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Background. In industrial heating processes, scaling is a major problem especially when natural water is used as heat
carrier. The world economic losses due to scaling are estimated to constitute billions of dollars per year, the develop-
ment of efficient, environmentally friendly and cheap approaches for reduction of scaling is an actual task nowadays.
Utilization of agro-food wastes as a renewable source of scale inhibitors for water treatment of cooling water systems is
a promising alternative to the existing approaches.

Objective. Three industry by-products, namely rapeseed pomace, sugar beet pulp and fodder radish cake, have been
tested as scale inhibitors of mild steel in tap water.

Methods. Ethanol extracts were prepared by maceration and the electrochemical approach to study the scale forma-
tion was utilized, based on the measurement of oxygen reduction current during nucleation and formation of calcium
carbonate in the presence of extracts. Scaling time, porosity and area density of the scale was determined and used to
characterize the inhibition efficiency. Chemical compositions of extracts were analysed by GC-MS analysis (gas chro-
matography with mass selective detector by mass selective integration).

Results. The rapeseed pomace extract and fodder radish cake extract at the concentration of 10 mL/L appeared to be
efficient scaling inhibitors. Sugar beet pulp extract increases the crystallization time, however the amount of deposited
scale appeared to be the same as in the tap water.

Conclusions. The scale inhibition is caused mainly by the formation of adsorbed film on the scale nucleus that blocks
the surface and prevent further crystal growth. Natural extracts are a promising source of scale inhibitors due to their

low price, efficiency and environmental safety.
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Introduction

In industrial heating processes, scaling is a ma-
jor problem especially when natural water is used
as heat carrier. The formation of scale layer leads
to the reduction of hydraulic pressure of pipes fol-
lowed by the increase in heat transfer resistance thus
causing extra costs on heating [1], [2]. The world
economic losses due to scaling are estimated to con-
stitute billions of dollars per year, the development
of efficient, environmentally friendly and cheap ap-
proaches for reduction of scaling is an actual task
nowadays.

In industry, scaling problem is typically solved
by several ways [3], [4]. The simplest technique is

regular cleaning of heat exchanging equipment when
heat or pressure loses exceed the set value. Scale
deposits can be cleaned out either mechanically or
chemically. The next approach is based on scaling
prevention by removing hardness salts from heated
water by using ion exchange resins as well as mem-
brane techniques and reversed osmosis. Despite high
efficiency, the utilization of residual salt solutions
is an environmental challenge. The most promising
approach is reagent water treatment when chemical
reagents are added to the water before heating. Add-
ed substances form soluble complexes with hardness
cations (i.e. Ca?*, Mg?) that are stable at high tem-
perature, hence preventing the formation of CaCO,.
An alternative mechanism includes the formation of
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adsorbed layer of inhibitor molecules on the surface
of CaCO, nuclei that prevents further crystal growth.

Polyphosphates are the most common inhibi-
tors in industry [5], [6]. The utilization of tradition-
al scale inhibitors is now limited in the agreement
with the concept of “green” chemistry in the field of
technology, science, and engineering. “12 Principles
of green chemistry” have prompted researchers to
find out some cheap and effective environmental-
ly friendly scale inhibitors. By-products and waste
obtained from food processing (cake and pomace
fruits, vegetables and oilseeds) represent a major dis-
posal problem for the food industry. Consequently,
the factories are focused on diminishing the envi-
ronmental impact of the by-products and recover-
ing “green” organic substances from agro-industrial
residue and food waste. Besides, food waste valorisa-
tion and re-use strategies, rather than conventional
food waste processing (i.e. incineration or compo-
sting), are becoming more and more popular. There
are numerous successful reports about utilizations
of various extracts of plant materials in different
branches of “green” chemical technology. The food
and agricultural products processing industries gen-
erate plenty of by-products which contain non-toxic
organic substances [7]—[17]. Hence exploitation of
agro-food wastes as a renewable source of scale in-
hibitors for water treatment of cooling water systems
is a promising alternative to the existing approaches.

The antiscalant effect of naturally occurring
plant extracts (Azadirachta Indica, Bistorta Officinalis,
Punicagranatum hull and leaf, palm leaves, seaweeds,
Corn stalks, Aloe Vera, Paronychia Argentea, Momor-
dica charantia, Parietaria Officinalis and Spergularia
Rubra) for cooling systems were studied by many
proceedings [18]—[23]. It has been suggested that the
scale inhibition efficiency of such extracts is caused by
involvement of phenolic compounds or polysaccha-
rides. It was shown that some of the organic compo-
nents of radish and rape cake extract are very promi-
sing as individual corrosion and scale inhibitors.

The scale inhibition properties (mechanism) of
the green antiscalant agents can be explained by the
adsorption process. The adsorption could take place
via (i) electrostatic attraction between the charged
particles and the charged chemical constituents of
the extract, (ii) dipole-type interaction between un-
shared electron pairs in the extracted molecules and
growing particles, (iii) m-interaction with particles
and surfaces, and (iv) a combination of all the above.

Problem Statement
The aim of the present research is to investigate

the natural raw materials from food and agricultur-
al industry as potential sources of scale inhibitors.

Three industry by-products, namely rapeseed pom-
ace from the wastes of edible oil production, sugar
beet pulp from the wastes of sugar production and
fodder radish cake, were chosen for natural inhibi-
tors search.

Experimental section
Extract preparation and composition analyses

The extracts were prepared by maceration the
raw material in the ethanol for 24 h. The ethanol
and raw material powder were mixed in the weight
ratio of 1:10. Then resulted mixtures were filtered with
Whatman filter paper to remove their solid contents.

Chemical compositions of extracts were analysed
by GC-MS analysis (gas chromatography coupled
with mass selective detector by mass selective in-
tegration). A gas chromatograph (Shimadzu model
GC 17A) equipped with flame ionization detector
(FID) was operated in the following conditions:
capillary fused silica column (CBP-5) (Ilength, 25 m;
internal diameter of 0.25 mm; film thickness of
0.22 um), temperature of ion source — 280 °C. The
GC—MS operated in the electron impact ionization
mode (EI) at 70 eV. The oven temperature was
programmed as following: the initial temperature of
50 °C was maintained during 2 min, and then in-
creased up to 200 °C with the rate of 10 °C/min and
was kept for 5 min. Next, the temperature was raised
to 250 °C at the rate of 25 °C/min (for 15 min).
Other working conditions included: carrier gas, He
(99.99%), inlet pressure 76 kPa, linear velocity of
20 cm/s; temperature of injector 250 °C; tempera-
ture of detector 310 °C; split ratio 1:25. The relative
contents of the extract components were determined
by the method of internal normalization of the peak
areas without correcting the sensitivity coefficients.
Peak area of each compound was used to determine
its percentage and the sum of the areas of all peaks
was detected in the total ion current (TIC) trace.
The identification and quantification of the com-
pounds were carried out with the use of commercial-
ly available databases: Nist 05 (National Institute of
Standards and Technology, USA) and Mass Finder3
(Dr. Hochmuth, Scientific Consulting, Germany).

Electrochemical measurements

The tap water from the Kyiv distribution system
was utilized in all the experiments. Its composition is
presented in Table 1. The measurements were con-
ducted in a 1L glass beaker filled with tap water and
thermostated at 25+0.5 °C (Fig. 1). A mild steel cylin-
der with a diameter of 6 mm and 30 mm length was
rotated at 500 rpm and served as a working electrode.
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Its surface was prepared by mechanical polishing with
P600 emery paper, degreasing, rinsing with distilled
water and drying in hot air. The counter electrode was
a platinum grid, and a saturated silver chloride elec-
trode (saturated AgCl) was used as a reference one. The
working electrode was polarized at —1.1 V (vs. saturated
AgCl) for 240 min to induce precipitation of calcium
carbonate on its surface. The current-time dependence
was registered concurrently. Each test was run for three
times to ensure reproducibility.

Table 1. Water chemical composition.

Parameter | | Units Value
pH 7.8-8.0
Dissolved Oxygen DO mg/L 6.0
Total Hardness TH mmol/L | 3.9-4.2
Total Alkalinity TA mmol/L | 3.9-4.1
Calcium Ca?* mmol/L | 3.0-3.1
Magnesium Mg?** mmol/L | 0.9-1.1
Chloride Cl- mg/L 18-25
Sulfate SO,* mg/L 30-35
Hydrocarbonate HCO; | mmol/L | 3.2-3.5
Total Dissolved Solids TDS mg/L | 240—260
| L |
[
I
O—HO|
| Q
/,/
A
T
4
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Fig. 1. Polarization apparatus for carbonate electrodeposition
in the presence of natural extracts: (/) Pyrex vessel,
(2) working electrode (mild steel cylinder), (3) counter
electrode (platinum grit), (4) reference electrode
(saturated silver chloride), (5) Luggin capillary, (6) salt
bridge, (7) thermal insulation, (&) direct current source,
(9) potentiostat, (/0) signal converter, (//) computer,
(12) electric motor, (/3) regulated water heater.

Scaling investigation

The electrochemical approach for studying of
the scale formation is based on the measurement
of oxygen reduction current during nucleation and
formation of calcium carbonate. The calcium car-
bonate crystals reduce the electrochemically active
surface area of the electrode [24], [25]. Blocking
properties of the deposits were evaluated by compar-
ison of electrochemical parameters of the modified
and bare electrodes. During the scale formation, the
oxygen reduction current, /I, is decreased propor-
tionally to the reduction of an electrochemically ac-
tive surface area. When the surface is free of any
deposits (shortly after polarization started) the cur-
rent reaches its highest value, [,. After the scaling is
finished the lowest oxygen reduction current value,
1., is achieved. In practice, it was measured at the
end of the I-t curve (240 min of polarization). When
scaling is finished, oxygen reduction can occur on
uncovered areas only or through the pores of the
scale. Hence, the scale porosity SP can be calculated
from the values of /; and [, as:

I
SP= min (1)

0

-100 %

The rate of scaling or scaling time, £, was found
by linear extrapolation of the I-t dependence to zero
current. The crystallization kinetics of CaCO, in the
presence of water extracts was characterized by the
values of f;, SP and ¢.

To determine the mass of the deposited car-
bonates the electrodes were weighted before and af-
ter electrochemical measurements with 0.0001 g ac-
curacy. The mass of the deposits was used to analyze
the results as the area density, mg/cm?.

Results and Discussion
GC-MS analysis of extracts

The GC-MS analysis results of the radish cake
extract (RCE) are given in Table 2. Anthocyani-
dins including pelargonidin (6.9%) and cyanidin
(6.7%), isothiocyanates such as 4-pentenyl isothio-
cyanate (8.3%), 3-(methylthio)propyl isothiocya-
nate (iberverin) (4.2%), 3-butenyl isothiocyanate

(3.9%), 4-methylpentyl isothiocyanate (3.1%),
4-(methylthio)-3-butenyl isothiocyanate (5,2%),
5-(methylthio)pentyl isothiocyanate (berteroin)

(6,9%), 4-(methylthio)butyl isothiocyanate (erucin)
(6,4%), and L-sulforaphane (1.1%) were identi-
fied in RCE. Other compounds including phenolic
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derivatives such as eugenol, vanillic acid, pyrogallol,
and gallic acid, were also detected together with
some fatty acids in substantial amount (8.9 %).

Table 2. Composition of radish cake extract according to
GC-MS analysis.

The GC-MS analysis of sugar beet pulp extract
showed the presence of 6 compounds (Table 4).
The maximum amount of the component present
in sugar beet pulp extract are sophorose (11.2 %)
and sugar acid ((2S,3R,4S,5R)-2,3,4,5-tetrahy-
droxy-6-oxo-hexanoic acid) (36.9 %). These com-

The main compounds extracted from rape cake
are given in Table 3. A series of 18 compounds were
found, including aldehydes, saturated and unsatu-
rated fatty acids, terpenes, ketones, and glycosides.
The major phytocompounds identified in the rape
pomace extract are 4-hydroxy-3,5-dimethoxybenz-
aldehyde (20.5 %), 3',5'-dimethoxyacetophenone
(28.3 %), and (9Z)-octadec-9-enoic acid (12.2 %).
Other 39.7 % of the total compounds were present
by 15 individual compounds.

Name of the component Weight | pounds constitute over 48 % of the total amount of
ratio, % | extract compounds.
3—(Methylth10)p ropyl isothiocyanate 4.2 Table 3. Composition of the rape cake extract according to
(Iberverin) GC-MS analysis
Benzene-1,2,3-triol (Pyrogallol acid) 2.9
3 3 Weight
4-pentenyl 1soth.10cya.1nate 8.3 Name of the component ratio, %
4-methylpentyl isothiocyanate 3.1 Guanosine 104
Undecane 1.9
Sucrose 1.2
2-Methoxy-4-(prop-2-en-1-yl)phenol 2.5 Xanthosine 43
(Eugenol)
4-Hydroxy-3-methoxybenzoic acid 2.8 3,5"-Dimethoxyacetophenone 28.3
(Vanillic acid) 4-Hydroxy-3,5-dimethoxybenzaldehyde 20.5
Dodecanea 1.0 Acetic acid 1.6
3-Butenyl isothiocyanate 3.9 n-Cyclohexyl-4-hydroxybytyramide 1.6
4-(Methylthio)-3-butenyl isothiocyanate 5.2 (9Z,127)-9,12-Octadecadienoic acid 48
4-(Methylthio)butyl isothiocyanate (erucin) 6.4 (Linoleic acid)
3,4,5-Trihydroxybenzoic acid (Gallic acid) 2.7 Hexadecanoic acid (Palmitic acid) 4.1
5-(Methylthio)pentyl isothiocyanate 6.9 (9Z)-Octadec-9-enoicacid (Oleic acid) 12.2
(berteroin) Octadecanoic acid 2.0
1-Isothiocyanato-4-methylsulfinylbutane 1.1 Pyrrolidine, 1-(1-oxo0-7,10-hexadecadienyl) 0.9
(L-Sulforaphanc) Ethanamine, 2,2"-oxybis[N,N-dimethyl] 0.9
Detrosex 37 7-Dehydrodiosgenin 2.1
Tridecane 1.9
Campesterol 1.1
Dodecanoic acid (lauric acid) 0.8 -
- - y-Sitosterol 1.2
2-(3,4-Dihydroxyphenyl)chromenyli- 6.7 -
um-3,5,7-triol (Cyanidin) p-Sitosterol .1
Hexadecanoic acid (palmitic acid) 2.2 Ergosta-5,22-dien-3-ol 24
21;(41--Hydr.?1).(yp henyl)chromenylium-3,5,7-triol 6.9 Table 4. Composition of the sugar beet pulp extract
(Pelargonidin) according to GC-MS analysis
Octadecanoic aced 5.9 _
Methyl linoleate 5.1 Name of the component ngght
ratio, %
Sophorose 7.1

1-Methyl-4-(prop-1-en-2-yl)cyclohex-1-ene 3.7
(2S,3R,4S,5R)-2,3,4,5-Tetrahy-

droxy-6-oxo-hexanoic acid (L-Iduronic 36.9
acid)

(E)-3-(4-Hydroxy-3-methoxy-phenyl)prop- 44
2-enoic acid )
Sophorose 11.2
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Electrochemical scaling test

The normalized chronoamperometric curves
obtained for the rape grist extract, radish cake ex-
tract and sugar beet pulp extract in concentrations of
1 and 10 mL/L are given at Fig. 2.

1,2

—Tap water
——Radish (1 ml/l)
Radish (10 mi/l)

1,0
08 |
<06 [

0,4 |

0.2 - \Q\
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Time / sec
1,2
——Tap water
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0 1000 2000 3000 4000 5000 6000 7000
Time / sec

—Tap water
——Rape (1 ml/l)
Rape (10 ml/l)

0,4 |
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Fig. 2. Normalized chronoamperometric curves with the extract
concentration as a parameter.

All the curves show a similar trend of the cur-
rent reduction due to carbonates crystallization on
the steel surface, however the current/time depen-
dences are different depending on the extract nature
and its concentration. The radish cake extract of 1
mL/L concentration slows down the crystallization,
and at 10 mL/L the residual current is high. At the
same time, when sugar beet pulp extract is added to
the water at both tested concentrations, the current
reduction occurs more slowly, however the residual
current is nearly the same as in tap water. The rape
grist extract at the concentration of 1 mL/L does not
change the chronoamperometric curve, obtained in
tap water. At higher concentration of 10 mL/L, the
current remains high throughout the test meaning the
crystallization is inhibited.

The values of surface porosity SP, scaling time
¢, and area density for all the tested extracts are col-
lected in Fig. 3. The area density values show that all
the tested extracts at 1 mL/L concentration do not
reduce the mass of scale deposited on the surface.
The mass of the deposits is even slightly higher com-
pared to tap water as a result of inhibitor attachment
to the surface. At 10 mL/L concentration radish
cake extract and rape grist extract prevent the crys-
tallization as practically no changes in the electrode
weight were detected after the test. In contrary, sug-
ar beet pulp extract at 10 mL/L concentration does
not prevent scaling and the area density is the same
as in tap water.

Scale porosity values are in a good agreement
with the area density. In 1 mL/L concentration
the porosity values remain close to those obtained
in tap water despite radish cake extract, where SP
is above 6 %. At 10 mL/L concentration the SP
in both radish cake extract and rape grist extract
is around 20 % meaning weak blocking abilities of
the scale layer. In the presence of sugar beet pulp
extract, the porosity remains the same as in tap
water, meaning this reagent does not inhibit the
scale formation.

Scaling time is another important parameter to
characterize the crystallization process. Sugar beet
pulp extract nearly doubles scaling time compared to
tap water, however, it does not influence the amount
of the deposited scale. Rape grist extract does not
change the scaling time comparing to tap water, but
significantly inhibits the deposition process. Radish
cake extract in 1 mL/L concentration increases £ to
3600 sec, but at higher concentration of 10 mL/L
t, is reduced to 1000 sec.
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Fig. 3. Influence of the extract concentration on scale
crystallization parameters: (a) scale porosity, (b) scaling
time, (c) deposited mass.

The reduction of 7 and the absence of scale
layer on the electrode surface means that the ex-
tracts form a barrier layer on the steel surface. The
layer blocks the surface from the supply of calcium
carbonate as well as reduces oxygen supply. Thus,

the reduction of # in conditions when no calcium
was deposited is attributed to the formation of a bar-
rier layer from extract compounds.

The by-products extracts are composed of
numerous naturally occurring organic compounds.
Owing to the complex chemical composition of
these extracts, it is rather difficult to assign the scale
inhibitive effective to a particular constituent. The
difference in scale inhibition efficiency between
these three extracts is due to their different phy-
tochemical composition. These compounds contain
lone pairs of electrons and conjugated n-type bond
system which may be responsible for the adsorp-
tion process (coordination) on the growth sites on
the surface and preventing scale formation. The in-
crease in the number of functional groups contained
in molecules of the main extracts improves their
surface-binding capacity and respectively inhibitory
effect of the corresponding extract.

The analyses of the scientific and technical
literature suggests that the scale inhibition action per-
formed by the radish cake extract is mainly due to
the presence of polysaccharides and phenolic deriva-
tives. Also, it is generally recognized that the inhibito-
ry effect of polysaccharides and phenolic compounds
on calcium carbonate crystal formation is influenced
by both the location of the adsorbed inhibitor mole-
cules at the crystals surface and the extent of chemical
bonding with the surface. The radish cake extract con-
tains organic components characterized by branched
structures and presence of heteroatoms like oxygen,
sulfur and aromatic rings with a high electron density.
This high electron density can facilitate better coor-
dination interaction, and stronger bonding between
the metal surface and radish cake extract molecules.
According to the previous research [22], the polysac-
charides and phenolic compounds [23] act by sur-
face adsorption, blocking the active growth of sites on
the surface, therefore preventing the scale formation.
Also, the radish cake extract contains organic mole-
cules such as isothiocyanates. The major phytocom-
pounds identified in the sugar beet pulp and rape cake
extracts are sugar acid, fatty acids, aldehydes, ketones.
However, they contain a low amount of polysaccha-
rides, isothiocyanates or phenolic compounds.

Conclusions

The water/ethanol extracts of the rapeseed
pomace, sugar beet pulp and fodder radish cake
were prepared and tested as scale inhibitors of mild
steel in tap water. The main constituents of extracts
were identified by GC-MS methods. Analysis of the
radish cake extract showed that anthocyanins, phe-
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nolic compounds and polysaccharides are the main
classes among the present compounds. A high con-
centration of fatty acids, aldehydes, ketones were
detected in rapeseed pomace extract. The GC-MS
analysis of the sugar beet pulp extract revealed the
presence of sugar acids and sophorose.
Electrochemical scaling test showed different
scaling inhibition efficiency of the tested extracts.
The rapeseed pomace extract and fodder radish cake
extract at the concentration of 10 mL/L appeared to
be efficient scaling inhibitors. The cathodic current
remains high meaning surface of the electrode being
not blocked with scale crystals and practically no
scale detected on the electrode surface after the test.
Sugar beet pulp extract increases the crystallization

time, however the amount of deposited scale appeared
to be the same as in the tap water. The scale inhibi-
tion is caused mainly by the formation of adsorbed
film on the scale nucleus that blocks the surface and
prevents further crystal growth.

Natural extracts are a promising source of scale
inhibitors due to their low price, efficiency and en-
vironmental safety.
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I.C. Bacunbes, B.l. Bopo6iiosa, tO0.C. lepacumenko, O.E. YurnpuHeub

EKCTPAKTW BIOXOAIB XAPYOBOI MPOMMUCIIOBOCTI AK IHFIBITOPU HAKUMOYTBOPEHHA HA  MOBEPXHI
MAJOBYIMELEBOI CTAJ Y BOLOMPOBIAHIN BOOU

MpobnemaTuka. ¥ npoM1CoBrx NpoLecax HarpiBaHHs CEpio3HO NpobremMoto € HakMMoyTBOPEHHS!, 0COBNMBO Y BUNAAKY BUKO-
PUCTaHHSA K TENMOHOCIA BOAW NPUPOSHOIO NOXOMKEHHS. BTpaTu CBITOBOI EKOHOMIKM Yepes3 YTBOPEHHS Hakumny OLiHIOTLCA B MiNbApan
nonapis Ha pik. ToMy po3pobka edeKTUBHMX iHrBITOPIB HAKUMOYTBOPEHHS € akTyanbHOW 3afayeto. [epcnekTMBHUM OXepenom ekoro-
riYHO YMCTMX Ta AeLUEBUX iHTIBITOPIB YTBOPEHHS HAKUMY MOXYTb CTaTW BiAXOAW Xap4oBOi MPOMUCIIOBOCTI.

Meta pocnigxeHHsi. BunpobyBaTu sik iHriGiTOpy yTBOPEHHS Hakumy Ha MOBEpPXHi MarnoByrneLeBoi cTani y BOAOMNpPOBIAHiA Bogi
€KCTPaKTW TPbOX NOBGIYHUX NPOAYKTIB XapyoBOi MPOMUCIIOBI: LUPOTY pinaky, )XOMy LlyKpoBOro 6ypsiky Ta Makyxu 3 KOpMOBOI pefbKu.

MeTtoauka peanisauii. JlocnigxyBaHi pe4oBMHM JofaBanu 40 BOAW Y BUMMSAI €TaHOMbHUX eKCTPAaKTIB, siki roTyBany MeTogoM Ma-
uepauii. [Ina BMBYEHHS NpoLecy YTBOPEHHSI Hakuny BUKOPUCTOBYBANM enekTpoXiMivYHWUI Nigxid, CyTb SIKOro nomnsirae y peectpawii 3MiHn
BENIMYMHM CTPYMY BiJHOBMEHHS KUCHIO B Yaci B NPOLIECi 3apOKeHHs Ta POCTY Lwapy kapboHaTy KanbLiito Ha NOBEPXHi CTarni B MPUCYTHOCTI
ekcTpakTiB. [ns ouiHkvM edpeKTUBHOCTI iHriGyBaHHsI BU3Ha4Yanu Yac HakMnoyTBOPEHHS, MOPUCTICTb Ta MMTOMY Macy Hakuny. XiMidHuiA cknag,
€eKCTPaKTiB BU3Ha4an1 MeTogoM ra3oBoi xpoMaTtorpadii 3 MacocenekTMBHUM AETEKTOPOM LUMSAXOM MaCOCENEKTUBHOIO IHTErpYBaHHS.

Pesynbratu gocnigkeHHs. EekTUBHUMM iHriGiTOpaMn HaKMMNOYTBOPEHHSI BUSIBUIUCS EKCTPAKTU LUPOTY pinaky Ta eKCTpakT Ma-
KyXv pedbku B KOHLeHTpauii 10 mn/n. EKcTpakT oMy LykpoBoro bypsiky 36inbLuye Yac kpucTanisadii, ane He BNMBae Ha KiNnbKicTb ocagy
Hakwuny.

BucHoBKU. |HribyBaHHSA HaKMNOyTBOPEHHST BUKIMMKAHO FOMOBHMM YMHOM YTBOPEHHSM afcopboBaHoi MMiBKM Ha 3apofkax Hakumy,
sika Briokye NoBepxHIO | NepeLLIKoAKae nodanblUoMy pocTy KpucTanis. Bioxoay xap4oBoi NpoMMCNOBOCTI € NEPCNEKTUBHUM AXeperiom
iHribiTopiB HakMMy Yepes X HU3bKY LiHy Ta ekornoriyHy 6e3neky.

Knto4yoBi cnoBa: iHribiTopu HaKMNoyTBOPEHHS; MarnoByrneLeBa cTanb; 3efIieHWI iHriGIiTop; Yac HaKUMOYyTBOPEHHSI.

I.C. Bacunees, B./. Bopobbesa, t0.C. 'epacumerko, E.3. YurupuHewn

3KCTPAKTbI OTXOL0B MULLEBO NPOMbIWNEHHOCTW KAK VHTMBATOPLI HAKUMEOBPA3OBAHUA HA MOBEPXHOCTW
MAJOYIMEPOLMUCTOW CTANN B BOOONPOBOAHOW BOOE

Mpo6nemartunka. B npoMbilLeHHbIX MpoLleccax HarpeBa HakuneobpasoBaHue SBMSETCA CYLeCTBEHHON NpoGnemoii, ocoGeHHo
B Clly4ae MCrosib30BaHWsi B Ka4ecTBe TenrioHOCUTeNs BoAbl MPUPOAHOMO MPOMCXOXAeHUs. [ToTepn MUPOBOI 9KOHOMMKM 13-3a 06paso-
BaHWSi HAKMMW OLIEHUBAIOTCA B MUINUapAbl 4oNNapos B rod. Moatomy paspabotka apdekTUBHbIX MHTMBUTOPOB HakMneobpasoBaHus AB-
nisieTcs akTyasnbHoi 3agadent. MepcnekTMBHBIM UCTOYHUKOM 3KOSOTMYECKM YNCTLIX U AelleBblX MHIMBUTOPOB 06pasoBaHmst Hakun MoryT
cTaTb OTXOAbl MULLEBON NPOMbILLMEHHOCTH.

Llenb uccnegoBaHus. VicnbiTath B Ka4eCcTBe UHIMGUTOPOB 06pa3oBaHNs HAKMMI HA MOBEPXHOCTY MasnoyrnepoancTol cTanm B Bo-
[OMNPOBOAHON BOAE SKCTPaKTbI TPEX MOBGOYHBIX MPOAYKTOB MNULLEBON NMPOMBILLIIEHHOCTH: LPOTa parca, )XoMa caxapHoi CBEKITbl Y XMbIXa
KOPMOBOW pefbku.

MeToauka peanusaumu. Viccrieqyemble BellecTsa 406aBMsANy K BOAE B BUAE STAHOMbHBIX 9KCTPAKTOB, KOTOPLIE FOTOBUIIN METO-
JoM Mauepauuun. [ns nsydeHus npouecca o6pasoBaHust HAKUMM UCMOMb30Basv dIEKTPOXMMMUYECKUIA MOAXOA, CyTh KOTOPOro 3akrova-
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eTcs B perucTpaumm N3aMeHeHns BenmymHbl ToKka BOCCTaHOBIEHUS KUCIOPOAa BO BPEMEH B NMPoLIecce 3apoXaeHusl 1 pocTa Cros Kap-
GoHaTa KafbLusi Ha NMOBEPXHOCTW CTanu B NMPUCYTCTBUM SKCTPAKTOB. [nsi oueHKM 3peKTUBHOCTM UHIMBMPOBaHMS onpeaensnu Bpemsi
HanuneobpasoBaHUs, MOPUCTOCTb U yAESbHYI0 Maccy Hakunu. XMMUYECKUIA COCTaB SKCTPAKTOB onpeaensasniv MeTo4oM rasoBoi XxpomaTo-
rpacumn ¢ MaccoCenekTMBHbIM AeTEKTOPOM MyTEM MacCOCENEKTUBHOIO MHTErPUPOBaHUS.

PesynbraTthl uccnegoBanus. 3hdPEKTUBHBIMU UHIMOMTOPaAMU HaKkMNeobpa3oBaHWs OKkasanuch KCTPaKThI LLPOTa parnca v Xmblxa
penbku B KOHUEeHTpaumu 10 Mn / n. SKCTPaKT KoMa caxapHOW CBeKMbl YBENUYMBAET BPEMSI KpUCTanM3aummn, O4HaKko He BIMSIET Ha KO-
NMYECTBO OcaaKa HaKuUMu.

BbiBogbl. VHMMGupoBaHus HakMneobpas3oBaHMsl BbI3BaHO, rMaBHbIM 06pa3oM, obpasoBaHem aacopbupoBaHHON NIIEHKN opraHu-
YeCKMX BELLECTB Ha 3apofblllax Hakunu, koTopasi GrokupyeT NoBEPXHOCTL U MPenaTCTBYET AanbHenweMy pocTy kpuctannos. OTxoabl
NMLLEBOV MPOMbILLNIEHHOCTU SBMATCA NepCrnekTUBHBIM MCTOYHUKOM MHIMOMTOPOB HaKMMW BCNEACTBME UX HU3KOW LiEHbI 1 9KOMOTMYEeCKoM
6Ge3onacHoCTy.

KnioueBble crnoBa: MHMMGUTOPbLI Hak1NeobpasoBaHuWsi; MasioyrepoancTas crarnb; 3efeHbli UHIMBUTOP; BpeMsi HakKMNeobpasoBaHus.
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