMYTH NIOTJIMHAHHA
Ha foBxuHI xBuii 440, 810 i 830 HM. Y cniekTpax
MOJIOKa, 06pob6saeHoro TuckoM 300 Mlla,
BUSIBJIEHO [JIBi BUAUMI cMyrH noryivHaHHA (440 i
810 HM), IKi TaKOX NPUCYTHI y ABOX MoMNepeHix
3pa3Kax. 3MiHeHHs CBIT/IONOrJIMHAIOYUX
BJIACTUBOCTEN MOJIOKA MOKHa NOSICHUTH 3MiHOIO
HWOro CKJIaJ0BHUX YacTWUH, 30KpeMa OiJIKOBOi Ta
XXUPOBOI Ppakiiil.

3a/IeKHICTh ONTHUYHOI IIJIBHOCTI Bi/JI
BJIACTUBOCTEMN AO0CJiIP)KyBaHUX 3pa3KiB MOJIOKA B
Jiama3oHi JOBXWH XBUJIb Big 550 mo 750 HM Mae
JiHIKHUN xapakTep. Tak, npu 3acTocyBaHHI
6i/1bIlI BUCOKOTO THUCKY B 06p06Li MoJioKa 3MiHa
ONTUYHOI WIIJIBHOCTI y BiAMi4yeHOMY Jiana3oHi
XBWJIb  HAGJMKAaTUMETbC 0 ONTHYHOI

LIIJIBHOCTI MacTepu30BaHOTO MoJIOKa. I3 puc. 8
BU/IHO, 110 MOJIOKO, 00po6seHe BT, 3aiimae
NpOMiXKHe I10JIOKEHHA MK MOJIOKOM,
NacTepu30BaHUM INpPU MNEBHIW TeMmIepaTypi, Ta
Heo6po6JIeHUM (CUPHUM) MOJIOKOM 33 3HAaYEeHHSM
ONTUYHOI LIiJIbHOCTI.

TakuM 4YMHOM, JOBEJEHO, 10 TpajAulliiHa
BHCOKOTEMIlepaTypHa o6pobka i mackaJizaris
MaloTb pi3HY KiHeTUKY Jii Ha KOMIIOHEHTHU
MoJsioka. [lpudyoMy mnpouecu JeHaTypauii, 1o
BifOyBalOTbC 3 KOMIIOHEHTAMH MNPOAYKTY,
3a/ie)XaTh BiJi BUKOPUCTOBYBAaHHUX IlapaMeTpiB
BT.

BuCHOBKM

Bnepure 3apONOHOBAHO KOHLIEMLio,
NPUHLOUI pOBOTU Ta KOHCTPYKLil N'€30MeTpa,
fAKa 0a3yeTbCl Ha BUKOPUCTAHHI NpUHLUIY
iHTepdepeHUiHNX KiJenp. Po3pob6ienuii
ONTUYHUN M'€30METP Ta KOHCTPYKIisA poboyoi
kaMepu BT Bhepiuie [03BOJIAIOTH OTPUMYBATH
eKCIlepuMeHTaJIbHi fJaHi in suti npo 3MiHy
KOMIpeciiHUX TOKa3HUKIB (abCoJIOTHUH Ta
BiflHOCHMI 06'€M, TyCTHHA, 3HAYE€HHS MOJY.Js
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00'€EMHOT0 CTUCHEHHS, i30TepMiuHUM KoeiliEHT

CTUCHEHHs1) TBepAMUX, B'fI3KOIJIATUYHUX Ta
piakux XII 3 npenjM3iiHOI0 TOYHICTIO.
3anponoHOBaHAa  METOJMKAa  IPOBeJEeHHH

NpenU3iiHUX eKCIepUMeHTaJbHUX [OCJIiIKeHb
KOMIIPECiMHUX i cieKTpasibHUX BaacTuBocTen XII
nin BT 3a6e3neyye TOYHICTH BUMipHOBaHHS
3MiHeHHS 06'€My JOCJTiMKyBaHUX 3pa3KiB He
Hxk4e 0.0003 mm3,

Bnepiue NpoBeJeHi JOCJIiPKeHHS
KOMIpeCiMHUX BJacTUBOCTeN Ljijoro psay XT.
OnucaHHs BiIOBiJHUMU MaTeMaTUYHUMHU
OYHKIIAMM  OTpUMaHUX eKCIepUMeHTaJbHUX

3a/IeXKHOCTEN [J03BOJIMTh BUKOPUCTOBYBATH iX
[IpU [IPOTHO3YBAHHI CTaHy NPOAYKTY 3a Pi3HUX
3HayeHb IlapaMeTpiB NpoLecy, y po3paxyHKax i
MPOeKTyBaHHI TEXHOJIOTIYHOr0 06JIaiHAHHSA AJIs
BUPOOHHULITBA Xap4oBUX NPOAYKTIB i3
BUKOPHUCTAHHAM TexHoJiorii BT.

OTpuMaHHA CHeKTpPaJIbHUX XapaKTepUCTUK
Xap4yoOBUX  MNPOAYKTIB Yy  BHUAUMOMY U
yapTpadioseToBoMy  paiamazoHax in  suti
J103BOJIATh QIKCYyBaTH Ta aHaIi3yBaTH 3MiHU iX
BJIACTHUBOCTEH y poleci 06poodxu BT.

[Toganbily poboTy AOLIJIBHO COPsSIMyBaTH Ha
pO3LIHpEHHA nepeJsiKy JOCJIPKyBaHUX
OpoAYyKTiB Ta ¢opMyBaHHS 6GaHKy JaHUX IIPO
CIleKTpasibHi Ta KoMnpeciiiHi BaactuBocTi XlI, 110
BH3HA4eHI 3 NpeLu3ilHOI0 TOYHICTIO.

Bibliography

[1] Sukmanov V. A. Effect of high pressure processing on
meat and meat products. A review / V. A. Sukmanov,
Hanjun Ma, Li Yan-ping Ma // Ukrainian Food Journal. -
2019.-Vol. 8, N 3. - P. 448-469.

[2] High Pressure Processing of Foods: A Review / M. Sai.
Srinivas, B. Madhu, G. Srinivas, S. K. Jain // The Andhra
Agric. - 2018. Vol. 65. - P. 467-476.

[3] Effect of soy protein isolate on the techno-functional
properties and protein conformation of low-sodium
pork meat batters treated by high pressure / Yan-ping
Li, Valerii Sukmanov, Zhuang-Li Kang, Hanjun Ma //
Journal of Food Process Engineering. - 2019. - Vol. 43,
N 2.-P.1-6.

[4] The influence of high pressure on bio-system reaction
kinetics and the preservation of vitamin C / Valerii
Sukhmanov, Vladimir Shatalov, Juliya Petrova [etal.] //
LWT - Food Science and Technology. - 2014 - Vol. 58, N
2.- P.375-380.

[5] Opportunities and challenges in high pressure
processing of foods / N. K. Rastogi, K. S. Raghavarao,
V.M. Balasubramaniam [etal.] // Critical reviews in food
science and nutrition.-2007.-Vol.47,N1.-P. 69-112.

[6] Roche ]. Lessons from pressure denaturation of
proteins/Roche ], Royer C.A.//Journal. R. Soc. Interface .
-2018.-Vol. 15,147. - P. 1-21.

[71 . Recent Advances in Food Processing Using High
Hydrostatic Pressure Technology/ Chung-Yi Wang,
Hsiao-Wen Huang, Chiao-Ping Hsu & Binghuei Barry
Yang // Journal Critical Reviews in Food Science and
Nutrition.- 2016. - Vol. 56, N 4. - P. 527 - 540.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Chen C.R. Molecular determinant of the effects of
hydrostatic pressure on protein folding stability/C.R.
Chen, G.I. Makhatadze//Nature Communications.-
2017.-Vol. 8, N 14561.-P. 1-9.

High pressure Raman study of type-I collagen/Paschou
Amalia Maria, Katsikini Maria, Christofilos Dimitrios,
Arvanitidis John, Ves Sotirios//The FEBS Journal.
Federation of European Biochemical Societies.— 2018.-
Vol. 285. - P. 2641 -2653.

Balasubramaniam V.M. Principles and Application of
High Pressure-Based Technologies in the Food
Industry/V.M. Balasubramaniam, Sergio I. Martinez-
Monteagudo, Rockendra Gupta// Review of Food
Science and Technology. - 2015. - Vol. 6. -P. 435-462.
Guignon Bérengeére. Specific Volume of Liquid Water
from (253 to 323) K and Pressures up to 350 MPa by
Volumetric Measurements / Bérengere Guignon,
Cristina Aparicio, Pedro D. Sanz_ // ]. Chem. Eng. - 2010.
-Vol.55,N9. - P. 3338-3345.

Density of water at subzero temperature under high
pressure: measurements and correlation/ S. Asada,
T.Sotani, ]. Arabas [et al] // Journal of Physics:
Condensed Matter. - 2002. - Vol. 14. - P. 1447-1452.
Pecar D. Isothermal compressibilities and isobaric
expansibilities of pentane, hexane, heptane and their
binary and ternary mixtures from density
measurements / D. Pecar, V. Dolecek // Fluid Phase
Equilibria. -2003. -Vol. 21.- P. 109-127.

PqT measurements of nonafluorobutyl methyl ether
and nonafluorobutyl ethyl ether between 283.15 and
232.15 K at pressures up to 40 MPa/ M. M. Piiieiro,
D.Bessiéres, J. L. Legido, H. Saint-Guirons //
International Journal of Thermophysics. - 2003. -Vol.
24.-P.1265-1279.

Liquid density measurements of diethylene glycol
monoalkyl ethers as a function of temperature and
pressure / E.R Lépez, L. Lugo, M.].P. Comuiias [etal] //
Journal of Chemical & Engineering Data. - 2004. -
Vol.49,N 2.-P.376 - 379.

Pangilinan G. I. All-optical technique for measuring
thermal properties of materials at static high
pressure/G. I. Pangilinan, H. D. Ladouceur, T. P. Russell
//Review of Scientific Instruments. - 2000. - Vol.7, N 10.
- P.38-46.

Specific volume and compressibility measurements of
tomato paste at moderately high pressure as a function
of temperature / C. Aparicio, L. Otero, P.D. Sanz, B.
Guignon // Journal of Food Engineering. - 2011. - Vol.
103, N 3.- P. 251-257.

Min Stephen. Variable volume piezometer for
measurement of volumetric properties of materials
under high pressure / Stephen Min, Sudhir Sastry &V. M.
Balasubramaniam // Journal High Pressure Research. -
2009.-Vol. 29, N 2. - P. 278-289.

Denys S. A modeling approach for evaluating process
uniformity during batch high hydrostatic pressure
processing: Combination of a numerical heat transfer
model and enzyme inactivation kinetics / S. Denys,
A.Van Loey, M. Hendrickx // Innovat. Food. Sci. Emerg.
Technol. - 2000. -Vol. 1. - P. 5-19.

Barbosa R.D. High dependence on high pressure and
temperature of thermodynamic properties of model
food solutions received by means of ultrasonic
measurements in situ: candidate's dissertation /
R. D. Barbosa.- University of Florida, 2003.-289p.

Gopal K. R. High pressure processing of fruits and
vegetable products: A review / K. R. Gopal, A. M. Kalla,


http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438/58/2
http://www.sciencedirect.com/science/journal/00236438/58/2
https://www.tandfonline.com/author/Wang%2C+Chung-Yi
https://www.tandfonline.com/author/Huang%2C+Hsiao-Wen
https://www.tandfonline.com/author/Hsu%2C+Chiao-Ping
https://www.tandfonline.com/author/Yang%2C+Binghuei+Barry
https://www.tandfonline.com/author/Yang%2C+Binghuei+Barry
https://www.tandfonline.com/bfsn20
https://www.tandfonline.com/bfsn20
https://www.tandfonline.com/toc/bfsn20/56/4
https://www.tandfonline.com/toc/bfsn20/current
https://www.tandfonline.com/toc/bfsn20/current
https://aip.scitation.org/author/Pangilinan%2C+G+I
https://aip.scitation.org/author/Pangilinan%2C+G+I
https://aip.scitation.org/author/Ladouceur%2C+H+D
https://aip.scitation.org/author/Russell%2C+T+P
https://www.sciencedirect.com/science/journal/02608774/103/3
https://www.sciencedirect.com/science/journal/02608774/103/3
https://www.tandfonline.com/author/Min%2C+Stephen
https://www.tandfonline.com/author/Sastry%2C+Sudhir
https://www.tandfonline.com/author/Balasubramaniam%2C+V+M
https://www.tandfonline.com/author/Balasubramaniam%2C+V+M
https://www.tandfonline.com/toc/ghpr20/current

84

Journal of Chemistry and Technologies, 2020, 28(1), 68-87

[22]

(23]

[25]

[26]

[27]

(28]

[29]

[31]

[35]

K. Srikanth // International Journal of Pure and Applied
Bioscience. - 2017.-Vol. 5, N 5. - P. 680-692.

Daridon Jean-Luc. Computation of Liquid Isothermal
Compressibility from Density Measurements: An
Application to Toluene / Jean-Luc Daridon, Jean-Patrick
Bazile // Journal of Chem. Eng. Data. - 2018. - Vol.63,N
6.-P.2162-2178.

Min Stephen. Variable volume piezometer for
measurement of volumetric properties of materials
under high pressure / Stephen Min, Sudhir Sastry & V.
M. Balasubramaniam // International Journal High
Pressure Research. - 2009. - Vol. 29, N 2. - P. 278-289.
Modeling conductive heat transfer and process
uniformity during batch high pressure processing of
foods / S. Denys, L. Ludhikhuyze, A. Van Loey,
M. Hendrickx // Biotechnology Progress. - 2000. - Vol.
16.-P.92-101.

Barbosa R.D., Balaban, M. Texeira, A. 2003.
Temperature and concentration dependence of density
of model liquid foods / R.D. Barbosa, M. Balaban,
A. Texeira // International Journal of Food Properties. -
2003.-Vol. 16.N 2. - P. 195-214.

Eder C. Interferometrische messung der dichte
wassriger losungen unter ultra-hochdruck / C. Eder,
A.Delgado // Technisches Messen. - 2007. - Vol. 74,
N 2. -P.45-50.

Determination of thermophysical properties of foods
under high hydrostatic pressure in combined
experimental and theoretical approach / W. Kowalczyk,
C. Hartmann, C. Luscher [et al] // Innovative Food
Science and Emerging Technologies. - 2005. - Vol. 6, N
3.-P.318-326.

Min Stephen. Compressibility and density of select
liquid and solid foods under pressures up to 700 MPa /
Stephen Min, S. K. Sastry, V. M. Balasubramaniam //
Journal of Food Engineering. - 2010. - Vol. 96, N 4. -
P.568-574.

Park S.H. Practical Estimation of the In situ physical
properties of foods under nigh pressure / S.H. Park,
S.Jun // Food Sci. Biotechnol. - 2015. - Vol. 24 N 3. -
P. 777-782.

Guignon Bérengere. Volumetric properties of sunflower
and olive oils at temperatures between 15 and 55 °C
under pressures up to 350MPa. / Bérengére Guignon,
Cristina Aparicio, Pedro D. Sanz // High Pressure
Research. - 2009. - Vol. 29, N 41.- P. 38-45.
Gutiérrez-Lopez, G. F. Food Engineering: Integrated
Approaches / G. F Gutiérrez-Lopez, G. V. Barbosa-
Canovas, J. Welti-Chanes, & E. Parada-Arias // Food
Engineering Series. -2008.

Feistel R. A new equation of state for H20 ice Ih /
R. Feistel, W. Wagner, //]. Phys. Chem. Ref. Data .. - 2006.
-Vol.35N 2.-P.1021-1047.

Otero L. Some interrelated thermophysical properties of
liquid water and ice 1. A user-friendly modelling review
for food high pressure processing / L. Otero,
A.D. Molina-Garcia, P.D. Sanz // Critical Reviews in Food
Science and Nutrition. - 2002. - Vol. 42, N 4. - P. 339-
352.

E. Patazca, T. Koutchma, and V.M. Balasubramaniam,
Quasi-adiabatic temperature increase during high
pressure processing of selected foods / E. Patazca,
T. Koutchma, V.M. Balasubramaniam // J. Food Eng. -
2007.-Vol. 80, N 1.- P. 199-205.

Thermal diffusivity estimation of the olive oil during its
high-pressure treatment / M. Kubasek, M. Houska,
A. Lanfeld [et al.] //]. Food Eng. - 2006. - Vol. 74, N 3. -
P. 286-291.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Modeling thermophysical properties of food under high
pressure / L. Otero, B. Guignon, C. Aparicio, P. D. Sanz //
Crit. Rev. Food Sci. - 2010. - Vol. 50, N 4. - P. 344-368.
Guignon Bérengére. Volumetric properties of
sunflower and olive oils at temperatures between 15
and 55 °C under pressures up to 350MPa / Bérengere
Guignon, Cristina Aparicio, Pedro D. Sanz // High
Pressure Research. - 2009. - Vol. 29, N 1. - P. 38-45.
Rostocki A.J. High pressure phase transition in rapeseed
oil / AJ. Rostocki, R. Wi’sniewski, T. Wilczy'nska // J.
Mol. Lig. - 2007. - Vol. 135.- P. 120-122.

Rostocki A. ]. Compressibility studies of some vegetable
oils up to 1 GPa / A.]. Rostocki, D. B. Tefelski, S. Ptasznik
// High Pressure Research. - 2009. - Vol. 29, N4. -
P.721-725.

Pressure induced volume changes in triolein with
addition of methyl alcohol / D.B. Tefelski, A.]. Rostocki,
A. Kos [et al.] // High Press. Res. - 2007. - Vol. 27. -
P.57-61.

Rostocki A. J. Compressibility studies of some vegetable
oilsup to 1 Gpa. /. A.]. Rostocki, D. B. Tefelski, S. Ptasznik
// High Pressure Research. - 2009. - Vol. 29, N 4. -
P.721-725.

Orange juice pvT-properties for high pressure
processing and modeling purposes: Importance of
soluble solids concentration / Bérengere Guignon,
Aparicio Cristina, D. Sanz Pedro, Laura Otero // Food
Research International. - 2012. - Vol. 46 N 1.- P. 83-91.
The needs for thermophysical properties in simulating
emerging food processing technologies / P. Juliano,
F.]. Trujillo, G. V. Barbosa-Canovas, K. Knoerzer //
Innovative Food Processing Technologies: Advances in
Multiphysics Simulation. - 2011. - Vol. 2.- P. 23-38.
Potential and limitations of methods for temperature
uniformity mapping in high pressure thermal
processing / T. Grauwet, C. Rauh, I. Van der Plancken [et
al.] // Trends in Food Science & Technology. - 2011. -
Vol. 23.- P.97-110.

Knoerzer K. Effect of material properties and processing
conditions on the prediction accuracy of a CFD model
for simulating high pressure thermal (HPT) processing
/ K. Knoerzer B. Chapman // Journal of Food
Engineering. - 2011. - Vol. 104, N 3.- P. 404-413.
Guignon B. Volumetric properties of
pressuretransmitting fluids up to 350 MPa: Water,
ethanol, ethylene glycol, propylene glycol, castor oil,
silicone oil, and some of their binary mixture /
B.Guignon, C. Aparicio, P. D. Sanz // Journal of Chemical
and Engineering Data. - 2010. - Vol. 55, N 9.- P. 3017-
3023.

Adiabatic compression heating coefficients for high-
pressure processing of water, propylene-glycol and
mixtures — A combined experimental and numerical
approach / K. Knoerzer, R. Buckow, P. Sanguansri,
C. Versteeg // Journal of Food Engineering . - 2010. -
Vol. 96, N 2.- P. 229-238.

Guignon Bérengére. Determination, analysis and
prediction of the volumetric behavior of milk at high
pressure / Bérengere Guignon, Ivan Rey-Santos, Pedro
D. Sanz // Food Research International. - 2014. - Vol.
69.- P. 336-347.

Potential and limitations of methods for temperature
uniformity mapping in high pressure thermal
processing / Grauwet T., Rauh C,, Van der Plancken I. [et
al.] // Trends in Food Science & Technology. - 2012. -
Vol. 23, N 2.- P. 97-110.

Moreno F. ]. Effect of high pressure on isomerization
and degradation of lactose in alkaline media /



85

Journal of Chemistry and Technologies, 2020, 28(1), 68-87

F.]. Moreno, M. Villamiel, A. Olano // Journal of
Agricultural and Food Chemistry . -2003.-Vol. 51,N 7.
- P. 1894-1896.

[51] High pressure solid-liquid equilibria of fatty acid/ Costa
M. C,, Krahenbiihl M.A,, Meirelles A. ]. [et al.] // Fluid
Phase Equilibria. - 2007. - Vol. 253, N 2.- P.118-123.

[52] Huppertz T. Effects of high pressure on constituents and
properties of milk / T. Huppertz, A. L. Kelly, P. F. Fox //
International Dairy Journal. - 2002. - Vol. 12, N 7. -
P.561-572.

[53] Knudsen ]. C. High pressure effects on the structure of
caseinmicelles in milk as studied by cryo-transmission
electron microscopy / J. C. Knudsen, L. H Skibsted //
Food Chemistry. - 2010. - Vol. 119, N 1. - P. 202-208.

[54] Orlien V. Casein micelle dissociation in skim milk during

high-pressure treatment: Effect of pressure, pH, and
temperature / V. Orlien, L. Boserup K. Olsen // Journal

of Dairy Science. - 2010. - Vol. 93, N 1. - P. 12-18.

[55]. Lépez-Fandifio R. High pressure-induced changes
in milk proteins and possible applications in daiy
technology / R. Lépez-Fandifio // International Dairy
Journal. - 2006. - Vol. 16, N 10. - P. 1119-1131.

[56] High Pressure Processing of Food. Principles,

Technology and Applications / V. M. Balasubramaniam,
Gustavo V. Barbosa-Canovas, Huub L.M. Lelieveld //
Springer Science+Business Media New York. - 2016. -
P.762.

Silvera I. F. Calibration of the ruby pressure scale to 150
GPa. Physica status solidi / I. F. Silvera, W.]. Nellis,
A.D. Chijioke, A.V. Soldatov // High Pressure
Semiconductor Physics (HPSP-12) . - 2007. - Vol. 244,
N 1.-P.460 - 467.

[58] Hazen Robert M. High-Temperature and High Pressure
Crystal Chemistry/ Robert M. Hazen, Robert T. Downs.
// Walter de Gruyter GmbH & Co KG . - 2018. - P. 604.

References

[1]  Sukmanov, V. A, Hanjun, Ma, Yan-ping, Li. (2019).
Effect of high pressure processing on meat and meat
products. A review. Ukrainian Food Journal, 8(3), 448-
469(in Ukrainian, Kyiv). http://ufj.ho.ua
[2] Srinivas, M Sai Madhu, B., Srinivas, G., Jain, S. K. (2018).
High Pressure Processing of Foods. A Review. The
Andhra Agric, (65), 467-476.
https://www.researchgate.net/publication/32865236
7_High_Pressure_Processing_of Foods_A_Review
[3] Yan-ping, Li, Sukmanov, Valerii, Zhuang-Li, Kang,
Hanjun, Ma. (2019). Effect of soy protein isolate on the
techno-functional properties and protein conformation
of low-sodium pork meat batters treated by high
pressure. Journal of Food Process Engineering, 43(2), 1-
6 (in USA, state of Ohio).
https://doi.org/10.1111 /jfpe.13343

[4] Sukhmanov, Valerii, Shatalov, Vladimir, Petrova, Juliya,
Birca, Adriana, Gaceu, Liviu. (2014). The influence of
high pressure on bio-system reaction kinetics and the
preservation of vitamin C. LWT - Food Science and
Technology, 58(2), 375-380 (in USA).
https://www.sciencedirect.com/journal/lwt

[5] Rastogi, N.K, Raghavarao, K.S., Balasubramaniam, V.M,

Niranjan, K. Knorr, D. (2007). Opportunities and
challenges in high pressure processing of foods. Critical
reviews in food science and nutrition, 47(1), 69-112.
https://doi.org/10.1080/10408390600626420

[6] Roche, ], Royer, C.A. (2018). Lessons from pressure
denaturation of proteins. Journal R. Soc. Interface
15(147), 1-21, (in USA).
http://dx.doi.org/10.1098/rsif.2018.0244.

[7] Chung-Yi Wang, Hsiao-Wen Huang,Chiao-Ping Hsu &
Binghuei Barry Yang.(2016). Recent Advances in Food
Processing Using High Hydrostatic Pressure
Technology. Journal Critical, 56(4), 527-540.
https://doi.org/10.1080/10408398.2012.745479.

[8] Chen,C.R, Makhatadze, G.I. (2017). Molecular
determinant of the effects of hydrostatic pressure on
protein folding stability. Nature Communications,
8(14561), 1-9, (in USA, New York). https://
d0i:10.1038/ncomms14561.

[9] Paschou, Amalia Maria, Katsikini, Maria, Christofilos,
Dimitrios, Arvanitidis, John, Ves, Sotirios. (2018). High
pressure Raman study of type-l collagen. The FEBS
Journal Federation of European Biochemical Societies,
(285), 2641-2653.
https://doi.org/10.1111 /febs. 14506

[10] Balasubramaniam, V.M., Martinez-Monteagudo, Sergio
I, Gupta, Rockendra. (2015). Principles and Application
of High Pressure-Based Technologies in the Food
Industry. Review of Food Science and Technology, (6),
435-462. https:/ doi: 10.1146/annurev-food-022814-
015539.

[11] Guignon, Bérengere, Aparicio, Cristina, Sanz, Pedro D.
(2010). Specific Volume of Liquid Water from (253 to
323) K and Pressures up to 350 MPa by Volumetric
Measurements. J. Chem. Eng., 55(9), 3338-3345.
https://doi.org/10.1021/je100083w.

[12] Asada, S., Sotani, T., Arabas, J., Kubota, H., Matsuo, S.,
Tanaka, Y.(2002). Density of water at subzero
temperature under high pressure: measurements and
correlation. Journal of Physics: Condensed Matter, (14),
1447-1452.

[13] Pecar, D. Dolecek, V. (2003). Isothermal
compressibilities and isobaric expansibilities of
pentane, hexane, heptane and their binary and ternary
mixtures from density measurements. Fluid Phase
Equilibria, (21), 109-127.

[14] Pifieiro, M.M,, Bessiéres, D., Legido, ].L., Saint-Guirons, H.
(2003). PqT measurements of nonafluorobutyl methyl
ether and nonafluorobutyl ethyl ether between 283.15
and 232.15 K at pressures up to 40 MPa. International
Journal of Thermophysics, (24), 1265-1279.

[15] Lépez, E.R, Lugo, L, Comuias, M..P, Garcia, ],
Fernandez, ] . (2004). Liquid density measurements of
diethylene glycol monoalkyl ethers as a function of
temperature and pressure. Journal of Chemical &
Engineering Data, 49(2), 376-379.
https://doi.org/10.1021/je034218

[16] Pangilinan, G. 1., Ladouceur, H. D., Russell, T. P. (2000).
All-optical technique for measuring thermal properties
of materials at static high pressure. Review of Scientific
Instruments, 71 (10), 38-46.
https://doi.org/10.1063/1.1286309

[17] Aparicio, C., Otero, L., Sanz, P.D. Guignon, B. (2011).
Specific volume and compressibility measurements of
tomato paste at moderately high pressure as a function
of temperature. Journal of Food Engineering, 103(3),
251-257.
https://doi.org/10.1016/j.jfoodeng.2010.10.021

[18] Min, Stephen, Sastry, Sudhir & Balasubramaniam, V. M.
(2009). Variable volume piezometer for measurement of

volumetric properties of materials under high pressure.
Journal High Pressure Research, 29(2), 278-289.
https://doi.org/10.1080/08957950902734021



https://www.researchgate.net/profile/Isaac_Silvera
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/profile/Alexander_Soldatov2
https://onlinelibrary.wiley.com/toc/15213951/2007/244/1
https://onlinelibrary.wiley.com/toc/15213951/2007/244/1
https://doi.org/10.1111/jfpe.13343
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/article/pii/S0023643813000261
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438
https://www.sciencedirect.com/journal/lwt
https://doi.org/10.1080/10408390600626420
https://www.tandfonline.com/author/Wang%2C+Chung-Yi
https://www.tandfonline.com/author/Huang%2C+Hsiao-Wen
https://www.tandfonline.com/author/Hsu%2C+Chiao-Ping
https://www.tandfonline.com/author/Yang%2C+Binghuei+Barry
file:///C:/Users/ADMIN/Desktop/(4
https://doi.org/10.1080/10408398.2012.745479
https://doi.org/10.1111/febs.14506
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=B%C3%A9reng%C3%A8re++Guignon
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Cristina++Aparicio
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Pedro+D.++Sanz
https://doi.org/10.1021/je100083w
https://doi.org/10.1021/je034218n
https://aip.scitation.org/author/Pangilinan%2C+G+I
https://aip.scitation.org/author/Ladouceur%2C+H+D
https://aip.scitation.org/author/Russell%2C+T+P
https://doi.org/10.1063/1.1286309
https://doi.org/10.1016/j.jfoodeng.2010.10.021
https://www.tandfonline.com/author/Min%2C+Stephen
https://www.tandfonline.com/author/Sastry%2C+Sudhir
https://www.tandfonline.com/author/Balasubramaniam%2C+V+M
https://www.tandfonline.com/author/Balasubramaniam%2C+V+M
https://www.tandfonline.com/toc/ghpr20/current
https://doi.org/10.1080/08957950902734021

86

Journal of Chemistry and Technologies, 2020, 28(1), 68-87

[19] Denys, S., Van Loey, A., Hendrickx, M. (2000). A modeling
approach for evaluating process uniformity during batch
high hydrostatic pressure processing: Combination of a
numerical heat transfer model and enzyme inactivation
kinetics. Innovat. Food. Sci. Emerg. Technol, (1), 5-19.

[20] Barbosa, R.D. (2003) High dependence on high pressure
and temperature of thermodynamic properties of model
food solutions received by means of ultrasonic
measurements in situ (Candidate's dissertation).
http://etd.fcla.edu/UF/UFE0000671/darrosbarbosa_r.
pdf

[21] Gopal, K. R, Kalla, A. M,, Srikanth, K. (2017). High
pressure processing of fruits and vegetable products. A
review. International Journal of Pure and Applied
Bioscience, 5(5), 680-692. https://doi:10.18782/2320-
7051.2930

[22] Daridon, Jean-Luc, Bazile, Jean-Patrick. (2018).
Computation of Liquid Isothermal Compressibility from
Density Measurements: An Application to Toluene.
Journal of Chem. Eng. Data, 63 (6), 2162-2178.
https://doi.org/10.1021 /acs.jced.8b00148

[23] Min, Stephen, Sastry, Sudhir & Balasubramaniam, V. M.
(2009). Variable volume piezometer for measurement of
volumetric properties of materials under high pressure.
International Journal High Pressure Research, 29(2),
278-289.
https://doi.org/10.1080/08957950902734021

[24] Denys, S., Ludhikhuyze, L., Van Loey, A., Hendrickx, M.
(2000). Modeling conductive heat transfer and process
uniformity during batch high pressure processing of
foods. Biotechnology Progress, (16),92-101.

[25] Barbosa, R. D. Balaban, M., Texeira, A. (2003).
Temperature and concentration dependence of density
of model liquid foods. International Journal of Food
Properties, 6 (2), 195-214.
https://doi.org/10.1081/]FP-120017815

[26] Eder, C., Delgado, A.(2007). Interferometrische messung
der dichte wassriger losungen unter ultra-hochdruck.
Technisches Messen, 74(2), 45-50.

[27] Kowalczyk, W., Hartmann, C. Luscher, C., Pohl, M,
Delgado, A., Knorr, D. (2005) Determination of
thermophysical properties of foods under high
hydrostatic pressure in combined experimental and
theoretical approach. Innovative Food Science and
Emerging Technologies, 6(3), 318-326.
https://doi.org/10.1016/j.ifset.2005.03.007

[28] Min, Stephen, Sastry, S. K, Balasubramaniam, V.M.
(2010) Compressibility and density of select liquid and
solid foods under pressures up to 700 MPa. Journal of
Food Engineering, 96(4), 568-574.
https://doi.org/10.1016/j.jfoodeng.2009.09.003

[29] Park, S.H., Jun, S. (2015). Practical estimation of the In
situ physical properties of foods under high pressure.
Food Sci. Biotechnol, 24(3), 777-782.
https://doi.org/10.1007 /s10068-015-0101-4

[30] Guignon, Bérengere, Aparicio, Cristina Sanz, Pedro D.

(2009). Volumetric properties of sunflower and olive
oils at temperatures between 15 and 55 °C under
pressures up to 350MPa. High Pressure Research, 29(1),
38-45. https://doi.org/10.1080/08957950802659823

[31] Gutiérrez-Lépez, G. F. Barbosa-Canovas, G. V., Welti-
Chanes, ]., & Parada-Arias, E. (2008). Food Engineering:
Integrated Approaches. Food Engineering Series.
https://doi.org/10.1007/978-0-387-75430-7

[32] Feistel, R, Wagner, W. (2006). A new equation of state
for Hz0 ice Ih. ]. Phys. Chem. Ref. Data, 35(2), 1021~
1047. https://doi.org/10.1063/1.2183324

[33] Otero, L., Molina-Garcia, A. D., Sanz, P.D. (2002). Some
interrelated thermophysical properties of liquid water
and ice I. A user-friendly modeling review for food high
pressure processing. Critical Reviews in Food Science and
Nutrition, 42(4), 339-352.
https://doi.org/10.1080/10408690290825565

[34] Patazca, E., Koutchma, T., Balasubramaniam, V.M.
(2007). Quasi-adiabatic temperature increase during
high pressure processing of selected foods. J. Food Eng.
80(1), 199-205.
https://doi.org/10.1016/j.jfoodeng.2006.05.014

[35] Kubasek, M., Houska, M., Lanfeld, A. Strohalm, ],
Kamarad, ], Zitny, R. ( 2006). Thermal diffusivity
estimation of the olive oil during its high-pressure
treatment. J. Food Eng, 74(3), 286-291.

[36] Otero, L., Guignon, B., Aparicio, C., Sanz, P.D. (2010).
Modeling thermophysical properties of food under high
pressure. Crit. Rev. Food Sci, 50(4), 344-368.
https://doi.org/10.1080/10408390802248817.

[37] Guignon, Bérengere, Aparicio, Cristina, Sanz, Pedro D.
(2009). Volumetric properties of sunflower and olive oils
at temperatures between 15 and 55 C under pressures
up to 350MPa. High Pressure Research, 29(1), 38-45.

[38] Rostocki, A. J., Wisniewski, R, Wilczynska, T. (2007).
High pressure phase transition in rapeseed oil. J. Mol
Lig., 135, 120-122.

[39] Rostocki, A. ], Tefelski, D. B., Ptasznik, S. (2009).
Compressibility studies of some vegetable oils up to 1
GPa. High Pressure Research, 29(4), 721-725.
https://doi.org/10.1080/08957950903457804

[40] Tefelski, D. B., Rostocki, A. ., Kos, A., Ko’sciesza, R. R,
Siegoczy'nski, M. (2007). Pressure induced volume
changes in triolein with addition of methyl alcohol. High
Press. Res, 27,57-61.

[41] Rostocki, A.],  Tefelski, D, Ptasznik, BS.
(2009).Compressibility studies of some vegetable oils up
to 1 Gpa. High Pressure Research, 29(4), 721-725.
https://doi.org/10.1080/08957950903457804

[42] Guignon, Bérengere, Aparicio Cristina, D. Sanz, Pedro,
Otero, Laura. Orange juice pvT-properties for high
pressure  processing and modeling purposes:
Importance of soluble solids concentration. Food
Research International, 46(1), 83-91.

[43] Juliano, P., Trujillo, F.]., Barbosa-Canovas, G. V., Knoerzer,
K. (2011). The needs for thermophysical properties in
simulating emerging food processing technologies.
Innovative Food Processing Technologies: Advances in
Multiphysics Simulation, 2, 23-38.

[44] Grauwet, T., Rauh, C, Van der Plancken, I, Vervoort, L.,
Hendrickx, M., Delgado, A., Van Loey, A. (2011). Potential
and limitations of methods for temperature uniformity
mapping in high pressure thermal processing. Trends in
Food Science & Technology, 23, 97-110.
https://doi.org/10.1016/j.tifs.2011.09.002

[45] Knoerzer, K., Chapman, B. (2011). Effect of material
properties and processing conditions on the prediction
accuracy of a CFD model for simulating high pressure
thermal (HPT) processing. Journal of Food Engineering,
104(3), 404-413.
https://doi.org/10.1016/j.jfoodeng.2011.01.003

[46] Guignon, B., Aparicio, C., Sanz, P. D. (2010). Volumetric
properties of pressuretransmitting fluids up to 350 MPa:
Water, ethanol, ethylene glycol, propylene glycol, castor
oil, silicone oil, and some of their binary mixture. Journal
of Chemical and Engineering Data, 55(9), 3017-3023.
https://doi.org/10.1021/je9010568

[47] Knoerzer, K., Buckow, R. Sanguansri, P., Versteeg, C.
(2010). Adiabatic compression heating coefficients for



https://doi:10.18782/2320-%207051.2930
https://doi:10.18782/2320-%207051.2930
https://doi.org/10.1021/acs.jced.8b00148
https://doi.org/10.1080/08957950902734021
https://doi.org/10.1081/JFP-120017815
https://doi.org/10.1016/j.ifset.2005.03.007
https://doi.org/10.1016/j.jfoodeng.2009.09.003
https://doi.org/10.1080/08957950802659823
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1063%2F1.2183324?_sg%5B0%5D=p_aTbUq1l37RsMnG08Ee4kyuqTzFQVxpnMAaigIpyx8DaaY3CgVVGEwTmxUxvAv39OAM-dSq8jIWXOyTq-UgyPRi_Q.z526p4lzNzjO6SnGwkA_l8Bw4A8H9qy_TX4q10d30u0378hxuWK8Rk6lj1V6M7jdSS1eH9lc8Ov-kYfDEiPYeA
https://doi.org/10.1080/10408690290825565
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jfoodeng.2006.05.014?_sg%5B0%5D=ALmyJQdWhwgbmRW1z3kUGhi90bGcy59_DuZZPLfU1jPuuGMMA0N3Im9-YJW1dCfh9iKHUqEaWPEMMj1MKDnMkAIUfA.LtXxjqyesN703vpPXgz-Lb9Pfi0Bf2OPsYb_4S3Dk7Zn_rRIdieXuQcLviH85XI0O9rC9N9w33Q8U16ndeDL0Q
https://doi.org/10.1080/10408390802248817
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F08957950903457804?_sg%5B0%5D=ZIvB0Vdhd3B1CJ1FuPNC34XJlRxtpJ7mUnio5z_vj9nTzV-qma9CA7zmyG5r7HiEvR5-uY6_hfb2hCZrJNLH4EEB9A.Dfwclkk2JwON1y7k0LVDy1ge8jjd1ejp6q1e98UHIEDzuZXBOfeOIcEw-yZcuT1MHKbjDgN9HZG4dekJ0XLcdg
https://doi.org/10.1016/j.tifs.2011.09.002
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jfoodeng.2011.01.003?_sg%5B0%5D=Ua8rEFzvDBZ2Po7ZhzLurfZ7fXo0pdNmd6Cfvm3qth9tm89DE5__0yNt7h9ctt_lr3jjSJASq9pMe4II2bKNa-moJA.dwHfG4Rmt2uZehsjoKR7rAiwU0hez1cHAitmYVD8KzTBSUQVjgPN2jmMtRXHOjsYJPJlwKx9bPUfLysnZr_0JA
https://doi.org/10.1021/je9010568

87

Journal of Chemistry and Technologies, 2020, 28(1), 68-87

high-pressure processing of water, propylene-glycol and
mixtures — A combined experimental and numerical
approach. Journal of Food Engineering, 96(2), 229-238.

[48] Guignon, Bérengere, Rey-Santos, Ivan, Sanz, Pedro D.
(2014). Determination, analysis and prediction of the
volumetric behavior of milk at high pressure. Food
Research International, 64, 336-347.

[49] Grauwet, T., Rauh, C, Van der Plancken, L, Vervoort, L.,
Hendrickx, M., Delgado, A. (2012). Potential and
limitations of methods for temperature uniformity
mapping in high pressure thermal processing. Trends in
Food Science & Technology, 23(2), 97-110.

[50] Moreno, F.]., Villamiel, M., Olano, A. (2003). Effect of high
pressure on isomerization and degradation of lactose in
alkaline media. Journal of Agricultural and Food
Chemistry, 51(7), 1894-1896.
https://doi.org/10.1021/jf020624

[51] Costa, M. C., Krdhenbiihl, M.A., Meirelles, A. . A,, Daridon,
J. L., Pauly, ], Coutinho, J. A. P. (2007). High pressure
solid-liquid equilibria of fatty acid. Fluid Phase
Equilibria, 253(2), 118-123.

[52] Huppertz, T., Kelly, A. L., Fox, P. F. (2002). Effects of high
pressure on constituents and properties of milk.
International ~ Dairy  Journal, 12(7), 561-572.
https://doi.org/10.1016/S0958-6946(02)00045-6.

[53] Knudsen, ]J. C., Skibsted, L. H. (2010). High pressure
effects on the structure of caseinmicelles in milk as

studied by cryo-transmission electron microscopy. Food
Chemistry, 119(1), 202-208.

[54] Orlien, V., Boserup, L., Olsen, K. (2010). Casein micelle
dissociation in skim milk during high-pressure
treatment: Effect of pressure, pH, and temperature.
Journal of Dairy  Science, 93(1), 12-18.
https://doi.org/10.3168/jds.2009-2244

[55] Lépez-Fandifio, R. (2006). High pressure-induced
changes in milk proteins and possible applications in
daiy technology. International Dairy Journal, 16(10),
1119-1131.
https://doi.org/10.1016/j.idairyj.2005.11.007

[56] Balasubramaniam, V.M., Barbosa-Canovas, Gustavo V.,
Huub, L.M. Lelieveld. (2016). High Pressure Processing of
Food. Principles, Technology and Applications. Springer
Science+Business Media New York, 2016, 762.
https://doi.org/10.1007/978-1-4939-3234-4.

[57] Silvera, L. F., Nellis, W. ]., Chijioke, A. D., Soldatov, A. V.

(2007). Calibration of the ruby pressure scale to 150
GPa. Physica status solidi. High Pressure Semiconductor
Physics ~ (HPSP-12),  244(1), 460 -  467.
https://doi.org/10.1002/pssb.200672587.

[58] Hazen, Robert M. Downs, Robert T. (2018). High-

Temperature and High Pressure Crystal Chemistry.
Walter de Gruyter GmbH & Co KG, 604.



https://doi.org/10.1021/jf020624j
https://doi.org/10.3168/jds.2009-2244
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.idairyj.2005.11.007?_sg%5B0%5D=k2IeEWUaG9Q22kBOAst51fk0ejcYmobdzLorkc89oDAdgEJ0QPisP38YVUYcl6iARj1LGCtDOJP4goUpA76jRLRIkw.f_UIJSItGp1i5DoNMWwBossxZWL6o7YkJ-dEYSIkg4vf1CY_DKzQeYGc8MGIwZubCKYFt_7iS8mSdaht-Vd-Rw
https://www.researchgate.net/profile/Isaac_Silvera
https://www.researchgate.net/profile/W_Nellis
https://www.researchgate.net/profile/Alexander_Soldatov2
https://www.researchgate.net/profile/Alexander_Soldatov2
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/journal/1521-3951_physica_status_solidi_b
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2Fpssb.200672587

88
Journal of Chemistry and Technologies, 2020, 28(1), 88-99

Journal of Chemistry and Technologies

-/ pISSN 2663-2934 (Print), ISSN 2663-2942 (Online)

journal homepage: http://chemistry.dnu.dp.ua

UDC681.11.031.12:519.673
DETERMINATION OF HEAT TRANSFER COEFFICIENTS DURING THE FLOW OF NON-
NEWTONIAN FLUIDS IN PIPES AND CHANNELS OF CHEMICAL PROCESS EQUIPMENT
Eduard V. Biletsky,! Elena V. Petrenko*,2 Dmitrij P. Semeniuk?2

1 National Technical University «Kharkiv Polytechnic Institute», 2, Kyrpychova str., Kharkiv, 61002, Ukraine
2 Kharkiv State University of Food Technology and Trade, 333 Klochkovskaya str., Kharkiv, 61051, Ukraine

Received 20 March 2020; accepted 1 June 2020; available online 22 June 2020

Abstract.

The problem of heat transfer of non-Newtonian fluids in the channels of chemical-technological equipment is
considered. A mathematical model is proposed for determining heat transfer characteristics during the flow of
Bingham fluids, generalized displaced fluids and power fluids in channels of different geometries. During the
Bingham fluid flow, for the calculation of heat transfer coefficients, the convective temperature transfer equation is
given in the approximation of the thermal boundary layer so that only the transverse derivative with respect to y is
stored on the right side, and the x coordinate is assumed to be aligned along the tangent component of the fluid flow
velocity. Nusselt numbers are determined by the derivatives of the tangent velocity on the walls of the channels and
at the boundaries of the solid core. If the tangent of the fluid velocity on the wall has two components, then the
velocity, the derivative of the Nusselt number, is determined through these components in accordance with the
Pythagorean theorem. When a generalized shear fluid is used to calculate the Nusselt numbers, it must be taken
into account that in a flat channel with longitudinal and longitudinal-transverse flows there are two heat transfer
coefficients, and in a rectangular channel there are four heat transfer coefficients. The determination of the heat
transfer coefficients of a power-law fluid is considered only for longitudinal flow in a flat channel and is carried out
similarly to the calculation procedure for Bingham and generalized-shear fluids. The obtained expressions, when
carrying out engineering calculations, allow us to calculate the corresponding heat transfer and heat transfer
coefficients during the flow of non-Newtonian fluids in the channels and with the environment.

Keywords: non-Newtonian fluid; flow; heat transfer; pipe; channel; Nusselt number.

BU3HAYEHHS KOE®IIIEHTIB TENJ/JIOBIAJAYI IPU TEYII HEHPIOTOHIBCHKHUX
PIAUH Y TPYBAX I KAHAJIAX XIMIKO-TEXHOJIOTTYHOT'O OBJIAJHAHHA
Enyappg B. bineubkuii, 1 Osiena B. [letpenko, 2 iImutpo I1. CemeH0K3

1 HayionaavHuli mexHivHuii yHisepcumem «Xapkiscbkuil nosaimexniyHuli incmumymy, gy/. Kupnuuoea, 2, Xapkis, 61002,
Ykpaina
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AHoTalif

Po3r/isiHyTO npo6/ieMy Telm/IOOGMiHY HEHBHTOHOBCKIX pPiiJUH B KaHa/laX XiMiKO-Te€XHOJIOTiYHOrO 06GJaJHaHHA.
3anponoHOBaHO MaTeMaTUYHY MO/e/ib BU3HAYE€HHS TEMJIOOGMIHHUX XapaKTEePUCTUK NpHU Tedii GIHraMOBCBHKHX,
y3araJibHeHO-3pylLlIeHMX Ta CTelleHeBUX PilMH B KaHaJjax pisHoi reoMeTtpii. [Ipu Teuii 6iHraMoBCcbKOI piAUHU 415
oG4yuc/IeHHd KoeQilieHTIiB TemioBiagAadi piBHAHHA KOHBEKTUBHOrO IEepeHOCYy TeMIepaTypu IpUBEJEHO B
HaGJ/IMKEeHHI TeNJIOBOr0 NPHMKOPJOHHOIO MIapy Tak, L0 B NpaBiii yacTuHi 36epekeHa TiJIbKU NmonepeyHa MmoxijgHa
no 3MiHHiH y, a KOOpAMHaTa X BBAXKA€ETHCSI CHIPSAMOBAHOI0 Y3/I0BXK JOTUYHOI KOMIOHEHTH IBUAKOCTI Tedii piguHu.
Yucna HyccesibTa BU3HAYAOTHCA NMOXiAHMMHU JOTUYHIA MBHJAKOCTI HAa CTIHKaxX KaHaJIiB i HA KOpAOHAaxX TBepAOro
Aapa. Ko AOTUYHA MIBHAKOCTI Tedii pifMHM HA CTiHII Ma€ ABi CK/JIaJA0Bi, TO IIBUAKICTb, NMOXiJHA 4YHCIA
HyccenbTa, BU3HA4Ya€ThCA Yepes Li CKJIaJ0Bi BiAnoBigHO A0 Teopemu Iligaropa. Ilpu Teuii y3arajibHeHO-3pylIeHOT
piguHu A o64ucaeHHs 4yuces HyccenbTa Heo6XiAHO BpaxoBYBaTH IO B IUIOCKOMY KaHaJli MpU NMO3A0BXKHIM i
NO3J0BXKHbO-NONEepeyHoiil TediiXx € ABa KoedimieHTa TemaoBiggadi, a B NPAMOKYTHOMY KaHajJi - 4YOTHUPH
KoedinieHTa TemnoBiggayi. BusHaueHHs KoeQillieHTIB Tel1oBiAAadi cTeneHeBOi piJMHU PO3IJIAHYTO TUIBKU AJISA
NMO3J0BXKHbOI Tedyil B NJIOCKOMY KaHaJi i NIPOBOAUTbLCA aHAJIOTIYHO METOAMKHM O6YMC/IeHb AJis1 GIHraMOBCKOI Ta
y3araJibHeHO-3pyleHoi piauH. OTpuMaHi BHMpa3sH, IpU NpPOBeJeHHi iHXKeHepHHMX pO3paxyHKiB [A03BOJIAIOTH
BHM3HBYATH BiANOBiAHI KoedinieHTH TenoBigaayi i Tenyionepeayi npy Tevii HEHbIOTOHOBCKIX PiJUH B KaHa/1ax i 3
30BHIIIHIM cepeAOBUIIEM.

Kurouosi crosa: HeHbIOTOHIBCHKA PillMHA; Tevist; Ter1oo0MiH; TpyOa; kaHai, gucio HyccenbTa.
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AHHoTanuga

PaCCMOTpe}la l'lp06JIEMa TEeIJIOOOMEeHAa HEHbBITOHOBCKHX )KPIAKOCTel\;l B KaHa/lIaX XHWMHKO-TEXHOJIOTHYeCKOoro
060py,qonaﬂm{. HPE/I[JIO)KEHa MaTeMaTHu4ecCKass MOoJeJib OoInpeje/ieHUuA TEeNnJI006MEeHHBIX XdPaAKTEpUCTUK MNPpH
Te4YeHHUHn 6I/lHI‘aMOBCKPIX, 0606H.IEHHO-C/I[BHI‘OBLIX N CTENEeHHbIX )l(I/lAKOCTeﬁ B KaHaJiax paSHOﬁ reoMeTpHUuu. le/l
Te4eHUH GHMHIraMOBCKOM KHUAKOCTH A1 BbIYHUC/ICHUA KOB(l)(l)l/II.lI/IEHTOB TEeIJIOOTAA4YU YPAaBHEHHE€ KOHBEKTHBHOTO
nepeHoca remMmneparypbl nNnpuBejeHo B HpHﬁJIl/I)KEHPII/l TEIJIOBOro MOrpaHU4YHOro cjofd TakK, 4YTO B npaBoi/i YacTu
COXpaHE€HaA TOJIBKO nmorepevyHasa nNpou3BoaHad 1o HEPEMEHHOﬁ Y, a KOOpAHUHATA X CYUTAETCA Hal’lpaBJIeHHOﬁ BJ0J1b
KacaTeJJbHOM KOMIIOHEHTbDI CKOpPOCTH TE€YE€HUA XKHUAKOCTH. Yucaa Hycceana onpeae/aIuTca Npou3BOJHBIMUA
KacaTeJIbHOH CKOPOCTH HA CTEHKAX KAaHAJIOB U HA IrpaHULlaX TBepAOro aapa. Eciau kacaresibHasa CKOPOCTH T€YEeHHUA
XKHUJAKOCTH HAa CTEHKeé HMeeT JBe COoCTaB/JIdiiue, TO CKOPOCThb, NPOU3BOJAHAA 4YHUCIA Hycceana, onpejedaerca
yepe3 3TU COCTABJIAKIIHE B COOTBETCTBHUHU C TEOPEMOi’I l'lu(])aropa. HpI/l Te4YeHUuunu 0606HLEHHO-C,ZIBPII‘OBOI‘;I KHUAKOCTH
AJIA BbBIYHUC/IEHHUA, 4YHCEJ HycceJIbTa, HeOGXOAI/lMO y4uThbIBaATh, YTO B IIJIOCKOM KdHAJie NpU NpoAOJIbBHOM H
NpoAOJIBHO-IIONIEPEYHOM T€YE€HHUAX €CTh ABa KOB(I)(I)HI(HEHTH TEIJIOOTAAa4H, 4 B IPAMOYroJIbHOM KaHaJie — YeTbIpe
KOS(l)(l)PIIlI/leHTa TEeNnJIOOTAAYH. Onpeaeﬂe}me KOB(I)(])H[(I/IEHTOB TEenJiooTaadu CTeNeHHOM KHUAKOCTH PAaCCMOTPEHO
TOJIBKO AJIA IPOJAOJ/IBHOTO T€YE€HHUA B IVIOCKOM KdHaJie U NMPOBOAUTCA AHAJIOTUYHO METOAUKHU BBIYHUCJICHUH AJIA
OMHIraMOBCKOH H 0606meHHO-CABl/IPOBOl7[ )KI/IAKOCTeﬂ. HOJIy'-leHHBIe BbIpaXXe€HHs, IMPHU NPOBE€AEHHU HHXKXEHEPHbIX
pacdyeToB MNO3BOJIAIOT BBbIYUC/JIATH COOTBETCTBYHOLIHE KOI—)(‘)(])Mlll/leHTbl TeIVIoOOTAa4Yu M Telvionepejgayu IpUu

T€4Y€HUU HEHbIOTOHOBCKHX )KﬂAKOCTeﬁ B KaHAaJIaX M C oxpyxcalomeﬁ cpe,qor?l.
Kurouesvle ciosa: HEHPIOTOHOBCKAS KHJIKOCTh; TCUCHUE; TEII000MeH; pr6a; KaHaJl, YuCJIo HYCCGJ'ILTa.

Introduction

Heat exchange plays an important role in the
processes of the chemical and food industries. A
detailed study of the structure of heat flow allows
a high level of organization of technological
processes. It is known that most liquids used in
the production of chemical and food products
have an abnormal flow character, so studying the
process of heat exchange of non-Newtonian fluids
is very relevant. Nowadays, there is little
scientific work on the study of heat transfer in
non-Newtonian fluids, wusually theoretical
analytical studies [1]. The nonlinearity of the flow
of non-Newtonian fluids creates additional
difficulties in solving the problems of convective
heat transfer, so very often researchers solve
problems in a simplified form and, as a rule, for
the laminar mode of motion [2]. It should be
noted that turbulent flow conditions are more
favorable for the intensification of the heat
transfer process, but given that most non-
Newtonian fluids are high molecular weight
fluids, creating flow turbulence under real
conditions is quite a difficult task. When forming
a mathematical task for the study of convective
heat transfer, a technique is used that leads to the
compilation of a complex system of equations. It
includes equations of rheological state of
material, equation of continuity, energy and
equation of thermodynamic composition of liquid
[3]- The solution to this problem is the functions

that satisfy the specified equation and defined
boundary conditions. The boundary conditions
include initial conditions consisting of the
distribution of velocity, temperature, etc. in the
initial time period. If fluid flow and heat transfer
are stationary, then the initial conditions are no
longer present. The boundary conditions include
the geometric shape of the system and the
directions of movement and heat transfer. The
fluid flow in the pipe is limited by the inner
surface of the walls, the inlet and outlet sections,
which also constitute boundary conditions. As a
rule, the boundary conditions for velocity on the
wall surface are set without taking into account
the motion of the fluid. The boundary conditions
for temperature are formed on the basis of the
continuity of the temperature carrier at the
liquid-wall boundary [4].

Analysis of recent research and publications.
Non-isothermal conditions of technological
processes in chemical-technological equipment
are much more common than isothermal ones.
Today, there are many methods of supply and
removal of heat flows to or from the heat transfer
surface of machines and apparatus: including the
“pipe in pipe” principle or those with an
intermediate shell. The magnitude of the heat
flow through a solid surface is determined by its
thermal resistance and the heat transfer
coefficients from the sides of the heat exchanging
media [5]. If the medium is Newtonian, then the
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heat transfer coefficients are determined using
known formulas [6]. As mentioned above, much
less is studied in the non-Newtonian medium [1].
In this work the authors study the calculation of
the coefficients of heat transfer during the flow of
non-Newtonian fluid in a pipe or channel of
chemical and technological equipment. From the
analysis of the technical literature, we can
conclude that among the variety of non-
Newtonian fluids, the most common are three
classes: Bingam fluids, generalized displaced
fluids and power fluids. Under the term
"generalized-displaced fluids" we mean liquids
whose viscosity depends on the shear rate in an
arbitrary manner. A special case of such fluids is
power fluid [7]. Flow sections such as pipes and
ducts are chosen because the pipe is the main
element of the heat exchangers and the duct is
the main element of the working chamber of the
worm extruder [8]. The content of this work is
based on a number of results on the flow of the
fluids mentioned above in pipes and ducts [9, 10,
11, 12, 13, 14]. In particular, [14, 15] considered
the flow in channels of flat and rectangular
shapes whose boundaries move along
themselves, as well as in longitudinal and
transverse directions. In [14, 15, 16], three-
dimensional fields of non-Newtonian fluid flow
were constructed at different boundary
conditions, which form the necessary conditions
for calculating the heat transfer coefficients. As it
is known, the flow of fluid in a pipe or duct can be
organized so that in the process of supply or
removal of heat the thermal boundary layer is
formed (or not formed) [17]. The flow of the fluid
itself also may (or may not) form a hydrodynamic
boundary layer. The flow in which the
hydrodynamic layer is absent or, in the same
way, occupies the entire cross-section of a pipe or
channel is called stabilized [18]. Otherwise, it is
unstable [18]. The same is true of the
temperature transfer process [19]. The measure
of the ratio of the thickness of the hydrodynamic
and thermal boundary layers is the Prandtl
number [18, 19]. For most of the flows, the
thickness of the hydrodynamic boundary layer is
greater than the thermal one, and the Prandtl
number is greater than one. This is especially
true if the hydrodynamic boundary layer
occupies the entire cross section of a pipe or
channel [18, 19].

Results of the research and their
discussion

This paper deals with stabilized flows of non-
Newtonian fluids in a hydrodynamic sense and
with destabilized temperature transfer with
respect to the thermal boundary layer. The latter
condition means that the Péclet number is much
greater than one [20]. The convective
temperature transfer equation is used to
calculate the heat transfer coefficients [1,2,3]. The
heat transfer is affected by the velocity
component, which can be both tangent and
normal relative to the heat transfer surface [1]; in
straight channels and pipes with a stable flow, the
normal velocity component is absent. A
tangential velocity component can have two
components - along and across the longitudinal
axis of a pipe or channel. In this case, the tangent
velocity component is the vector sum of these
components, and it is this sum that determines
the heat transfer coefficient.

The equation of convective temperature
transfer is written as follows:

a a &sAa . A

=Yy T £ e 1)

where Yx and Yy - tangent and normal
components of non-Newtonian fluid velocity
vector, m/s; T - absolute temperature of the
liquid, K; # - temperature conductivity of the

liquid, m2/s; A - thermal conductivity of the
liquid, W/m-K; p - fluid density, kg/ m3; ¢, - heat
capacity of the liquid, J/kg-K. Equation (1) is
written in the approximation of the thermal
boundary layer so that only the transverse
derivative of the variable y is preserved in its
right side. The x coordinate is considered to be
aligned along the tangent component of the
velocity of the fluid (in the case of purely
longitudinal flow, the tangent component is
directed along the axis of the pipe or channel).
The above is shown in Fig. 1.

Consider Yy EO, given the fact that there is a
thermal boundary layer and the heat flux near the
solid surface depends on the behavior of the
velocity field only near that surface. The second
and first order decompositions for Bingam and
non-Bingam fluids, respectively, should be used
according to the small distance to the solid
surface. If this distance is denoted as, the ¥

following expression should be used for Bingam
and non-Bingam fluids near the boundaries of
sections of the flow (channel pipe walls):

L&z\/r%%?, (2)
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while for Bingam fluid near a solid core, the
following expression should be used:

A7 3

KR (3)
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Fig. 1. Thermal boundary layers in Bingam fluid: a -

Equations (1) from Yx to (2) and (3) allows
self-driving solutions with the help of
substitutions of this following kind [17]:

222\ YV .
H—— ——  (for UYx according to
&j = o i

formula (2)); (4)
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_ﬁ;x Y for Ux according to
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formula (3))
as see from (4), the heat flow density decreases
along the direction of the tangent velocity x Y3

and x ¥4 for first and second cases respectively.
By entering the average value of the heat flow
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where WI' - velocity of the flow near wall, m/s;
Y% - velocity of the solid core, m/s. In (3)

addition, proportional to ¥ is absent because the
second invariant of the deformation rate tensor
turns to zero [7].
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cross-sectional view; b - view along a flat channel

density at some length L and considering the
standard definition of the Nusselt number for the
latter, we obtain the following expressions:

NP J@ﬁ
=

%% ji , (5)

in which h - half-width of the channel, pipe, m.
Thus, it follows from (5) that the Nusselt
numbers are determined by the derivatives of the
velocity tangent to the wall on the walls of
channels, pipes and at the boundaries of the solid
core for the Bingam fluid. Below are the flows of
bingam fluid in the flat and rectangular channels
(see Figs. 2 and 3).
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Fig. 2. Longitudinal flow of bingam fluid in a flat channel: a - cross-sectional view; b - view along the channel
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The velocity of the longitudinal flow in a flat
channel is as follows [7]

where Y| - velocity of the flow, m/s; H _ the
. viscosity of the Bingam fluid, Pa's; P - pressure

+ s
5 in the Bingam fluid, Pa; W - velocities of the

_ upper and lower boundaries of the channel,
Sy =y, (6) | | :
. respectively, m/s (see Figure 2); ¥ -
+_ 6 W g =X/h . - . . . T
77_—';—%—%, h ) dimensionless coordinates of the solid core; ?o -
Pr: =~y the boundary of the flow, Pa.
. The velocity of the longitudinal flow of bingam
Hot = U+ —>, fluid in a rectangular channel is written as
\:/E follows [14; 15]:

(7)

@=h/a. & =y/h, & =xa, & =1z/h, £ =z/a
where a - the width of the rectangular channel, m; ~authors [14; 15]. Their precice view is the linear

h - the height of this channel, m; ﬁ and 7» - combination of expressions (6) for 7 with
weight factors, dependent on the channel shape

parameter & [14; 15].

dimensionless boundaries of the solid core. The

values for 7; and 7’; are determined by the
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Fig. 3. Longitudinal and transverse flow of bingam fluid in a rectangular channel: a - longitudinal flow of bingam fluid

in a rectangular channel; b - longitudinal flow of bingam fluid in a rectangular channel, as a composition of flat
liquids; c - transverse flow of bingam fluid in a rectangular channel
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The velocity of the longitudinal and transverse
flows of bingam fluid in a rectangular channel
with velocity boundaries (see Fig. 3) for the
longitudinal velocity component coincides with

the expressions (7), and the transverse velocity

components Uiy and Uix are represented by the
following

expressions [7]:

(8)

where dPy/dgh, dR./dO, - transverse pressure
gradients in the cross-sectional plane of the
channel, Pa/m. (see Fig. 3).

YIn formulas (7) and (8) there are valuies pj,

Pxi, re, Si, which depend on the combinations
of boundary conditions in fractional and rational
ways, which are not presented here due to the
complexity of the calculations [7]. Based on
formulas (4) and (5), the corresponding
derivatives should be calculated. For the flat
channel and the longitudinal flow there are two
coefficients of heat transfer - on the upper and
lower walls; and two heat transfer coefficients, at
the upper and lower bounds of the solid core.
This means that the first derivatives of (6) in
=*1 and the second derivatives of the
same expression in points é:y =y must be

calculated. By omitting simple intermediate
actions, you can write the following result:

? = GB)

points é:y

eAEas S,

ZKED

o= O &ﬁ L (9

Therefore, Nusselt numbers are proportional
to the cubic root of the first expression and the
fourth degree root of the second expression (9).

Taking into account expression (6) for 7i, it
turns out that Nusselt numbers in a rather
complicated way depend on all the parameters of
the flow: pressure gradient, flow threshold,
velocity differences of the flow near walls.

In the longitudinal flow of Bingam fluid in a
rectangular channel there are eight boundaries -
four walls and four boundaries of the solid core.
Therefore, there are eight heat transfer
coefficients. To calculate them, it is necessary to
determine four first derivtives of expressions (7)

by Y and X respectively in points ‘fy :J—rl;
& =*1 and four second derivatives by Y and X

. . . e i i
respectively in points =7y, &=, By
omitting the intermediate transformations, the
final result can be written as follows:

m%@%
a5

1@@&

(10)

S o

Finally, in the longitudinal-transverse flow in
the rectangular channel there are eight
coefficients of mass transfer. The calculation is
exactly the same as the calculation for the
longitudinal flow. Formulas (7) and (8) should be
used. The only difference from the longitudinal-

+ +
transverse flow is that instead of Yjy and Yjx we

should calculate the first an second derivatives

from (52) H&Z) and {/(g42) Hzz) . An

example below is a calculation for speed with

index « y ».
relevant:

The following expressions are
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If expressions (11) are taken in points ny =+1

and é:y :7’3, then (11) are simplified, so we
receive the following results:
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X
ijn which Y - velicoty of the colid core, m/s. This
value is defined in the work of the authors [7]
and due to the complexity of the calculations it is
not given here.
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Fig. 4. Rectangular channel and boundary
conditions of three-dimensional flow in the channel:
W“iY - value of longitudinal velocity on the walls of the
channel, normal to the OY axis; W, - the value of the
longitudinal velocity on the walls of the channel, normal
to the OX axis; W, W, - values of the transverse
velocities at the channel boundaries.

. o
Derivatives from components Ux by X are
calculated in the same way. The result coincides
with (12), taking into account the replacement of

(11)
.
S EST S @
index « Y » with index « X» and values Wuiy, ny

with values Wuix i Wy, (see Fig. 3). The very first
and second derivatives included in (11) and (12)
are calculated from expressions (8).

According to the written above for the Bingam
fluid, the calculation of the heat transfer
coefficients for the flow of generalized and power
fluids should be considered. Below, we consider
the longitudinal flow in a flat channel as the base
flow, similar to the same flow of Bingam fluid.
Then the longitudinal and transverse flow in the
flat channel and the longitudinal flow in the
rectangular channel are considered (see Figs. 4-
7).The boundary conditions for the basic problem
of the Couett flow are shown in Fig. 5.

)

W\ ;
2
Fig. 5. Slit channel fragment and boundary
conditions: ' = %Y ; =X width of channel - 2a; =y ,
width of channel 2h

The expression for a longitudinal flow profile
in a flat channel is as follows [7]:
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in which g, - the viscosity of the generalized

fluid Pa's; a, § - viscosity parameters; W' and W~
- movement velocity of the flow near channel
walls, m/s. (see Figure 4); £ - coordinate along
the axis of the channel, m. The expressions for the
velocity of a longitudinal transverse flow in a flat
channel in the longitudinal direction have the

form similar to (13), but due to the fact that there
are two velocity components in this flow, the

value S varies by this rule: ,%%%?H—%)’:,

where value K depends on the velocities at the
boundaries of the channel in the following way
[14].

W:x y
| .4 W
0 x 0 L7 (x)
0, (NE 0;()
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a b

Fig. 6. Transverse flow in the slit channel: a - depending on the coordinate y, b - depending on the coordinate x

k=W
W —vy

+ +
where W, W, - velocities of the of the flow near
channel walls in the longitudinal and transverse
directions, respectively. The value of o in the

longitudinal transverse flow coincides with the
same value of the longitudinal flow. Transverce

(14)

velocity component U; is also described by the
formula (13), Bin which the longitudinal pressure
gradient dP/dz must be replaced with a

transverse gradient dP/dy ; and value £ should
be replaced with value Sy according to the rule:

W. The value of a remains

equal to its value in the longitudinal flow. The
longitudinal transverse flow is characterized by
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two special points Y, and Yy, expressions for
which are derived from expression (13) for

coordinate Y’ according to the rules:

e~ o= = = = S

Value dP/0X is calculated from the following
formula[7]:
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Fig. 7. Rectangular channel breakdown and breakdown Linearization:

a - for longitudinal flow; b - for transverse flow
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A longitudinal flow in a rectangular channel is
also constructed from velocity profiles (13) as the
main parameters. This is done by splitting the
rectangular cross-section of the channel into

) . 32
] (I_I—x_)+( % +ﬁd_Pj 2_pB

UV =55 2 —
28 AT B dz

L_Qf é !.djz; i:y,x; I]zh,a;
y<4 Ezk% A

F=cA+38);
F=cf-128)

where @ - the width of the rectangular channel,
m.

When calculating the heat transfer coefficients
of the flows whose velocities are represented by
formulas (13), (14), (15), and (16), it is necessary
to use formulas (5), while taking into account that
in a plane channel in the longitudinal and
longitudinal transverse flows there two
coefficients of heat transfer, and in a rectangular
channel — there are four coefficients of heat
transfer. In a longitudinal transverse flow in a flat
channel, it is necessary to add two components of
tangent velocity according to Pythagorean theory.
As for the Bingam fluid flow, the calculation of the
heat transfer coefficients is reduced to calculating

= >

subdomains in which the longitudinal velocity
depends on the x and y coordinates separately
[14]. The compact expression of the expression

for longitudinal velocity is as follows:
2 [ +ai$xl.*d_P3/zg B
3dP/dz (48> B dz) 3dP/dz’
x=h/a; (16)

(PO /=
LEAAAT /-,

the first velocity derivatives near the channel
boundaries. For a longitudinal flow in a flat
channel, the values of the derivatives in points

y==h are equal to:

i ==

For the longitudinal transverse flow, the rule
of finding the vector module (see formula (17) of

(17)

the expression for U;) must be used in the
calculation of the derivatives. As a result of
calculations for derivatives, the following
expressions are correct:

PR .
aé{&ﬁiﬁcp
27 95

(18)

g My
2z (95 £FK

The calculation of derivatives for longitudinal
flow in a rectangular channel is performed
according to the formulas (16) and is reduced to
formulas of type (17) with corresponding values

a;, B, X
It makes sense to separately consider the

calculation of heat transfer coefficients for the
flow of a power fluid. Due to the fact that a

number of coolants is characterized by the
viscosity of a power fluid [15]. Due to the fact that
the main points of the calculations are exactly
similar to those described for Bingam and
generalized liquids, only the longitudinal flow of a
power fluid in a flat channel is considered below.
The expression for the velocity of the longitudinal
flow of a power fluid with exponent is as follows:
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The calculation of the derivative of (19) for the
heat transfer coefficient results in the following
result:

%2

The presented resultss indicate that the
dependency of the Nusselt number on the
pressure gradients (longitudinal and transverse)
of the rheological and geometric characteristics
of liquids and channels is nonlinear and very
complex. In order to make this dependency

(20)

simpler and clearer, you should write down the
expressions for the Nusselt number for the
simplest flow, that is, for the longitudinal flow in
a flat channel. The more complex flows also have
Nusselt numbers, but the numbers are more
quantitative than the complicated ones.

The expressions for the Nusselt numbers
below are written according to formulas (5) up to
the trivial factors at velocity derivatives. For
Bingam fluid, the Nusselt number is proportional
to the following expression:

A
Nh(ig; , (at the boundaries of the solid nucleus)

From this expression it follows that the
first two Nusselt numbers depend on three

(€92 ( 7{e 9} z/(dP ),

(W VU)/Z", the last of which is the kinematic

parameters:

, (on the walls)

(21)

velocity of the displacement of the Couett flow of
the Newtonian fluid.

For a generalized fluid, the correct
expression for Nusselt numbers is the following:

S4r

, (22)

)

From which it can be seen that the Nusselt
number also depends on the following three

parameters: @/28 ; LA(PL); (W—VV)/ ” o}

M{ toom]
o)

which includes two parameters:
@AAdPA) and (W-w)/2h
Conclusion

Based on the above, we can draw the following
conclusions. All presented results refer to
hydrodynamically stabilized flows. Nusselt

ot

The power fluid has a Nusselt number
proportional to the following expression:

(23)

numbers for Bingam fluid and other non-
Newtonian fluids at the walls of the channels are
determined by the first derivative of the velocity
aligned along the normal to the wall. Nusselt
numbers for the Bingam fluid within the solid
core are determined by the second derivative of
the velocity for to the normals to the boundary. If
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the tangent velocity of the fluid flow at the walls
has two components, then the velocity, the
derivative of which is included in the Nusselt
number, is determined through these
components according to Pythagoras' theorem.
Nusselt numbers for Bingam and generalized
fluids depend on three parameters for
longitudinal flow in a flat channel. If a flow is
more complex, that is, two or three-dimensional,
then the number of parameters increases so that
these parameters are generated by each velocity
component of the multidimensional flow and
form all possible combinations.

Subsequently, the value of Nusselt numbers
allows us to calculate the corresponding
coefficients of heat transfer and heat return
between non-Newtonian fluids, pipes and
channels, and the environment.
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Abstract

This article presents a study of monitoring the spread of antibiotic-resistant strains of sanitary-indicative microflora
of food products sold on the consumer market of Dnipropetrovsk region.

The increase of population in the world leads to an increase in the quality of livestock and poultry products. World
experience shows that it is impossible to abandon the use of antibiotics in the rearing of pigs, cattle and poultry.
Firstly, it is related to therapeutic and preventive measures in the fight against various diseases. Secondly, due to
biochemical transformations in muscle fibers with the participation of antibiotics, consumer quality indicators
(color, consistency) and technological quality indicators (moisture-absorbing and moisture-retaining ability) are
improved. Therefore, livestock products can be one of the sources of sanitary microflora entering into the human
body. In addition to the ability to cause an infectious process due to the synthesis of various pathogenic factors,
including enzymes, toxins, adhesion substances, etc, in the sanitary-indicative microflora there is interstitial,
intraspecific and intergeneric transfer of antibiotic resistance genes. This contributes to the emergence of cultures
with acquired resistance to antibiotics and the formation of multi-resistant variants. Elimination of such strains from
the human body will present certain difficulties.

It was found that in the studied samples of milk and dairy products, as well as meat and offal of cattle and poultry,
representatives of coliform bacteria, staphylococci and enterococci were less common. The isolated strains of
sanitary-indicative microflora were the most resistant to ampicillin, oxacillin, tetracycline and doxycillin. 10 strains
of S. aureus and 7 strains of S. epidermidiswas classified as MRSA and MRSE, respectively. Five of them were resistant
to vancomycin and three to linezolid. Among the isolated cultures of enterococci were strains that were resistant to
5-6 or more drugs simultaneously. Of the bacteria of the family Enterobacteriaceae, the ability to synthesize
extended-spectrum beta-lactamase (ESBL) was detected in 18 cultures, which accounted for 25.0 % of the total
number of opportunistic enterobacteria. The ESBL strains of bacteria of the family Enterobacteriaceae differed from
other isolates by resistance to at least 4 antibiotics, among which at least one belonged to the group of third-
generation cephalosporins. 7 strains of Escherichia coli, two strains of P. vulgaris and three strains of K. pneumoniae
were characterized by resistance to 6 or more tested drugs.

Keywords: meat products; dairy products; antibiotic resistance; bacterium of intestinal bacillus; Staphylococcus aureus;
Staphylococcus epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris.

MMPOBJIEMH PUHKY MOJIOYHOI TA M'SICHOI TIPOMHCJ/JIOBOCTI. MOHITOPHUHT
PO3NNOBCIOAXKEHHA AHTUBIOTUKOPE3UCTEHTHUX HITAMIB CAHITAPHO-
IMIOKA30BOI MIKPO®JIOPHU
Tetsana B. Ckssap?, Katepuna B. JlapenTbeBal, OsneHna A. Jluxosat?!, Hatanis B. KongpaTiok?,

KartepuHa €. CynpyHeHko?, Tersna M. CTenaHoBa?
1/Tninpoecvkull HayioHabHUll yHieepcumem imeHi Onecs l'onuapa, [lpochekm 'azapina, 72, lHinpo, 49000, Ykpaina
2Cymcovkull HayioHabHULl azpapHutl yHisepcumem, gy.. I. Kondpamuwesa, 160, Cymu, 40021, Ykpaina

AHoTarniga

Y 3B’a3Ky 3i 36i/blIeHHAM HaceJleHHS CBIiTY 3pOCTa€ i HeOOGXiAHICTh MiABUILEHHA NOKAa3HMKIB AKOCTIi NPOAYKTIB
TBapUHHUITBA i nNTaxiBHMUTBAa. CBiTOBUIl J0CBiJ CBiAYNTHh NPO HEMOXKJIMBICTh BiJIMOBHM BiJi BUKOPHUCTaHHA
aHTUOGIOTUKIB miAz yac BuUpomyBaHHs cBUHeil, BPX, mraxis. Ilo nepme, e nop’s3aHe i3 TepaneBTUYHUMH Ta
npodisakTUYHMMHU 3aX0AAaMHU MiJ 4Yac GopoTbOM i3 pisHMMHU xBopo6amu. Ilo-agpyre, 3a paxyHOK O6ioxiMiuHMX
nepeTBOpeHb y M'AI30BUX BOJIOKHAX 3a Y4YacCTI0 aHTHMGI0THKIB NOKPAaLLyIOThCA CNOXKUBYI (KOJIip, KOHCHCTEHLif) Ta
TEXHOJIOTiYyHi (BOJIOrONMOrJMHAaKW4Ya Ta BOJIOTOYTPHMMYyKOYa 3JaTHICTh) NOKa3HUKU fAKocTi. Tomy mnpoaykrtu
TBapUHHULTBA MOXYThb ABJATHCA OAHMM i3 JpKepeJs MOTPaIJIAHHA A0 OpPraHiaMy JIIOAUHU CaHITapHO-NOKa30BOI
Mikpoduiopu. MeTo J0OCHiJKEHHS CTaB MOHITOPDUHI PO3NOBCIO/)KE€HHS aHTHGIOTHMKOpPE3UCTEHTHHMX IITaMiB
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caHiTapHO-MOKa30Boi MikpodJiopu XapuyoBMX MpPOAYKTIB, W0 peai3ylOTbCi Ha
JHinponeTpoBCbKOi 06./1aCTi.

BcTaHOBJIEHO, 0 Y JOC/IiJ)KeHUX NPo6Gax MOJIOKA i MOJIOYHUX NPOAYKTIB, a TAK0XK M’sica Ta cyonpoAyKTiB BPX i nTuni
nepeBakaym npeacraBHUku BI'KI, gemo pigme BusBasaauch cradpiziokoku i enTepokoku. Haicrilikimumu Bugineni
IITAMU CaHiTapHO-NOKa30Boi MiKpo¢10pHU BUABUJINCS A0 aMIiLUIiHY, OKCAaUMJIiHY, TETPALMKJIiHY i JOKcHMIIMIiHY. 10
mramiB S. aureus i 7 wr. S. epidermidis GyJio BizHeceHo, BiagnoBigHO, ;0 MRSA i MRSE. I3 HUX ’ATh MaJiM CTilKiCTb 10
BAaHKOMILMHY i TpU - A0 JiHe3osiAy. Cepel BUAIJIEHUX KYJbTYpP €HTEPOKOKIB 3yCTpiya/juCh WITAaMHU, AKi Maau
pe3UCTeHTHICTh A0 5-6 i Gijblie mpenapaTtiB oAHo4yacHO. I3 Gakrepiii poguHu Enterobacteriaceae 3paTHicTh 80
cuHTe3y BJIPC BuaABjeHO y 18 KyabTyp, mo ckjaaao 25.0% BiA 3arajpHOi KiZbKOCTI YyMOBHO-NAaTOreHHUX
eHTepoGakTepiii. BJIPC-mitamu 6Gakrepiii poauHu Enterobacteriaceae BiApisHa/iuce Big iHmMMX i30/ATIB
Pe3UCTEeHTHICTIO A0, IoHalMeHI, 4 aHTUGiOTHKIB, cepes IKMX X04a 6 OJUH BiJHOCUBCA A0 rpynu nedajocnopuHiB
TpeThoro NokoJliHHA. 7 wramiB E. coli, gpa mramu P. vulgaris i Tpu mramu K. pneumoniae xapakrepusyBaJiich
CTiMKICTIO 0 6 i Gi/IbLlIe TeCTOBAaHUX Mpenaparis.

Knrouosi ciosa: M’ sCHI IPOLYKTH; MOJIOYHI MPOAYKTH; aHTHOi0oTHKOpe3ucTenTHicTh; BI'KIT; Staphylococcus aureus; Staphylococcus
epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris

MPOBJIEMbI PEIHKA MOJIOYHOM U MAACHOM MMPOMBIIIIJIEHHOCTH. MOHUTOPUHT
PACITPOCTPAHEHUSI AHTUBMOTUKOYCTOMYHUBBIX ITAMMOB CAHUTAPHO-
MMOKA3ATE/IbHOM MUKPO®JIOPBI
TaTtbsHa B. Ckuiap?, EkaTepuna B. J/laBpenTbeBal, Enena A. J/luxonart?!, Hatanpa B. KonapaTiok?,
KarepuHa E. CynpyHenko?, TatbsAHa M. CTenanoBa?

1THUnposckuti HayuoHabHbLl yHUgepcumem umenu Oaecst I'owuapa, [Ipocnekm I'azapuna, 72, [JHunpo, 49000, YkpauHa
2CyMmcKoll HaYUOHA/ILHbIU azpapHblill yHugsepcumem, ya. I. Kondpamvesa, 160, Cymbl, 40021, YkpauHa

AHHoOTan U

B cBs3U c yBeJIMYeHHEM Hace/leHUs 3eMJIM pacTeT U He06X0AUMOCTb NOBbIIIEeHUA NOKa3aTeJ/iell KayecTBa NPOAYKTOB
’KMBOTHOBO/,CTBA M NITULLEBOACTBA. MUPOBOI1 ONBIT CBUAETE/ILCTBYeT 0 HEBO3MOXKHOCTH OTKa3a OT MCIO0JIb30BaHUA
aHTHUGMOTUKOB B Mpolecce BbipamuBaHua cBuHeil, KPC, nTunbl. Bo-nepBhIX, 3TO CBA3aHO € TepaneBTUYeCKUMH U
npoduiakTH4eCKUMHU MepaMH BO BpeMs G0pbG6bI C pa3/IMYHBIMH 60Jie3HAMM. Bo-BTOpBIX, 3a cYeT GUOXMMUYECKUX
npeoGpa3oBaHuii B MbIIIEYHBIX BOJIOKHAX C Yy4YaCTHEM AaHTHUGMOTHUKOB YJIY4lIAIOTCA NOTpeGuTe/bCcKHe (LIBET,
KOHCHCTEHIIUA) M TEeXHOJI0rM4yecKue (BJaromorjamammas M BJaroyjep:kuBapinas CIOCOGHOCTB) NMOKa3aTesH
KayecTBa. [loaTOMy NpoAyKThl >KHBOTHOBO/JCTBA MOTYT ABJATHCA OAHMM M3 MCTOYHMKOB MONAaJAaHUA B OPraHU3M
YeJIOBeKAa CAaHUTAapHO-NOKa3aTeJbHON MUKpPOQI0phl. llebi0 Mcciea0BaHUA CTaJ MOHUTOPHUHT pacHpoCTpaHeHUs
AaHTUGMOTUKOPE3UCTEHTHBIX IITAaMMOB CaHUTApPHO-NMOKAa3aTeJbHOW MMKPOQJIOpPbI MNHUILEBLIX MNPOJYKTOB,
peasiu3yeMbIX Ha NOTPe6GUTETbCKOM PbIHKe /lHemponeTpoBCKOH 06.1aCTH.

YcTaHOBJIEHO, YTO B MICC/IeA0BAaHHBIX NP0O6axX MOJIOKA U MOJIOYHBIX NPOJYKTOB, a TAKXKe MsAca M cyonpoaykToB KPC u
NTUNbl npeo6Gaasanu mnpeacraButean BIKII, Hecko/IbKO peke OKa3sbIBa/JMCh CTAPHIOKOKKH U 3HTEPOKOKKH.
YcTOMYUBBIMHM BblAe/IeHHble IITaMMbl CaHUTApPHO-NMOKa3aTeJbHONH MHMKpOQJOpbl OKasaJMCh K aMIHUIUJ/IJIMHY,
OKCAallWJIMHY, TeTPALUK/IUHY U AOKCULU/IUHY. 10 mTamMMmoB S. aureus u 7 mT. S. epidermidis 6b1/11 OTHECEHBI,
cooTBeTcTBeHHO, K MRSA 1 MRSE. U3 HUX NATH GbLJIM YCTONYMBBI K BAHKOMMIIMHY M TPM - K JIMHe30MAy. Cpeau
Bbl/ie/IEHHBIX KYJbTYP 3HTEPOKOKKOB BCTpeYa/IMCh IUTAMMbI, KOTOpPble UMeJH Pe3UCTeHTHOCTh K 5-6 u GoJiee
npenapaTtaM 0JHOBpeMeHHO. U3 6akTepuii cemeiictBa Enterobacteriaceae cnoco6HocTh K ciHTe3y BJIPC o6HapyxkeHO
y 18 KyJ1bTyp, 4TO cOcTaBUJI0 25.0 % OT 06111ero KOJIM4eCTBA YCJI0BHO-NATOreHHbIX 9HTepo6akTepuii. B/IPC-mTaMMbI
GakTepuii cemeiicTtBa En-terobacteriaceae oT/in4a/IMCh OT APYTrUX U30JISITOB PE3UCTEHTHOCTHIO K, 10 MeHbIIel Mepe,
4 aHTHOGMOTHKAM, CpeJH KOTOPBIX XOTs ObI OJMH OTHOCHJICA K rpyimne nedajJoCIOPUHOB TPpeThero MoKoJeHus. 7
wTaMmoB E. coli, aBa mTamma P. vulgaris u Tpu mtamma K. pneumoniae xapakTepu3oBa/IMCh YCTONYMBOCTHIO K 6 U
60J1ee TeCTUPYEeMbIM NpenapaTaM.

KiroueBsie cj10Ba: MSCHBIC TPOIYKTBI; MOJIOYHBIE MPOAYKTHI, aHTHOHOTHKOpesucteHTHOCTh, BI'KII, Staphylococcus aureus;
Staphylococcus epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris

CIIO2XKUBYOMY PHHKY

Introduction

Meat and dairy products are the main source of
protein in the human nutrition. Therefore, the
issue of quality of these product groups always
needs attention, both from the Ministry of Health
and institutions that control the quality of food
raw materials and finished products.

As the population in the world is growing, it is
necessary to improve the quality of livestock and
poultry products. World experience shows, that it
is impossible to abandon the use of antibiotics in
the rearing of pigs, cattle and poultry. Firstly, it is
related to therapeutic and preventive measures in
the fight against various diseases. Secondly, due to

biochemical transformations in muscle fibers with
the participation of antibiotics, consumer quality
indicators (color, consistency) and technological
quality indicators (moisture-absorbing and
moisture-retaining ability) are improved [1; 8;
32].

The question of the use of antibiotics has its
own historiography of events. There is a heated
debate around the world between manufacturers,
healthcare organizations and environmentalists
about the appropriateness of using antibiotics.
The influence of the products of their
decomposition in the human body is also studied.
There is an active search for their substitutes
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among natural plant components. Thus, a group of
scientists proved a reduction in the occurrence of
salmonella in poultry meat due to the use in the
feed of a composition of probiotic
microorganisms, in particular lactobacilli with
essential oil of thyme [2].

In our opinion, an approach to strengthening
the immunity of animals and poultry, such as
green tea polyphenols, is very promising [1].

However, it should be borne in mind that some
plant components have a limited area of growth,
seasonal fluctuations, and, as the most important
factor in thinking "to choose or not to choose" -
high cost. After all, the processing of vegetable raw
materials, the production of extracts, essential
oils, which have a long shelf life - are costly
processes. After all, the processing of vegetable
raw materials, the production of extracts, essential
oils, which have a long shelf life are very costly.

In recent years, the effects of antibiotics on
meat and dairy products on human health have
been extensively evaluated [3; 4]. Regarding the
obtained research results, it is quite reliable that a
number of antibiotics, such as penicillin series,
have a detrimental effect on the human body,
causing allergic reactions. All antibiotics have the
ability to change the background of the intestinal
microflora, exposing a person to diseases related
to digestion, excretion of metabolic products,
reduced immunity. This is unacceptable in the real
conditions of society, especially during epidemics
and pandemic.

In this regard, it should be noted that the
removal of antibiotics from the diet of animals and
poultry a few days before slaughter prevents the
entry of toxicants into the human body. However,
this requires strict quality control in the
timeframe provided for the sale of products to the
public. Unfortunately, today in most countries, due
to the lack of relevant legislation, quality control is
entrusted solely to the manufacturer.

There are also technological methods of
reducing the content of antibiotics in meat and
dairy raw materials, such as thorough washing,
heat treatment, proper storage conditions without
violating the shelf life. However, they are not able
to solve the main problem of antibiotic resistance
of opportunistic pathogens strains.

The emergence and spread in the environment
of antibiotic-resistant strains of opportunistic
pathogens is an urgent problem of medicine,
veterinary medicine and animal husbandry not
only in Ukraine but also abroad [5 - 7].
Uncontrolled mass and long-term use of drugs
with antimicrobial action promotes the formation
and accumulation in the body of animals of

antibiotic-resistant strains of opportunistic
pathogens. They can be released into the
environment with excretion products, into the
human body through direct contact with animals
or through the consumption of animal origin food
[9; 10; 27]. Provided that such resistant strains of
opportunistic pathogens become the main
etiological agent in the occurrence of an infectious
process in humans, their elimination from the
body will present certain difficulties. In addition,
microorganisms can undergo interstitial,
intraspecific and intergeneric transmission of
antibiotic resistance genes. This will promote the
emergence of cultures with acquired antibiotic
resistance and the formation of multidrug-
resistant variants [11].

This explains the ineffectiveness of antibiotic
therapy in the treatment of viral and bacterial
diseases.

Therefore, the article was paid attention to the
monitor the spread of antibiotic-resistant strains
of opportunistic pathogens not only among
clinical isolates, but also among those isolated
from the environment and in foods that are
sources of complete proteins.

The aim of the study was to monitor the
content of antibiotic-resistant strains of
opportunistic ~ bacteria of the  genera
Staphylococcus, Enterococcus and the family
Enterobacteriaceae in food products sold in
consumer markets of Dnipropetrovsk region.

Results and discussion

Samples of food products were used as objects
of research: meat and by-products of cattle and
poultry, milk and sour-milk products (cheese, sour
cream, kefir). Sampling of meat and dairy products
was carried out at the trade markets of Dnipro.
Samples for analysis were prepared according to
DSTU ISO  6887-1:2003. Sanitary and
microbiological examination of milk and dairy
products was performed according to GOST 9225-
84 and GOST 30347-2016, meat and meat
products was performed according to GOST R
54354-2011 [12-14].

The species affiliation of the isolated strains of
enterobacteria was determined using the test “API
20E” (“BioMerieux”, France), enterococci - by “API
20 STREP” (“BioMerieux”, France), staphylococci -
by “API Staph” (“BioMerieux”, France).

With used Disco-diffusion method and the
method of minimal serial dilutions (ISO 20776-
1.2006) in selected cultures of opportunistic
bacteria determined the degree of sensitivity to a
number of antibiotics of different pharmacological
groups. Standard discs with antibiotics were used
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during the disco-diffusion method. The set of

antibiotics included  ampicillin, oxacillin,
imipenem, cefotaxime, ceftriaxone,
amoxicillin/clavulanic acid, ceftazidime,

ciprofloxacin, levofloxacin, amikacin, gentamicin,

vancomycin, tetracycline, doxycycline,
chloramphenicol, linezolid, erythromycin,
azithromycin, nitrofurantoin. Sensitivity

assessment of isolated bacterial strains was
performed according to CLSI/NCCLS criteria. The
sensitivity of  experimental cultures of
microorganisms was assessed by the SIR system,
according to which test objects were divided into
the following categories: sensitive (S-sensitive),
moderately resistant (MR), resistant (R-
resistance) [30].

Due to the fact that special dangers to human
and animal health due to the presence of multiple
antibiotic resistance are strains of the family
Enterobacteriaceae, capable of producing BLES
(B-lactamase extended spectrum), and oxacillin-
resistant strains of staphylococci, some interest
was in research from the isolation of food isolates
of these microorganisms. Strains of enterobacteria
capable of synthesizing BLES were detected by the
double-disc method. This method is a variant of
the classical disco-diffusion method for
determining the sensitivity to antibiotics and
allows to detect the production of ESBL in the
presence of an extended zone of growth
retardation around the disk with cephalosporins
in front of the disk with clavulanic acid. Disks with
amoxicillin/clavulanate (20/10 mcg), cefotaxime

(30 mcg), ceftriaxone (30 mcg) and ceftazidime
(30 mcg) were used to set up the method. The
presence of an extended zone of growth
retardation around at least one of the tested
cephalosporins allows to attribute the
experimental strain to the producers of ESBL [16].

Given that in staphylococcal strains multiple
antibiotic resistance occurs mainly in isolates
resistant to oxacillin due to the production of
penicillin-binding protein 2a (PBP 2a), they were
detected by inoculation on meat-peptone agar
with methicillin (oxacillin) simultaneously [17].
Staphylococcal and enterobacterial cultures from
the international collection were used as controls.

Experimental part

548 of food samples were analyzed. Among
them, 229 (41.8%) did not meet regulatory
standards. 138 of them (60.3 %) were dairy
products, 63 (27.5 %) were poultry meat and by-
products, 28 (12.2 %) were meat and cattle by-
products (Fig. 1). Samples of dairy products that
did not meet microbiological standards were
characterized by the presence of sanitary-
indicative microflora: bacteria of the Escherichia
coli group were detected in 24.6 % of samples,
bacteria Staphylococcus - 18.8 %, Enterococcus -
5.8 % of samples (Table 1). Their titers (average
value for samples with deviations from the norm)
were 2.95 * 0.42, respectively; 3.88 +0.79 and
2.78 £ 0.83 1g CFU/g of product.

dairy produts
poultry meat and by-

products
Ocattle meat and by-products

60,3%

Fig. 1. Frequency of food samples detection that do not meet regulatory indicators

It should be noted, the titer of bacteria of the
genus Staphylococcus (average for all samples
with deviations) in dairy products was the highest.
The likelihood of this fact is that milk and dairy
products have been contaminated with microflora
from the skin and mucous membranes of animals
and workers during production and sale. There is
a high level of their content in dairy products due
to the fact, that staphylococci show lipase and
proteolytic activity and have the ability to utilize
lactose. This causes toxicoinfection. Our results

confirm the observations of Goryuk Yu. V. [6]. He
showed, that Staphylococcus aureus of two
biotypes S. aureus var. bovis and S. aureus var.
hominis is most often isolated from raw milk and
home-made dairy products. The author describes
the ways of getting them into food: from the skin
and mammary glands of animals during milking,
as well as from the skin of the hands and mucous
membranes of workers and sellers. This indicates
a low level of compliance with hygiene and
sanitary requirements during the production of
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milk and dairy products. It is necessary to pay
attention to this to producers and regulatory
authorities of the state regulation of food quality
issues.

Indicators of contamination of the sanitary and
indicative microflora of meat and dairy products,
which were sold at points of sale in the markets of

the Dnipropetrovsk region are shown in Table 1.
Table 1

Indicators of contamination of dairy and meat products of sanitary-oriented microflora

Sanitary and microbiological indicator

~
=
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5 g _ bacterium 9f1ntest1nal p. Staphylococcus p- Enterococcus
S 27 bacillus
g 3w
z £
o 22
3 5Es
o 5 E S Absn. % lgCFU/g*  Absn % lgCFU/g*  Absn. % lg CFU/g*
g g 7o
A g 28
588
£§2
28
25 138/
s g 68 (49.2) 34 24.6  2.95+0.42 26 18.8  3.88+0.79 8 5.8 2.78+0.83
a,
S
0
=]
& o
= O
g -§ 63/56 (88.9) 28 444  426%0.63 19 30.2 2.86x0.42 9 143  3.50+0.83
> &
E
o
[
28/23(82.1) 10 35.7  3.73%#1.97 9 321  2.41+0.64 4 143  2.66%1.73

Cattle meat and by-
products

Note: * average of samples with deviations from the norm

Bacterium of intestinal bacillus (41.7% of
cases), staphylococci (30.8%), and enterococci
(14.3%) were also the most common in meat
products. Titers (average) of Bacterium of
intestinal bacillus, bacteria of the genera
Staphylococcus and Enterococcus in samples of
poultry meat and by-poducts with deviations from
the normative indicators were 4.26 = 0.63,
respectively; 2.86 + 0.42 and 3.50 + 0.83 CFU/g of
product, and in samples of meat and cattle by-
products - 3.73 £ 1.97,2.41 + 0.64 and 2.66 £ 1.73
CFU/g of product. As can be seen from the data

obtained, samples of poultry meat and by-
products were characterized by the highest
degree of contamination with sanitary-indicative
microflora, primarily members of the family
Enterobacteriaceae. Similar results are presented
in the work of Korotkevich Yu. V., where it was
shown that the highest level of enterobacterial
contamination was registered in samples of milk,
poultry meat and poultry by-products [11].

The most diverse species composition of
Bacterium of intestinal bacillus was found in
samples of milk and dairy products (Fig. 2).


https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/bacterium+of+intestinal
https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/bacterium+of+intestinal
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https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/bacterium+of+intestinal
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Fig. 2. Species composition of bacterium of intestinal bacillus in samples of dairy and meat products

Escherichia coli predominated among all
isolated species of enterobacteria. Thus,
Escherichia coli was isolated from samples of dairy
products in 55.9 % of cases, from samples of
poultry meat and by-products in 53.5 % as well as
from meat and cattle by-products in 60.0 % of
cases. Slightly less often Enterobacter cloaceae

was sown from dairy samples in 11.8 % of cases,
from beef samples P. vulgaris in 20.0 % of cases,
from poultry samples P. vulgaris and Klebsiella
pneumoniae with the same frequency in 14.3 % of
cases. Other bacterial species were detected in
isolated cases, the frequency of their seeding from
the samples did not exceed 10 %.

||
)

cattle
meat/by
products
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Fig. 3 Species composition and quantitative ratio of staphylococcal strains isolated from food products

The species composition of staphylococci
isolated from experimental samples with
deviations was represented by Staphylococcus
aureus, epidermal and saprophytic staphylococci
(Fig. 3). Among them, Staphylococcus aureus
strains were the most common in milk, meat and
cattle by-products, in 46.2% and 44.4 %,
respectively. Staphylococcus S. epidermidis
predominated in poultry meat and by-products
samples. The frequency of their selection in the
experimental samples was 42.1%. S

saprophyticus strains were found in the smallest
amount (not more than 23.0 %) in food samples.
Among the coccal microflora, in addition to
staphylococci, enterococci Enterococcus faecium
and E. faecalis were isolated from the
experimental samples. They were most often
isolated from samples of poultry meat, poultry by-
products and dairy products. Thus, strains of E.
faecium were sown from samples of meat and
poultry offal in 66.7 %, and E. faecalis - in 33.3 %
of cases (six and three contaminated samples),
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from dairy products - respectively in 37.5 % and
62.5 % of cases (3 and 5 contaminated samples).
Only two samples had E. faecium and two had E.
faecalis for meat and cattle by-products.

At the next stage, the level of sensitivity to
antibiotics of different pharmacological groups,
which are most widely used in modern medical
and veterinary practice, was determined in the
selected strains of opportunistic bacteria.

The results of the analysis of staphylococci
antibiotic susceptibility are presented in the Table
2.

Staphylococcal strains were the most resistant
to penicillin antibiotics ampicillin and oxacillin
(79.6 and 68.5 % of cultures, respectively). In
addition, a high level of resistance was observed in
these strains to macrolides and tetracyclines.
Resistance to erythromycin was found in 61.1 %
of staphylococcal strains, to doxycillin - 59.3 %, to
azithromycin and tetracycline - 51.9 % of the
studied isolates. In terms of species, the largest
number of resistant to these antibiotics strains of
staphylococci were registered among S. aureus
and S. epidermidis. Among the total number of
strains to ampicillin were resistant 37.0 % and
31.5 % of isolates of Staphylococcus aureus and
Staphylococcus epidermidis, to oxacillin - 33.3 %
and 27.8 % of cultures, respectively. 10 strains of
S. aureus and 7 strains of S. epidermidis were
resistant to oxacillin. They were assigned to the
group of methicillin-resistant cultures - MRSA and
MRSE.

The resistance of the above-described
staphylococcal strains to modern [(-lactam
antibiotics, in particular to imipenem (1 strain),
cefotaxime (5 cultures), ceftriaxone (7 isolates),
ceftazidime (7 strains), amoxicillin/clavulanic
acid (7), became important. Our results are
consistent with the results of other researchers.
They found that MRSA is characterized by a high
level of resistance to antibiotics of various
pharmacological groups, namely macrolides,
aminoglycosides, fluoroquinolones, and especially
to the group of B-lactams, including penicillins and
cephalosporins of all generations [18; 19; 31].

In addition, of the staphylococcal isolates we
isolated, five were resistant to vancomycin and
three to linezolid, the drugs of choice for the
treatment of infections caused by strains of
methicillin-resistant staphylococci with multiple
antibiotic resistances [20; 21]. The data suggest

that the presence of such isolates in the body of
sick people, significantly complicates the
treatment of infections caused by staphylococci,
described in this paper. This creates limitations
and explains the ineffectiveness of using a wide
range of antibiotics in a large number of clinical
cases. In modern medical and veterinary practice,
this problem is becoming increasingly important
and alarming in the field of health care [22; 23].

Enterococcal strains were characterized by an
even higher level of antibiotic resistance
compared to staphylococci(Tabl. 3). More than
50.0% of isolates of the genus Enterococcus were
resistant to [-lactams: ampicillin, oxacillin,
amoxiclav, cefotaxime, ceftriaxone, ceftazidime, as
well as ciprofloxacin, gentamicin, nitrofurantoin,
tetracycline, doxycycline and vancomycin.

Among this range of antibiotics, ampicillin,
ceftriaxone, ciprofloxacin, tetracycline and
doxycycline were the least effective against the
selected enterococcal strains. Only 33.3 % of all
tested isolates of the genus Enterococcus were
sensitive to them.

It should be noted that among the isolated
cultures of enterococci there were strains that had
resistance to 5-6 or more drugs simultaneously.
This allows them to be classified as multiresistant
[24].

Similar results are described in the articles of
the authors Minaeva L.P. [25] and Korotkevich Yu.
V. [11]. They showed that 40-70 % of enterococci
were resistant to tetracycline.

The fact that meat and dairy products are the
most common strains of opportunistic bacteria
resistant to penicillins and tetracyclines is due to
the fact that these antibiotics are most often used
in animal husbandry to stimulate animal growth
and treat infectious diseases. As a result, they are
most often found in food products of animal origin
in quantities exceeding the norms of standards
and sanitary rules and regulations [26; 27].

The highest percentage of strains resistant to
penicillin was registered among members of the
Enterobacteriaceae. Resistance to ampicillin was
found in 86.1 % of enterobacterial isolates, to
oxacillin in 84.7 %, to amoxicillin / clavulanate in
75.0 %. 60.0% of cultures were resistant to
nitrofurantoin, 66.7% and 72.2 % to tetracycline
and doxycycline. The Ilargest number of
insensitive strains was found among isolates of
the genus Proteus and Klebsiella.
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Sensitivity to antibiotics of Staphylococcus strains isolated from food

Table 2

S. aureus, abs.n./%

S. epidermidis,

S. saprophyticus,

For all types of

(n=23) abs.n./% (n=19) abs.n./% (n=12) staphylococci, abs.n./%
Antibiotics (n=54)
S R IR S R IR S R IR S R IR
Ampicillin 3/13.0 13/56.6 7/30.4 2/10.5 11/57.9 6/31.6 6/50.0 2/16.7 4/33.3 11/20.4 26/48.1 17/315
Oxacillin 5/21.7 10/43.6 8/34.7 4/21.0 7/36.8 8/42.1 8/66.7 1/8.3 3/25.0 17/31.5 18/33.3 19/35.2
Imipenem  20/87.0 1/43 2/8.7 17/89.5 0/0 2/105 11/91.7 0/0 1/8.3 48/888 1/19 5/9.3
Cefotaxime  17/74.0 3/13.0 3/13.0 12/63.2 2/10.5 5/263 8/66.7 0/0 4/33.3 37/68.5 5/9.3 12/22.2
Ceftriaxone  16/69.6 4/17.4 3/13.0 14/73.7 2/10.5 3/158 9/75.0 1/8.3 2/16.7 39/72.2 7/13.0 8/14.8
Ceftazidime  18/78.3 3/13.0 2/8.7 13/68.4 3/15.8 3/15.8 10/83.4 1/8.3 1/83 41/759 7/13.0 6/11.1
Amoxicillin /
Clavulanic acid 15/65.2 4/17.4 4/17.4 12/63.2 2/10.5 5/26.3 9/75.0 1/83 2/16.7 36/66.6 7/13.0 11/20.4
Ciprofloxacin  18/78.3 2/8.7 3/13.0 15/80.0 2/10.5 2/10.5 8/66.7 0/0 4/33.3 41/759 4/7.4 9/16.7
Levofloxacin 19/82.6 1/43 3/13.0 17/89.4 1/53 1/53 11/91.7 0/0 1/8.3 47/87.0 2/3.7 5/9.3
Amikacin 11/479 5/21.7 7/30.4 14/73.7 3/15.8 2/10.5 8/66.7 2/16.7 2/16.7 33/61.1 10/18.5 11/20.4
Gentamicin _ 12/52.3 5/21.7 6/26.0 14/73.7 3/158 2/10.5 7/58.3 2/16.7 3/25.0 33/61.1 10/18.5 11/20.4
Vancomycin _ 18/78.3 3/13.0 2/8.7 16/842 2/10.5 1/53 10/833 0/0 2/16.7 44/814 5/93 5/9.3
Tetracycline  10/43.6 7/30.4 6/26.0 10/52.6 6/31.6 3/15.8 6/50.0 3/25.0 3/25.0 26/48.1 16/29.7 12/22.2
Doxycillin 9/39.3 8/34.7 6/26.0 8/42.1 6/31.6 5/26.3 5/41.7 3/25.0 4/33.3 22/40.7 17/31.5 15/27.8
Chl"rar:lphemc 15/65.3 3/13.0 5/21.7 11/57.9 2/105 6/31.6 7/583 1/8.3 4/33.3 33/61.1 6/11.1 15/27.8
Linezolid 19/82.6 2/8.7 2/8.7 16/842 1/53 2/10.5 12/1000 0/0 0/0 47/87.0 3/5.6 4/7.4
Nitrofurantoin  9/39.2 7/30.4 7/30.4 10/52.6 4/21.1 5/263 9/75.0 1/8.3 2/16.7 28/51.9 12/22.2 14/25.9
Erythromycin  8/34.7 9/39.3 6/26.0 7/36.8 7/36.8 5/26.3 6/50.0 2/16.7 4/33.3 21/38.9 18/33.3 15/27.8
Azithromycin  10/43.6 7/30.4 6/26.0 8/42.1 5/263 6/31.6 8/66.7 1/83 3/25.0 26/48.1 13/24.1 15/27.8
Note: S - sensitive; R - resistant; IR - moderately resistant
Table 3
Antibiotic sensitivity of enterococcal strains isolated from food
E. faecium, abs.n./% (n=11) E. faecalis, abs.n./% (n=10) For all types of enterococci,
Antibiotics abs.n./% (n=21)
S R IR S R IR S R IR
Ampicillin 4/363  4/36.3 3/27.4 3/30.0 6/60.0 1/10.0 7/33.3 10/47.7 4/19.0
Oxacillin 5/45.5 2/18.2 4/36.3 3/30.0 5/50.0 2/20.0 8/38.1 7/33.3 6/28.6
Amoxiclav 6/544 3/274 2/18.2 3/30.0 6/60.0 1/10.0 9/42.9 9/42.9 3/14.2
Imipenem 9/81.8 0/0.0 2/18.2 9/90.0 0/0.0 1/10.0 18/85.8 0/0 3/14.2
Cefotaxime 5/45.5 4/36.3 2/18.2 4/40.0 4/40.0 2/20.0 9/42.9 8/38.1 4/19.0
Ceftriaxone 3/273 5/455 3/27.3 4/40.0 3/30.0 3/30.0 7/33.3 8/38.1 6/28.6
Ceftazidime 5/45.5 4/36.3 2/18.2 5/50.0 3/30.0 2/20.0 10/47.7 7/33.3 4/19.0
Ciprofloxacin 3/274 6/544 2/18.2 4/400 5/50.0 1/10.0 7/33.3 11/52.4 3/14.3
Levofloxacin  7/63.6  1/9.0 3/27.4 8/80.0 1/10.0 1/10.0 15/71.5 2/9.5 4/19.0
Amikacin 6/54.4 2/18.2 3/27.4 5/50.0 3/30.0 2/20.0 11/52.4 5/23.8 5/23.8
Gentamicin 5/45.5 2/18.2 4/36.3 4/40.0 3/30.0 3/30.0 9/42.9 5/23.8 7/33.3
Tetracycline 3/274 6/544 2/18.2 4/40.0 3/30.0 3/30.0 7/33.3 9/42.9 5/23.8
Doxycilline 2/18.2  7/63.6 2/18.2 5/50.0 2/20.0 3/30.0 7/33.3 9/42.9 5/23.8
Chloramphenicol 7/63.6 2/18.2 2/18.2 6/60.0 2/20.0 2/20.0 13/62.0 4/19.0 4/19.0
Nitrofurantoin  5/45.5 3/27.3 3/27.3 4/40.0 3/30.0 3/30.0 9/42.9 6/28.6 6/28.6
Vancomycin 5/455 1/9.0 5/45.5 4/40.0 3/30.0 3/30.0 9/42.9 4/19.0 8/38.1

Note: S - sensitive; R - resistant; IR - moderately resistant
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Table 4

Sensitivity to antibiotics of strains of the family Enterobacteriaceae isolated from food

E. coli, abs.n./% Proteus spp., Klebsiella spp. Citrobacter Enterobacter For all types of
Antibio- (n=40) abs.n./% (n=10) abs.n./% (n=10) freundii, cloaceae enterobacteria,
tics abs.n./% (n=5) abs.n./% (n=7) abs.n./% (n=72)
S R IR S R IR S R S R IR S R IR S R IR
Ampicillin 6/ 28/ 6/ i/ 8/ 1/ 2/ 7/ o/ 4/ 1 1/ 5/ 1/ 10/ 52/ 10/
15.0 70.0 15.0 10.0 80.0 10.0 20.0 70.0 10.0 0.0 80.0 20.0 143 714 143 139 722 139
oxacillin 7/ 26/ 7/ i/ 7/ 2/ 1/ 8/ i/ 3/ 1 1/ 4/ 2/ 11/ 48/ 13/
17.5 65.0 175 10.0 70.0 20.0 10.0 80.0 10.0 20.0 60.0 20.0 143 57.1 286 153 66.6 18.1
Amoxi-
cillin/ 10/ 22/ 8/ 3/ 5/ 2/ 2/ 6/ i 3/ 1 2/ 3/ 2/ 18/ 39/ 15/
Clavulgnic 25.0 55.0 20.0 30.0 50.0 20.0 20.0 60.0 20.0 20.0 60.0 20.0 28.6 42.8 28.6 250 542 208
acl
Imipenem 38/ o/ 2/ 8 0/ 2/ 9/ 0/ 4/ o/ 1/ 6/ 0/ 1/ 65/ 0/ 7/
950 0 50 800 00 200 900 0.0 100 80.0 0.0 20.0 857 0.0 143 903 0.0 9.7
Cefotaximego/ 6/ 4/ 6/ 2/ 2/ 7/ 2/ 3 1 1 5/ 1/ 1/ 51/ 12/ 9/
75.0 15.0 10.0 60.0 20.0 20.0 70.0 20.0 10.0 60.0 20.0 20.0 714 143 143 70.8 16.7 125
Ceftriaxonegl/ 5/ 4/ 7/ 1 2/ 8/ 1/ 4/ o/ 1/ 6/ 1/ 0/ 56/ 8/ 8/
77.5 12,5 10.0 70.0 10.0 20.0 80.0 10.0 10.0 80.0 0.0 20.0 85.7 143 0.0 778 111 111
Ceftazi- 32/ 4/ 4/ 6/ 1/ 3/ 7/ 2/ 3y 1 1 5/ o/ 2/ 53/ 8/ 11/
dime 80.0 10.0 10.0 60.0 10.0 30.0 70.0 20.0 10.0 60.0 20.0 200 714 0.0 286 736 111 153
Ciproflo- 33/ 3/ 4/ 8/ 1/ 1/ 7/ 2/ 3y o/ 2/ 5/ o/ 2/ 56/ 6/ 10/
xacin 825 7.5 10.0 80.0 10.0 10.0 70.0 20.0 10.0 60.0 0.0 400 714 0.0 286 778 83 139
Levoflo- 36/ 1/ 3/ 8/ o/ 2/ 8/ 0/ 4, o/ 1/ 6/ 0/ 1/ 62/ 1/ 9/
xacin  90.0 25 75 80.0 0.0 20.0 80.0 0.0 20.0 80.0 0.0 20.0 857 0.0 143 861 14 125
Amikaciy 20/ 6/15.14/35.6/60. 2/20. 2/20. 6/60. 2/20. 2/20. 4/80. 0/0. 1/20. 4/57. 2/28. 1/14. 40/55.12/16.20/27.
500 0 0 0 0 0 0 0 0 0 0 1 6 3 6 7 7
Genta- 22/ 8/ 10/2 5/ 2/ 3/ 5/ 2/ 3 1 1 3/ 2/ 2/ 38/ 15/ 19/
micin  55.0 20.0 5.0 50.0 20.0 30.0 50.0 20.0 30.0 60.0 20.0 20.0 42.8 28.6 28.6 52.8 208 264
Tetra- 15/ 14/ 11/ 2/ 7/ 1/ 3/ 6/ 2/ 2/ 1/ 2/ 3/ 2/ 24/ 32/ 16/
cycline 375 350 275 20.0 70.0 10.0 30.0 60.0 10.0 40.0 40.0 20.0 28.6 42.8 28.6 333 445 222
Doxycil- 12/ 18/ 10/ 3/ 6/ 1/ 2/ 6/ 1/ 2/ 2/ 2/ 4/ 1/ 20/ 36/ 16/
line 30.0 45.0 25.0 30.0 60.0 10.0 20.0 60.0 20.0 20.0 40.0 40.0 28.6 57.1 143 278 50.0 22.2
Chloram- 26/ 6/ 8/ 6/ 2/ 2/ 5/ 3/ 4, o/ 1/ 5/ o/ 2/ 46/ 11/1 15/
phenicol 65.0 15.0 20.0 60.0 20.0 20.0 50.0 30.0 20.0 80.0 0.0 20.0 714 0.0 286 639 53 208
Nitrofura 18/ 8/ 14/ 3/ 6/ 1/ 3/ 5/ 2/ 1 2/ 3/ 2/ 2/ 29/ 22/ 21/
ntoin  45.0 20.0 35.0 30.0 60.0 10.0 30.0 50.0 20.0 40.0 20.0 40.0 42.8 28.6 28.6 402 30.6 29.2

Note: S - sensitive; R - resistant; IR - moderately resistant

Similar results regarding the determined level
of antibiotic sensitivity of enterobacteria isolated
from food were found in the article by T. Mahami
et al. They indicated that food isolates of
Enterobacteriaceae and Klebsiella showed high

resistance to penicillins, macrolides and
tetracyclines [28].
Among the Dbacteria of the family

Enterobacteriaceae isolated from food, the ability
to synthesize ESBL was found in 18 cultures. This
amounted to 25.0 % of the total number of
opportunistic enterobacteria. Among the E. coli
strains, 55.7 % of isolates had this ability. As well
as this ability had 11.1% P. vulgaris, 27.8 % of K.
pneumoniae, 5.6 % of Enterobacter cloaceae.

The study found that all these strains of
bacteria of the family Enterobacteriaceae with the
ability to synthesize ESBL differed from other
isolates resistant to at least 4 antibiotics. Among
them, at least one belonged to the group of third-
generation cephalosporins with a broad spectrum
of antibacterial action. It should be noted that 7

strains of E. coli, two strains of P. vulgaris and
three strains of K. pneumoniae were characterized
by resistance to 6 or more tested drugs. It should
be noted that according to the results of studies
cited in the article [29], it was found that 90% of
ESBL strains of the genera Escherichia and
Klebsiella isolated from seafood were resistant to
at least one of the third-generation
cephalosporins: cefotaxime, ceftazidime and
cefpodoxime, and 38.46 % of cultures were
resistant to 5 antibiotics and belonged to the
category of multiresistant.

Conclusions

Summarizing the above:

1. Samples of dairy products that did not meet
microbiological standards (60.3 %, from 229 - the
total number of samples with deviation) were
characterized by the presence of bacterium of
intestinal bacillus in 24.6% of cases,
Staphylococcus bacteria - in 18.8 %, Enterococcus
- in 5.8 % of cases. Their titers (average) were



109

Journal of Chemistry and Technologies, 2020, 28(1), 100-112

2.95+0.42, respectively; 3.88+0.79 and
2.78 £ 0.83 Ig CFU / g of product.

2. Samples of meat products that did not meet
microbiological standards (out of 229 samples
27.5 % - poultry meat and by-products, 12.2% -
beef and beef by-products) were characterized by
the presence of bacterium of intestinal bacillus in
41.7 % of cases, bacteria, Staphylococcus - in
30.8 %, Enterococcus - in 14.3 % of cases. Titers
(average) of bacterium of intestinal bacillus,
bacteria of the genera Staphylococcus and
Enterococcus in samples of meat and poultry by-
products with deviations from the normative
indicators were 4.26 * 0.63, respectively;
2.86 +0.42 and 3.50 + 0.83 CFU / g of product, and
in samples of meat and cattle by-products -
3.73+£1.97,2.41 £ 0.64 and 2.66 + 1.73 CFU / g of
product.

3. The species composition of the sanitary-
indicative microflora was represented by:
1) 7 species of bacterium of intestinal bacillus:
Escherichia coli, Proteus vulgaris, P. mirabilis,
Klebsiella pneumoniae, K. oxytoca, Citrobacter
freundii, Enterobacter cloaceae; 2) three species of
staphylococci: Staphylococcus aureus,
S. epidermidis, S. saprophyticus, 3) two species of
enterococci: Enterococcus faecium and E. faecalis.

4. The presence of MRSA and MRSE among
staphylococci was shown for the first time. The
most resistant isolated strains of staphylococci
were to antibiotics of the penicillin series -
ampicillin and oxacillin - respectively 79.6 and
68.5% of cultures. In addition, they had a high
level of resistance to macrolides and tetracyclines.
10 strains of S. aureus and 7 strains of S.
epidermidis was classified as MRSA and MRSE,
respectively. Among them were those
characterized by resistance to modern {3-lactam
antibiotics: imipenem (1 strain), cefotaxime (5
cultures), ceftriaxone (7 isolates), ceftazidime (7
strains), amoxicillin/clavulanic acid (7 cultures).
Five were resistant to vancomycin and three were
resistant to linezolid.

5. Ampicillin, ceftriaxone, ciprofloxacin,
tetracycline, and doxycycline were the least
effective against the isolated enterococcal strains.
Only 33.3 % of all tested isolates of the genus
Enterococcus were sensitive to them. Among the
isolated cultures of enterococci, there were strains
that had resistance to 5-6 or more drugs
simultaneously.

6. The highest percentage of strains resistant to
penicillin drugs was registered among members of
the Enterobacteriaceae family. Thus, resistance to
ampicillin was found in 86.1 % of enterobacterial
isolates, to oxacilin in 84.7%, to

amoxicillin/clavulanate in 75.0 %. 60.0% of
cultures were resistant to nitrofurantoin, 66.7 %
and 72.2 % to tetracycline and doxycycline. The
largest number of insensitive strains was found
among isolates of the genus Proteus and Klebsiella.

7. The ability to synthesize ESBL was first
shown in enterobacteria isolated from food.
Among the bacteria of the family
Enterobacteriaceae isolated from food, the ability
to ESBL synthesize was found in 18 cultures. This
amounted to 25.0 % of the total number of
opportunistic enterobacteria. Among E. coli
strains, 55.7% of isolates, P. vulgaris - 11.1%,
K. pneumoniae - 27.8 %, Enterobacter cloaceae -
5.6 % of cultures had this ability.

8. The sensitivity of bacteria of the
Enterobacteriaceae family to antibiotics was
determined for the first time. ESBL strains of
bacteria of the family Enterobacteriaceae differed
from other isolates by resistance to at least 4
antibiotics. Among them, at least one belonged to
the group of third-generation cephalosporins. 7
strains of E. coli, two strains of P. vulgaris and
three strains of K. pneumoniae were characterized
by resistance to 6 or more tested drugs. They are
classified as multidrug-resistant.

Therefore, from the above it is clear that food
can be one of the sources of entry into the human
body of sanitary-indicative microflora. In addition
to the ability to cause an infectious process due to
the synthesis of various pathogenic factors,
including enzymes, toxins, adhesives, etc. There is
interstitial, intraspecific and intergeneric transfer
of antibiotic resistance genes in the sanitary-
indicative microflora. This contributes to the
emergence of cultures with acquired resistance to
antibiotics and the formation of multi-resistant
variants.

Elimination of such strains from the human
body will present some difficulties, because they
do not belong to the class of xenobiotics and can
not be eliminated from the body by glutathione,
glucuronide and other biochemical pathways [33].
There is a high probability of their retention in the
human body and the emergence of various
diseases against their background.

Therefore, constant monitoring of isolates of
enterobacteria capable of synthesis of ESBL in the
environment, and especially in food products
according to the method outlined in the article, as
well as taking measures to limit the further spread
of these species of opportunistic pathogens is
essential to improve health of population in many
countries around the world.
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