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Abstract. Alternation of the stages of vapour supply and liquid
overflow allows intensifying the mass transfer between the liquid and the
vapour and reducing the specific consumption of heating steam when
separating multicomponent mixtures. Known methods and models have
not become widely used. This is explained by no mass transfer in the
vapour supply stage, fluctuations in the steam pressure in the collector,
the complexity of construction principles supposed to ensure the cyclic
mode, etc. The authors have suggested a rectification technology that
involves cyclic motion of the liquid without interrupting the supply of
heating steam, and designed a rectification column for this technology.
The purpose of the work was to study how effective the technology is
when distilling alcohol-containing fractions and to establish the specific
steam flow rate in the rectification column. To ensure the cyclic mode,
the column was equipped with movable weirs connected to actuating
mechanisms that acted according to the controller programme, and with
perforated (scale-shaped) trays, or plates. The primary task was to
determine the hydrodynamic mode of operation of the contact devices —
the lower and the upper critical vapour velocities, at which the liquid
remains on the plates and drop entrainment takes place. It has been
established that the vapour velocity in the free section of the column can
be 1.2 m/s or more, and in the perforations, it must exceed the first critical
velocity 6.5-7.5 m/s. The downflow of the liquid occurs when the vapour
velocity in the perforations is 1.5-1 m/s. The research was carried out in
the industrial environment of the Chudniv branch of the State Enterprise
Zhytomyr liquor and vodka distillery factory. It has been experimentally
proved that in the course of rectification of alcohol-containing fractions,
the main impurities are removed completely, the extraction of higher
fusel-oil alcohols and of methanol increases by 38% and by 15.6%,
respectively, the concentration multiplicity of the main impurities
increases by 25%, that of higher alcohols by 40%, of methanol by 34%,
of acrolein by 36%. The heating steam consumption is reduced by 30%,
compared to that in typical installations, and does not exceed 13 kg/dal of
absolute alcohol introduced with the feed. When the bottom liquid of the
fractionating column is cleared from the key impurities, it can be used for
hydroselection in the purifying column.

Key words: cyclic rectification, volatile impurities, heating steam,
bottom liquid, rectification column.

Introduction. Formulation of the problem

technological characteristics of rectification plants. A

Industrialised nations are energy-dependent on
suppliers of natural gas and oil, and, thus, have to search
for alternative energy sources. One of these is ethyl
alcohol (bioethanol). To make bioethanol competitive
with hydrocarbon energy resources, it is necessary to
develop and introduce innovative resource-and-energy-
saving technologies, and to improve the operational and
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promising direction to solve this problem is using the non-
stationary (cyclic) mode of operation of the plants, which
is based on alternation of the stages of vapour supply and
liquid overflow.

Analysis of recent research and publications

As early as in the 1960-1970s, researchers started
studying the physico-chemical conditions  of
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fractionating multicomponent systems in the mode of
controlled rectification cycles, developing, based on
the laws of thermodynamics, rational methods of
designing multicycle rectification columns, computer
modelling of liquid holdup and overflow cycles. The
problems of intensification of mass transfer between
the liquid and the vapour, and reduction of specific
steam flow rate by periodically changing the mode
parameters were considered in the works by
McWhirter and Cannon (1961), Sommerfield, Chien,
Robinson, and Engel (1966), Schrodt (1976), Gelperin
(1976), Baron (1980-1981), Furzer, Thompson,
Szonyi, Anton Kiss, Matsubara (1985), and others. The
authors managed to achieve a 48% increase in the
vapour load, with the constant pressure difference,
making no structural changes in the column. Besides,
they doubled the capacity of the installation with
bubble-cap plates, compared to the typical one, at the
same degree of separation, developed a hydrodynamic
rectification model with alternate phase motion,
presented the theory of stepwise periodic distillation (a
new periodic operating mode where the liquid flow
was manipulated through pulsations of the vapour flow
rate), and suggested a new tray design consisting of a
traditional sieve plate with a special inclined surface to
slow down the liquid overflow [1].

In recent years, a rise in energy prices has resulted
in more interest to studying cyclic distillation in
Ukraine, too. At the National University of Food
Technology, special valve contact devices have been
proposed to provide controlled cycles of liquid holdup
and overflow [2,3]. Pilot testing of the devices showed
a 30% reduction of the specific heating steam
consumption in cyclic rectification column compared
to the conventional ones. However, they have some
disadvantages. The operation of their overflow devices
depends on the vapour pressure, a rectification column
is limited in height, there is a need to install
intermediate plates, a delay impulse can appear when
opening and closing the movable weirs, etc.

Despite the positive results of the experimental
studies, and though the benefits of cyclic rectification
have been validated by mathematical modelling, the
above methods and models are not widely used. The
absence of mass transfer at the vapour supply stage,
and steam pressure fluctuations in the collector, bottom
section, and reflux condenser (dephlegmator) of the
rectification column affect the quality of the final
product and the operation of other columns. And the
complexity of the suggested design solutions to ensure
the cyclic operation reduces the reliability of the
rectification equipment.

To eliminate the above disadvantages and thus
improve the mass transfer efficiency, a method of
controlled rectification was suggested. It provides
periodic (cyclic) motion of the liquid after its holdup at
the contact stages, with continuous supply of heating
steam to the bottom section of the column. For the
cyclic motion of the liquid on the plates of the column,
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the steam flow is cut at each plate by means of valves
(weirs) located on the bypass conduits [4]. According
to the authors, at the stages when the respective valves
are opened and the steam is directed along the
respective bypass conduits, this technical solution can
ensure the periodic motion (dumping) of the liquid on
the plates and prevent its mixing with the portions of
the liquid on the nearest plates below

However, the method was not put in practice
because, at the moment of opening the valves, the
vapour flowed not only along the bypass conduits but
also through the slits in the upper plates, which
complicated the liquid downflow onto the lower plates.

The purpose of the work was to improve the
cyclic rectification technology, to design a distillation
column that ensures the cyclic motion of the liquid
with continuous vapour supply, to study the
effectiveness of the innovative technology in
rectification of alcohol-containing fractions, to
determine the rectification column’s optimum
operational modes, specific steam consumption, degree
of extraction, and concentration multiplicity of volatile
impurities of alcohol.

To achieve this purpose and run production tests,
the primary task was to determine the hydrodynamic
operation mode of the scale-shaped and sieve dumping
trays to ensure their cyclic action:

1. To establish the working range of vapour
velocity in the free section of the rectification column
and in the slits (holes) of the plates — the lower limit
where the liquid stops flowing down from the upper
plate to the lower one, and the upper limit where liquid
is entrained to the upper plates.

2. To determine the vapour velocity in the slits
(holes) of the plates, at which there is an intense
dumping of the liquid from the upper plates to the
lower ones.

Research materials and methods

105

The objects of study were the experimental
rectification column, the feed distillate cuts, the bottom
water-alcohol liquid, the experimental samples of the
liquid from the 2", 6™, 11% 17" and 26™ plates, the
reflux liquid, and the ester-fusel concentrate. The water
temperature in the collector and after the reflux
condenser was determined with TRP1-3-Pt100 sensors.
The liquid flows were controlled with liquid
flowmeters RM.

The ethyl alcohol concentration was determined
by the pycnometric method according to (State
Standard of Ukrain) 7457:2013 with a liquid
pycnometer PZh2 after distilling the water-alcohol
solutions. The mass concentrations were measured:
that of aldehydes by means of the reaction with fuchsin
sulphurous reagent I; of fusel oil by the method based
on the reaction of higher alcohols with salicylic
aldehyde solution in the presence of sulphuric acid; of
free acids by the amount of sodium hydroxide solution
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spent on titration; of complex esters titrimetrically after
saponifying them with sodium hydroxide solution. The
volume fraction of methyl alcohol was determined by
the method based on methanol oxidation with
potassium permanganate and sulphuric acid to form
formaldehyde, which, in turn, is colour-forming with
fuchsin sulphurous agent Il according to DSTU
4222:2003.

To determine the chemical composition of the test
samples, a gas chromatograph with a HP FFAP column

(50 m x 0.32 m) was used. The analysis was performed
according to DSTU 4222:2003.

The research was carried out in the industrial
environment of the Chudniv branch of the State
Enterprise Zhytomyr liquor and vodka distillery
factory. The equipment and process flow diagram of
rectification of alcohol-containing fractions is
presented in Fig. 1.
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Fig. 1. The equipment and process flow diagram of ethyl alcohol extraction

from alcohol-containing fractions:
1 — water container; 2, 18, 19 - centrifugal pumps; 3, 12, 13, 14, 15 — flowmeters; 4 — vacuum breakers; 5 — evaporator;
6 — rectification column; 7 — pneumatic cylinders; 8 — dephlegmator; 9 — condenser; 10 — alcohol-collecting vessel (spirit trap); 11 — decanter;
16 — hydraulic valve for the bottom WAL; 17 — WAL tank; 20 — alcohol-containing fraction tank
Notation conventions: CW — cooling water; HS — heating steam; DC — distillation column; CDHI — column for deletion of head impurities
(purifying column); C — condensate; WAL — water-alcohol liquid (still bottoms); EFOC — ester and fusel oil concentrate; AC — aldehyde

concentrate; MC — methanol concentrate; RW — residue water
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According to the diagram, the head fraction of
ethyl alcohol, distillate cuts from the condensers of the
distillation column and CO, separator condenser, fusel
alcohol, and the water fraction of fusel oil were to be
introduced on the feed plate of the rectification
column. The installation included the RC 6 equipped
with plates connected to the double-acting pneumatic
cylinders 7 (the upper plates and the lower plates being
connected to the vacuum breakers 4), the evaporator 5,
the condenser 9, the alcohol-collecting vessel 10, the
softened water container 1 for hydroselection, the
intermediate collectors of bottom water-alcoholic
liquid (WAL) 17 and alcohol-containing fractions 20,
the flowmeters 3, 12, 13, 14, and 15, the centrifugal
pumps 2, 18, 19, and the decanter 11.

The experimental RC with a diameter of 630 mm
was equipped with 30 plates with holes with a diameter
of 2.4mm. The clear opening of the plate in the
sparging period was 2.5%, and in the liquid overflow
period, 51.7%. The distance between the plates was
300 mm. All structural elements of the column were
made of stainless steel 12X18H10T. The feed flow, the
flows of water for hydroselection, of the ester and fusel
oil concentrate (EFOC), and of the WAL were
measured by appropriate rotameters. Alcohol-
containing fractions in the amount 135 dm3/h were fed
onto the feed plate of the RC and calculated in terms of
absolute alcohol (a. a.). Of these, the head fraction of
ethyl alcohol was 8.5%, the distillate cuts from the
distillation column condenser 9.4% and from the CO;
separator condenser 3.0%, fusel alcohol 1.5%, water
fraction of fusel oil 1.5% of the a. a. of the brew. The
liquid holdup on the plates lasted 20 s, the overflow
time was 2 s. The pressure in the bottom part of the RC
was 17.5 kPa, in the upper part, 2-5 kPa. The
temperature in the bottom of the column was 102—
103°C, in the upper part, 90-91°C, the temperature of
the cooling water at the condenser inlet was 15°C, at
the outlet after the reflux condenser, 65°C.

Water for hydroselection in the amount of 2400
dm?®h was supplied from the water container 1 through
the flowmeter 3 to the top plate of the column by the
pump 2. The ethyl alcohol concentration on the plates
in the concentration part was 7% vol., and in the
bottom part, 5-6% vol. The alcohol-containing
fractions were heated with the residue water heat in the
tank 20, from where were supplied to the feed plate by
the pump 18. The bottom WAL cleared of the head
volatile impurities and of some intermediate ones was
pumped into the upper zone of the concentration part
of the purifying column by means of the centrifugal
pump 18. The vapour containing volatile impurities
passed from the upper part of the column 6 first into
the dephlegmator 8 and then into the condenser 9. In
the dephlegmator, mainly water and higher alcohols,
and partially esters and ethanol condensed. In the
condenser, low-boiling aldehydes and methanol
condensed, as their vapour had not condensed in the
dephlegmator. The reflux liquid from the dephlegmator
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8 and most of the condensate of the head and tail
impurities from the condenser 9 was sent to the
decanter 11. In the decanter, the heterogeneous mixture
was fractionated, forming the upper layer — EFOC that
contained esters, higher alcohols, and some
aldehydes, — and the lower layer — the water cleared of
the head impurities, some intermediate ones, and the
tail ones. The EFOC was removed from the installation
through the flowmeter 13. The water-alcohol liquid,
which flowed on the top plate of the DC as reflux
liquid, was removed from the lower part of the
decanter. To reduce the concentration of methanol in
the WAL, some of the reflux liquid was removed from
the installation in the form of methanol concentrate
(MC) through the flowmeter 12. From the condenser 8,
aldehyde concentrate (AC) was taken through the
flowmeter 15.

The taking of EFOC was 0.23-0.27% of the
ethanol content in the brew. Of these, the AC/EFOC
ratio was 1:2-1:2.5. MC was taken in cases when the
methanol concentration in WAL exceeded 0.001% vol.

To calculate the degree of extraction (a) and the
concentration multiplicity (B) of wvolatile alcohol
impurities, experimental samples of feed, WAL, reflux
liquid, EFOC, and samples of the liquid from the 2",
6™, 11t 17 and 26 plates of the RC were selected
and chromatographically analysed. Each series of tests
was performed in triplicate. Average values were
selected as the determining ones. The value of (o) was
determined by the ratio of the impurity concentration
in the feed to its concentration in the bottom liquid, (B)
by the ratio of the impurity concentration in the EFOC
to its concentration in the feed by the formulae:

X, X,

where Xg, Xd, Xo — concentrations of alcohol
impurities, respectively, on the feed plate, in the
distillate (EFOC), and in the WAL, mg/dm?,

Results of the research and their discussion

107

To solve the task set, the staff of the Department
of Biotechnology of Fermentation and Winemaking
Products (National University of Food Technologies)
and Ltd. TISER LCC proposed an innovative
technology of controlled rectification, which involves
the cyclic motion of liquid, without interruption of the
heating steam supply, and a design of a rectification
column for the technology [5,6]. The effectiveness of
the technical solutions was determined in the course of
extracting ethanol from alcohol-containing fractions
enriched with organic impurities. For the research, the
experimental rectification column was equipped with
movable overflow devices (weirs) connected to the
actuators that acted according to the controller
programme, and with perforated (scale-shaped) trays,
or plates.
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The efficiency of the cycled operation of the
perforated trays depends on the hydrodynamic modes
that determine the column’s stable operation
boundaries. There are no general methods to calculate
the boundaries of hydrodynamic modes for bubble
trays. That is why, when designing the devices with
trays, it was necessary to calculate the vapour velocity
corresponding to the lower and upper limits of a tray’s
operation, and then to determine the working velocities
of vapour in the free section of the column and in the
slits of the trays. The lower limit corresponded to the
vapour velocity at which the dumping of the liquid
from the plate stopped. The upper limit corresponded
to the vapour velocity at which the liquid was entrained
onto the upper plate. In this case, the phase contact
area decreased sharply. Such plates are called versatile,
or varying cross-section plates. Many studies have
been devoted to determining the conditions under
which sparging takes place on the plates (the liquid is
retained on the plate), and the ones under which the
liquid overflows through the overflow openings and
dumps through the slits of the contact devices [7-14].
To make it impossible that the liquid be entrained to
the top plate, the vapour velocity in the free section of
the column equipped with sieve plates should not
exceed 0.7 m/s. In the holes, the vapour velocity at

which the liquid is retained on the plate is 4-5.5 m/s.
When using perforated plates with the optimum flow
section 10%, the vapour velocity in the free cross-
section of the column can be 1.2 m/s or more, and in
the perforations of the scales, it must exceed the first
critical velocity 6.5-7.5 m/s. The liquid dumping
occurs when the vapour velocity in the perforations is
1.5-1 m/s [15,186].

The differentiated selection of alcohol impurities
from the places of their maximum accumulation and
regulating their ratio autonomously depending on the
feed’s qualitative composition allowed increasing the
efficiency of rectification [17]. The reflux liquid from
the dephlegmator and the condensate from the
condenser were directed to the decanter to separate the
heterogeneous mixture, and the water-alcohol mixture
was additionally selected from the lower part of the
decanter. This helped reduce in the bottom liquid the
content of the tail impurities, some of the head and
intermediate ones, and the atypical impurities
(methanol, acetaldehyde, n-propyl and isopropyl
alcohols, crotonaldehyde, acrolein), as well as esters
(methyl acetate, ethyl acetate, ethyl formate, and ethyl
butyrate). As a result, the quality of rectified alcohol
improved. The results of the chromatographic analysis
of the test samples are given in Table 1.

Table 1 — The distribution of volatile organic impurities of alcohol along the height of the RC

Name of the _ Contertation, mg/dm? (in terms of a. a.)
impurity Distillate | Bottom The plate number R_efll_Jx EFOC
cuts WAL 2 6 11 17 26 liquid

acetaldehyde 605.1 traces traces 2.6 3.3 5.3 16.7 12304.2 13591.2
methyl acetate 32.3 traces traces | traces | traces traces traces 756.1 770.8
ethyl acetate 509.4 traces traces 4.7 8.3 18.6 traces 14448.9 15344.4
isobutyl acetate 14.6 traces traces | traces | traces 9.1 47.5 122.9 137.2
isoamyl acetate 81.4 traces traces | traces | traces traces traces 1573.2 1652.9
isopropyl alcohol 2.0 traces traces | traces 1.0 4.4 12.5 47.7 42.2
n-propanol 10063.8 1080.3 | 1419.3 | 2331.1 | 4894.4 | 8035.3 6254.5 49045.5 53570.4
isobutanol 6851.2 6.5 7.6 479 3475 1749.3 6718.3 | 218161.5 | 204757.3
n-butanol 36.1 traces 5.4 8.6 23.4 24.1 28.7 4224 379.9
isoamylol 10354.8 7.1 8.0 156.7 731.9 1672.4 8531.7 | 211033.0 | 203311.7
n-pentanol traces traces traces | traces | traces traces traces 12.3 17.4
acrolein 25.9 traces traces | traces | traces traces traces 446.9 447.6
crotonaldehyde traces traces traces | traces | traces traces traces 121.8 136.7
Aldehydes 605.1 traces traces 2.6 3.3 5.3 16.7 12304.2 13591.2
Esters 637.7 traces traces 4.7 8.3 21.7 47.5 16901.1 17905.2
Fusel oil 27307.9 1093.9 | 1440.2 | 2544.4 | 5998.2 | 114854 | 21545.6 | 4787125 | 462078.9
Methanol, % vol. 0.026 0.001 0.001 0.002 0.004 0.003 0.005 2.9 2.1
Ethanol, % vol. 82.0 5.4 10.0 13.0 13.0 12.4 7.0 65.0 68.0
Atypical 25.9 traces traces | traces | traces traces traces 446.9 447.6

The analysis of the experimental data of Table 1
has shown that controlled cycled rectification of
alcohol-containing intermediates and brew rectification
products allows effectively removing not only the head
impurities of alcohol, but also the intermediate and tail
ones. Under these preset conditions, aldehydes
(acetaldehyde), esters (methyl acetate, ethyl acetate,
isobutyl acetate, isoamyl acetate), atypical impurities
(acrolein, crotonaldehyde), n-pentanol, and isopropyl
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alcohol are completely removed. It is known from
practice that isopropanol is one of the volatile
impurities that is most difficult to separate from
ethanol. So, its content in the final product
characterises the efficiency of the rectification plant.
The isopropanol concentration in commercial alcohol
should not exceed 1.5 mg/dm?.

Among the esters, ethyl acetate had the highest
concentration multiplicity, and isobutyl acetate had the
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lowest. Of the higher fusel alcohols, isobutanol was
most effectively concentrated, and n-propanol had the
lowest recovery rate and concentration multiplicity.
During the rectification, the ethanol concentration on
the plates of the column did not exceed 13% vol.The
predicted values of (a) and (B) for aldehydes, esters,
higher fusel alcohols, methanol, and atypical alcohol
impurities  (acrolein) during typical and cyclic
rectification are given in Table 2.

The analysis of the data from Table 2 shows the
advantages of cyclic rectification. It has been
experimentally proved that in the course of
rectification of alcohol-containing fractions, aldehydes,
esters (head impurities), and acrolein are completely
removed. But the extraction rate (o) of higher fusel
alcohols (upper intermediate impurities) increased by
38%, and that of methanol, by 15.6%. The
concentration multiplicity (B) of the head impurities
increased by 25%, of higher alcohols, by 40%, of
methanol, by 34%, of acrolein, by 36%.

Table 2 — The degree of extraction (o) and the
concentration multiplicity (p) of impurities of
alcohol during typical and cyclic rectification

Name of Conventional Cyclic

the distillation distillation

impurity o B a B
Aldehydes | 86.4 | 16.9 max 22.5
Esters 79.7 21.1 max 28.1
Fusel oil 21.1 10.0 25.0 16.9
Methanol 16.2 | 67.4 26.0 102.3
Acrolein 64.7 11.2 max 17.4

After including the RC in the scheme of the brew-
rectification plant, the output of rectified ethanol
increased by 3.5-3.7%. Its characteristics met the
requirements for the alcohol variety Lux according to
DSTU 4221:2003, and those of the EFOC met the
requirements of TU U (Technical Specifications of
Ukraine) 24.6-30219014-004:2005.

The heating steam consumption in the process of
rectification was determined basing on the heat
balance, by the water spent on cooling and by its
temperature on entering the condenser and on leaving
the dephlegmator of the RC. It was found that, in the
conditions of cyclic distillation, the heating steam
consumption decreased by 30% compared to
conventional plants, and did not exceed 13 kg/dal of
a.a. supplied with the feed.

It has been proved that for effective separation of
the mixture in the mode of controlled cycles of liquid
holdup and overflow in the DC, it is sufficient to install
the 30 contact devices mentioned above.

From the experience of operating the DC, it is
known that WAL is usually returned to be re-rectified,

namely, onto the top plate of the rectification
column [18]. This is due to the fact that conventional
rectification does not always completely clear the
residue of the key organic impurities that are later
concentrated during rectification and impair the
rectified ethanol quality. That is why, rectification
plants equipped with typical RCs require increased
heating steam consumption to produce a high quality
final product.

The suggested cyclic rectification technology
allows obtaining bottom WAL as free from alcohol
impurities as possible. Under these rectfication
conditions, the total amount of impurities in the bottom
liquid decreases by 94-96% of their concentration in
the feed. It is practical to use such WAL for
hydroselection of impurities in the purifying column.
The technical solution reduces the hot softened water
spent on hydroselection and the heating steam spent to
distill the brew. It also prevents the concentration of
organic impurities in the brew-rectification plant.

Approbation of results. The innovative cyclic
rectification technology has been introduced at the
Chudnovsky and Lopatinsky alcohol plants in Ukraine.
The results of the research can be used to produce
bioethanol, and to obtain fuel and oils in the course of
oil refining.

Conclusion

The results of the production research have proved
the advantages of cyclic rectification over the typical
one. The authors have improved the cyclic rectification
technology that involves periodic motion of the liquid
on the plates with continuous vapour supply, suggested
a design of a cyclic-action rectification column, and
established the optimum technological parameters of
its operation in the process of extracting alcohol from
alcohol-containing fractions. It has been found that in
cyclic rectification, the heating steam consumption is
reduced by 30% compared to typical installations, and
does not exceed 13 kg/dal of a. a. supplied with feed. It
has been proved that during distillation, the head
impurities are removed completely, the degree of
extraction (o)) of higher fusel alcohol increases by 38%,
that of methanol by 15.6%, the concentration
multiplicity (B) of the head impurities increases by
25%, of higher alcohols by 40%, of methanol by 34%,
of acrolein by 36%. The bottom aqueous-alcoholic
liquid cleared of the key volatile impurities can be used
for hydroselection of the impurities in the purifying
column.

A promising area of further research is studying
how efficient the proposed technology will be in brew
distillation and in purification of ethanol.
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! Kagempa 6ioTexHOIOrIT IPOAYKTiB OPOIIHHS i BUHOPOOGCTBA

HauionanbHuii yHiBEpCUTET Xap4OBUX TEXHOJIOTIH, Bya. Boomumupcerka, 68, m. Kuis, Ykpaina, 01601
2Kadepa TeXHONOTi BUHA Ta CEHCOPHOTO aHANI3Y

Onechbka HalliOHaJIbHA aKa/ieMisl XapuoBUX TexHouorii, Byin. KanatHa, 112, M. Ozneca, Ykpaina, 65039

Awnoramisi. [ToueproBa 3MiHa nepioziB NPONYCKaHHs MapH 1 HEPEIUBY PiIMHH 103BOJISE iHTCHCH(IKyBaTH MacoOOMiH
MIDXK PIZIMHOIO 1 Mapoo Ta 3MEHIIUTH UTOMY BHTpAT y IPIIOY0i Mapy B MpoLeci po3AijeHHs 0araTOKOMIIOHEHTHHX CyMIIlIeii.
Bigomi criocodu i Monesi He 3HaWIUIM IIUPOKOro MPAaKTHYHOIO BUKOPUCTAHHS 4Yepe3 BiJCYTHICTh MacoOOMiHY B MapoBHii
nepiof, KOJIMBAHHS THCKY Mapy B KOJIEKTOPI, CKIIAJHICTh KOHCTPYKTHBHHX PillieHb st 3a0€3MeYeHHs UKIIYHOTO PeXUMY Ta
iH. ABTOpaMH 3amporoHOBaHO TEXHONOri0 pekTudikailii, 1o nepeadadae MUKIIYHUN pyX piauHu 0e3 mepeprBaHHs Ioaadqi
rpitoyoi mapy Ta KOHCTPYKII0 pekTudikaiiinoi komoHu s ii 3ailicHenHs. Metoro po6otu 0yio 10ciiHKeHHsT eeKTHBHOCTI
3aIPOIIOHOBAHOI TEXHOJIOTII B POLIECi PO3rOHKK CHMPTOBMICHUX (PpaKiliif i BCTAHOBJICHHSI IUTOMOI BUTPATH TApH B PO3TIiHHII
KoJoHi. JIyist 3a0e3neueHHs LUKITIYHOrO PeXXUMy KOJIOHA Oyiia OCHAllleHa PyXOMHUMHM HEPEIUBHUMH MIPUCTPOSIMH, 3’ €AHAHUMHU
3 [pPUBOAHMMH MEXaHi3MaMH, [is sKUX BigOyBajmacs BIANOBIZHO [0 MPOrpaMd KOHTpoOJepa, Ta MPOBAILHUMH
(myckononiOuuMu) Tapinkamu. [lepioueproBoro 3ama4deto Oyin0 BU3HAYCHHS [iAPOANHAMIYHOIO PEXKUMY POOOTH KOHTAKTHUX
MPUCTPOIB — HIKHBOI 1 BEPXHBOI KPUTUYHOI IIBHIKOCTI MAPH, NPH SKUX PiHHA YTPUMYEThCS Ha Tapilkax Ta BigOyBaeThes ii
Opu3KoBHHIC. BcTaHOBIEHO, IO MIBHAKICTH MAPH Y BITBHOMY Mepepi3i KOJOHU Moxke csraTu 1,2 M/c i Oinblie, a B OTBOpax
JIYCOK TMOBHHHA MEPEBUIILYBATH MEPIIYy KPUTHYHY MIBHAKICTH 6,5—7,5 m/c. [IpoBan pianHu BinOyBaeThCs 3a MIBUAKOCTI MapH B
orBopax 1,0-1,5 m/c. [ocmimkeHHsT TPOBOAUINCH Y BUpoOHU4MX yMmoBax UymniBcbkoi ¢imii AIT «Kutomupcbkuii mikepo-
ropinyanuii 3aBof». EKCliepHMEHTANbHO JOBEACHO, 10 B IMPOLECi PO3TOHKH CIMPTOBMICHMX (Dpakiiif rONOBHI JOMILIKH
BUJIAJISIIOTHCS. B TTOBHIH Mipi, CTYIiHb BUJIy4EHHSI BULIMX CIIUPTiB CUBYIIHOTO Macia 3poctae Ha 38%, meranony — Ha 15,6%,
KpaTHICTh KOHLEHTPYBAHHS TOJIOBHHX IOMIIIOK 30ijbliyeThesi Ha 25%, BUIIMX crupTiB — Ha 40%, metaHony — Ha 34%,
akponeiny — Ha 36%. [Ipu npoMy BUTpaTH Tpitoyuol mapu cKopouyrTbes Ha 30% MOpPIBHSHO 3 THIIOBUMH YCTAHOBKaMH i HE
MepeBHILYIOTh 13 Kr/qan abCOMIOTHOrO alIKOTOJIi0, 10 BBOAUTHCS 3 JKMBICHHSM. 3BIJIbHEHY BiJl KIIFOUOBHX JOMIIIOK KyOOBY
piavHY pO3TiHHOI KOJOHH AOLITFHO BUKOPUCTOBYBATH JIJIsl TIPOBEACHHS T1IPOCENEKI B €MIOpalliifHiil KOIOHI.

KuouoBi ciioBa: 1ukitiuna pexrudikarrisy, JeTKi JOMINIKY, Tpifoya napa, Kyoosa piauHa, pekTr(ikariiHa KoIoHa
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