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ABSTRACT

Formulation of the problem. Ecological safety of soils and cultivation of ecologically safe food products of plant origin is one
of the most urgent problems of today. Ensuring the environmental safety of food raw materials and food products is one of the main
tasks that determine the health of the human population and the preservation of its gene pool.

Analysis of recent research and publications. Toxic effects of Pb on human bodies have been confirmed by numerous clini-
cal studies that have shown the negative effects of heavy metals on the nervous, cardiovascular, immune systems and oncology. The
works is devoted to the development of detoxification techniques, in which scientists proposed to reduce the content of heavy metals
in chernozems by detoxifying soils by growing battery plants on them, which will «extract» heavy metals from soils disinfecting
them. The disadvantage of the proposed technologies is the economic costs borne by farmers, producers and consumers. Farmers will
suffer financial losses due to idle sown areas and the cost of seed. Producers will be forced to raise prices for the final food product as
a result of reduced consumer purchasing power.

Formulation of the purpose of the article. The aim of the article is to determine ways to optimize lead-contaminated cherno-
zem soils in the system «soil — plant» (on the example of chernozem soils within the test sites on the territory of the collection nurse-
ry «Agrotek» in Kyiv region).

Presentation of the main research material. The article presents the results of a study of ways to optimize lead-contaminated
chernozem soils in the system «soil — plant». The objects of the study were soybean and chickpea varieties of different vegetation
varieties, namely: ultra-early varieties, maturation period 95... 105 days. Medium, maturation period 100...115 days. Medium-ripe
varieties maturation period115...125 days. Early ripening varieties of chickpeas growing period 95...115 days, and medium-ripe sotu
chickpeas, growing period 115...125 days. Experimental studies were conducted during 2019 — 2021 within the test sites on the terri-
tory of the collection nursery «Agrotek» in Kyiv region. The method of ion exchange and liquid chromatography on the liquid chro-
matograph Shimadzu LC-20 (Japan). Studied the variability of nutrients (protein, fat, carbohydrates) in soybeans and chickpeas of
different vegetation varieties. With the help of the MATLAB program, mathematical optimization was carried out and the five-year
dynamics of protein, fat, and carbohydrate content in legumes grown on chernozem soils of the «Agrotek» collection nursery in the
Kyiv region was determined. By the method of inversion-voltammetry with the help of voltammetric analyzer «<ABA-3» (Russia)
which is equipped with an indicator electrode for the determination of lead, the concentration of Pb in chernozems and soybeans and
chickpeas with different protein content was studied. Concentrations of Pb in soybean and chickpea grains depending on the chemi-
cal composition of soils for cultivation were grown and studied at the test sites of the «Agrotek» collection nursery.

Conclusions. As a result of experimental studies, it was found that the contamination of chernozem soils Pb and subsequent
processes of its translocation in the system «soil — plant» have negative consequences and are manifested in the accumulation of toxi-
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cants in plants. It is significant that the largest metal-accumulating properties have cultivated early-ripening legumes, and the small-
est — medium-ripe. It was determined that the indicators of Pb concentration in the storage organs of legume assimilants are influ-
enced to a greater extent by the protein content in them than by mobile forms of Pb, which come due to translocation from soils con-
taminated with Pb. It is established that with the increase of protein in the organs of plant assimilators, the indicators of accumulation
of toxic concentrations of Pb increase. Given that the genetic characteristics of chernozems allow us to consider them the most envi-
ronmentally friendly soils in terms of anthropogenesis, however, they deposit contaminants and, accordingly, require optimization
and development of detoxification methods. It has been experimentally established that when growing legumes of different vegeta-
tion varieties on chernozems contaminated with Pb, the intensity of their detoxification to obtain environmentally friendly plant
products can be distributed as follows: NisoP1soKiso + Pb + lime + manure > NsgoP3soKzso+ Pb > NigoP1soKigo + Pb + lime >
N1soP180K1s0 + Pb + manure. The obtained laws provide an opportunity to develop recommendations and propose ways to detoxify
contaminated Pb soils. Which will provide an opportunity to significantly reduce budget expenditures, which is socially necessary

and cost-effective.

Keywords: soils, chernozems, pollution, heavy metals, lead, detoxification methods, legumes.
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Formulation of the problem. Ecological safe-
ty of soils and cultivation of ecologically safe food
products of plant origin is one of the most urgent
problems of today. Ensuring the environmental safe-
ty of food raw materials and food products is one of
the main tasks that determine the health of the hu-
man population and the preservation of its gene
pool. Up to 70 % of pollutants of various origins
enter the human body from the environment with
food. According to the World Health Organization,
lead (Pb) is a global polluter that causes a large
number of diseases [1]. The main strategy of the
project developed by the UN «Health of the Nation
in the fight against COVID — 19» is to reduce heavy
metal intoxication that enters the human body with
food [2]. The migration of Pb into food depends on
many factors, among which the most important is
the quality of the soil for growing food raw materi-
als, which is used as an ingredient in food [3]. The
absorption and accumulation of toxic concentrations
of heavy metals in food raw materials are influenced
by many factors, including the quality of soils, ferti-
lizers, pesticides, precipitation and the ability of
plants to bioaccumulate substances from the envi-
ronment in which they are grown. Legumes have a
great accumulating ability among plants, soybeans
and chickpeas occupy leading positions in this chain
[4]. In studies [5], it was determined that trace ele-
ments and heavy metals accumulate 90...97 % in
legume cotyledons, and the content of native protein
in the grain is directly proportional to the content of
the accumulated substance. Given the fact that the
source of toxic soil contamination on Pb are indus-
trial enterprises, vehicle emissions, recycling plants
and the fact that it belongs to the first class of dan-
ger — an important scientific and practical task is to
conduct research under the system «soil — planty
with in order to develop methods of detoxification
of soils on which cultivated plants are grown. It
seems important to obtain patterns for determining
the varieties of legumes (soybeans and chickpeas),
which have the lowest bioaccumulative properties to

the accumulation of lead through the process of
translocation from soil to plants during their life
cycle.

Analysis of recent research and publications.
Toxic effects of Pb on human bodies have been con-
firmed by numerous clinical studies that have shown
the negative effects of heavy metals on the nervous,
cardiovascular, immune systems and oncology [6].
The work [7] is devoted to the development of de-
toxification techniques, in which scientists proposed
to reduce the content of heavy metals in chernozems
by detoxifying soils by growing battery plants on
them, which will «extract» heavy metals from soils
disinfecting them.

The disadvantage of the proposed technologies
is the economic costs borne by farmers, producers
and consumers. Farmers will suffer financial losses
due to idle sown areas and the cost of seed. Produc-
ers will be forced to raise prices for the final food
product as a result of reduced consumer purchasing
power.

In the question [8] of studying the means of
chemicalization for the accumulation of lead and
zinc in potatoes, table beets and beans grown on
chernozems is raised. Scientists have proven that the
application of lime and the combined application of
lime and manure reduce the accumulation of Pb in
plants. It is determined that the most favorable for
the bioaccumulation of heavy metals are beans.

Scientists have studied different groups of agri-
cultural plants, which allowed us to determine only
the group of plants that is most suitable for the ac-
cumulation of heavy metals from the soil. It is con-
sidered expedient to choose one group of plants of
different vegetative varieties as the object of re-
search, which makes it possible to establish optimal
patterns during the development of detoxification
methods.

A similar approach is described in [9], where
scientists have studied different varieties of soy-
beans of the western ecotype. Scientists studied
about 40 samples, and the results were optimized,
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which made it possible to eliminate the percentage
of deviations and establish patterns with an error of
up to 3 percent. The direction of the above research
concerned only the influence of climatic conditions,
and the issue of accumulation of heavy metals, in
particular Pb in soybeans of different vegetation
varieties was partially investigated.

In the work [10] where the chemical composi-
tion of legumes was studied, the issue of research of
Pb content remained unresolved, the reason for this
may be the difficulties associated with the complexi-
ty and financial importance of the experimental
study.

Atomic absorption mass spectrophotometry is
widely used for medical purposes to determine lead
in urine. The method of atomic absorption spectro-
photometry with electron-thermal atomization has
been proposed for determination in beverages [11].
Each of the above methods is designed to determine
lead, or in «Newtonian fluids» and is not suitable for
the control of Pb in soybeans and chickpeas. When
determining the lead content in metals or rocks, the
method of direct polarography is used [12], but its
use is appropriate only when the mass fraction of
metal is significant, which provides a clear peak on
the polarogram, and the content of related elements
does not interfere with determination.

An option to overcome the above difficulties
may be to use the method of inversion — voltamme-
try on a voltammetric analyzer «AVA», developed at
the research and production enterprise «Burevesnik»
(St. Petersburg, Russia). A significant advantage of
the AVA analyzer is that this device can determine
the mass fraction of Pb not only in different types of
food, but also in feed, drugs and biological objects
(blood, urine). The AVA analyzer is completely fo-
cused on the personal computer [13].

Selection of previously unsolved parts of the
overall problem. To date, there are no in-depth
studies to determine the nutritional value (protein,
fats, carbohydrates) of soybeans and chickpeas of
different vegetation varieties grown on Ukrainian
chernozems. Taking into account the scientific re-
sults [14], where it is proved that the degree of ac-
cumulation of trace elements (in our case lead) in
the grain during the growing season is influenced by
the protein content in native grain, it is important to
conduct the above studies. Which will scientifically
substantiate the dependences on the protein content
in the grain and the degree of accumulation of lead
init.

The mechanism of accumulation of Pb grains
of soybeans and chickpeas of different vegetation
varieties grown on contaminated Pb chernozems is
little studied. The influence of nutrients (protein) in
legumes in this process has not been scientifically
substantiated.

Conducting experimental studies within the
system «soil — plant» to determine the content of
accumulated lead in soybeans and chickpeas of dif-
ferent vegetation varieties will establish patterns that
will form the basis for developing a method of soil
detoxification, which is certainly socially necessary
and cost — effective because will preserve the health
of human society, as a consequence of the state
budget, which is intended for hospital care and disa-
bility benefits.

Formulation of the purpose of the article.
The aim of the article is to determine ways to opti-
mize lead-contaminated chernozem soils in the sys-
tem «soil — plant» (on the example of chernozem
soils within the test sites on the territory of the col-
lection nursery «Agrotek» in Kyiv region).

To achieve this goal, the following tasks were set:

- to determine the indicators of Pb concentra-
tion in chernozem soils on test sites and storage
bodies of legume assimilation (soybeans and chick-
peas) with different protein content;

- to study the five-year dynamics of the content
of protein, fats, carbohydrates in legumes grown on
chernozem soils of the collection nursery «Agrotek»
in the Kyiv region;

- to determine the indicators of lead concentra-
tion in soybeans and chickpeas of different vegeta-
tion varieties grown on chernozems, test sites of the
collection nursery «Agrotek» in Kyiv region.

Presentation of the main research material.
Experimental studies were conducted during 2019 —
2021 within the test sites on the territory of the col-
lection nursery «Agrotek» in Kyiv region. There,
biological material was selected for research — sam-
ples of legumes (soybeans and chickpeas) grown on
chernozem soils. Ultra-early varieties were used for
research: «Adamos», «Anastasia», «Annushkay,
«Alexandrity, «Bilyavkay», «Vilshankay, «Vorsklay,
«Deni», «FElenay, «Fairy» period of maturation)
75...85 days; early ripening: «Diamond», «Angeli-
ca», «Kyivska 98», «Phaeton», «Medea», «PSV
808», «Thanksy», «Khortytsia», «South 30», «Rusa»,
PM 95...105 days; medium-early: «Artemis», «Del-
tay, «Ivankay», «Tavria», «Golden», «Tavria 7»,
«Sprinty, «Kharkiv», «Charm», «South 40», (PM
100...115 days ); medium-ripe varieties «Agate»,
«Knight 50», «Colby», «Poltava», «Silver», «Suc-
cessy, «Mashay, «Deimos», «Anna», «Podillya»
(PM 115...125 days). Studies of the content of PFC
in legumes were performed by ion exchange and
liquid chromatography on a liquid chromatograph
Shimadzu LC-20 (Japan).

Characteristics of samples of soybean and
chickpea grains of different growing periods with
determination of maximum and minimum yield dur-
ing 3 years of research, are given in table 1.

During the experimental studies it was found
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Table 1

Characteristics of legume samples (soybeans and chickpeas), selected within the test site of the collection
nursery «Agrotek» (for the period 2019 — 2021)

- Vegetation period, Max and min yield,
Varieties legumes q
ays tons per hectare
Soy
Ultra-early 75-85 33-3,5
Early ripening 95-105 3,3-3,6
Medium early 105 - 115 38-42
Medium ripe 115-125 41-46
Chickpeas
Early ripening 95-115 3,3-3,6
Medium ripe 115-125 3,8-4,2

that the periods of soybean and chickpea ripening
ranged from 75 to 125 days, which is optimal for the
climatic conditions of Ukraine. The study of four
vegetation periods of soybean ripening and two
vegetation periods of ripening of chickpea grains
(late-ripening varieties of chickpeas with a ripening
period of 180 — 220 days were considered irrelevant
to study due to immaturity in Ukraine) allowed to
conclude that yields for soybeans 2019-2021 were
from 3,3 to 4,6 tons per hectare, chickpeas 3,3 to 4,2
tons per hectare, which indicates the high yield and
favorableness of our climate zone for growing the
above legumes.

The variability of nutrients, namely proteins,
fats and carbohydrates in soybeans of different
vegetation varieties grown on chernozems of the test
site of the collection nursery «Agrotek» (2019 —
2021), are presented in table 2-5.

With the help of the MATLAB program, a
mathematical model for the optimization of different
varieties of soybeans grown on chernozems of the
Kyiv region was created. The mathematical model is

based on the results of research over 3 years, math-
ematically processed 200 indicators. Criteria for
optimization: maximum amount of protein, mini-
mum growing period, average fat and carbohydrate
content. The above criteria were selected to deter-
mine the bioaccumulative properties of plants dur-
ing the location of the pollutant in the system «soil —
plant».

The obtained data (Tables 2-5) and the results
of mathematical processing (Fig. 1 — 4) allow us to
state that ultra-fast soybean varieties have an aver-
age protein content of 38,55%, fats — 17,90% of
carbohydrates — 43,50% ; early ripening contains
42,75% protein, 14,50% fat and 42,75% carbohy-
drates.

However, medium-early are characterized by
the following chemical composition — 37,40% pro-
tein, 20.50% fat, 42,10% carbohydrates; medium-
ripe — 35,1% protein, 22,20% fat, 42,7 0% carbohy-
drates. It should be noted that the difference be-
tween the chemical composition of soybeans is
probably due to different ripening periods, climatic

Table 2

Nutrient variability (PFC) of ultra-early soybean grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %

Year of research 2019 2020 2021

No Indexes

(P — protein, F — fat, P F C P F C P F C

C — carbohydrate), %
1 | Adamos 40,9 19,1 | 400 | 41,4 | 19,0 | 39,6 | 39,9 | 20,1 | 40,0
2 | Anastasia 40,3 179 | 418 | 41,3 | 182 | 39,5 | 39,3 | 18,7 | 42,0
3 | Annushka 37,9 18,0 | 441 | 384 | 16,9 | 44,7 | 409 | 17,9 | 412
4 | Alexandrit 36,8 193 | 439 | 375 | 18,0 | 445 | 36,9 | 194 | 437
5 | Bilyavka 37,9 18,7 | 434 | 37,3 | 17,2 | 455 | 38,0 | 18,0 | 44,0
6 | Vilshanka 34,3 190 | 46,7 | 352 | 184 | 46,4 | 345 | 18,9 | 46,6
7 | Vorskla 36,9 186 | 445 | 37,2 | 180 | 448 | 36,5 | 18,6 | 449
8 | Deni 39,6 183 | 42,1 | 404 | 178 | 418 | 39,3 | 18,0 | 42,7
9 | Elena 38,2 18,8 | 430 | 39,1 | 189 | 42,0 | 38,2 | 179 | 439
10 | Fairy 39,4 181 | 425 | 40,3 | 16,9 | 42,8 | 39,2 | 18,0 | 42,8

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
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Table 3
Nutrient variability (PFC) of early ripening soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
h (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Diamond 452 | 136 | 412 | 433 | 140 | 42,7 | 42,8 | 152 | 42,0
2 | Angelica 419 | 138 | 443 | 429 | 131 | 440 | 416 | 12,7 | 457
3 | Kyivska 98 40,3 | 16,2 | 435 | 414 | 170 | 416 | 412 | 16,8 | 42,0
4 | Phaeton 412 | 149 | 439 | 429 | 139 | 432 | 41,4 | 142 | 44,6
5 | Medea 420 | 156 | 424 | 418 | 151 | 431 | 42,0 | 144 | 43,6
6 | PSV 808 40,9 | 154 | 43,7 | 419 | 141 | 440 | 410 | 13,8 | 452
7 | Thanks 40,8 | 16,0 | 43,2 | 420 | 153 | 42,7 | 42,1 | 152 | 42,7
8 | Khortytsia 439 | 120 | 441 | 435 | 119 | 446 | 419 | 119 | 46,2
9 | South 30 43,9 | 131 | 430 | 439 | 129 | 432 | 42,0 | 139 | 441
10 | Rusa 438 | 129 | 43,3 | 440 | 12,0 | 440 | 439 | 125 | 436
Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 4
Nutrient variability (PFC) of medium-early soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
- (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Artemis 36,9 | 20,1 | 430 | 359 | 196 | 455 | 36,4 | 19,8 | 43,8
2 | Delta 350 | 21,3 | 43,7 | 346 | 20,1 | 453 | 359 | 19,9 | 44,2
3 | Ivanka 36,5 | 189 | 446 | 36,4 | 18,7 | 452 | 36,9 | 19,3 | 438
4 | Tavria 355|194 | 451 | 352 | 19,1 | 457 | 359 | 19,9 | 44,2
5 | Golden 38,8 | 185 | 42,7 | 399 | 186 | 415 | 39,6 | 18,8 | 41,6
6 | Tavria7 39,3 | 189 | 418 | 389 | 183 | 428 | 38,2 | 19,2 | 42,6
7 | Sprint 35,0 | 22,6 | 424 | 346 | 208 | 446 | 354 | 20,9 | 43,7
8 | Kharkiv 37,9 | 20,9 | 412 | 36,2 | 21,0 | 428 | 37,0 | 20,7 | 42,3
9 | Charm 37,2 | 224 | 404 | 375 | 21,9 | 40,6 | 36,9 | 21,7 | 414
10 | South 40 350 | 21,9 | 431 | 349 | 220 | 431 | 350 | 22,1 | 429
Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 5
Nutrient variability (PFC) of medium-ripe soybeans, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
B (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Agate 339 | 238 | 42,3 | 338 | 239 | 423 | 339 | 23,1 | 430
2 | Knight 50 34,0 | 239 | 42,1 | 33,9 | 23,7 | 424 | 346 | 233 | 42,1
3 | Colby 36,6 | 221 | 41,3 | 333 | 22,1 | 416 | 364 | 226 | 410
4 | Poltava 349 | 23,7 | 414 | 342 | 235 | 423 | 348 | 239 | 413
5 | Silver 344 | 211 | 445 | 34,7 | 219 | 434 | 339 | 224 | 437
6 | Success 352 | 21,3 | 435 | 356 | 215 | 429 | 36,0 | 219 | 421
7 | Masha 399 | 229 | 432 | 345 | 231 | 424 | 339 | 233 | 428
8 | Deimos 36,3 | 204 | 433 | 359 | 21,0 | 431 | 355 | 21,2 | 433
9 | Anna 33,7 | 22,9 | 434 | 333 | 224 | 443 | 332 | 216 | 452
10 | Podillya 349 | 22,6 | 425 | 340 | 219 | 441 | 339 | 22,1 | 440

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)

-261-




Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», 2021, sunyck 55

. Fat 17,95 %
;..7 - desired indicators
(- actual indicators

/
7
/
, g
/458
Carbohydrates ( ‘ ‘

43,50 % \ )
\ Proteins 38,55 %
/ LY
\,/

Fig. 1. The optimal ratio of PFC in the composition of ultra-early soybean varieties, %

-
F =~
®
I'oooo'

-~
I.ooog\

3

4
-

Fat 14,50 %

£ i desired indicators
(- actual indicators

42,75 % \
\ " Proteins 42,75 %

Fig. 2. The optimal ratio of PFC in the composition of early soybean varieties, %

-262 -



ISSN 2410-7360 BicHuk Xapkiecbk020 HauioHanbHo20 yHigsepcumemy imeHi B.H. KapasiHa

Fat 20,50 %

: i _ desired indicators
[J- actual indicators

Carbohydrates

42,10 % ¢ \_ Proteins 37,40 %

Fig. 3. The optimal ratio of PFC in the composition of medium-early soybean varieties, %

Fat 22,20 %

i - desired indicators
[]- actual indicators \

e
/ e l
/!
/
’
/4
’ .
Carbohydrates :

42,7 %
\ " Proteins 35,10 %

Fig. 4. The optimal ratio of PFC in the composition of medium-ripe soybean varieties, %

-263 -



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», 2021, sunyck 55

factors (number of hot and rainy days), which sig-
nificantly affect the chemical composition of leg-
umes. Early soybean varieties (42,75% protein,
14,50% fat, 42,75% carbohydrates) and a short
growing season (up to 95...105 days) have the max-
imum protein content. It should be noted that the
growing period is an important indicator given the
economic benefits for the «manufacturer», which is
not imposed on winter crops and, as a consequence,
to idle sown areas.

Ultra-early soybean varieties are 4,2% inferior
to early-maturing soybeans in terms of protein con-
tent, medium-early and medium-ripening varieties

are 5,35% and 7,65% lower, respectively. In terms
of fat and carbohydrate content, medium-early and
medium-ripe ones do not differ significantly, but
have a difference of 10...15 days between the peri-
od of bean ripening. In the table 6-7 presents the
results of studies of variability of nutrients, namely
proteins, fats and carbohydrates in chickpea grains
of different vegetation varieties grown on cherno-
zems of the test site of the collection nursery
«Agrotek» for the period 2019 — 2021. The optimal
ratio of PFC in the composition of chickpea varie-
ties grown on chernozems of the Kyiv region are
shown in Fig. 5-6.

Table 6
Nutrient variability PFC of early ripe chickpea grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %
Year of research 2019 2020 2021
No Indexes
- (P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Hyatt 22,9 | 165 |606 |223 |16,7 | 610 | 234 |16,0 | 60,6
2 | Erdem 16,5 | 249 |586 |16,0 [229 |611 |16,7 |242 |591
3 | Star World 24,7 | 154 |59,9 | 234 |158 [60,8 | 235 |16,0 | 60,5
4 | Elite 22,1 |16,6 | 613 | 220 |169 [611 [222 |165 |613
5 | Ecord 214 | 158 [628 | 212 |157 |631 |[199 |155 | 64,6
6 | Alexandrite 21,1 | 17,2 | 61,7 | 199 |176 |625 |198 |17,7 |632
7 | Rosana 226 | 158 | 616 | 220 |157 [623 |[219 |16,2 |619
8 | Edda 27,3 | 214 |513 | 273 |214 [513 [273 |214 |513
9 | Lamb's Horn 21,3 [16,9 | 618 | 20,3 |16/4 [633 |[21,7 |170 | 613
10 | Lilac 21,6 | 155 [629 |219 |159 |622 |215 |16,0 | 625
Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)
Table 7

Nutrient variability PFC of medium-ripe chickpea grains, grown on chernozems of the test site
of the collection nursery «Agrotek» (Kyiv region, 2019-2021), %

Ne Year of research 2019 2020 2021
Indexes
(P — protein, F — fat, P F C P F C P F B
C — carbohydrate), %
1 | Vector 19,3 | 15,1 | 65,6 | 19,8 | 150 | 65,2 | 19,3 | 15,7 | 65,0
2 | Boyarinya 20,2 | 150 | 64,8 | 20,7 | 146 | 64,7 | 209 | 143 |64,8
3 | Budzhak 20,2 | 159 | 639 |196 |16,4 | 64,0 |19,1 | 16,2 | 64,7
4 | Anatoly 179 (140 |681 |174 |134 |69,2 |178 | 13,6 | 68,6
5 | European 15,2 | 19,2 | 656 | 15,7 | 195 |64,8 | 159 |19,7 | 64,4
6 | South-East 156 | 16,7 | 67,7 | 154 | 16,2 | 68,4 | 159 | 16,8 | 67,3
7 | Gypsy 16,5 | 176 | 659 | 152 |169 |67,9 |16,4 | 17,8 | 65,8
8 | Jubilee/k-2405 145 | 154 | 70,1 | 148 |152 |70,0 | 14,3 |14,9 | 69,9
9 | Bashkir 199 | 16,8 | 63,3 | 19,3 | 16,6 | 64,1 | 19,2 | 16,1 | 64,7
10 | Flower 20,2 | 156 |64,2 20,2 (159 [63,9 |20,2 |16,0 | 63,8

Note: P — proteins, %; F — fat, %; C — carbohydrates %. (p> 0,5)

The objects of the study were twenty varieties
of chickpeas of different growing season. Varieties
with early and medium ripening matures were stud-
ied. The following varieties of chickpeas were used

during the study: «Hyatt», «Erdem», «Star World»,
«Elite», «Ecord», «Alexandrite», «Rosanay», «Ed-
da», «Lamb's Horn», «Lilacy growing period
95...115 days, and medium-ripe sot chickpeas:
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e .
;.1 - desired indicators Fat 15,95 %

[ actual indicators /

Carbohydrates
64,50 %

K ¥ Proteins 19,55 %

Fig. 5. The optimal ratio of PFC in the composition of early varieties of chickpeas, %

:..i_ desired indicators Fat 16,55 %
(- actual indicators

Carbohydrates
64,75 %

Proteins
y \ 18,70 %

Fig. 6. The optimal ratio of PFC in the composition of medium-ripe varieties of chickpeas, %
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«Vector», «Boyarinya», «Budzhak», «Anatoly»,
«European», «South-Easty, «Gypsy», «Jubilee/k-
2405», «Bashkir», «Flower», growing period
115...125 days.

The results of the research were mathematically
processed and optimized according to the criteria
that were dominant during the research with soy-
beans (max amount of protein, min growing period,
average fat and carbohydrate content).

As a result of the study it was found that the
protein content in chickpea grains is much lower
than the protein content in soybeans, according to
[15], it is based in the range from 13 to 24%. It was
experimentally determined that the optimal ratio in
terms of protein content has early-ripening varieties
of chickpeas (19,55%), fats — 15,95%, carbohy-
drates — 64,5%. Medium-ripe varieties of chickpeas
have — 18,7% protein, 15,95% fat and 64,75% car-
bohydrates.

From the experiment it is possible to conclude
that as an object of study to establish the dependen-
cies on the protein content in grain and the degree of
accumulation of lead in it from the soil on which
legumes are grown, the most interesting are early-
maturing soybean and chickpea varieties 5,35 and
0,85% (respectively), and during the growing season

ripen 20 — 25 days earlier.

The next stage of the study was to determine
the Pb content in the grains of early-maturing soy-
bean and chickpea varieties with different PFC con-
tent. The objects of the study were soybean variety:
«Diamond» (44,2% protein content, 13,4% fat con-
tent, 42,4% carbohydrate content) with the maxi-
mum protein content and early-maturing soybean
variety «South 30» (30,1% protein content, 17,7%
fat content, 52,2 % carbohydrate content) with a
minimum protein content. Early-ripening chickpea
variety «Edda» (27,3 % protein content, 21,4% fat
content, 51,3 % carbohydrate content) with the max-
imum protein content and early-ripening chickpea
variety «Erdem» (16,7% protein content — 24,2 %
fat content, 59,1% carbohydrate content) with a
minimum protein content. Experimental studies
were conducted on the basis of the State Institution
«Scientific Center for Preventive Toxicology, Food
and Chemical Safety named after Academician LI
Bear of the Ministry of Health of Ukraine» by the
method of inversion-voltammetry using a voltam-
metric analyzer «AVA-3» which is equipped with an
indicator electrode for the determination of lead.
The results of the study are presented in table 8 and
fig. 7.

Table 8

Indicators of Pb concentration in chernozems and early ripening grains varieties of soybeans
and chickpeas with different protein content

Early-maturing varieties of soybeans

Early ripening varieties of chickpeas

Obijects of research Diamond

South 30

Edda Erdem

Protein 42,2%

Protei 30,1%

Protein 27,3% Protein 16,7%

Mass fraction of Pb, kg

Chernozem, (before

. 7,244+0,04 6,52+0,04 7,88+0,04 10,17+0,04
sowing legumes)
Chernozem 6,96:0,05 5,93+0,05 7,44+0,05 9,72+0,05
(after harvest)
Bean grain 0,340,004 0,310,002 0,300,004 0,270,002
(seed material)
Legumes (harvest) 0,410,003 0,39+0,003 0,38+0,005 0,32+0,003

It was experimentally established that the mass
fraction of Pb in chernozem at the test site of the
collection nursery «Agrotek» in the Kyiv region
before sowing legumes was in the range from 6,52
to 10,17 wkg. After harvesting legumes, there is a
decrease in lead content in the soil by 0,45 — 0,59
wkag.

An increase in the mass fraction of Pb in grains
from the yield compared to seed material by 0,07
and 0,08 wkg in soybean varieties «Diamond» and
«South — 30» (respectively) and by 0,8 and 0,05
wkg in the varieties «Edda» and «Erdem» (respec-
tively). Sample B — visualizes the content (accumu-

lation on the surface of the electrode) of lead in the
early-ripening variety of chickpeas (harvest) «Er-
demy, protein content of 16,7%. On experimental
sample A — visualized lead content in early-maturing
soybean variety «Diamond», protein content 42,2%.

Analyzing experimental studies (Table 8 and
Fig. 7), it is possible to conclude that the accumula-
tion of Pb in legumes is significantly affected by the
protein content in the grain. It is known [16] that
one of the main ways of moving mobile forms of
heavy metals to the plant is the process of their loca-
tion from the soil and absorption by plant roots.
Plants and their storage organs of assimilates are ab-
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Accumulation of
Pb

A

Fig. 7. Accumulation of Pb on the surface of the working electrode of the ABA-3 analyzer in grains of early-
ripening varieties of soybean and chickpeas with different contents protein, (1000 times magnification):
A — early-ripening soybean variety «Diamond», protein content 42,2%; B — early-ripening variety of chick-
peas «Erdem» protein content of 16,7%

le to accumulate Pb during the growing season,
where the process of accumulation with protein
takes place, and the concentration of Pb depends on
the protein content. The obtained experimental stud-
ies are reflected in [17], where it is substantiated
that heavy metals entering the plant from the soil
through the root system are actively moved meta-
bolically or by diffusion processes in contact with
cell walls and a number of mineral and organic
compounds contained in cells. Scientists have prov-
en [18] that the uptake of heavy metals by plants
and their subsequent accumulation along the food
chain is a potential threat to human and animal
health. This leads to mass degradation of Ukrainian
chernozems concentrated in areas with developed
industry. Also, a specific feature of soil contamina-
tion with heavy metals is a very low rate of soil self-
cleaning. As for Pb, its high concentrations in the
soil lead to degradation and reduction of the number
and diversity of soil microbiocenoses. Based on the
above, it is important to study the concentration of
Pb in soybeans and chickpeas depending on the
chemical composition of soils for cultivation. The
results of experimental studies are given in table 9-10.

Lime and manure were selected for joint appli-
cation to reduce the concentration of lead in the soil
for joint application to test plots with chernozem
soils. The research was conducted according to the
following scheme:

Site control (without fertilizers and artificial
application of Pb);

N180P180K180;

N18oP180K1s0 + Pb;

N1goP1s0K1so + lime (4 t/ha) + Pb;

N1s0P180K1g0 + manure (50 t/ ha) + Pb;

N1goP180K1g0 + lime (4 t/ha) + manure (50 t/ha) + Pb;

N3soP360K360 + Pb.

Agrochemical parameters of the experimental
site: humus content — 5,8%, pHKI — 5,6, mobile
phosphorus — 312 mg/kg, metabolic potassium —
173 mg/kg, nitrogen — 175 mg/kg, lead — 21,5
mg/kg. The area of the experimental plot is 10,5 m2,
Heavy metals in concentrations: Pb (CH3COOQ) 2 *
Pb (OH) 2 (82,0 g/m?), each made separately, pre-
mixed with soil. Analysis of the content of Pb was
determined using the method of inversion voltam-
metry.

The results of experimental studies showed that
the lowest concentration of Pb in soybeans obtained
from plants grown on lead-contaminated soils was
obtained in areas using lime, manure and mineral
fertilizers — scheme NigoP1s0K1go + Pb + lime + ma-
nure.

Experimental areas with lead-contaminated
chernozems, where a double dose of mineral ferti-
lizers and manure was used, have the same tendency
to accumulate toxic metal in soybean cotyledons.

Less impact on the detoxification process than
a double dose of mineral fertilizers — scheme
Na2goP350K 350 + Pb and manure — scheme N1s0P180K1g0
+ Pb + manure, has an introduction into artificially
contaminated lead soil — lime (scheme NaigoP1soKiso
+ Pb + lime).

The results of research on the concentration of
lead in chickpea grains of different vegetation varie-
ties depending on the chemical composition of soils
are given in table 10.

It has been experimentally proven that changes
in the chemical composition of the soil affect the
accumulation of lead in the storage organs of soy
and chickpea assimilators. It was found that the in-
tensity of Pb accumulation decreases with the com-
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Table 9

The concentration of Pb in soybeans of different varieties depending on the chemical composition of soils

Ultra-early varieties of soybeans,

chemical cgrc:wrg(])l;:'?ion of soils (75..85 days) -

Adamos Anastasia
Control 0,47+0,002 0,48+0,004
N180P180K180 0,460,003 0,47+0,002
N1g0P180K180 + Pb 0,70+0,002 0,70+0,003
N1s0P180K180 + Pb + lime 0,69+0,001 0,62+0,002
N1soP180K1s0 + Pb + manure 0,51+0,002 0,53+0,002
N1soP180K1s0 + Pb + lime + manure 0,42+0,003 0,45+0,001
N3soP3s0Kss0t Ph 0,49+0,002 0,47+0,002

Formula

Early-maturing varieties of soybeans,

(95...105 days)

chemical composition of soils Diamond South 30
Control 0,50+0,003 0,50+0,003
N180P180K180 0,49+0,001 0,48+0,003
N1goP180K1g0 + Pb 0,73+0,002 0,75+0,002
N1soP150K180 + Pb + lime 0,64+0,004 0,68+0,002
N1s0P180K180 + Pb + manure 0,59+0,002 0,57+0,004
N1soP1s0K1g0 + Pb + lime + manure 0,33+0,002 0,32+0,002
N3soP3s0K 360+ Pb 0,41+0,002 0,42+0,001

Formula
chemical composition of soils

Medium-ripe varieties of soybeans

(115...125 days)

Agate Silver
Control 0,42+0,002 0,41£0,004
N180P180K180 0,43+0,003 0,44+0,002
N1goP180K1g0 + Pb 0,64-+0,002 0,61+0,003
N150P150K180 + Pb + lime 0,6+0,001 0,6240,002
N1goP180K1s0 + Pb + manure 0,49+0,002 0,50+0,002
N1goP1g0Kigo + Pb + lime + manure 0,39+0,003 0,40+0,001
NseoP3s0Kseo+ Pb 0,43+0,002 0,45+0,002

Table 10

The concentration of Pb in chickpea of different varieties depending on the chemical composition of soils

Early ripening varieties of chickpeas,

Formula
. . . (95...115 days)
chemical composition of soils Edda Erdem
Control 0,41+0,004 0,40+0,001
N180P180K180 0,40+0,002 0,40+0,004
N1goP180K1g0 + Pb 0,53+0,003 0,52+0,003
N150P180K180 + Pb + lime 0,49+0,001 0,47+0,002
N18oP180K1g0 + Pb + manure 0,45+0,003 0,46+0,004
N1soP1s0K1s0 + Pb + lime + manure 0,21+0,002 0,25+0,003
NzsoP3s0K3s0+ Pb 0,29+0,001 0,27+0,003
Medium-ripe varieties of chickpeas,
Formula
chemical composition of soils - (115...125 days)
Bashkir Flower
Control 0,40+0,002 0,38+0,002
N180P180K180 0,38+0,001 0,38+0,001
N1goP180K1g0 + Pb 0,51+0,002 0,50+0,003
N150P180K180 + Pb + lime 0,43+0,003 0,45£0,004
N1soP1s0K1s0 + Pb + manure 0,46+0,002 0,44+0,004
N1soP1s0K1s0 + Pb + lime + manure 0,28+0,0024 0,29+0,003
NazsoP3s0Kasot Pb 0,31+0,002 0,34+0,003
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bined use of mineral fertilizers, lime and manure.
The use of one lime does not significantly affect the
detoxification process.

According to the intensity of detoxification of
soybeans and chickpeas of different vegetation vari-
eties during cultivation on chernozems contaminat-
ed with lead, can be distributed as follows:

NigoP1goKigo + Pb + lime + manure >
N3soP3s0Kzeo + Pb > NigoP1g0Kiso + Pb + manure >
N1goP180K1go + Pb + lime.

It is hypothesized that the periods of maturation
(the number of days for which the grain matures
from seed to fruit) in lead-contaminated soils does
not affect the increase in the concentration of Pb in
the grain of legumes. The relationship between pro-
tein content in grain and Pb concentration indicators
has been established. Soybean and chickpea varie-
ties with the lowest protein content, namely medi-
um-ripe, are not very suitable for accumulation. A
similar result of experimental studies is given in
[19-20], which describes the process of germination
of chickpeas in a solution of sodium hydrosulphite
(NaHSeQ?®). Studies have shown the distribution of
selenium by the anatomical parts of the sprouted
grain and proved that in the composition of the
sprouted grain of chickpeas 95...99% of selenium is
in the cotyledon, we assume that in the protein frac-
tion. This indicates a high degree of conversion of
selenium into organic form during germination in
NaHSeO? solution.

The performed research provided an opportuni-
ty to determine ways to optimize lead-contaminated
chernozem soils in the «soil — plant» system (on the
example of chernozem soils within test sites on the
territory of the collection nursery «Agrotek» in Kyiv
region). The obtained research results are important
for solving environmental problems of various pro-
files. Which is socially necessary and economically
beneficial, because it will preserve the health of the
population.

Conclusions. Experimental studies were con-
ducted at the test site within the collection nursery
«Agrotek» in the Kyiv region. It was experimentally
established that the mass fraction of artificially in-
troduced into the chernozem soil before sowing leg-
umes was in the range from 6,52 to 10,17 wkg. Af-
ter harvesting legumes, a decrease in the concentra-
tion of Pb in the soil to 0,45...0,59 wkg was ob-
served. Indicators of lead concentration in soybean
and chickpea grains with maximum and minimum
protein content were also studied. An increase in the
mass fraction of lead in grains from the harvest
compared to seed material by 0,07 and 0,08 p/ kg in
soybean varieties «Diamond» and «South — 30» (re-
spectively) and by 0,08 and 0,05 u / kg in the varie-
ties «Edda» and «Erdem» (respectively).

Indicators of Pb concentration in soybean and

chickpea grains depending on the chemical compo-
sition of soils as an experimental medium for grow-
ing legumes were determined. It was found that the
lowest concentration of lead in soybeans and chick-
peas on lead-contaminated soils was obtained in
areas where lime, manure and mineral fertilizers
were used. Legumes obtained from plants grown in
artificially contaminated lead test areas, where a
double dose of mineral fertilizers and manure was
used, have the same tendency to accumulate toxi-
cant. The intensity of lead accumulation by legumes
is not affected by the length of the growing season
of plants growing on lead-contaminated soils, but is
significantly affected by the protein content in the
grain, which increases the concentration of lead.
Early-ripening varieties have the highest bioaccu-
mulating ability, and medium-ripening soybean and
chickpea varieties have the lowest. According to the
intensity of detoxification of soybean and chickpea
grains of different vegetation varieties during the
growing season, grown on chernozems artificially
contaminated with lead, can be distributed as fol-
lows: N1goP180K1gg + Pb + lime + manure >
NssoP3soKazso+ Pb > NigoP1soKiso + Pb + lime >
N1soP1s0K1s0 + Pb + manure.

Studies of protein, fat, carbohydrates in soy-
beans and chickpeas of different vegetation varieties
over a five-year period grown on chernozem soils of
the test site showed that ultra-fast soybean varieties
have an average protein content of 38,55%, fat —
17,90% of carbohydrates — 43,50%; early ripening
contains 42,75% protein, 14,50% fat and 42,75%
carbohydrates. However, medium-early are charac-
terized by the following chemical composition —
37,40% protein, 20,50% fat, 42,10% carbohydrates;
medium-ripe — 35,1% protein, 22,20% fat, 42,70%
carbohydrates. The study of the content of protein,
fats, carbohydrates in chickpea grains of different
vegetation varieties made it possible to establish that
early-ripening varieties of chickpeas have an aver-
age protein content of 19,55%, fats — 15,95%, car-
bohydrates — 64,5%. Medium-ripe varieties of
chickpeas have an average protein content of 18,7%
protein, 15,95% fat and 64,75% carbohydrates.

Experimental studies have shown that early
maturing varieties of legumes are of the greatest
interest for establishing the relationships in test
plants between the protein content of legumes and
Pb concentration (due to translocation processes
from the soil on which plants are grown and bioac-
cumulation).

The results of research are important for solv-
ing environmental problems of various profiles, be-
cause the results highlight the patterns of determin-
ing the impact of heavy metals on environmental
components, methods of detoxification of cherno-
zem soils, environmentally friendly plant products,
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food safety and, consequently, people’s health. All  lation and save the state budget funds allocated for
this is socially necessary and economically benefi-  hospital care.
cial, because it will preserve the health of the popu-
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Okonoruyeckasi 0€30MacHOCTh MOYB U BBIPAIBaHHE DKOJOIMYECKH OE30IAacHBIX IMUILIEBBIX HNPOAYKTOB PacTH-
TEJILHOTO TIPOUCXOKACHHS SIBIISIETCSl OHOM U3 Haubolee akTyallbHBIX MpolieM coBpeMeHHocTH. ObecreueHne IKoIo-
THYECKOM 6630HaCHOCTI/I MMPOAOBOJIBCTBEHHOI'O ChIPpbA MW MNUIIEBLIX MPOAYKTOB SABJIACTCA O}IHOﬁ W3 IJIaBHBIX 3aJad,
OIIPEICISIONIMX 3A0POBbE IMOIYJISALUHN YelIOBeKa M coxpaHeHue ero reHodoHna. C muineil B OpraHu3M 4YesioBeKa M3
OKpYXaromiei cpenbl nmoctynaer a0 70% 3arps3HAONMX BEHIECTB pa3HOro npoucxoxaeHus. [lo manasiM BeemupHoii
OpraHM3aIly 3/paBOOXpaHeHus, cBUHeN (Pb) aBmsgercs rmoGambHBIM 3arps3HUTENIEM, KOTOPBIA BBI3BIBAET OOIBIIOE
KonmuecTBo 3aboneBaHnii. OcHOBHas crparerusi paspaboranHoro B OOH mpoekra «3mopoBee Hammu B Oopnbe ¢
COVID-19» 3akirodaercss B yMCHBIICHNH MHTOKCHKALMH TSDKEIBIMM METaJUIaMH, MTOCTYNAIOMIUMK B OPTaHU3M C IIH-
mei. B crarbe mpeacTaBiIeHbl pe3yabTaThl HCCIIEA0BAHMS ITyTEH ONTUMU3AINN 3arPSI3HEHHBIX HA CBHHEIl YE€PHO3EMHBIX
IIOYB B CHCTEME «II04YBa — pacTeHue». OObeKTaMu HCCIleoBaHMs OBIIIM BapHallik COM M HyTa Pa3HBIX COPTOB PacTH-
tesnpHOCTH. McenenoBano coneprkanue Oenka, )KUpOB, YITIEBOJIOB B 3€pHAX COM W HyTa Pa3HbIX BEreTAIMOHHBIX COPTOB
3a mepHoJ 3 JIeT, BRIpAIlleHHBIX Ha yepHo3eMax KueBckoit obmactu. M3yueHo conepikaHue CBHHIA B 3epHAX COM U HyTa
C MakCUMallbHbIM M MUHMMAaJILHBIM coliepkaHueM Oenka. HayuyHo 060CHOBaH mpoliecc akKyMyJSIIMU CBHHIA 3€pHAMHU
COM M HyTa B 3aBUCUMOCTH OT COCTaBa IOYB JIJId BbIpalllUBaHUs. yCTaHOBJ'IeHO, YTO IO MHTCHCUBHOCTHU ACTOKCHKAIIUU
3€pEH COU M HYTA PA3JIMYHBIX BEICTALIMOHHBIX COPTOB IIPU BbIpAIWMBAHUW Ha YCPHO3EMaxX 3arps3HCHHBIX CBUHIIOM
MOJKHO pacrpeenuth cienyomum obpasom:: NigoP1goKisot Pb + u3Bects + HaBo3 > NsgoP3s0Ksso+ Pb > NigoP1goKiso+
Pb + HaBo3 > Ni1goP180K1g0t+ Pb + HaBos3.

[Nomy4eHHsle pe3yabTaThl HCCIEJOBAaHWH BaskKHBI JJIsI HAYYHOTO COOOIECTBA, TAaK KaK OCBEIICHHbIE 3aKOHOMEPHO-
CTH KOTOpBIE MO3BOJISIIOT JaTh PEKOMEHJAMH 110 BBIPAIIMBAHUIO COM M HYTa, COPTa KOTOPHIX MMEIOT MUHUMAJIbHYIO
CHOCOOHOCTh K HaKOIIICHHUIO TSDKENBIX METAJUIOB. DTO COUUAIBHO HEOOXOJMMO M IKOHOMHUYECKH BBITOTHO, TIOTOMY YTO
TIO3BOJIUT COXPAHUThH 3710pPOBbE HACEJIECHHS YeM CIKOHOMHT CPE/ICTBa TOCYAapCTBEHHOIO OIOIPKETa, NpeHa3HaueHHbIE
JUTs1 OOJIBHUYHBIX COJIEPKaHHUH M BBITUIAT IO MHBAJIUIHOCTH.

Knroueswvie cnosa: no4esvl, YEPHO3EMbl, 3APAZHEHUA, Midicesible Memajlibl, C6UHeY, Memoobl demOKcuKauuu, 00~
bogvie.
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Exonoriyna Ge3rneka IpyHTIB Ta BUPOIIYBaHHS EKOJIOTIYHO OE3MEYHMX XapuOBHX IPOAYKTIB POCIMHHOTO IOXO-
JDKEHHSI € OIHIECI0 3 HalaKTyaJbHIMINX MPOOJieM CydacHOCTi. 3abe3medeHHs eKOJIOTigHOi Oe3MeKH MPOIOBOIBIOi CHPO-
BUHH Ta Xap4OBHUX MPOXYKTIB € OZHUM i3 TOJOBHMX 3aB/aHb, [0 BU3HAYAIOTH 370POB’S MOMYIALI] JIOAUHHU Ta 30epe-
xeHHA i1 reHo(OHAY. 3 TKEI0 B OpraHi3M JIIOJWHHU 3 JOBKULIA HaxxoauTh 10 70 % 3a0pymHIOIOYMX PEYOBHH Pi3HOTO
MOXO/KeHHs. 3a maHnMu BceecBiTHBOI opraHizaliii 0XopoHH 370poB’s, cBuHeNb (Pb) € mobanpanM 3a0pygHIoBaYeM,
SIKFA BHUKIIMKA€ BEIHMKY KUTBKICTH 3axBoproBaHb. OCHOBHa crpaterisi po3podnernoro OOH mpoekty «3m0poB’st Haril B
60poTe6i 3 COVID-19» monsrae y 3MeHIIEHH] iHTOKCHUKAIlii BaYKKUMH METaIaMH, IO HAJAXOIATh B OPTaHi3M JFOIMHHA 3
DKero. Y CTarTi HpeicTaBlICHI pe3ybTaTy JOCHTIKCHHS IIJISIXIiB ONTUMI3aIl]l 3a0pyTHCHUX Ha CBHUHEIb YOPHO3EMHHX
IPYHTIB y CHCTEMI «IPYHT — pocirHay. O0’€KTH JOCITIKeHHs OyJIM Bapiawii coi Ta HyTy pi3HHUX COPTIB POCIMHHOCTI.
JocunimkeHo BMICT Oifika, )KUPiB, BIVIEBOIB Y 3epHax coi 1 HYTy pi3HHMX BereTaliliHUX COpTIB 3a mepioX 3 pokKiB, BU-
polieHnx Ha yopHo3eMax KuiBcbkoi obOnacti. BUB4EHO BMICT CBUHIIIO y 3€pHAxX COi Ta HYTY 13 MAKCMMAJIbHUM Ta MiHi-
MaJIbHUM BMicTOM Oinka. HaykoBo 0OIpyHTOBaHO Mpolec aKyMyJIsillii CBHHIFO 3€pHaMHU COI Ta HYTY B 3aJIe)KHOCTI BiJ
XIMIYHOTO CKJIaJy TPYHTIB JUIs BUPOIIyBaHHs. BcTaHOBIIEHO, 10 332 IHTEHCHBHICTIO JIETOKCHKALlil 3epeH COl Ta HyTy
Pi3HMX BereTallifHUX COPTIB MiJ] 9ac BHPOIIYyBaHHS HA YOPHO3eMax 3a0pyAHEHNX CBHHIIEM MOKHA PO3MOIUINTH TaKHM
qrHOM: N1g0P180K180+ Pb + Bamuo + rHilt > N3goP3s0Kzeot+ Pb > NigoP1g0K1go+ Pb + rriti > NigoP1goK1go+ Pb + Bamuo.
OTpuMaHi pe3ylIbTaTH JOCIIHKEHD € BAKIMBAMH JUISI HAYKOBOI CIIUTEHOTH, TOMY, IO BUCBITIICHI 3aKOHOMIPHOCTI JJAIOTh
3MOTY HaJaTH PeKOMEHJallii O BUPOIIYBaHHS COPTIB COi Ta HYTY, sIKI MAalOTh HAWMEHIIy 3/aTHICTh 0 HAKOIHMYECHHS
TsoKKUX MetaniB. 1o € comiansHO HEOOXiTHIM Ta €KOHOMIYHO BHUTiTHHM, TOMY IO JO3BOJHTH 30€perTH 310pOB’S Ha-
CEJITHHS YHMM 3a0IIaJIUTh KOIITH JeP>KaBHOTO OIOIDKETY, sIKi MPU3HA4eHi I JIIKapHIHAX YTPHUMaHb Ta BUILIAT 110 iHBA-
JITHOCTI.

Knrouosi cnosa: tpynmu, uoprnoszemu, 3a0pYOHEHHs, 8ANCKI MEMAIU, CEUHEYb, MemoOu demoKkcuxkayii, 6000si.
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