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ARTICLE

UDC 57:63

STUDY OF THE EFFECT OF DROUGHT
ON THE ECONOMIC PARAMETERS AND HEIGHT DYNAMICS
OF FABA BEAN VARIETIES INTRODUCED FROM ICARDA

Jamiyeva S.S.

Scientific Research Institute of Agriculture of the Ministry of Agriculture of the Republic of Azerbaijan,

Baku, e-mail: cemiyev1 961 @mail.ru

Global climate change in today’s world has caused environmental degradation on Earth. Stress factors such as
drought can affect the growth, development and productivity of many valuable crops, causing them to die. As one
of the priority crops of the modern era, pulses are an important part of the food basket of the population. They are
considered one of the most important alternative foods for meeting the daily protein requirements. The minimal use
of animal protein and the widespread use of legumes, which are rich in plant protein, to replace it, leads to a reduc-
tion in the need for animal husbandry and the replacement of pasture with arable land. This helps to increase the area
sown to legumes and other crops in the country. The faba bean is the cheapest food crop in the agricultural sector.
The Turgoromer-1 instrument was used to determine the water retention capacity of the leaves of the horsebean vari-
eties, and an infrared thermometer was used to determine the temperature change at plant level due to leaf transpira-
tion. According to the results of the researches, the most promising varieties for the Absheron district are Rebeya 40;
FLIP17-010FB; FLIP17-008FB; FLIP17-032FB; FLIP16-202; FLIP17-055FB; FLIP17-033FB; FLIP16-200; Mis-
ir-3. Height to 1st bean and plant length (r=0.854%*), number of seeds and beans per plant (r=0.982**), bean length
and number of seeds per plant (r=0.986**), grain weight per plant and plant height (r=0. 939*), grain weight per
plant and number of seeds per plant (r=0.886*), grain weight per plant and bean length (r=-0.885%), grain yield and
plant height (r=0.950%*), positive reliable relationships between grain yield and number of seeds per plant (r=0.947%*)

and seed weight (r=0.885%), hundred seed weight and number of beans (r=0.894*).

Keywords: faba bean, cultivar, introduction, drought, water retention capacity, correlation

In our country the area sown with leg-
ume crops is almost insignificant. In order to
increase the production of these plants in our
country the main task is to create new produc-
tive varieties, mechanization of their harvest-
ing and introduction in farms. Considering the
diversity of soil and climatic conditions, it is
necessary to create varieties of intensive type
by selecting high yielding, disease resistant,
mechanized varieties for the regions. There-
fore, it is necessary to conduct ecological ex-
periments of the faba bean plant in different
regions of our republic, determine the superior
characteristics and create by breeding suitable
varieties for each region [1; 2].

More recently, simpler devices have been
used to study drought tolerance. For example,
the water-holding capacity of the leaves can be
determined with the «Turgorometer-1», and the
change in temperature at planting level due to
transpiration in the leaves with an infrared ther-
mometer. The drought tolerance of wheat and
ramson has been evaluated using these devices
[3]. Other methods are used to determine the
weight of the root system of faba bean plants
[4], grain yield, number of days to flowering,
shortening of the growing season, etc. [5]. to
nozzle permeability, product index [6]. The ef-
fects of drought on plant height and develop-
ment, 100 seed weight, yield, chlorophyll con-
tent [7], root system and dry biomass of 40 faba

bean samples cultivated under different condi-
tions of water supply were studied [6].

Drought adversely affects plant growth and
productivity. The resilience of plants to drought
stress depends on their species and the degree of
water loss. Some varieties can withstand drought
stress because they use water more efficiently.

As a result of drought stress, oil, starch
and carbohydrates, various oils, esters and
synthesis of specific substances are impaired.
Conversely, the amount of protein starts to in-
crease. Literature reviews show that varieties
grown in arid regions have higher protein and
starch content than varieties grown in humid
and irrigated areas. A high protein content in-
creases the energy of the plant and reduces wa-
ter loss, preventing plant mortality.

Materials and methods of research

Research work was carried out at Absher-
on experimental base of RICH in 2017-2018,
2018-2019, 2019-2020 and 2020-2021. The
Apsheron Peninsula is located on the western
coast of the Caspian Sea near the 40th parallel,
N400 31.957’ north latitude and E49052.525°
east longitude, at 6 m above sea level. The area
has hot and dry summers and mild winters. Av-
erage annual temperature in the area is 10-140C,
the average temperature in January is -10C to
50C, and the average temperature in June is 21-
270C. The average annual wind speed, typical
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for the region, is 4-8 m/s. Mostly northern winds
dry out the soil, which increases the water de-
mand of plants. The average annual precipita-
tion on Apsheron Peninsula is 311 mm and is
distributed unevenly. Most precipitation falls in
autumn and winter and 10% falls in spring.

Soil in Apsheron peninsula is heteroge-
neous, mainly greyish-brown, poorly nutri-
ent-depleted, alkaline and carbonatised. In
terms of mechanical composition, soils are
mainly clayey, sandy and poorly structured.
The amount of total humus in arable layer is
small and amounts to 1.27-1.32%. There are
very few readily available forms of nutrients
in the soil. In this soil type, the faba bean plant
has a high demand for nutrients. Three nurs-
eries containing 234 varieties of faba bean
from the ICARDA International Centre were
taken as research material. These include the
International Ascochytosis Immunity Nursery
(FBIABN), the International Brown Spots Im-
munity Nursery (FBICSN) and the Internation-
al Mechanical Harvest Nursery (FBIMHN)).

The International Classification of cultivat-
ed Vicia faba species, URBI of the All-Russian
Institute of Botany, State Variety Testing of
Agricultural Plants (1989), International Bio-
diversity Institute Methodology for determin-
ing a key set of characteristic and evaluation
descriptors of faba bean (Vicia faba) — method-
ology were used to examine samples [7].

During the study, phenological observa-
tions of plants were made, and the resistance
of samples to diseases and the dormancy pe-
riod, the duration of the growing season of
plants, height, position in the field, height of
lowest pod —bearing node were evaluated.
Height, number of grains in the pod, width,
length of the pod, weight of 100 grains and
yield were determined on a Turgonome-
ter-1 device (Fig. 1,2).

As can be seen from the Table, drought
stress had a negative effect on plant growth
and productivity. The response of the varieties
we studied to the drought was different. In this
regard, the effect of drought on the design el-
ements was different (Table 1). The drought-
tolerant varieties had growing season of 210-
217 days, height of 1 pod 10-40 cm, plant
height 35.6-76.0 cm, number of seeds in pod 3,
pod width 1.0-1.4 cm, length 6, 8-9.3 cm, yield
varied from 60-471 g/m 2. The growing season
for moderately drought resistant varieties was
211-217 days, the height of 1 pod 15-38 cm,
plant height 31.3-76.3 cm, the number of seeds
in a pod 3-4 pcs, pod size — width 1.0-1.3 cm,
length 6.7-9.8 c¢cm , the yield varied between
139-513 g/m 2 . In less drought-resistant va-

5

rieties growing season 211-217 days, height
of 1 pod 10-40 cm, height of the plant 31,3-
86,3 cm, the number of seeds in a pod 3, pod
width 1,0-1,3 cm, length 6,7-9,4 cm, the yield
varied in the range 100-509 g/m2.

Fig. 1. Faba bean — Vicia faba.L
(inflorescence)

Fig. 2. Faba bean — Vicia Faba.L
(height measuring)

St. VIFA2-93 was moderately drought-tol-
erant according to the turgor index measured
by the Turgorometer-1 in a local variety sam-
ple of 0.6. In the variety samples presented in
Table 2, the drought tolerance was in the range
(0.8-0.9). As a result of the research we can
say that these varieties are suitable for the Ab-
sheron zone as drought tolerant and promising
varieties (Table 2).

During the growing season, the height of the
faba bean plant was measured during germina-
tion and emergence, vegetative, reproductive,
pod senescence and stem senescence stages.
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Table 1

Turgor and morphobiological indices of varieties
of faba bean belonging to different nurseries

) .| % % Pod length ) é +

- en S - ol O £

Sowing Accession §o§ § i éb =% —q?) § . —é § s i 5 373

No name 5 % (59 % s 3 £33 Width, | Length, E ol § i)

A e 3 ;O E ;: = mm cm S) 3 g =

3 2
FBIABN
1 Rebeya 40 0,9 | 210 65 25 10 7,2 3 88 | 296
14 |FLiP16-190 0,5 | 216 61 25 10 7,7 3 100 | 423
16 |Rebeya 40 04 | 217 70 31 12 7,8 3 73 | 420
17 |FLiP17-007FB 0,5 | 217 74 10 13 8,8 3 90 | 390
18 |FLiP17-045FB 0,6 | 217 68 15 12 7,7 3 90 | 454
19 |Rebeya 40 0,5 | 217 63 25 13 8,3 3 88 | 475
20 |FLIP17-016FB 0,6 | 217 75 20 11 8,5 3 80 | 431
29 | St.VIFA-2-93 04 | 216 73 40 15 9,0 3 90 | 460
30 |FLiP16-199 04 | 215 86 35 11 8,2 3 93 | 493
31 |Rebeya 40 0,6 | 214 77 25 13 9,0 3 74 | 513
32 |FLiP17-022FB 04 | 213 82 38 13 9,0 3 90 | 425
33 |FLiP17-039FB 04 | 216 74 35 12 8,0 3 95 | 359
34 |Rebeya 40 0,6 | 216 72 38 12 9,8 3 85 | 455
35 |FLiP17-010FB 0,8 | 217 66 35 13 9,4 4 94 | 471
37 |Rebeya 40 04 | 217 74 38 11 7,8 3 74 | 509
38 |FLiP17-018 FB 0,7 | 217 73 28 11 7,8 3 87 | 305
44  |FLIP17-008FB 0,9 | 216 70 26 13 8,0 3 82 | 359
36 | VIFA2-93(st) 0,5 | 217 75 35 10 9,4 3 118 | 466
FBICSN

2 FLiP17-038FB 0,5 | 211 53 27 13 9,1 3 94 | 100
12 |FLiP17-032FB 0,9 | 211 52 20 13 7,7 3 83 | 384
14 |FLiP16-202 0,9 | 214 65 25 12 7,8 3 94 | 263
15 |FLiP17-041FB 0,5 | 213 59 15 10 7,0 3 67 | 313
17 |FLiP16-215 0,6 | 217 63 23 15 12,0 4 90 | 364
23 |FLIiP17-055FB 0,8 | 212 58 19 10 6,8 3 93 | 326
24 |FLiP17-033 FB 0,8 | 210 54 20 11 7,7 3 74 | 399
26 |FLIP17-043FB 0,7 | 217 52 25 13 6,7 3 86 | 366
27 |FLiP17-045FB 0,6 | 217 53 20 13 8,5 3 94 | 354
30 |FLiP17-035FB 0,6 | 217 54 20 14 7,5 3 100 | 371
31 |Rebeya 40 0,7 | 217 43 25 20 8,8 3 94 | 100
32 |FLiP17-031FB 0,7 | 216 54 20 13 9,0 3 100 | 213
34 |Rebeya 40 0,6 | 215 56 20 13 8,6 3 95 | 213
39 |FLiP17-059FB165 | 0,5 | 217 49 27 15 73 2 95 | 304
42 | FLIP16-200 0,9 | 213 56 25 14 8,1 3 78 | 286
29 | VIFA2-93(st) 04 | 217 60 20 10 8,5 3 122 | 353
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End of table 1

= Pod length =
&8 w%‘ %; E.g g s ow & B E
Sowing Accession '§D§ Ez“ B g “5—% 3 . —é %'g? E 5 E?
No name g % (59 % s o % 2 —é Wnlg;tlh, Leélr%th’ 2 % g E %
e 815 -E % a, S S~
FBIMHN
1 ELIZAR 0,9 | 217 53 10 13 9,3 3 110 | 219
2 FLiP16-205 0,5 | 216 63 17 14 8,8 3 86 | 260
7 FLiP16-217 0,7 | 210 41 30 10 8,6 3 78 | 330
8 FLiP16-214 0,6 | 216 47 15 13 8,8 3 100 | 375
10 |FLiP16-012 0,6 | 211 47 19 12 6,8 3 64 | 287
11 |FLiP17-055FB 0,6 | 212 59 17 12 8,1 3 87 | 263
13 FLiP16-206 0,5 213 43 15 13 7,8 2 82 | 286
14 FLiP16-213 0,6 216 31 12 12 8,8 3 81 209
15 Misir-3 0,8 215 36 10 12 8,6 3 80 60
21 FLiP16-211 0,5 213 31 10 10 6,7 3 80 188
22 FLiP16-014 0,5 214 37 20 12 8,0 3 70 126
25 FLiP16-011 0,6 217 45 15 12 7,8 3 90 139
18 |St.VIFA-2-93 0,6 | 217 31 15 10 6,8 3 95 | 199
Table 2
Drought tolerance of faba bean varieties
Accession name T, T, T,/T,
FBIABN
Rebeya 40 102 88 0,9
FLiP17-010FB 74 57 0,8
FLiP17-008FB 90 81 0,9
FBICSN
FLiP17-032FB 102 38 0,9
FLiP16-202 110 100 0,9
FLiP17-055FB 96 75 0,8
FLiP17-033 FB 102 78 0,8
FLiP16-200 80 73 0,9
FBIMHN
Misir-3 106 91 0,8
St.VIFA 2-93 112 70 0,6

The observation shows that the resistance
to Ashichytosis in the nursery (FBIABN-18)
increased with plant height and varied be-
tween 65 and 104 cm. In St. VIFA-2-93, the
plant height index was 87-88 cm. The lowest
index was 65 cm in sample FLIP16-190 and
the highest index was 104 cm in sample
FLIP17-022FB.

The observation shows that resistance to
brown spot disease in the nursery (FLIP18)
gradually increased with plant height, the
plant height varied between 47 and 76 cm. In
VIFA2-93, plant height ranged from 62-71 cm.
The minimum value was 47 cm for FLIP16-
200 and the maximum value was 76 cm for
FLIP17-038FB.
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Table 3
Correlation between morphobiological parameters of faba bean varieties
PH HLPN BPS NSP PL 100SW SY
PH 1
HLPN 0,854 1
BPS 0,071 -0,392 1
NSP 0,923 0,534 0,982 1
PL -0,713 0,755 -0,573 0,986™ 1
100SW -0,251 0,245 0, 894* -0,529 0,248 1
SY 0,950 -0,229 0,241 0,947 -0,944* -0,490 1

NOTE: PH — plant height, HLPN — height of lowest pod —bearing node, NBP — Number of Beans per
pod, NSP —number of seeds per plant, PL. —pod length, 100SW — 100 seeds weight, SY — seed yield.

The height of the plants in the nursery suit-
able for mechanized harvesting (FLIP18) grad-
ually increased, the height of the plants vary-
ing between 51 and 72 cm. The plant height of
VIFA2-93 was 58 cm. The lowest value was
51 c¢cm for FLIP16-211 and the highest was
72 c¢cm for FLIP16-210 (Table 3).

A correlation between morphobiologi-
cal indices in the studied faba bean cultivars
was established.

Conclusion

1. 10 promising drought tolerant (0,8-0,9)
variety samples were selected from the nurser-
ies of the faba bean for various purposes, intro-
duced from the International Breeding Center
ICARDA, and used for creation of a source
material for breeding.

2. During the growing season the height
of the faba bean plants during the germina-
tion and emergence, vegetative, reproductive,
pod senescence and stem senescence stages
was measured in 12 varieties of resistance to
ashichytosis disease in nursery (FBIABN),
resistance to brown spot disease in nursery
(FBIKSN) in 3 mechanized harvesting condi-
tions in nursery (FBIIMHN) in 11 varieties was
higher than in local varieties St.VIFA-2-93.

3. Rebeya 40; FLIP17-010FB; FLIP-008FB;
FLIP-032FB; FLIP16-202; FLIP17-055FB;
FLIP17-033FB; FLIP16-200; ELIZAR; It
was determined that the samples of variety
Egypt-3 are important as a donor form in fu-
ture breeding work. The recommended opti-
mum biometric dimensions of plants to create
a model variety of horse bean with high grain
yield under the irrigation conditions of Absher-
on : plant height 65-100 cm, height of lowest
pod —bearing node 18-25 cm, number of beans

per plant 25-35, number of beans in 1 plant
9-15 cm, length 8-10 cm, bean width15-19 mm,
weight of 100 grains 80-130 grams..

4. The positive correlation was ovserved
between height of lowest pod —bearing node
(r=0,854%*), number of grains per plant and
number of beans per plant (r=0,982%%),
length of pod and number of grains per plant
(r=0,986*%*), grain yield and height of plant
(r=0,950%), grain yield and number of grains
per plant (1=0,947*) and number of pods
(r=0,894%*).
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THE INCIDENCE OF COVID-19 AMONG HOSPITAL WORKERS
AT THE BEGINNING OF THE PANDEMIC IN THE KYRGYZ REPUBLIC
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In Kyrgyzstan, the period when the COVID-19 pandemic began to develop from April to June 2020 was char-
acterized by a high infection rate of medical workers. Almost 20% of the total number of COVID-19 patients were
infected with the disease by employees of medical organizations. Data from the Department of Disease Prevention
and State Sanitary and Epidemiological Surveillance (DDPSSES) were analyzed. Evaluation of the implementation
of infection control measures in 9 hospitals where COVID-19 outbreaks were investigated among employees. We
also conducted a survey of 289 employees of healthcare organizations who underwent COVID-19. The main factor
of doctors * infection was the low implementation of administrative measures (69%) aimed at organizing safety at
the workplace and in places of residence in observatories, and protecting medical personnel (40%). The analysis of
the data of the DDPSSES showed that the key risk factor is contact at work with colleagues (35%), since the work
was not organized in such a way that employees who provide services to patients with COVID-19 did not overlap
with employees who provide services to the rest of the population. Also one of the likely risk factors for infection for
health workers there was a stay in observatories, after the completion of a 14-day shift, where medical workers were
placed with negative PCR results, but on the 12-14 day of their stay there at the same time, from 5 to 17 medical
workers from one observatory were tested positive for PCR. The survey showed that medical workers * illnesses
were related to their professional activities: 41% worked in hospitals providing COVID-19 treatment services; 30%
of medical workers worked in observatories and mobile teams, and 13% — at patient sorting points in polyclinics and
ambulance stations. SOPs were developed to eliminate these factors which prescribe procedures for organizing the

safety of work and rest of medical teams in a pandemic COVID-19.

Key words: COVID-19, health workers, administrative measures of infection control, nosocomial infection, pandemic.

Introduction

According to WHO data, from January
2020 to May 2021, according to the most con-
servative estimates, from COVID-19 115 thou-
sand doctors died. [1]

As of September 5, 44,316 cases of labo-
ratory-confirmed coronavirus infection were
registered in Kyrgyzstan, which is 681.7 cases
per 100 thousand population. According to of-
ficial statistics of the Ministry of Health of the
Kyrgyz Republic, as of the beginning of Sep-
tember 2020, more than three thousand cases
of COVID-19 were registered in the repub-
lic among medical workers, which is almost
20% of the incidence among the population.
The highest rates were registered in Osh, Chui
oblast, and Bishkek. In the city of Osh out-
breaks of coronavirus infection were registered
in the Osh Inter-regional Clinical Hospital
(OIRCH), in The City Perinatal Center (CPC),
in the children’s infectious diseases hospital of
The Osh City Clinical Hospital [2, 3].

Materials and methods of research

The data of the Department of Disease
Prevention and State Sanitary and Epidemi-
ological Surveillance (DDPSSES) was ana-
lyzed from the beginning of the pandemic to
08.05.2020. Also, employees of the Republi-

can scientific and practical Center for infection
Control conducted an epidemiological study
of COVID-19 outbreaks among employees
in 9 hospitals (Bishkek, Osh, Jalalabad and
Naryn regions). The implementation of infec-
tion control measures in these hospitals was
evaluated during the epidemiological studies.
Assessment sheets/tools were developed by the
Republican Scientific and Practical Center for
Infection Control staff to conduct an epidemi-
ological survey [4-6]. Preliminary work was
carried out to assess the Infection prevention
and infection control in healthcare organiza-
tions, the availability of personal protective
equipment for healthcare organizations, and
other safety factors at the workplace of em-
ployees of healthcare organizations. Assess-
ment sheets were tested in the epidemiological
investigation of cases of nosocomial infection
of medical workers and patients in multi-spe-
cialty hospitals in Bishkek, Osh, Jalal-Abad,
Osh and Naryn regions (9 hospitals).

We also conducted a survey of 289 em-
ployees of healthcare organizations who had
undergone COVID-19. Selection criteria
for the survey are employees (medical and
non-medical personnel) working in healthcare
organizations of the Kyrgyz Republic who had
laboratory-confirmed infection with SARS-

EUROPEAN JOURNAL OF NATURAL HISTORY Ne4, 2023



10

CoV-2 coronavirus in the period from March 1,
2020 to June 1, 2020. Statistical data process-
ing was carried out using a personal computer
in the Microsoft Office Excel 2010 program.

Results of the research and discussions

A preliminary analysis of the epidemio-
logical reports of the Ministry of Health of the
Russian Federation on the probable factors that
influenced the infection of medical workers
with COVID-19 on 08.05.2020 was carried out.
The first cases of COVID-19 in healthcare or-
ganizations were detected as a result of testing
for: when employees have clinical manifesta-
tions of respiratory infection or pneumonia; if
they have a history of contact with a confirmed
case of COVID-19; after completing a 14-day
shift in the red zone, and before completing the
observation period after leaving the red zone.

According to the Department of Public
Health, 88% of cases of infection of medical
personnel are related to the provision of medi-
cal services to patients with COVID-19 (Table).
A key risk factor is contact at work with col-
leagues (35%), which indicates that adminis-
trative infection control measures related to the
organization of safety at the workplace were
not implemented For example, the work was
not organized in such a way that employees
who provide services to patients with COV-
ID-19 did not overlap with employees who
provide services to the rest of the population.
Also, one of the likely risk factors for infection
for health workers was staying in observato-
ries, after completing a 14-day shift, or after
unprotected contact (without appropriate PPE)
with a patient with a confirmed diagnosis of

COVID-19. Medical workers were placed in
observatories with negative results of PCR di-
agnostics, but on the 12-14 day of their stay in
the observatories, 5 to 17 medical workers from
one observator simultaneously received a posi-
tive PCR test. The organization of proper ac-
commodation of employees in the observatory
is also included in administrative measures [7].

If on the date of 08.05.2020 there were
223 cases of diseases among employees of medi-
cal institutions, then as 0f 09.08.2020 the number
of ill health workers was 2948. Figure 1 shows an
analysis of the incidence of health workers in the
Kyrgyz Republic by region, the largest propor-
tion of cases occurred in Osh, which is associated
with an outbreak of nosocomial infections in the
Osh City Perinatal Center (OCPC).

An analysis of the data provided by the
DDPSSES showed that nurses are more at risk of
contracting COVID-19, this is due to a variety of
reasons, primarily due to the fact that nurses are
in more frequent and close contact with patients
and are exposed to more exposure (fig. 2).

The developed assessment tools made it
possible to conduct an initial assessment of
the risk factors for the occurrence of ISM and
signs indicating an epidemic problem, as well
as to conduct an epidemiological analysis of
the collected data that is unified for all health-
care organizations of the Kyrgyz Republic.

Figure 3 shows an analysis of the infec-
tion safety system assessment by functional
infection control blocks in hospitals where
COVID-19 cases were detected among em-
ployees and patients for the period from April
to June 2020.

The number of cases of COVID-19 among employees of health organizations by
the nature of their services to the population as of 08.05.2020.

Probable conditions of contact with COVID-19 Number of cases %
Infection is related to professional activities 198 88%
Contact at work with colleagues with COVID-19 79 35%
Working in hospitals for COVID-19 40 18%
Working in observatories for contact people 34 15%
Working in mobile teams 27 12%
Working in isolation centers for people with suspected COVID-19 4 2%
Epidemiological investigation of COVID-19 cases 4 2%
Services for patients with COVID-19 in primary health care 7 3%
Other health services for people infected with COVID-19 3 1%
The infection is not related to professional activity 25 12%
Family contacts with COVID-19 6 3%
Sources not installed 19 9%
Total 223 100%
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Fig. 1. Percentage of health workers infected with COVID-19 from the total number of cases by region
(n=2948)
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Fig. 2. Distribution of COVID-19 among medical personnel of institutions (n=2948)
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Fig. 3. Results of the analysis according to the Infection prevention and infection control criteria (average %
of execution)

Note: AM — Administrative measures; POMP protection of medical personnel, AM component; ICET —
infection control education and training; HH — hospital hygiene; IS — isolation system; SOMP —
safety of medical procedures; SONI — surveillance of nosocomial infections;, CSD — centralized
sterilization department; MWM — medical waste management
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As can be seen in Figure 3, not a single
hospital provided the implementation of in-
fection control measures corresponding to the
high-level assessment (76-100%). On average,
all activities in the studied hospitals were per-
formed by 75.4 %, which corresponds to aver-
age level of infection control implementation
(51-75%) However, this does not ensure the
infectious safety of patients and medical per-
sonnel in a pandemic. A high level of imple-
mentation (corresponding to 76-100%) is ob-
served only in the criteria of infection control:
safety of medical procedures (87%) and medi-
cal waste management (89%).

At the same time, measures to ensure in-
dividual protection of medical personnel were
least implemented (40%), this component is
included in the criteria “administrative support
of the infection control program/administrative
measures” (AM). The activities carried out in
hospitals meet the basic level (26-50%), which
is insufficient to protect patients and medi-
cal staff.

As part of the study, 289 medical pro-
fessionals were interviewed. Among the sur-
veyed patients, 88% were female, with the
maximum value in Naryn region (90%) and
the minimum value in Chui region (50%). The
proportion of males in different regions varied
from 50% to 10%. This distribution reflects
the overall distribution of health workers in
the Kyrgyz Republic by gender, where the
nursing profession is traditionally considered
“female”.

The average age of health workers in the
entire sample was 45 years, the minimum
age was 21 years, and the maximum age was
71 years. The median age was 47 years. More

than half of the respondents (61%) are aged
from 20 to 49 years. More than a quarter of
respondents in the entire sample (30%) fall
in the age group from 40 to 49 years, with the
minimum value in Osh region (22%) and the
maximum in Batken region (67%). The young-
est group of patients is noted in the Chui re-
gion-with COVID-19, 100% were people un-
der the age of 49 years. In the republic, almost
39% of ill health workers were over 50 years
old, because in state health organizations, older
employees predominate.

A little less than half of the respondents
were average medical personnel (45%), doc-
tors (33%) were the second largest number of
sick employees of medical organizations, and
junior medical personnel (nurses, distributors,
laundresses, housewives, cooks, drivers, etc.)
were slightly less than 22% (Figure 4). Ac-
cording to the eHealth Center, currently the
number of nurses in the country is 2.5 times
higher than the number of doctors. This sample
reflects the situation with staffing in healthcare
organizations, in addition, nurses are in closer
contact with patients compared to other health
workers and are at a higher risk of SARS-
CoV-2 infection.

Of the 289 employees of medical insti-
tutions surveyed, 161 (56%) provided direct
services to patients with a confirmed diagno-
sis/suspicion of COVID-19, among the re-
maining 128 health workers there are those
who did not provide services to patients (en-
gineer, procurement specialist, etc.), as well
as those who work with patients with other
diagnoses However, they may be potentially
infected with SARS-Cov-2, without clini-
cal manifestations.

administration
of a medical
institution; 1%

1%

junior medical
staff; 19%

average medical
staff; 45%

kitchen workers;

sl |

drivers; 1%

physicians; 33%

Fig. 4. Distribution of employees of healthcare organizations diagnosed withCOVID-19 by specialty,

(n=289)
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Among the affected physicians, the major-
ity were attracted to work in hospitals repur-
posed to provide services for the treatment of
COVID-19 (41%), 30% of medical workers
worked in observatories and mobile teams,
and 13% — in sanitary quarantine point, family
medicine center, and ambulance stations.

Conclusion

Health workers are at high risk of infection
due to the fact that they are engaged in work
with dangerous working conditions performed
in special conditions associated with the risk
of infection.

To ensure safe working conditions, the
heads of healthcare organizations are required to
implement administrative measures. As shown
by the assessment of the implementation of the
infection control criteria (Figure 3), the imple-
mentation of administrative measures was in-
sufficient-only 69%. And the implementation of
the component on individual protection of med-
ical personnel, as noted above, was very low —
40%. Therefore, SOPs were developed (Order
of the Ministry of Health of the Kyrgyz Repub-
lic dated 8 May 2020, No. 297 “On approval of
temporary standard operating procedures for
healthcare organizations of the Republic during
the COVID-19 epidemic”), where they were
prescribed three levels of protection for medical
personnel, depending on the level of risk of in-
fection. Administrative measures to ensure safe-
ty for health workers in the workplace are also
indicated. The main administrative measures are
those that should be provided by the manage-
ment of healthcare organizations:

* Provide access to personal protective
equipment (PPE) for health workers involved
in all services;

* Ensure availability and control of PPE
stocks;

* Monitor and control PPE supply requests;

* Control the distribution of PPE from the
organization's warehouses;

* Appoint a trained person responsible for
the provision and use of PPE;

* Provide facilities for performing a Fit test
for tightness of the respirator (to select the right
shape of the respirator that provides a tight fit);
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* Organize practical trainings for medical
staff on prevention, diagnosis and treatment
COVID-19;

* Responsible for the development and ap-
proval of internal regulations on prevention,
diagnosis and treatment COVID-19.

* Arrange places for medical staff to put on
and remove PPE. If possible, it is recommend-
ed to provide a full-length mirror for putting on
PPE (for monitoring the putting on of PPE by
health workers).

* Organize the work of personnel involved
in providing health services to people with
clinical symptoms COVID-19 and / or with a
laboratory-confirmed case, with the provision
of a full set of PPE, with conditions for rest.
Organize sorting and redirection of patients.
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At present, the task of increasing the level of competitiveness of products manufactured by enterprises has
become topical. And this is possible by improving quality and reducing waste. The implementation of this project
will solve the problems of improving process safety, improving the quality of products and improving working
conditions. Nicotinamide is an amide of nicotinic acid, a vitamin remedy. It has an anti-pellagric effect caused by
vitamin PP deficiency. Vitamin B3 (pantothenic acid), as an integral part of coenzyme A, is involved in carbohydrate
and fat metabolism, promotes the absorption of proteins, enhances peristalsis, and is associated with the functions
of the thyroid gland and adrenal glands. They are added to premixes at premix plants, into feedstuffs at feed mills
and in feed shops of farms, in accordance with the standards and technology for introducing vitamins existing in the
Russian Federation. In Russia, there are no enterprises producing feed vitamin B3, the main suppliers from abroad
are China, Switzerland, Germany and others. Automation of a technological process is a set of methods and tools
designed to implement a system or complexes that allow you to control the technological process itself without the
direct participation of a person or leave the right for a person to make the most responsible decisions. This project is

aimed at the construction of a new enterprise for the production of feed vitamin B3.

Keywords: hydrolysis, automation system, control object, automation levels, parametric optimization, adjustable parameters

The production of feed vitamin B3 is a
newly designed production, which will be part
of the Azot branch of JSC UCC Uralchem, Be-
rezniki, Perm Territory.

The design capacity of the production of
feed vitamin B3 (nicotinamide) for the finished
product is 0.13 t/hour (1000 tons/year). The
number of hours of work per year is 8016 [1].

Based on the features of the technologi-
cal process, taking into account regulatory re-
strictions and the requirements of regulatory
documents, an assessment was made of the
main technical solutions for process automa-
tion. Based on the results of the analysis of the
evaluation results, it was proposed to use com-
puter technology and automation at the level
of process control systems, since at this stage
of production there are such automation func-
tions as regulation, signaling and blocking. The
implementation of the technological process
without computers will require a large number
of technological personnel. To automate the
technological process, it is necessary to select
not only the means of grass—roots automation,
but also the controller by selecting input / out-
put modules. The controller is located in the
control panel. Data from the controller must be
transmitted to the operator’s station, which will
be responsible for monitoring all stages of pro-
duction. At the operator’s station, information
about the production process is output.

The aim of the study is to analyze the tech-
nological process for the production of nicoti-

namide as a control object in order to select a
control system.

Process hydrolysis of 3—cyanopyridine in
the presence of sodium hydroxide. The dura-
tion of the stage is 30 minutes.

By supplying nitrogen from a receiver with
a temperature T = 18+36°C and a pressure
P = 0.1 MPa at a maximum rate to the reactor
with a stirrer pos. R-3 is supplied with a solu-
tion of 3—cyanopyridine. Further, with the help
of squeezing with nitrogen from the receiver
with temperature T =-52 ++45 © C and pressure
P=0.1 MPa, with a maximum speed into the re-
actor pos. R-3 is supplied with sodium hydrox-
ide solution. The valves on the supply of raw ma-
terials are closed (to prevent reverse operation,
since the release of gases begins from the reac-
tor). The amount of sodium hydroxide is small
compared to the amount of 3—cyanopyridine (in
this case, it acts only as a catalyst that promotes
the hydrolysis reaction of 3—cyanopyridine).

The reactor is heated through the jacket
with steam at pressure P = 0.6 MPa and tem-
perature T =152 + 165 °C to a temperature T =
100 +—110 °C. Heating is done to initiate reac-
tions. Two reactions take place in the reactor.
The main one is the hydrolysis of 3—cyanopyri-
dine to nicotinamide:

C,H,N, +H,0=CHN,0 +Q

Secondary — the formation of sodium nico-
tinate with the release of ammonia:

C,H,N, +NaOH + H,0 = C,H,NNaO, + NH, -
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During the reaction, heat is released and the
mixture is heated by about 10 + 20 °C (maxi-
mum up to a temperature of T =120 + 130 °C).
The released ammonia and evaporating water
increase the pressure in the reactor pos. R-3.

The maximum allowable pressure is
P = 0.5 MPa. The reactor is equipped with a
line with gas phase withdrawal through a trap
(expansion pipeline 740 mm long) — in case of
an excessively violent hydrolysis reaction with
the release of the main phase from the reactor
(and subsequent discharge back).

The resulting nicotinamide and sodium
nicotinate are dissolved in the mixture. Reac-
tions are fast. The process can be considered
completed within a few minutes.

After that, the valve for issuing the gas phase
to the absorption unit is gradually opened to
capture the released ammonia (until the pressure
drops to atmospheric pressure within 20 min-
utes). The gas phase enters the heat exchange
part, where it is condensed and cooled with the
help of recycled water to a temperature of about
35 °C. Further, the gas passes through the noz-
zle part of the absorber, which is irrigated by a
pump with a circulation solution of ammonia
water with a temperature T =+30 +~ +40 °C and
a pressure P = 0.3 + 0.6 MPa. Ammonia is ab-
sorbed by water with the release of heat. The pu-
rified gas phase is released into the atmosphere.

In the circulation circuit T-1-> V-2—>
P-1—>C-1, the concentration of ammonia wa-
ter is gradually accumulated. Upon reaching the

O
>l

3-cyanopyridine
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ammonia concentration of at least 25% (moni-
tored by the density meter), in the period be-
tween ammonia discharge cycles from pos. R—-3,
a solution of ammonia water is pumped out of
pos. V=2 using a pump (about 1 time per day).

If the ammonia concentration starts to ex-
ceed 25% during the ammonia purge cycle
from pos. R—3, water supply for irrigation is
provided with a correction for the density of
the solution. Pressure in the reactor system pos.
R-3 is gradually reduced to atmospheric, and
the temperature is down to ~100 °C [1].

Analysis of the technological process as a
control object. The production process of nico-
tinomide is continuous. Production is carried
out in two shifts of 11.5 hours. In each shift,
2 cycles of preparation of nicotinamide are car-
ried out. Cycle time = 2 hours 50 minutes for
shift 1, = 3 hours 10 minutes for shift 2. The
product is centrifuged and dried continuously
for 11 hours shift.

The main apparatus in the technological
scheme is a capacitive—type reactor with an
R-3 stirrer. Therefore, we will consider it as
an analyzed technological control object. In the
reactor (Fig. 1), the reaction of hydrolysis of
the initial substance of a solution of 3—cyano-
pyridine and a solution of sodium hydroxide
into a solution of nicotinamide is carried out.
The control object is multidimensional with
distributed parameters. The purpose of the
functioning of the object is to obtain nicotina-
mide with a given concentration [2—3].
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Consider the R—3 reactor temperature con-
trol loop:

— possible control actions — coolant con-
sumption /', condensate consumption F,, con-
sumption nicotinamide F_;

— possible controlled disturbing influenc-
es — initial temperatures of the coolant 7, and
initial substances 7,;

— possible uncontrollable disturbing influ-
ences — specific heat capacities of steam, ini-
tial substances.

The priority control action, to maintain the
temperature at a given level, is the flow rate of
the coolant through a control valve installed on
the steam supply line to the reactor jacket.

Let us also analyze the control loop of nic-
otinamide concentration:

— controlled parameter — nicotinamide
concentration;

— possible control actions — the consump-
tion of 3—cyanopyridine, water, NaOH at the
inlet to the reactor pos. R—3.

— possible controlled disturbances — com-
position 3—cyanopyridine and NaOH entering
the reactor.

The priority control action, to maintain the
concentration at a given level, is the flow of 3—
cyanopyridine a control valve installed on the
hydrochloric acid supply line to the reactor.

Results of the research and discussions

Analysis of the technological process as
a control object showed that the process re-
quires control and management of numerous
parameters. In the production of nicotinamide,
it is necessary to use computer technology
and automation at the level of process control
systems.

Possible disturbing influences

-

XNaoH | Xi<cuamep.

Possible control actions

Fhiconnamide -
\

\ Reactor R-3

I

adjustable controller parameters

Fig. 2. Information scheme of the control object
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The main purpose of using the process
control system is to increase the reliability and
safety of the process and its economic efficien-
cy. The automation system in the production
of nicotinamide should perform the follow-
ing functions:

1. control functions — stabilization of tech-
nological parameters, ensuring a constant value
specified by the regulations; implementation of
blocking in case of emergencies and incorrect
actions of operational personnel;

2. information functions: centralized col-
lection and processing of information on the
course of the technological process by reading
it from measuring instruments and subsequent
processing; providing the operator with infor-
mation about the current values of technologi-
cal parameters; warning and emergency light
and sound alarms;

3. auxiliary functions: registration of the
actions of operational personnel; archiving of
received information.

To perform the listed functions of the pro-
cess control system, the interaction of its fol-
lowing components is necessary: technical,
software, information and organizational sup-
port, as well as operational personnel.

The technical support of the process con-
trol system is a set (complex) of technical
means, which includes computing and control
devices; means of obtaining (sensors), trans-
formation, storage, display and registration of
information; signal transmission devices and
actuators [4-6].

For this process, at the field level of auto-
mation, it is necessary to select valves, sensors
for level, temperature, pressure, composition.
The unit is located in the production area in
close proximity to the staff. The development
of an automation system implies the integration
of all parameters coming from the lower auto-
mation to the controller, located in the control
cabinet and transmitting information for regis-
tration and display to the engineer’s station.

The use of a software logic controller will
reduce the risk of systems failure in the ab-
sence of human control, as well as reduce hu-
man participation in the process itself [7].

The staff of the production site has a posi-
tion of a process engineer who is able to con-
duct operational control of the operation of
the installation during the technological pro-
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cess, as well as to carry out sampling in vari-
ous parts of the system to recheck the quality
and chemical composition of the product. The
system constantly monitors and records data
from the lower level of automation. The data
is accumulated and stored on the organiza-
tion’s server for 14 days. This measure allows
you to analyze the operation of the installa-
tion in the absence of an engineer. Errors that
occur in the operation of the installation are
also stored on the server, but for 1 year. Data
output and analysis is carried out from the en-
gineer’s station.

The decisions made ensure that the tech-
nological process for obtaining nicotinamide is
carried out in accordance with the regulations
with a minimum participation of personnel
with a high degree of safety and productivity.

Conclusion

In the above study, a set of measures was
developed and technical solutions were pro-
posed to create a system for automating the
production of nicotinamide, which made it
possible to bring the level of safety in line with
regulatory requirements and improve the qual-
ity of automatic control of an existing techno-
logical facility.
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Among the most important priorities for the innovative development of the mining and metallurgical industry
of Kazakhstan the industrial development of technologies for processing lead converter dust from copper and lead
production is included. An important prerequisite for the organization of a separate production for the processing
of lead dusts of Kazakhmys Corporation LLP and Kazzinc LLP is their multicomponent nature and value, which,
along with non-ferrous metals, contain dual-use metals such as rhenium, osmium, selenium and others. The content
of rhenium in Zhezkazgan dust reaches 120 g/t and serves as a source of its extraction into commercial ammonium
perrhenate. To organize production for the processing of arsenic-containing lead dust of Kazakhmys Corporation
LLP with the production of targeted products from them, cost-effective and environmentally friendly technologies
are needed that increase the technical level of production of marketable and intermediate products. Finding a rational
technology for their processing is one of the key problems that need to be addressed. An increase in the content of
arsenic in dust (up to 10%) makes a challenge to the development of new highly efficient technologies for processing
dust with the extraction of valuable metals. In this paper, based on a brief analysis of the known pyro- and hydromet-
allurgical methods of dust processing, the main problems and possible solutions are shown. The review allows us to

develop a general concept and outline new directions for the complex processing of dust.
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of the Ministry of Science and Higher Education of the Republic of Kazakhstan for 2023-2025 in the
priority area «Geology, mining and processing of mineral and hydrocarbon raw materials, new materials,
technologies, safe products and designs» of the project AP19676951 «Development of resource saving,
combined technology for the complex processing of multicomponent non-ferrous metallurgy dust with the

production of marketable products.

One of the urgent tasks of the sustainable
development of non-ferrous metallurgy in Ka-
zakhstan is the organization of new industries
(technologies) aimed at the complex process-
ing of substandard intermediate products and
recycling materials of copper and lead produc-
tion with the maximum extraction of non-fer-
rous and associated valuable metals.

Among the most important priorities for
the innovative development of the mining and
metallurgical industry of Kazakhstan the in-
dustrial development of technologies for pro-
cessing lead converter dust from copper and
lead production is listed.

An important prerequisite for organizing
a separate lead dust processing technology of
Kazakhmys Corporation LLP is their multi-
component nature and value. Lead dust, along
with non-ferrous metals (Pb, Zn, Cu, etc.), also
contains a number of other strategically im-
portant dual-use valuable metals: rare metals,
in particular, rhenium, osmium, selenium, tel-
lurium, thallium, and others [1].

To organize production for the processing
of lead dust of Kazakhmys Corporation LLP

with the production of commercial and tar-
geted products from them, cost-effective and
environmentally friendly technologies are
needed that would improve the technical level
of production of commercial and intermediate
products obtained from lead dust, taking into
account known trends and new areas of tech-
nology development.

The importance of the task of organizing
technology for the processing of lead dust is
pronounced by the fact that recently, due to the
complication of their composition (increase in
the content of copper, arsenic, antimony, etc.),
large volumes of them began to accumulate on
the territory of factories and enterprises with-
out finding proper sales. The lack of a rational
technology for their processing is one of the
key problems that need to be addressed.

An analysis of literature sources shows that
attempts to rationally solve this problem are in
the focus of attention of a number of large re-
search institutes and organizations. However,
the issue of processing lead dust, both copper
smelting and lead production, remains open to
this day [2-4].
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In this article, based on the analysis of the
results of the most promising pyro- and hydro-
metallurgical technologies for the disposal of
dust from copper smelters and lead production,
possible ways of their integrated use are shown,
which have the greatest interest to the process-
ing of lead dust of Kazakhmys Corporation LLP.

Pyrometallurgical methods of lead dust
processing. Pyrometallurgical technologies for
the processing of lead dust include the use of
smelting and roasting processes.

Smelting processes. The most common
is the method of melting dust in an elec-
tric furnace with sodium sulfate and soda in
a reducing atmosphere [5]. For melting, a
three-phase electric furnace with a power of
2300 kVA with a hearth area of 5 m? is usual-
ly used. The main smelting products are lead
metal, cadmium fumes and sodium slag, ac-
cumulating zinc, arsenic, selenium and other
trace elements. The average composition of
the dust supplied for processing, %: 52-60 Pb;
11-19 Zn; 0.8-1.5 Cd; 5-6 S; Sb and As 0.1-
1.5. The costs of soda and reducing agent are
20-25% and 8-12%, respectively. Exhaust
gases (826-1026 °C) after the afterburner are
fed to bag filters for cleaning.

Melting of granular dust from copper
smelters is also carried out in electric furnaces
in a reducing atmosphere at a temperature of
800-1000 °C [6]. The mixture contains, %: Na-
,CO, 1-5, coke — 4-8, slag — 10-25. Electros-
melting slag containing 25% Zn is processed
by leaching. When processing a mixture of dust
after copper removal (Pb — 60%; Zn — 15%)
and converting dust (Pb — 80%, Zn — 4%),
rough lead is obtained containing less than 5%
impurities and slag (Pb — 5%) which has about
97% of the Zn contained in the initial dust. The
efficiency of electrothermy can be increased
mainly due to the high-quality preparation of
the initial charge [7].

Fine lead dust from electric filters of the
converter section of copper smelters in the
Ural region, along with valuable components,
contains a significant amount of arsenic [8].
For the processing of these dusts, a combined
method is proposed, including their reduction
smelting with sulfate lead cake, sodium sul-
fate, soda and coke. As a next step, arsenic is
extracted from the matte-slag melt by aqueous
leaching. Sulfide-alkaline aqueous leaching so-
lutions are used as a reagent for the precipita-
tion of arsenic from acid washing solutions of
the sulfuric acid plant. When the solutions are
combined, 98-99% As precipitates as As.S..
The advantages of this technology include:
increasing the complexity of the use of raw
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materials by increasing the extraction of lead,
bismuth and precious metals into rough lead;
the possibility of joint processing of converter
dust and sulphate intermediate products (cake,
sludge); favorable conditions for the remov-
al of arsenic from the technological process
of copper smelters in the form of a low-toxic
compound — arsenic trisulfide (As,S.).

The work [9] presents the results of factory
practice of Mitsui Kinzoku (Japan) processing
zinc dust briquetted with coal in a shaft furnace.
During smelting, slag and matte are obtained
in the sump, and rough zinc oxide (Zn — 50%,
Pb — 20%) is obtained in the condenser, which
is mixed with zinc slag, rolled and roasted in a
tube furnace. The cinder, containing up to 65%
zine, is reduced in a vertical retort and rough
zinc and rimming are obtained. Both products
are returned to blast smelting.

In Poland, a method was proposed [10]
for processing lead-containing dust from shaft
copper-smelting furnaces and converters. The
melting of the briquetted charge is carried out
in a shaft furnace with the addition of fine iron
scrap (3-12% by weight of dust), lime (2-6%)
and converter slag (10-12%). In this case,
rough lead (Pb 92-94%), matte (Cu 10-12%,
Pb 10-25%, S 28-30%) and slag (Pb < 5%, Cu
~1%) are obtained. The dust concentrates rhe-
nium and other rare earth elements. Separation
of liquid phases is carried out in a sump, and
scrap iron is introduced to reduce the sulfur
concentration in rough lead.

The technology for processing lead-con-
taining dusts at the plant of Preussag AG Metal
(Germany) [11] is an interesting one, which
produces zinc by the New Jersey method.
Processing is subjected to the dust of roasting
sulfide zinc concentrates, %: 45-50 Pb; 10-
12 Zn; 2.5-3.2 Cd; 9-10 S; 250-350 g/t Ag and
Waelz process dust,%: 53-55 Pb; 13-15 Zn;
0.3-0.5 Cd; 5-6 S; 0.5-1 Cl; 80-120 g/t Ag. Pro-
cessing is carried out in rotary kilns with the
addition of barite concentrate or soda. In both
cases, rough lead is produced, which accumu-
lates silver, and dust, which contains most of
the zinc and cadmium. This dust is also pro-
cessed in a rotary kiln to produce clinker and
separate dust which contains lead and cad-
mium. Lead- and cadmium-containing dust
is processed in a rotary kiln to produce rough
lead and dust containing up to 50% cadmium.
The resulting dust is leached with sulfuric acid
and cadmium is cemented from the sulfate so-
lution with zinc powder. Further, vacuum refin-
ing produces zinc with a purity of 99.995%. A
by-product of the process is zinc sulfate. Ex-
traction of lead into rough lead is 96%, silver
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into rough lead — 92%, zinc in clinker — 62%,
in barite slag — 30%, in zinc sulfate — 1%. Ex-
traction of cadmium is about 90%.

In Germany, a method has been implement-
ed for processing sulfate cakes, sludges and
dusts containing lead by reduction smelting in
a rotary kiln. The material is mixed with lime
(5-30%) and coke (5-20%) and loaded into a
rotary kiln at 1000-1200 °C, which makes it
possible to continuously produce rough lead
containing: 0.25% Sb; 0.14% As; 0.047% Bi;
0.011% Cu [12].

The disadvantages of rotary kilns are:

— large dust loss, which significantly com-
plicates the equipment scheme and reduces the
environmental friendliness of the process;

— a large number of processing stages and
products that require their further processing,
and, associated with this, the loss of metal;

— high power consumption;

— difficulties of complex mechanization and
automation of the process;

— the use of complex and expensive dust-
collecting devices.

For the processing of lead converter dust
from copper smelting production, composi-
tion,%: 60.5 Pb, 1.6 Cu, 3.35 As, 1.12 Zn,
1.77 Sb, 8.1 S, 121 g/t Ag, 87.5 g/t In prepare a
charge containing NaOH and a reducing agent
(coke). During the smelting in a short drum fur-
nace, an extraction of lead into the rough metal
is 97-99%. Alkaline slag after treatment with
water contained up to 340 g/t In. The method
is characterized by high extraction of indium
(above 95%) and low consumption of reagents.

Roasting processes. The authors of [13]
granulated lead dust from a copper smelter, and
then coated the granules with a particulate re-
fractory material (silicon oxide or high-silicon
ore, or cement). Next, the mixture was roasted
at a temperature of 550-700 °C for 0.5-2 hours.
The consumption of coatings was 5-30% of
the mass of dust. Roasting was carried out in a
shaft furnace in a continuous mode, which sig-
nificantly increased the productivity of the pro-
cess and facilitated the solution of tasks for its
mechanization and automation. Despite these
advantages of the method, its implementation
is possible with the addition of a refractory ma-
terial, which significantly increases the cost of
the technology.

In [14], lead dust from converting copper
matte was mixed with crushed Fe-Si-Al alloy,
which was added in an amount of 2-10% by
weight of the dust. The initial mixture was
rolled, dried and roasted at 500-750 °C, blow-
ing air at a speed of 0.4-1 m/s. The method
makes it possible to extract rhenium into the

gas phase at the level of 90-95 %, to organize
a continuous process, to use a calciner having
a higher specific productivity with smaller di-
mensions. This technology is associated with
the cost of the alloy, which leads to an increase
in the cost of technology.

In [15], a highly dispersed product (con-
verter dust) is mixed with coarse-grained
material (part of crushed granules roasted at
550-700 °C), taken in an amount of 5-40%
by weight of the charge. The initial mixture is
granulated, the granules are dried and roasted
at a temperature of 400-700 °C. The process
fails to achieve a high extraction of arsenic into
dust, gases, so the resulting lead cake contain-
ing arsenic experiences certain difficulties in
further smelting process.

In [16], fine lead dust (0-63 pm) is mixed
with coarse-grained material (0-2000 pm in
size) in an amount of 5-20% by weight of the
mixture, and the resulting mixture is granulat-
ed. After drying, the granules are roasted in a
shaft-type reactor. Water is fed into the reactor
at a temperature of 570-670 °C. This method
fails to achieve a high removal of arsenic from
the dust. The resulting cake, although it con-
tains a high lead content, is heavily contami-
nated with arsenic, and therefore encounters
difficulties with further processing. In addi-
tion, the supply of water to a hot reactor leads
to the formation of elemental hydrogen, which
makes the process explosive.

In [17], dispersed lead dust is granulated
with calcium oxide in an amount of 15-40% by
weight of the granules, and roasted at a tem-
perature of 570-670 °C in the presence of water
vapor. This technique reduces the volume of
material flows at the stage of hydrometallurgi-
cal processing and increases the specific pro-
ductivity of the equipment at this stage.

An analysis of the considered works shows
that carrying out the dust roasting process
without the addition of an oxidizing agent
[14, 15] is inefficient, since the extraction of
arsenic into the gas phase reaches only 85%.
This is due to the fact that the higher sulfide
and lower oxide of arsenic (As*) are not oxi-
dized to their volatile compounds — As**.

Granulation of lead dust and sludge is car-
ried out in order to filter the gas phase through
the product layer in a laminar mode, reduce
dust formation, which makes it possible to
achieve high kinetic characteristics during the
roasting process and increase the degree of ex-
traction of arsenic, rhenium and osmium into
the gas phase [14, 18, 19]. At the same time, to
loosen the structure of the granules without de-
stroying them, to increase the reaction surface
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of the solid product, to expand the gas outlet
channels inside the granules and improve the
access of oxygen to the active sites, the addi-
tion of coarse-grained and coarse-grained ma-
terials to the fired material is required [16].

The addition of refractory substances to the
roasting charge [14, 20, 21] has the following
advantages: it prevents the granules from melt-
ing and sticking together; raises their melting
temperature and thus allows distillation of arse-
nic, thenium and osmium at high temperatures,
which allows sufficiently complete extraction
of thenium and osmium into the gas phase.

Despite the advantages described above,
pyrometallurgical technologies are character-
ized by the complexity of equipment design,
high costs of energy, material and labor re-
sources, as well as equipment investment. In
addition, the use of pyrometallurgical technol-
ogies is accompanied by significant volumes of
dust and gas mixtures that require their purifi-
cation and disposal.

Hydrometallurgical processing methods of
lead dust. Recently, in the world, special atten-
tion has been paid to hydrometallurgical tech-
nologies for the production of non-ferrous, rare
and rare earth metals. Unlike pyrometallurgical
methods, they are cost-effective, environmen-
tally cleaner and include rational methods for
processing technogenic raw materials and in-
termediate products.

There are various hydrometallurgical
methods for processing lead dust. As a rule,
the main operation in their processing by hy-
drometallurgical methods is leaching. Leach-
ing is carried out in solutions of different acids
(H,SO,, HNO,, HCl), alkalis (NaOH, NH,OH)
or acidified salts (FeCl,, Fe (SO,),).

All of these methods are described in suf-
ficient detail in the technical literature and do
not require special commentary. Still it is im-
portant to mention essential basic shortcom-
ings of each of them.

The disadvantages of alkaline leaching are:

— loss of expensive alkali;

— precious metals and copper, which re-
main in cakes from leaching, are not extracted
into marketable products;

— high yield of semi-finished products and
production wastes;

— the presence of effluents containing
harmful impurities.

Sulphate hydrometallurgical schemes for
the processing of lead dust are the most well
studied, which is associated with the cheapness
and availability of sulfuric acid. In addition,
the lower solubility of lead sulfate compared to
other non-ferrous sulfates provides greater se-
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lectivity in hydrometallurgical schemes based
on sulfuric acid. However, such schemes have
significant drawbacks:

— there are problems associated with the
need to utilize SO,*;

— regeneration of solutions is accompanied
by significant losses of expensive reagents (up
to 20% in each turn).

Perspective directions of development of
lead dust processing technologies. Promising
areas of lead dust processing include various
options for bacterial leaching. In Iran, a method
has been implemented for processing dust from
copper plants containing,%: 36 Cu, 22.2 Fe,
12.2 S, obtained from dust collectors during
the operation of converters and reverberatory
furnaces. The experiments were carried out in
an Erlenmeyer flask with a solution acidity of
1.8, a pulp density of 7%, a process tempera-
ture of 31°C, and a stirring speed of 150 rpm
[22]. An increase in pulp density indicates an
increase in bacterial growth in the initial phase
of microorganism growth (lag phase), an in-
crease in acid consumption, metal ion toxicity,
copper concentration and tangential stress. As a
result, the redox potential and copper recovery
are reduced. According to the obtained curves,
the maximum extraction of copper from bio-
logical conditions for densities of 2, 3, 4 and
7% was 42.2%, 45.9% and 83.1%, respective-
ly. The obtained data indicate the possibility of
recovering copper from copper-containing dust
using natural mesophilic bacteria. This technol-
ogy can be an alternative and promising process
to cope with the problem of dust accumulation
in enterprises.

The authors of [23] use the method of bac-
terial leaching with the help of Acidithiobacil-
lus ferrooxidans and Acidithiobacillus thiooxi-
dans, which oxidize iron and sulfur, to process
lead dust from a copper smelter. Particle sizes
less than 80 microns. The average content of
copper in the dust is 30%. The basis of sul-
fide copper minerals is chalcocite, chalcopy-
rite, bornite and covelin. Since a significant
amount of copper is in oxide form, chemical
leaching with dilute sulfuric acid is carried out
before the bioleaching process. The process is
carried out in a 500 ml specialized vessel at
a process temperature of 31°C and a stirring
speed of 150 rpm. To increase the density of
the pulp, special conditions were created with
higher toxicity, tangential stress and a decrease
in mass transfer, which, in turn, led to a slow-
down in the process rate and copper recovery.
To avoid this, much more microorganisms and
a richer nutrient medium are needed, an in-
crease in the percentage of solids in the pulp.
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Under optimal conditions, up to 91% of copper
is recovered from the dust.

Biotechnologies can be applied to solve
environmental problems by converting hazard-
ous materials into safe or valuable products as
a powerful and cost-effective technology. This
technology has a number of advantages over
pyrometallurgical processes:

— relative simplicity;

— mild operating conditions;

— low capital costs;

— low energy consumption and environmen-
tal safety;

— the processing scheme is closed loop;

— circulating solutions after partial or com-
plete regeneration are used as a nutrient me-
dium for bacteria and a leaching solution.

Along with the listed advantages, bac-
terial leaching has a number of significant
disadvantages: intensification of leaching is
achieved by activating the vital activity of
bacteria adapted to specific environmental
conditions (type of ore, chemical composition
of solutions, temperature, etc.). This requires
a pH of 1.5-2.5, a high redox potential (Eh
600-750 mV), a favorable and stable chemi-
cal composition of the solutions, which is
achieved by their regeneration and the mode
of aerating and moistening (irrigation) of the
ore. In some cases, nitrogen and phospho-
rus salts should be added, as well as bacteria
grown on recycled solutions in regenerator
ponds. The number of bacterial cells in the
leaching solution and ore should be at least
106-107 per 1 ml or 1 g, respectively. The cost
of 1 ton of copper obtained by bioleaching is
1.5-2 times lower than with conventional hy-
dro- and/or pyrometallurgical methods.

The relevance of research on the search for
a new technology for processing fine dusts of
copper smelters is due to the following reasons:

* these products are valuable raw materi-
als and must be subjected to self-processing,
which is relevant for both economic and envi-
ronmental reasons;

* utilization of copper smelter dust pre-
vents potential damage to nature and human
health and increases the complexity of the use
of ore raw materials.

The disadvantages of pyrometallurgical
schemes are the low quality of the products ob-
tained, the need for purification and neutrali-
zation of gases. Products obtained from the
processing of man-made waste in pyrometal-
lurgical units, in most cases, require additional
(more often hydrometallurgical) refinement,
which significantly reduces the efficiency of
pyrometallurgical schemes.

In the hydrometallurgical processing
(leaching) of lead dust, solutions of acids, al-
kalis, salts, as well as organic solvents are used
as solvents.

The use of acids is associated with an ad-
ditional consumption of reagents for the selec-
tive separation of metals from solutions. In
addition, it is necessary to create special acid-
resistant equipment, often operating at elevat-
ed temperatures.

When using alkaline solvents for the ex-
traction of copper, zinc and lead, difficulties
arise with the recovery of solvents and their
subsequent disposal, as well as the process-
ing of the resulting products. Most often, they
are contaminated with other heavy non-ferrous
metals, which leads to the need for their further
selective separation.

The use of amine-containing solvents
makes it possible to achieve high selectivity in
the extraction of metals into solution. Moreo-
ver, some solvents quite selectively affect lead
compounds. Organic solvents are characterized
by a high capacity for non-ferrous metals, as
well as the possibility of their regeneration and
return to the leaching stage. In addition, they
do not require special construction materials.

Thus, the developed technology must com-
ply with modern environmental requirements,
be completely closed to sewage and solid
waste, and fit into the overall production cycle
of the enterprise.

Based on the analysis, it follows that the
most effective technology for the processing
of lead dust, which ensures its complex use,
are combined methods that combine pyro- and
hydrometallurgical methods. This approach
will allow the selective extraction of valu-
able metals into marketable products with the
removal of harmful impurities and their fur-
ther utilization.
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OILIEHKA BHYTPUTI'OJJOBOM N3MEHYNUBOCTH
OCHOBHBIX KOMIIOHEHTOB 39 KOCHUCTEMBI
HEBCKOM I'VBBI ®UHCKOT O 3AJIMBA
N BJIMAHUE ®AKTOPOB HA CKOPOCTHU ITPOLHECCOB
MACCOOBMEHA B BOJJHO S KOCUCTEME

Axyanu J.B., Imutpues B.B.

Canxm-Ilemepoypeckuii eocyoapcmeennbiil ynusepcumem, Canxkm-Ilemepoype,
e-mail: Eduard.akulich@inbox.ru

Hesckast ryba DUHCKOTO 3aMBa 10 CBOMM I'MAPOXMMUYECKMM M I'MAPOOHOTIOTHYECKUM XapaKTePUCTHKAM,
a TaKXkKe M0 YPOBHIO 3arPsI3HCHUS BOJ TTOPA3ACISACTCS Ha TPU paifoHa: CEBEPHBI, IICHTPAIBHBIA U 10XKHbBIH. [1po-
Gr1eMoli MOHHTOPHHTA COCTOSHUSI BOTHOI 9KocHcTeMbl HeBCKoI IyOBI SIBISIIOTCS JI€IOBBIE YCIIOBHS, KOTOPEIE TIpe-
ISITCTBYIOT IPOBEICHUIO THIPOOHONIOrHYECKHX HCCIIEIOBAHHUI B aKBaTOPUH. JIJIsl peleH st JTaHHOH PpoOIeMsl Hie-
aJIbHBIM MHCTPYMEHTOM SIBIISIETCSl HIMHUTALIMOHHOE MOJIEIMPOBAHHS MacCOOOMEHHBIX TporeccoB. MuTannontoe
MOJISITHPOBAHUE TAKOKE ITO3BOJISICT OLCHUTh PEaKIUIO BOAHOI CHCTEMBI Ha BHYTPEHHHE U BHEIIHUE BO3JEHCTBHS
U CIIPOrHO3MPOBATh MX U3MEHEHHE BO BPEMEHH. Llebio JaHHOTO HCCIIeI0BaHHs SBISIETCS OLIEHKAa CKOPOCTEH mpo-
LIECCOB MaccOOOMEHa B BOIHOM 3KocucTeMe HeBckoii IyObI ¢ IIOMOIIBIO METOAOB HMHUTAILIMOHHOTO MOJICTHPOBAHHSI.
ABTOpaMy OBUTH ITOCTABIICHBI 3aJa9H HCCIIEOBAHMS: 00OOMINTE U OLIEHUTH BIHSTHUE (PU3MIECKHX (PAKTOPOB Ha CKO-
POCTb IEPBUYHOTO OGMOCHHTE3a IUIAHKTOHHBIX BOAOPOCIEH C MOMOIIBI0 MOACINPOBAHUS M OLICHHTH JaHHBIC TH-
npobuonornueckux HabmroneHuid Ha akBatopuu Hesckoii ryost B 2022 rogy. B nmpoBenénaom nccinenoBanuu G610
AKIEHTHPOBAHO BHUMaHUE Ha M3MEHYHBOCTH CKOPOCTEH MaccOOOMeHa B BOJHOM (PUTOLEHO3e ITOX Bo3AeiicTBHEM
BHEIIHUX (DAKTOPOB M BHYTPHCHCTEMHBIX OCOOCHHOCTEH (DyHKIHOHMPOBAHUS BOAHOM IKOCHCTEMBI, B KOTOPOi
YUHTBIBAJINCH TOJBKO arperupopanusie ¢puto- (F) n 300mmankToH (Z); npouecchl MEPBUYHOTO NPOAYLUPOBAHUS
¥ aCCHMIJIIMY ITUIIH, BbIEAAHUS (PUTOINIAHKTOHA 300IUIAHKTOHOM, TPAaThl HA OOMEH H €CTECTBEHHOE OTMHUpa-
HHE OPraHH3MOB.

KiroueBsbie ciioBa: HeBckasi ry6a, GpuTONIAHKTOH, BIMsiHAE (PAKTOPOB Cpelbl, HIMUTALHOHHOE MOIeJIMPOBaHHE,
MPOIYKIHsI, CKOPOCTH MaccooOMeHa

Paboma svinonuena npu gunarcosoll noodepoicke Poccutickozo nayunozo gornoa, epanm Ne 23-27-10011,
u npu Qunancosou nodoepaicke Cankm-Ilemepdypeckozo nayunozo gouoa.

ASSESSMENT OF THE INTRA-ANNUAL VARIABILITY OF THE MAIN
COMPONENTS OF THE NEVA BAY ECOSYSTEM OF THE GULF
OF FINLAND AND THE INFLUENCE OF FACTORS ON THE SPEED
OF MASS EXCHANGE PROCESSES IN THE WATER ECOSYSTEM

Akulich E.V., Dmitriev V.V.
Saint Petersburg State University, Saint Petersburg, e-mail: Eduard.akulich@inbox.ru

The Neva Bay of the Gulf of Finland is divided into three regions, North, Central and South, by its
hydrochemical and hydrobiological characteristics and by the level of water pollution. The problem of monitoring
the state of the aquatic ecosystem of the Neva Bay are ice conditions that hinder hydrobiological research in the
water area. To solve this problem, the ideal tool is simulation of mass exchange processes. Simulation simulations
also allow to assess the response of the water system to internal and external effects and to predict their change
over time. The aim of this study is to assess the velocities of mass transfer processes in the aquatic ecosystem
of the Neva Bay using simulation methods. The authors set the tasks of the study: to generalize and assess the
influence of physical factors on the rate of primary biosynthesis of planktonic algae with the help of modelling
and to evaluate hydrobiological observations on the Neva Bay in 2022. The study focused on the variability
of mass transfer velocities in aquatic phytocenosis under the influence of external factors and intrasystemic
features of the aquatic ecosystem functioning, which considered only aggregated phyto-(F) and zooplankton (Z);
processes of primary production and assimilation of food, phytoplankton removal by zooplankton, exchanging
and natural extinction of organisms.

Keywords: Neva Bay, phytoplankton, influence of environmental factors, simulation modeling, primary productivity,
mass exchange rates
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Bonnas skocucTema mpeacraBisieT coOoi
CJIOKHYI0 MHOTOKOMIIOHEHTHYIO CHUCTEMY, KO-
TOpasi BKJIFOYAaeT B ceOs XUMHUYECKHE KOMIIO-
HEHTHI (a30T, docdop, 3arpsA3HUTETN Pa3Iud-
HOTO BHIIa M COCTaBa W Jp.), OMOJOTHIECCKUE
KOMITOHEHTHI ((uTO-, 300-, OaKTEepHOILIaH-
KTOH ¥ T.J.), QU3NUecKue yclIoBUs U 0COOCH-
HOCTH cpenbl. Bce KOMIIOHEHTHI B3auMMOZCH-
CTBYIOT JIpYyT C JPYTOM TOCPEICTBOM TPSMBIX
1 0oOpaTHBIX W/WIM MHOKECTBEHHBIX CBS3CH.
OnHUM W3 WHCTPYMEHTOB W3y4YEHHS IPOIIec-
COB MaccoOOMEHa B BOJHBIX DKOCHCTEMAaX SIB-
JACTCA MMUTALMOHHOC MOACIMPOBAHUC. Mo-
JETTMPOBAaHKE TTO3BOJISET BBIPAXKATh HPOLIECCHI
B BOJIHBIX 3KOCHCTEMAaX Ha OCHOBaHWHU MaTeMa-
TUYECKHX 3aKOHOMEPHOCTEH MEXIy yJacTHH-
KaMH JTaHHBIX MporeccoB. llomoXuTensHpIMI
CTOpOHaMHU UMHTAITMOHHBIX MOI[eHeI\/'I ABJIAIOT-
Cs1 BO3MOXKHOCTh OoJiee TIyOke Mo3HaTh IMpo-
LIECCHI, CIPOTHO3MPOBATh PEAKIHI0 CHUCTEMbI
Ha BO3/ICHCTBUS Ha YPOBHE OTAEIBHBIX IIPO-
[IECCOB M MHTETPATUBHBIX CBOMCTB SKOCHUCTEMBI
B IEJIOM, TIPOBECTH Pa3INIHbIE SKCIIEPUMEHTHI
6e3 0oJBIINX BpeMEHHBIX Tpyao3arpar [1,2].

Lenbto wuccnenoBaHust OBIJIO IPOBECTH
OLICHKY CKOPOCTEH MpOLECCOB MaccooOMeHa
C TIOMOIIIHI0 METOZ0B MMUTAIIMOHHOTO MOJIEITH-
poBaHUsI B BOAHOM dKOocHcTeMe HeBckoii TyOBI.

3amadaMu MCCIeNOBaHMS OBLIO:

1. O6o0muUTE, MaHHBIE THUAPOOWOIOTHYIEC-
CKMX HaOJroeHuit Ha akBaTopuu HeBckoii
ryos! B 2022 roay;

2. OUeHUTh BIHSIHAE OCBEIIEHHOCTH, TeM-
mepaTypsl BOIBI, COAEp)KaHWS B BoAe OHO-
TeHHBIX 3JIEMEHTOB (MUHEpambHOTO (hocdopa
¥ a30Ta) Ha CKOPOCTh IEPBUYHOTO OMOCHHTE3a
IJTAHKTOHHBIX BOJAOPOCIEH;

3. OueHuTh CKOPOCTH 0alaHCOBOTO YpPaB-
HEHUS BOIHOTO (UTOIICHO3a IO TPEM MO-
JeNIM COBMECTHOTO BIHUSHHUS  (PakTOpoB
JUIST BET€TallMOHHOTO TEPHOJa Pa3BUTHUS BO-
JTHOM DKOCHUCTEMBI;

4. OueHuThb MO pe3yabTaTaM MOJEIUPOBa-
HUS TICPBUYHYIO IPOAYKIUIO B PA3JIUYHBIX Ya-
cTsx HeBckoit ryOBbI.

MaTepHa.m,l H METOAbI I/ICCJ'Ie)IOBaHHﬁ

B npoBeneHHOM Hccaeq0BaHUM LTS OLICH-
KM yAEIbHBIX CKOPOCTEN MPOLIECCOB Macco00-
MEHa HCIONb30BAJINCh 2 TMEPBBIX ypPaBHEHHS
OanaHca ckopocTeil U3 TOYEYHOH (TpocTpaH-
CTBEHHO — OIHOPOAHOI) MOJETU BOTHOH JKO-
cuctemsl [1]:

dF/dt=5,-G, ~S,—R +0,,

dZ/di=4,-S,~R,£Q,,

e b, — CKOpPOCTh BaJlOBOIO EPBUYHOIO OHO-
cuHTe3a (uTONIaHkToHa, G, — CKOPOCThH
BbICIaHUS (PUTOIUIAHKTOHA 300TIJIAHKTOHOM,
S, S,— CKOpPOCTH €CTECTBEHHON CMEPTHOCTH
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(uTOIIIaHKTOHA M 300IIaHKTOHA, R, R ,— cKo-
pocCTH TpaT Ha 0OMeH (UTO- U 300IIAHKTOHA,
A, — CKOPOCTb ACCHMUJISALMH TIUILIX 300ILIaH-
KTOHOM, (., J,— CKOPOCTH BHEIIHETO MOCTY-
IUIEHHsI BellecTBa B cucreMy. Bce ckopoctu
B BBINIOJTHEHHBIX pacyeTax HMEIOT pa3Mep-
HOCTBh MTI' CyX. Beca , ' , cyr!. Baxueiimmm
KOMIIOHEHTOM WMHUTAalUOHHOH MOJENH SBIISI-
€TCsI IepBOE CJIaraeMoe B IIEPBOM yPaBHEHUH
b, — cKOpOCTb MEPBUYHOIO BAIOBOTO OMOCHH-
Te3a (UTOIUIAHKTOHA, 3Ta COCTABIIAOIIAs Oa-
JlaHCa CKOPOCTEH OMUCHIBAET MpeoOpa3oBaHue
BEIIECTBA M YHEPTUU (MUHEPAIBbHOE MMUTAHUE,
CBET, TEMIIepaTypa) B KHBOE BEILECTBO, CHH-
TE3UPyeMO€ BOJOPOCISMH, IO3TOMY BBHIOOD
1 000CHOBaHHUE MOENeH yueTa BIUsSHUs (pak-
TOPOB, IIPABUIBHOCTD UX pacdéra ONpenesoT
azexBarHoe n3Mmenenue F B Bomoeme u ycnemn-
HOCTb MOJIEJIH B IIEJIOM.

CKOpOCTh BaJlOBOTO MEPBUYHOTO OMOCHH-
Te3a B MOJEIIU ONPEACIIETCS KaK:

EF:wF+rF)E

TI€ /i, — WHTEHCHBHOCTb YMCTOTO TNEPBUY-
HOro OMOCHHTE3a (DUTOIIAHKTOHA, 7, — WH-
TEHCHUBHOCTb TparT Ha oOMmeH, F' — Omomacca
(UTOIIAaHKTOHA.

MHTEHCUBHOCTB YMCTOTO IEPBUYHOTO OHO-
CHHTE3a /L., ABISETCS OCHOBOIOJNArato UM T1a-
pamMeTpoM CHCTEMbI 0alaHCOBBIX YpaBHEHHI,
T.K. OHa SBJIAETCS OCHOBOW JISi BBIYMCIICHUS
MEPBUYHOTO OMOCHHTE3a, TpaT Ha oOMeH (u-
TOIJIAHKTOHA U YMCTOM MpOAyKUUHU. B nanHoi
paboTe OHAa MOXKET PaCCUUTHIBATHCS Ha OCHOBE
Tpex MoAemnei:

1. Monenp Jlubuxa. KoHuenmnus mumMuTu-
pyrorero (akropa.

pp = (T)min{f (1), f(N).f (P)..}
«JI-momenb»

2. Monens Mwutuepnuxa. MHuorodakrop-
Hasl 3aBUCUMOCTb.

= f ()2 1 (1)* £ (N). £ (P)*...
«M-mozaemnby

3. Monens Muruepnuxa-Jlubuxa.

pp = (T)* £ (I)min{f(N),f(P)..}
«MJI-monenp»

rie A7) — 3aBUCHUMOCTH YJIEIILHOW CKOpO-
CTH pOCTa OT TEMIEepaTypbl (MakcHMallbHas
yAenbHAs CKOPOCTh POCTa), PAaCCUUTHIBAETCS
no ¢opmyine Lehman et al [3], f{/) — BiusHME
OCBELICHHOCTH Ha YIEJIBHYIO CKOPOCTh POCTa
(UTOIITAHKTOHA, €€ PACCUUTHIBAIH 11O (hOPMY-
ne Paiitepa n [Ix. Cruna; f(N), AP) — Bnus-
HUEe OMOTCHOB Ha YIENIBbHYIO CKOPOCTh POCTa,
pacuér BBINOJIHEH 1O ¢opmyrne Muxasnu-
ca — Menten — Mon6. B npoBeneHHOM uc-
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CIIC/IOBAHUHU HCIIONBb30BAINCh BCE TPU MOJe-
JU ¥ CPaBHUBAIKCH IOJyYCHHBIC PE3YNBTAThI
C TaHHBIMU HaONFOICHUN.

Jis  OUeHKM W3MEHYHMBOCTH OCHOBHBIX
KOMITOHEHTOB BOJHOTO (hUTOLIEHO3a OBLIN
ucrnonb3oBanbl gaHHsle PI'BY “Cepepo-3a-
nagHoe YI'MC”, nomyueHHble IpU HaTypHBIX
HCCIIeIOBaHUAX Ha cTaHUusX B HeBckoii Ty0e
(HT") B 2022 roxy. Habnronenust mpoBOAUINCH
HEPaBHOMEPHO TI0 BPEMEHH, TaK I XUMHUYe-
CKHX U THAPOGU3NIECKUX ITapaMeTpoB HabOITIO-
JICHUSl BBIMTONHSUTUCH HA TPOTSHKEHHH BCETO
rozia pa3 B Mecsll, a JaHHBIC 110 YHCICHHOCTH
u O6uomacce (UTOIIAHKTOHA M 300IJIAHKTOHA
WCCIIEIOBAINCH JIUIIb B Mae, aBryCTe U OKTS-
ope. B xome mccrnemomanwuii [4,5], 610 MO-
KazaHo, 4To HeBckas ryba mo ruapoOmono-
THYECKUM M TUAPOXMMHUYECKUAM MOKa3aTelsIM
paszmensercs Ha TPHU YacTH, CEBEPHYIO U IOXK-
HYI0, TJIe TPOUCXOAUT KOHTAKT BOJBI ¢ Oeperom
Y TPaH3UTHYIO (LIEHTPAIBHYI0) CO CBOOOIHBIM
BOIOOOMEHOM. JTO 00YyCIOBIMBAET BHYTpPH-
TOI0BOE€ M3MEHEHHE THUAPOXUMHYECKHX KOM-
MIOHEHTOB B 3CcTyapuu p. HeBHI U ompenenser
3arpsi3HEHHe BOAHOTO 0OBEKTa B LEJIOM.

Pe3ynbrarhl uceaen0BaHus
U UX o0cy:KIeHne

Ha puc. la npuBenen BHYTpUrogoBoi xox
TeMIlepaTypbl BOAbI B IIOBEPXHOCTHOM CJIO€
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BOJBI B BojjoeMe. B uronie — aBrycre temmnepa-
Typa npesbimana 20°C, 4To sBIseTCs aHOMaNb-
HeIM 1 HeBckoit Ty0sl. Tak B 2018-20 roma
TeMIleparypa BOIbl B IIOBEPXHOCTHOM CJIO€
He npesbimana 20°C, a B 2022 makcuMambHas
Temreparypa Boxabel goctumia 25°C, 4To oka-
3pIBAJI0 YTHETaIoIIee BO3/ICHCTBHE Ha (UTO-
TUIAHKTOH, TaK KaK KaXIbld BHJI (QUTOILIaH-
KTOHa MMEET CBOM HHTEpBajl TOJIEPAHTHOCTH
C ONITUMAJILHOU Temneparypoil Boapl. IIpu npe-
BBIIIICHUH ONTUMAJBHON TEMIIEpaTypbl BOJIBI
Y TIPH CTPEMIICHUH K TPaHULIaM HHTEPBaja POCT
¢uTOTUIAaHKTOHA OYyZET YrHETaThCsl.

Ha puc.16 npuBeneHo u3MeHeHHe OroMac-
Chbl (DUTOIUTAHKTOHA B BEI€TALMOHHBIN MEPHOLL.
JI1st BOBMOXKHOCTH CcpaBHEHHsI Onomacc (huTo-
TUIAHKTOHA MTPOBOMUMBIMHU JIPYTUMHU aBTOPaMU
B CBOUX HCCIICIOBaHUsX, Ha puc.10 u 1B OHo-
Macchl MPUBENICHBI B MI' ChIp.Beca/l. MHTepec-
HO OTMETUTh, YTO B MAWCKYIO BCIBIIIKY MakK-
CUMYyM OHoMacchl HaOMOnacs B EHTPAJIbHOM
gactn HeBckoit ry0er — 2,6 Mr cheIp. Beca/l,
JIOBOJIFHO ONIM3KO M CeBEepHas 4acTb — 2,3 Mr
CBIp. Beca/J, a Ha rore Bcero 1,6 Mr ceIp. Beca/I.
B okTs10pe cutyanus quamerpaibHa, MAaKCUMYM
MIPUXOJUTCS Ha FOXKHYI0 4acTb — 1,13 Mr ceip.
Beca/J1, a 0MOMacChl LIEHTPAJIbHOTO U CEBEPHOTO
paitoHOB coBmamaroT. B paborax [4,5] aBTopamu
TIPYBE/IEHBI CXOXKUE MTOoKa3aTesn Onomacchl (hu-
TOILTAHKTOHA B IIEJIOM JUISI BECHBI.

20
o 13
F 10

Z.Mr Caip.B. N
=1
5

AP = o Kb 4T |

Puc. 1. I'00080ii X00 memnepamypei 600vl (a), buomaccyl pumonniankmona (6) u 300n1AHKMOHA (8)
ons pationog Hescroti 2youl 6 2022 200y
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buomacca 3oomnankrona (puc.lB) B 10%k-
HO¥ yacTi HeBckoii ry0Obl CHIBHO MTPEBbIIIIaa
AHAJIOTHMYHbBIC TMOKA3aTeNN Ui [ICHTPAIbHOM
u ceBepHBIX yacteid: 0,05 — 0,04 mr cBIp. Beca/n
B sietHuit ce30H mpotuB 0,006-0,013 mMr chip.
BECa/ll B CEBEPHOW M IEHTPAIBHBIX YaCTAX.
WHTEepecHO OTMETHUTB, YTO MaKCUMYM OHOMac-
ChI 300ILJIAHKTOHA JIJISl FOOKHOM YacTH HACTYyIIa-
€T B Mag, a B [ICHTPAILHON U CEBEPHBIX YaCTAX
B aBrycre. B nanpHeiimem, nias MoxeaupoBa-
HUS BCEX MPOIIECCOB MacCOOOMEHa U UMHTa-
YN MMOBEACHHA CUCTCMbBI B IICJIOM, MBI II€PEC-
HaeM B pacueTax OT OMOMAcCCHI B CBIPOM Bece
K Oromacce B CyXoM Bece.

MaxkcumanbsHbie MoKazatenu u (puc. 2)
XapaKTepHbl IS CEBEPHOW 4YacTH, TaKk IO
M-Mojieny B MUK BECEHHEro pa3BUTHs (u-
TOITAHKTOHA | uMeeT 3Hadenue 0,27 cyr!,
a s L-momemm — 0,72 cyt.

Bo Bcex paitonax HeBckoit ryObl TUMUTH-
pyronmM (GakTopoM BBICTYMAeT KOHICHTPA-
AT MUHEPAJIBHOTO (ocdopa, e€ HEeTOCTATOK
yMeHbIaeT 4 B 11 pa3 BecHoi 1 B 2 pasa Jie-
TOM, OCOOCHHO CHJBLHO HezocTaTok (ocda-
TOB CKa3bIBacTCsd HMCHHO B HCHTpaHbHOﬁ
U I0KHBIX YaCTsIX, HEJOCTAaTOK OCBELIEHHOCTH
YMEHBINAeT i B 2 paza BecHOH (3dexT camo-
3aTEHEHHSI), a JIETOM U3-3a MOBBINICHUS MYTHO-
CTH, HAYMHAET OBICTPO pacTH, JIOCTHUTas Oce-
HBIO yMeHblIeHus u B 60 pa3. Hexsarku azota
B Hesckoii rybe He HaOmomaercs, 1 CUIBHOTO
BJIMSIHUS HA ({ OH HE OKA3bIBACT.

MakcuMyM (i B pa3HBIX paiOHaX HE JOCTH-
raeTcs B OMHO BpeMs (pHcC. 2), TaK B CEBEPHOMH
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Y FOXKHBIX YaCTsX I'yObl BECEHHUH MUK MPHUXO-
JIUTCS] HAa HAYaJI0 UIOHS, a B IICHTPAJILHOW Ya-
CTH YK€ T0CJIe CEPEIUHBI HIOJS, OCEHBIO MUK
B IIEHTpaJIbHOU U ceBepHbIX yacTsax HI mpuxo-
JIUTCSI HA CEPEINHYy aBrycTa, a Ha Iore, OirmKe
K ceHTsI0pto. Tparsl Ha 0OMeH PHUTOTUTAHKTOHA
(eIuHBINA JBIXaTEeILHO-BBIICIUTEIBHBIN TIPO-
1ecc) B MPOICHTHOM COOTHOILUEHUHU OT i CO-
ctasunu 20% metoM 1 60% oceHbIO A1 BCEH
Hegcxoii ry0sr.

CKOpOCTh TEPBUYHOTO OHWOCHHTE3a TIO
M-Mozenu cocTaBWiIa COOTBETCTBEHHO: IS
BECEHHEro MuKa — ceBepHas yacts HI— 0,08 mr
CyX. Beca/m*CyT, LeHTpalbHas W IOKHAs Ya-
cti HI' — oxomo 0,02 mr cyx. Beca/l, OCEHBIO
MaKCUMYMOB CKOPOCTH TEepBHUYHON OHOCHH-
Te3a He HaOIIoJaoCh, YTO CBA3aHO C BBICO-
KMMU TpaTaMH Ha OOMEH (DHUTOIIaHKTOHA.
ITo L — monenu BeceHHui nuk s cesepa HI'
cocrapun 0,25 Mr cyx. Beca/n, Ui HKHOH
W IeHTpaNbHbIX Yactel -0,12 mMr cyx. Beca/n,
3aT0 I JaHHOW MOHIENTH OBLI BBIpAKCHHBIH
BeceHHMI Tk oH cocraBma 0,01 Mr cyx.
Beca/n i neHtpanbhHoit yactu HIM u 0,03 mr
cyx. Beca/nm ains oxHor wactu HI. CxopocTb
Tpar Ha OOMEH MMelia JiBa BBIPAKEHHBIX MTUKA
g roxHoi yactu HI, B ocTanbpHBIX HAOIIIO-
JIaJICsl TOJIbKO BBIPAKEHHBIM BECEHHHUU IHK,
mokazarens aiusi M — MOmenM COCTaBHIIN
ot 0,003 1o 0,015 Mr cyx. Beca/l1 B BECEHHUI
nuk. lns L — Momenu Tparbl Ha OOMEH CO-
crapuiu: Becennuit muk — 0,02-0,045 mr cyx.
Beca/l, OCEHHUH NUK B IoKHOHM yactu HIT —
0,008 mr cyx. Beca/m.

o Capepsan 4acTe Heackod ryfis 04 Uakmpanwsan 4acTe Hesckod rybes . Khenan vacTe Heackod ryGe
07t 1 035 . 045 -
P ]
o e 04 1
0o 1 ' '
0& ¢ LI 03 LT | i
Vo y ! 035 +—yt
i ' [
0S¢ o 025 - il L
I [ ; 03 T
% i = 1 1 % i
04 ' &ozt—— "”ff- Fo2st H—
| 4 :
L
i
|

[
1
i
1
i
I
k1
iy
[}
L]

o ] )
Apr May Jun Jul Aug Sep Octl Mow
[ara wnE

I:I- i
Apr May Jun Ju Aug Sep Oct Mov

Dara 2022

| Mogens pac4iTa YAeNsHOH CHOPOCTH pOCTa

[—M - model ---—LM - moded - - -L - mode

Puc. 2. Yoenvuas ckopocms pocma, paccyumanuas no 3-m MoOensim
07 Kaswcoou yacmu Hegckotl 2y6bi

EUROPEAN JOURNAL OF NATURAL HISTORY Ne4, 2023



28

025 _l‘.‘_avualm_eaufm_l-!mugﬁ:}_gu i o fl.;uu_r-_pmt:uu:lwn:bint‘:rmigﬁu . _Mﬂln’:bmquﬂri
i %
L}
| 0.09 | oy 0.09 =
1 '
ny ] : :1
02 |I { 008 L .08 U
L] L L] i
1y no ;o
o 007 | 1 1 .07 Yy
oy [ ] o
HE ' ! 1|
;0.15 : (] ;l:'l:ﬁ' Jr ] ;‘0.06 I 1
".:': " : .:DDS , IL :E':I{IS r 1'
5 [ 0 | ’ 1 ! T
; : SO0 [0 s P
L o4 ! ol 1.1 B i L a4 p
]
v

0.03 p——t——fyy

o o 0 .
Bor May Jun Jul Aug Sep Ocl Mov Bpr May Jun Jul Aug Sep Ocl Mov Apr May Jum Ju Aug Sep Ot MNow
Dara 2022 Dara 2022 Dara 2

——M - adel === LM - model = = =L - model|

Puc. 3. IIpooyxyusa ¢pumoniankmona, paccuumantas no mpem Mooeiam
ona Hesckotl 2y6vl 3a nepuoo anpens — Hoao6ps 2022 200a

[ponykuus ¢uronnankrona (puc. 3) B
2022 roxy oxazanachk HeBbIcokol. [lo M-monenu
cyrouHas mnpomykuus cocraswia 0,015 —
0,019 — 0,075 Mr cyx. Beca/n. Wi HOKHOM,
LIeHTpalbHOU U ceBepHbIX yacteil HI' co-
OTBETCTBEHHO. 3HA4YMMOro THKa, KpOMe
oxHoM uvactu HI, ocenpto He oTMeudaeT-
cs, Ha IOre NMpOAYKIUSA OCEHBIO COCTaBHIIA
0,004 mr cyx. Beca/n. CoBceM mHasi KapTHHA
nist L — Mojenu, Tak B FO)KHOW M IIEHTpalib-
HbIX yacTsax HI' npogykuus B BECEHHUM MUK
1BeTeHHs cocTaBisieT okoino 0,1 mr cyx.
Beca/n, a B ceBepHOil yactu — 0,22 MT CyX.
Beca/ll., TAaKKE OCEHbIO B LICHTPAJbHOHN Ha-
CTH TPOIYKIUs (UTOMIAHKTOHA COCTaBIS-
et 0,01 Mr cyx. Beca/n., a B FO)KHOH — OKOJIO
0,02 Mr cyx. Beca/i.

HHTEepecHO OTMETHUTD, YTO TIO0 ITOKAa3aTeNAM
nponykuuu ¢uromiankToHa mo M u LM wmo-
JIeJIAM, F0XKHasI U LIeHTpasbHble yacTh HeBckoit
ryObl, a TaKKe CEBEpHasl 4acTh, 3a HUCKIIIOYE-
HUEM KOPOTKOTO ITUKa [IBETECHUS, 110 BCEMY IIe-
pHOY BEreTallK MPUHAIeKAT K OJTUTOTPOd-
HOMY THITy BoA. OfHAKo, €CIM pacCUUTHIBATh
npoaykuuto no L — mogenu, To B MOMEHT Be-
CEHHETO IIBETCHHS BOJBI TPOPHUUECKUI cTaTyC
BO BceX 3-X paifoHax OyneT COOTBETCTBOBAThH
Me30Tpo(HOMY THILy, a BHE AMAIa3oHa LiBe-
TEHHS — OJNHUTOTPO(PHOMY THITy. DTO TaK¥Ke
noATBepxkaaeT, 4ro L — Monens maer Ooree
aJIeKBaTHBIE PE3yJAbTaThl MO MPOSYKTHUBHOCTH
BOJIHOM 9KOCHCTEMBI.

3akjoueHue

B Hesckoii rybe Ouomaccel ¢uto- u 300-
IJIAaHKTOHA, JIOBOJIBHO HH3KHE. Bo BpeMs Be-
CEHHEeTO IBETeHHsI MaKCUMyM OMOMAacCHI TIpH-
XOAMUTCS HAa LIEHTpaibHyo yacth HI, MuUHUMYM
Ha IKHYIO 9acTh. B OCeHHEM THKe IBETCHHS
MAaKCHUMyM JIOCTUraeTcsi B KkHOM dactu HI.
bromacca 3001mIaHKTOHA F0;KHOM 9aCTH MaKCH-
MaJjbHa IIPU BECEHHEM MHUKE U OCTAETCS 10CTa-
TOYHO BBICOKOMW JIO CEHTSAOpS, B ICHTPAIBHOMN
1 CEBEPHBIX 00JacTsAX OnoMacca oueHb HU3Kast
1 MakCUMyMa JOCTHUTaET TOJIbKO BECHOM.

UccnenoBanue BIUSHUS TEMIEpaTyphl,
OCBEIIEHHOCTH MW OMOTE€HHEBIX DJIEMEHTOB
Ha CKOPOCTHh IMEPBUYHOTO OMOCHHTE3a IOKa-
3aJ10, YTO B BECEHHE-JICTHUN MEPHUOJ] JIUMUTH-
pyromuM QaxTopom uig Beex dacteid HeBckoit
ryObl sBJsieTcsl Haaumuue Gocdaros, a OCEHBIO,
M3-32 TIOBBIIIICHUSI MyTHOCTH BOJIBI — SIBJISICTCSI
OCBEIICHHOCTh. IloKa3aHO, YTO MaKCHMallb-
HbI€ 3HaYCHUSI YAEIbHON CKOPOCTH MEPBUYHO-
ro OuocunTe3a as Tpéx wacredt HI' nocrura-
IOTCSI HE SIMHOBPEMEHHO.

IIpoBeneHHast olneHKa OCHOBHBIX COCTaB-
JSIOMMX ypaBHEHHUs OallaHCa CKOPOCTEH BO-
JTHOTO (PUTOIICHO3a TOKa3alia, YTO CKOPOCTH
TpaT Ha OOMEH M TEepPBUYHOTO OMOCHHTE3a
HMMEIOT BbIPAXEHHBIE MAKCUMYMBI JIJI1 BECEH-
HETo Mepuoja UBETEHUS, U ISl OCEHHEro L[Be-
TEHUS BBHIPAKEHHBIC MMUKU €CTh TOJBKO B FOXK-

Hoit yactu HI'.
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leoepachuyeckue Hayku

[lo ypaBHeHuto Oanmanca ckopocTel Oblia
paccuuTaHa MpOAYKLUS, I1leé MaKCUMyM IIpO-
OyKUIUH ObUI mony4eH no L — Monenu ans Be-
CEHHEero IBETeHHs (PUTOILTIAHKTOHA M COCTaB-
nsier 0,22 mr cyx. Beca/n. I[To M — monenun
MaKcHMaJbHas poayknus osuta 0,075 Mr cyx.
Beca/n. B BeceHHMid UK Oosiee HHTCHCUBHEIE
MaccoOOMEHHBIE  IPOLECCHl  MPOUCXOIMIN
B ceBepHOU yactu HI, B oCeHHUI MUK — B FOXK-
Ho# yactu HI.
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