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Abstract. The aim of this research is to determine the influence stillage
filtrate on the synthesis of volatile impurities in alcohol, with subsequent
removal through the rectification process in a rectification unit operating in
an energy-saving mode at pressures lower than atmospheric. The study was
conducted at the state enterprise (hereinafter — SE) "Kozlivsky Distillery"”
located at: Ternopil region, Kozlivsky district, urban-type settlement
Kozliv, using gas chromatographic method for determining the content of
microcomponents (acetaldehyde, methanol, fusel oil components, esters)
using capillary columns. The rectification unit includes various
components such as the mash column, hydroselection column, rectification
column, methanol column, impurity concentration column and "zero"
column. During the research, technological parameters of operation of each
unit component were studied, and the concentration of organic impurities
in alcohol at different stages was determined. The results of this study
allow improving the efficiency of the rectification unit, which is of great
importance in alcohol production. Research was conducted on the impact
stillage filtrate on the synthesis of volatile impurities in alcohol during
fermentation. The research was carried out with the full use iltrate of
stillage at the stage of preparing the fermenting substrate. The mash had
different concentrations of dry substances. The stillage filtrate was
obtained by centrifugation of native stillage and its suspended matter
concentration did not exceed 1%. The influence of the amount stillage
filtrate and the number of cycles of its recirculation on the biosynthesis of
volatile organic compounds during fermentation was studied. The research
results showed that the use stillage filtrate at the stage of preparing the
fermenting substrate contributes to reducing water consumption and slows
down the synthesis of acetaldehyde and higher alcohols during
fermentation. With repeated use stillage filtrate, the synthesis process
changes, which affects the concentration of volatile organic compounds in
the fermentation mash. This impact should be taken into account when
selecting operating modes of the rectification unit. Therefore, to obtain
high-quality rectified alcohol, it is necessary to adjust the appropriate
operating mode of the rectification unit and consider the influence stillage
filtrate on the fermentation process.

Key words: stillage, stillage filtrate,
impurities, rectification.

dry substances, volatile

Introduction. Formulation of the problem

mode under pressure lower than atmospheric [1,2].

Studies have shown that the use of stillage filtrate at

One of the main challenges of the processing
industry is water resources. This problem is increasing
every year. The alcohol industry is no exception to this
problem. One relevant solution to this problem is the
return of stillage filtrate to the stage of preparing the
fermenting substrate.

To obtain high-quality rectified alcohol and
minimize losses, it is necessary to optimize the
technological parameters of operation of the
rectification unit, which operates in an energy-saving
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the stage of preparing the fermenting substrate may
affect the synthesis of volatile organic compounds
during fermentation [3,4]. However, it is necessary to
further study the effect of the amount of stillage filtrate
on the fermentation process, as well as to consider
changes in the synthesis of volatile organic compound
concentrations when stillage filtrate is reused multiple
times. Addressing this issue may contribute to
increased efficiency of alcohol production and reduced
energy resource costs [5-7].
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Due to the increasing cost of energy resources, all
enterprises need to reduce costs per unit of output,
including in the alcohol industry, by applying
advanced energy- and resource-saving technologies.
To reduce energy costs, which account for over 30% of
the cost of rectified ethanol, researchers have studied
the distribution of volatile organic impurities in the
rectification unit [8-11]. This unit operates under
vacuum, and its optimal operating conditions have
been determined to obtain high-quality ethanol under
the condition of complete use of stillage filtrate at the
preparation stage.

trays have been developed, which provide the shortest
(compared to trays of other designs) residence time of
the mash in the column. Taking into account that the
volatility of the main impurities of alcohol in weakly
concentrated aqueous-alcohol solutions increases, an
effective way to remove them is the rectification of the
fermented mash in the rectification unit (hereinafter -
RU) of direct action [16,17].

Epuration of the fermented mash can be carried
out in a CO, separator (epurator) equipped with
additional contact devices (Fig. 1).

This method is characterized by the upper part of

Analysis of recent research and publications

the mash column being connected via a steam
communication with the lower part of the epurator.

In the mash column, various organic components
are formed under the support of the necessary
temperature, leading to the formation of additional
organic impurities. As a result, the concentration of
some of these components, such as acetaldehyde, in
the distillate from the mash column may be several
times higher than in the fermented mash , where, in
addition to ethyl alcohol, a significant amount of
organic acids, complex esters, higher alcohols, and
unsaturated compounds are present [12-15].

With a decrease in the residence time of the
fermented mash in the mash column, the amount of
newly formed organic compounds decreases. From this
point of view, when choosing contact devices for mash
columns, preference should be given to trays with
minimal liquid retention time (perforated, valve). At
the National University of Food Technologies
(hereinafter - NUFT), mash columns with grid-falling

The hot fermented mash after the preheater 4 enters the
upper tray of the epurator 2. The purified fermented
mash is then fed into the mash column. In the upper
part of the CO, separator (epurator) 2, there is a
condenser where partial condensation of vapor occurs.
Final condensation of vapors enriched with organic
impurities (hereinafter - OI) takes place in condenser 3.
Organic impurities are extracted in an amount of 0.5—
1.5% of the volume of the fermented mash and
removed from the installation together with the main
fraction or directed to the rectification column (if
available). Following this scheme, 25-30% of organic
impurities present in the fermented mash are removed
in the epurator and do not enter the epuration column,
thereby reducing steam consumption for epuration, and
the natural excess of the heating steam of the
fermentation mash column is effectively utilized for
concentrating organic impurities in the epurator [16].
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Fig. 1. Mash column with epuration of the fermented mash: 1 - mash column; 2 - CO, separator (epurator);
3 - epurator condenser; 4 - mash preheater; 5 - condenser; 6 - alcohol trap.
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At the SE "Ovechatsky distillery" in collaboration
with the scientific-production association NV LLC
"Intermash", a rectification unit with removal of
organic impurities at the stage of mash distillation has
been developed and implemented. The method of
distillation of the fermented mash and its purification
from organic impurities is shown in Fig. 2.

Fermented mash passes through the mash
preheater 2, where it is heated by aqueous-alcohol
vapor coming from the fermentation mash column 1 to
a temperature close to the boiling point. The hot
fermentation mash enters the upper part of the carbon
dioxide separator 4, to the lower part of which
aqueous-alcohol vapor from the middle of the
fermentation mash column 1 is  supplied.
Decarboxylation of the mash and removal of a
significant portion of organic impurities from it occur
in separator 4. Carbon dioxide, together with aqueous-
alcohol vapor enriched with organic impurities, is
directed to the concentration column 5, where rapid
concentration of organic impurities is achieved by
returning a portion of the condensate (phlegm) from
condenser 6 to the upper tray of column 5. Organic
impurities are withdrawn from the process in an
amount of 0.1-3.0%.

The cubic residue from the bottom of column 5
returns as phlegm to the mash column above the
fermented mash inlet, allowing for additional
concentration of the aqueous-alcohol vapor exiting the
mash column and the organic impurities present in it.

The condensate freed from a significant amount of
organic impurities from the mash heater 2 and
condenser 3, in the form of mash distillate, is directed
to the epuration column. Extraction and concentration
of organic impurities are carried out in two stages -
during the decarbonization and epuration stages of the
fermented mash [16,18].

Distillation of fermented mash with two-stage
extraction and concentration of impurities allows for

increasing the concentration of impurities in the
alcohol-containing wastes of production, reducing
steam consumption for their extraction and
concentration in subsequent technological stages.
Decarbonization of the fermented mash together with
its epuration improves the extraction of organic
impurities, reduces their concentration in the mash
distillate, and decreases steam consumption for the
epuration and rectification of alcohol.

Epuration of the fermented mash allows obtaining
mash distillate with reduced impurity concentration,
enhancing the quality of the rectified alcohol, and
reducing the energy intensity of its production. Pre-
epuration of the fermented mash in certain cases may
be an alternative to the hydroselection of alcohol
impurities in the epuration column [16].

All previous studies were conducted on
rectification units operating at excess pressure.
Research related to rectification units operating at
pressures lower than atmospheric pressure has not been
conducted.

Research Objective. The aim of this study is to
determine the influence of the stillage filtrate on the
synthesis of volatile alcohol impurities with subsequent
removal through the rectification process in a
rectification unit operating under energy-saving
conditions at pressures lower than atmospheric.

Research Tasks. The objectives of this research
include:

1. Analyzing the impact of stillage filtrate on the
composition and concentration of volatile organic
compounds in fermented mash during fermentation.

2. Experimentally determining the optimal
conditions for using stillage filtrate, particularly
depending on the concentration of solids in the mash.

3. Evaluating the influence of the quantity and
frequency of stillage filtrate recirculation on the
biosynthesis of volatile organic compounds.
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Fig. 2. Method of distillation of fermented mash and its purification from organic impurities: 1 -
mash column; 2 - mash heater; 3 - condenser; 4 — separator CQO,; S - concentration column; 6 - condenser.
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4. Analyzing changes in the characteristics of the
final alcohol product based on the using of stillage
filtrate.

5. Formulating recommendations for optimizing the
rectification process to ensure high quality and
production efficiency of alcohol.

Research materials and methods

The research was conducted using the rectification
unit of the SE"Kozlivsky Distillery", operating under
vacuum with a capacity of 4200 dal/day. Gas
chromatography analysis was performed using a gas
chromatograph "Crystal 2000M," with a relative error of
up to 1.2%.

Prepared samples were injected into the gas
chromatograph for further analysis. Components of the
samples were separated in the gas chromatographic
column based on their chemical properties. After
separation, the presence of components was detected
using a detector that registers signals of the exiting
substances. The obtained data were processed using
software, which included spectrum analysis and peak
integration to determine the concentrations of
components in the sample. This method allows for
precise and sensitive determination of the composition
and concentration of various components in the sample
using gas chromatography.

The rectification unit is of an indirect action type,
with a capacity of 4200 dal of rectified alcohol per day,
as depicted in Fig. 3 ("Apparatus-technological scheme
of the rectification unit operating under vacuum"). It
includes the following components: mash column (MC)
(1), hydroselection column (HC) (9), rectification
column (RC) (15), impurity concentration column (ICC)
(33), methanol column (MeC) (23) and "zero" column
(ZC) (41).

The fermented mash entering the unit undergoes a
two-stage heating in mash heaters (MC) No.l and No.2
(3), reaching a temperature of 77-78°C. Then, in the
CO2 separator (5), the fermented mash is freed from
carbon dioxide and other non-condensable gases, after
which it is directed to the MC (1). Along with the non-
condensable gases, a certain amount of alcohol is
removed, which is returned to the distillate tank (43).
The fermented mash is fed onto the 17th tray of the MC
(feeding tray).

The alcohol-water vapor exiting the MC is
condensed in mash heaters No.l and No.2 and MC
deflegmators No.1 and No.2 (4). The remaining vapor is
condensed by transferring heat to water in the MC
condenser (7) and trap (8). The condensate from mash
heater No.1 (3) is directed to the top tray of the MC. The
condensate of alcohol-water vapor from MC
deflegmators No.l and No.2 (4) and mash heater No.2
(3) is directed to the distillate collector (6). The mash
distillate from the collector is fed onto the 33rd tray
(feeding tray) of the HC (9). In the HC, the process of
separating alcohol from main and partially final
impurities takes place. The alcohol-water vapor is
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condensed in HC deflegmators No.1 and No.2 (11). The
remaining non-condensable vapor is condensed in the
HC condenser (12) and trap (13). The condensate from
the HC deflegmators is directed as reflux to the HC. The
condensate from the HC condenser undergoes alcohol
extraction, which is directed to the distillate tank (43).

The cleared of major and partially final impurities
epurate is directed to the epurate's tank (14), from where
it is fed onto the 15th tray (feeding tray) of the
rectification column RC (15). The RC is equipped with
deflegmators No.l, No.2, and No.3 (17, 18) and a
condenser (19), where the process of vapor condensation
exiting the top of the column takes place. From the
condenser (19), the selection of unpasteurized alcohol
occurs, which is directed to the upper part of the
rectification column HC (9). The remaining non-
condensed vapor is captured by the trap of the
rectification column (20).

The rectified (pasteurized) alcohol is collected from
trays 5, 7,9, and 11 counting from the top of the RC and
fed onto the feeding tray of the methanol column MeC
(23), equipped with deflegmators No.1 and No.2 (26), a
condenser (27), and a trap (28).

In the MeC, residual main and partially final
impurities are separated from the rectified alcohol (upper
fraction) in an amount of 1% of the alcohol introduced
into the column, which is directed to the HC (9). The
lower fraction, consisting of 3—4%, is directed to the
epurate’s receiver.

The rectified alcohol is collected from trays 18-20
of the MeC and, through alcohol coolers (29,30), a
dephlegmator (31), and a flow meter (32), enters the
alcohol receiving section.

Intermediate impurities are removed from the RC in
the form of two products: fusel fraction, collected from
trays 6, 7, 8, and 9 counting from the bottom of the
column, and fusel alcohol, collected from trays 19, 21,
and 25 counting from the bottom.

The fusel fraction, distillates from the MC
condenser (7), MC trap (8), MC trap (13), HK condenser
(12), RC trap (20), and from the condenser of fusel
alcohol (21), are pumped through the distillate tank (43)
onto the feeding tray (30th tray) of the impurity
concentration column (ICC) (33). The concentration of
major and intermediate impurities occurs in its upper
part. The vapor exiting the ICC is condensed in
deflegmators No.l and No.2 (35), a condenser (36), and
a trap (37), resulting in a heterogeneous mixture
consisting of esters, aldehydes, fusel oil and water. The
alcohol-water mixture, with a concentration of alcohol of
5-7% and freed from the main mass of impurities, exits
the bottom part of the ICC (33) and is directed to the
"zero" column (ZC) (41). The condensate from the
deflegmator (35) is directed for separation in the
decanter of the ICC (38). The upper layer is removed
from the unit as a by-product of rectification-concentrate
of ester-fusel (CEF) into the CEF tank, while the lower
layer, along with the reflux, is directed for refluxing into
the ICC.
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Fig. 3. Apparatus-technological scheme of the rectification unit operating under vacuum
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The cube liquid from the cube section of the ICC is
fed onto the 16th tray (feeding tray) of the ZC (41).
Alcohol is extracted from trays 64, 66, and 68 of the
ZC and collected in the epurate’s tank. The top
impurities are extracted from the ZC deflegmator (59)
and trap (61) and directed to the CEF tank.

Fig. 4. Sampling zones

Figure 4 shows the sampling zones for determining
the concentrations of volatile alcohol impurities.
During the experiment, each control point of the unit
underwent triple determination of the concentration of
organic alcohol impurities. This approach involved
conducting three independent measurements for each
point to ensure accuracy and reliability of the obtained
data. Subsequently, the average concentration value
was calculated for each point, forming the basis for
further analysis of the results. This measurement
approach helped to reduce the influence of random
factors and ensure the reliability of the experimental
results.

Results of the research and their discussion

The study investigated the influence of stillage
filtrate on the synthesis of volatile impurities in the
process of fermentation, followed by their removal
from the rectification unit.

The results showed that the impact of stillage
filtrate on the synthesis of volatile impurities during
fermentation significantly alters the characteristics of
fermented mash, which is subsequently subjected to
rectification. Specifically, the use of stillage filtrate led
to an increase in the concentration of certain volatile
organic compounds in the fermented mash, as
confirmed by gas chromatographic analysis results.
This may have a significant impact on the quality and
complexity of obtaining rectified ethanol. Thus, the use
of stillage filtrate requires additional control and
optimization measures in the rectification process to
ensure high product quality [19-21].

Corn with a starch content of 68.1% was used as
the raw material, with mash concentrations of dry
matter at 18%, 20%, and 22%. Stillage filtrate was
obtained by centrifuging native stillage on an OS-6M
centrifuge. The concentration of suspended solids did
not exceed 1%. The experiments were conducted for
the complete used of stillage filtrate, the quantity of
which depended on the concentration of dry matter in
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the mash, the alcohol concentration in the fermented
mash, and the mash distillate. Considering previous
studies, stillage filtrate was introduced based on these
factors from colculation of 60%, 70%, and 80% of the
total water volume for six recirculation cycles.

Liquefaction was carried out step by step
according to previously determined technological
parameters, using a complex of enzyme preparations:
a-amylase — Amylex A3 - 0.25 U/g of starch,
proteolytic enzyme preparation Alphalase AFP at a rate
of 0.035 U/g of raw material with an exposure of
30 minutes at a temperature of 55-57°C, followed by
an increase in temperature to 65-70°C with an
exposure of 120 minutes and final thinning at a
temperature of 90°C for 60 minutes in the presence of
thermostable a-amylase Tegamyl HS 77 L (0.25 U/g of
starch). The mash was cooled to 32 °C, then the
enzyme preparation Tegamyl GA 400 L was added at a
rate of 6 U/g of starch, and fermentation was carried
out for 72 hours with Sacch.cerevisiae yeast DO-11.

Table 1 shows the composition of impurities in
ethanol depending on the quantity of stillage filtrate.
Figure 5 illustrates the influence of the quantity of
stillage filtrate and the cycles of its recirculation on the
biosynthesis of volatile organic compounds. Figure 6
shows the effect of stillage filtrate on the concentration
of fusel alcohols.

The concentration of acetaldehyde during the use
of stillage filtrate at the stage of mash preparation
decreases in all cases compared to the control by 4.15;
1.22; and 3.00 times depending on the concentration of
dry matter in the mash and the quantity of stillage
filtrate.

The synthesis of ethyl acetate decreases in all
cases, with the most significant decrease observed at a
dry matter concentration of 18% and the use of 80%
stillage filtrate. An increase in dry matter in the mash
tends to increase the concentration of ethyl acetate.

The total ester concentration ranges: at a dry matter
concentration of 18-20% and the use of 80-70%
stillage filtrate, it decreases by 2—3.5%, while at a dry
matter concentration of 22% and the use of 60%
stillage filtrate, it increases by 4.5%.

The total higher alcohols concentration remains
almost unchanged regardless of the stillage filtrate
concentration and dry matter content in the mash, and
is within the experimental error.

The concentration of methanol increases by 2.00;
1.67 and 1.14 times at mash dry matter concentrations
of 18%, 20%, and 22%, respectively, and with the use
of 80%, 70%, and 60% stillage filtrate at the mash
preparation stage, respectively.

With an increase in the number of stillage filtrate
recirculation cycles up to six, the concentration of
acetaldehyde increases by 1.67 times with 30% stillage
filtrate and by 3.20 times with 60% stillage filtrate
compared to the control.
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Table 1 — Concentration of volatile organic impurities in the mash distillate at different quantities of
stillage filtrate and dry matter at the stage of mash preparation

Concentration of dry matter in the mash, %
Ne Organic implslrities, 18.0 20.0 22.0
B mg/dm 80% stillage 70% stillage 60% stillage
& Control filtrate & Control filtrate & Control filtrate &
1 2 3 4 5 6 7 8
1 Acetaldehyde 10.8£1.08 2.6£0.39 7.4+£1.11 2.3+0.34 3.3+0.5 1.1+0.16
2 2-propanol <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
3 1-propanol 20.7+£2.07 50.4+5.04 36.9+3.69 50.9+5.09 24.74+2.47 50.0+5.00
4 Isobutanol 62.1+6.21 49.24+4.92 64.4+6.44 63.8+6.38 73.5+7.35 62.1+6.21
5 Butanol 0.620.12 0.7+0.14 0.60.12 0.7+0.14 0.7+0.14 0.9£0.18
6 isoamyl alcohol 310.5 273.2 313.0 319.8 502.1 497.9
+31.05 +27.32 +31.30 +31.98 +50.21 +49.79
7 total of  higher 494.0 497.8 495.2 505.4 501.2 505.1
alcohols +49.40 +49.78 +49.52 +50.54 +50.12 +50.51
8 Ethyl acetate 14.6+1.46 9.7+£1.45 12.8+1.28 10.8+1.08 14.8+1.48 14.7+1.47
9 Isoamyl acetate 1.0£0.15 1.0£0.15 0.9£0.18 1.1+0.16 1.7£0.25 1.7+0.25
10 | Ethyl lactate 0.6+0.12 2.0+£0.30 0.7+0.14 2.0£0.30 0.6+0.12 1.540.22
11 Ethyl octanoate <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
12 | total of esters 16.2+1.62 12.8+1.28 14.5+1.45 14.0+1.40 17.3£1.73 18.1+1.81
13 | methanol. % vol 0.0004 0.0008 0.0006 0.0007 0.0007 0.0008
’ ’ +0.0008 +0.0016 +0.0012 +0.0014 +0.0014 +0.0016
14 | Acetone <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
15 1-hexanol <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
16 | 2-phenylethanol 50.5+5.05 58.8+5.88 50.2+5.02 56.6+5.66 50.5+5.05 54.2+5.42
Reliability is — P=0.95.
g 18 - & 300
S | 1 B2s0 { M N
= 14 K =l & Pty ‘qu -
g o200 RN RN 5 =
g 10 ST 1\ I NI I N
§ 8 || § 150 N N N \ \
= = = 4
S . ? 137N N N NN
2 ] Ao 0 TERET BN W o N R
0 F‘i ; i H E i 0 . . E % . % .
1 2 3 4 5 6 1 2 3 4 5 6
Number of cycles Number of cycles
Bacetaldehyde (30%) Dacetaldehyde (60%) B isoamyl alcohol (30%) B isoamyl alcohol (60%)
Uethyl acetate (30%) I ethyl acetate (60%) Oisobutyl alcohol (30%) Disobutyl alcohol (60%)

Fig. 5. Concentration of volatile organic impurities (main ones)
depending on the quantity of stillage filtrate and the number of its
recirculation cycles.

The concentration of ethyl acetate increases in all
cases and up to the sixth cycle, it increases by 2.37 and
2.77 times with the use of 30% and 60% stillage
filtrate, respectively.

The total ester concentration increases by 2.33 and
2.92 times when replacing 30% and 60% of artesian
water with stillage filtrate on the sixth recirculation
cycle, respectively.

The concentration of isoamyl alcohol on the sixth
cycle decreases by 1.17 times when the quantity of
stillage filtrate (SF) is 30%, and by 1.70 times when it
is 60% of SF. The concentration of isobutyl alcohol
when using 30% SF remains almost unchanged and is
within the experimental error, whereas with 60% SF on
the sixth cycle, it decreases by 1.8 times.
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Fig. 6. Concentration of fusel alcohols depending on the quantity
of stillage filtrate and the number of its use cycles.

With an increase in the use cycles of stillage
filtrate, the total sum of higher alcohols gradually
decreases and on the sixth cycle decreases:

- when using 30% SF by 1.13 times;

- when using 60% SF by 1.65 times.

The concentration of methyl alcohol decreases on
average by 1.5 times, regardless of the cycles of
stillage filtrate use.

To obtain high-quality rectified alcohol, it is
necessary to establish an appropriate mode of operation
for the rectification column.

Conclusion

57

The use of stillage filtrate at the stage of mash
preparation not only reduces the consumption of
process water but also slows down the synthesis of
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acetaldehyde and higher alcohols during fermentation.  alcohol impurities from zones of their maximum
With repeated use of stillage filtrate at the stage of concentration in the following quantities:

mash preparation, the concentration of acetaldehyde - Condenser separator of the fermented mash:
and esters increases, while the synthesis of higher 2.5-3.0% from AA (absolut alcohol);

alcohols decreases. Therefore, when using stillage - Condenser MC: 5.0% from AA,;

filtrate, it is advisable during the production of high- - FGES: 6.0% from AA;

quality alcohol to ensure the selection of accompanying - Fusel fraction: 4.0% from AA;

20.

21.

- Fusel alcohol: 1.0-1.5% from AA.
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*Kadezpa ynpapiiHHs IHHOBALIHHOO JisNBHICTIO Ta c)eporo MOCIyT

TepHOMUIBECEKOTO IepKaBHOTO TEXHIYHOTO yHIBepcHUTeTy iMeHi [Bana [Tymros

xopmyc Ne 7, MukynnHerpka, 46, M. TepHomins, 46005

AHoTanis. Mera IaHOTO JOCTIIPKEHHS HOJISITAa€ y BH3HA4YCHHI BIUIMBY (QUIBTpaTy GapAu Ha CHHTE3 JIETKHX JOMIIIOK
CIHPTY 3 HOJAIBIIMM iX BHBEAEHHSAM depe3 mporec pekrudikamii Ha OparopexTu¢ikamiiiHiii ycTaHOBII, SKa Ipamioe B
eHepro30epiraloyoMy pEeXHMi Wil THCKOM HIDKYMM 3a arMmocdepHuid. JIOCHIDKEHHS INPOBOAMIOCS Ha Jep>KaBHOMY
nignpuemctsi (mani — A1) "KosniBcpkuii cimpT3aBon”, M0 po3TalioBaHui 3a aapecoro: TepHominschka 00:1., KoziBerkuil p-H,
cenuine Micbkoro tummy KosmiB, i3 BUKOPHCTaHHSAM ra3oxXpoMaTorpadiyHoro MeToay BU3HAYaHHS BMICTY MIKPOKOMIIOHEHTIB
(ameranpreriny, METaHONy, KOMIIOHCHTIB CHBYIIHOTO Macja, eCTepiB) 3 BHKOPHUCTAHHAM KAMmiJLIPHUX KOJIOHOK.
Bparopexruikarniitna ycTaHOBKa BKIIFOUa€ B ceOe pi3HI KOMIIOHEHTH, TaKi K OpakHa KOJIOHA, eMIopaliiiHa KOJIOHA, COUPTOBA
KOJIOHA, PO3TiHHAa KOJIOHA, KOJOHA KiHIIEBOI OYMCTKM Ta "HynboBa" KOJNOHA. Y TPOIeCi IOCTiKeHHS Oyl BUBYEHI
TEXHOJIOT1YHI IapaMeTpH poOOTH KOXKHOTO KOMIIOHEHTA YCTAaHOBKH, a TAaKOX BH3HAUeHA KOHIIEHTPALlisl OPTraHiYHUX JOMIIIOK
CIHMPTY Ha pI3HUX erTamax. Pe3ynpraTd IbOrO  JOCITIDKEHHS JO3BOJSIIOTH  ITOKPALIUTH  e(EKTHBHICTE pPOOOTH
OparopekTH(ikamiiHOI yCTaHOBKHM, IO Ma€ BAaXIMBE 3HA4YEHHS B IIpoleci BHpOOHMITBA crnuUpTy. byam nposeneHi
JNOCHI/DKEHHST Ta OTPUMaHHI pe3yJdbTaTH BIUIMBY (inbTpary OapAu Ha CHHTE3 JICTKAX JOMILIOK CIUPTYy B Hporeci
30pomKyBaHHs. JocTiKeHHS MPOBOIWINCS NP MMOBHOMY BUKOPUCTaHHI (ibTpary OapAu Ha cTajii MPUTOTYBaHHS 3amicy
¢depmenTyrodoro cyoctpaty. [lpum mpoMy cycmo Oyno 3 pi3HOIO KOHIEHTpaLi€ro cyxux pedoBuH. Dimprpar Oapmu Oys
OTPUMaHHH 32 JONOMOTOI0 IEHTPU(YTYBaHHS HATUBHOI Oapnu, 1 HOTO KOHIICHTpAIlis 3aBHCIMX PEYOBUH HE MEPEBHIIYBala
1%. Y poGoti Gyi10 BUBUCHO BIUTUB KIJIBKOCTI (ibTpaTy Gapan Ta KUTBKOCTI IUKIIIB HOTO penUpKyYIILil Ha Oi0CHHTE3 JIETKHX
OpTaHiYHUX CIIOJNYK ITiJ 9ac 30poKyBaHHs. Pe3ynbpraTu ocniKeHb MoKa3ally, 10 BUKOPUCTaHHS (iabTpaTy 6apau Ha crauii
MIPUTOTYBAHHS 3aMicy ()epMEHTYIOHYOro CyOCTpaTy CIpHs€ 3MEHIIEHHIO BUTpPAT TEXHOJIOTIYHOI BOJM 1 CHOBUIBHIOE CHHTE3
areTaJbJeTily Ta BHIIUX CIHUPTIB y mpoueci 6poxinus. [Ipu GaratopazoBoMy BHKOpPHCTaHHI (iNbTpaTy OapIu 3MiHIOETHCS
MpoIleC CHHTE3y, SAKUH BIUIMBAE HA KOHIIGHTPAIIO JIETKHX OPTaHIYHHUX CIIOJNYK B 3pimiii Opaxmi. Llelt BB HeoOXimHO
BpPaxOBYBAaTH NpU BUOOpI peXuMiB poOOTH OparopekTudikamiiHoi ycraHoBKH. OTxe, Ui OTPHUMAHHS BHCOKOSKICHOTO
pexTH(}IKOBAaHOTO CHHUPTY HEOOXIMHO HANArOAWTH BiAMOBITHUI pPEXHUM pPOOOTH OparopeKTU(IKAIIHHOI YCTAHOBKH Ta
BpaxoOBYBATH BILIHB QiIBTpaTy Oapau Ha mporec 30pOKyBaHHS.

KurouoBi ciioBa: 6apaa, ¢pineTpar 6apau, Cyxi pedoBHHH, JIETKI JTOMIIIKH, peKTH(IKALiS.
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