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Abstract. Soil erosion is a complex and multifaceted process. Both natural and anthropogenic factors
determine its origin and development. The object of the initial study of water erosion is erosion that
develops on mountain slopes, which in a short period of time proceeds with a greater intensity than the
erosion of lowland rivers and canals. It should be noted that the territory of Georgia is distinguished by
a complex and fragmented relief, with a pronounced vertical zoning, therefore, within controlling the
soil erosion on the slopes, special importance is attached to the green cover (vegetation).

Based on the above, the article examines the Normalized Difference Vegetation Index (NDVI) of the
Duruji River Basin for 2013 and 2020, and also analyses the dynamics of changes in the vegetation
cover. It was found that the annual increase in the Non-vegetation area is about 13.94 hectares, with
sparse-vegetation - 63.10 hectares and with Moderate vegetation - 20.06 hectares, due to which the
area with Dense-Vegetation decreased by 97.10 hectares. It has been substantiated that if this growth
trend persists, by 2030 it is expected that about 100 hectares of vegetation cover will be lost.
Keywords: Erosion, relief, slope, vegetation cover, Normalized Difference Vegetation Index (NDVI).

Introduction. A characteristic feature of vegetation and its condition is spectral reflectivity,
characterized by large differences in the reflection of radiation of different wavelengths. Knowledge of
the relationship between the structure and state of vegetation and its reflectivity makes it possible to
use satellite images to identify types of vegetation and their state.

Currently, there are about 160 variants of vegetation indices. They are selected experimentally
(empirically) based on the known features of the curves of the spectral reflectance of vegetation and soils.

The most popular and frequently used vegetation index is NDVI (Normalized Difference
Vegetation Index), which takes positive values for vegetation and the higher the value of green
phytomass, the higher it is. The values of the index are also influenced by the species composition of
vegetation, its closeness, condition, exposure and angle of inclination of the surface, and the colour of
the soil under sparse vegetation.

The main advantage of vegetation indices is the ease of obtaining them and a wide range of
tasks solved with their help. Thus, the NDVI is often used as one of the tools for carrying out more
complex types of analysis, the result of which can be maps of the productivity of forests and
agricultural lands, maps of landscapes and natural zones, soil, arid, phytohydrological, phenological
and other ecological and climatic maps.

The Normalized Difference Vegetation Index (NDVI) is a radiometric measurement of
photosynthetically absorbed radiation above the earth's surface. It is used to analyse the difference
between near-infrared light, which is strongly reflected by vegetation, and red light, which is
absorbed by vegetation. The NDVI data provides accurate data on the presence of living green
vegetation on the surveyed land plot and allows you to focus on problem areas that may require
additional attention [1, 2, 3, 4, and 5].

Study area. Kvareli municipality is located in the north-eastern part of the Kakheti region of
Georgia. The town of Kvareli is the administrative canter of the municipality. The area of the region is
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about 1000.8 km?. From the east, south and west it borders with the municipalities of Lagodekhi, Gurjaani
and Telavi, from the north along the Great Caucasus Ridge runs the border with the Russian Federation.

In Kvareli municipality the altitude ranges from 240 m to 3100 m, so the climatic conditions at
different heights are various. In the southern part of the municipality, in the lowland (240-400 m above sea
level), where the Alazani Valley is spread out, the climate is characterized by mild cold winter and warm
summer. Here the annual average air temperature is about 8-9 °C. To the north, the Alazani Valley passes
into the foothills and then into the Kakheti highlands. Above 1800 m, the average annual temperature drops
to 3-4 °C [6, 7]. The main climatic data for Kvareli municipality are shown in Table 1 [8].

Table 1. Climate data for Kvareli municipality (Long-term average)

Climate characteristics of region Data

Temperature:

- Average annual 9,4-10,4 °C

-In summer months 18,5-19,1 °C
Total precipitation:

- Average annual 817-968 mm

-In summer months 253-303 mm
Average annual wind speed 1-2 m/s

The main economic sector of Kvareli municipality is agriculture. Agricultural land occupies about
35 thousand hectares, of which 13355 ha are arable land, 10290 ha - perennial plantations and 11439 ha —
pastures. Non-agricultural plots of land occupies 6055 ha, while forests and shrubs - 58 941 ha [2].

The district is dominated by carbonate-clay loams, alluvial non-calcareous, skeletal, grey-brown
forest and grey-brown meadow soils, which contribute to agricultural activities, in particular the cultivation
of unique grape varieties. Most of the high-altitude area (600-3000 m ASL) is covered with forests, shrubs
and grasslands, as well as fruit trees. Below (400-600 m ASL), the land is mostly occupied by perennial
crops, mainly vineyards. There are also plantings of peaches, persimmons and nuts.

N
-
8

5

\
20 Kllometer§\\

Fig. 1. Kvareli Municipality, Georgia

Methodology. Panchromatic band is used for increase the resolution of data. Landsat 7 data
having total of 8 band while Landsat 8 data having 11 bands. Landsat 7 and Landsat 8 data’s bands,
wavelength and their resolution are provided below (see Table 2) [9].
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Table 2. Landsat 8 Operational Land Image (OLI) and Thermal Infrared Sensor (TIRS)

Landsat 7 Enhanced Thematic Mappers Landsat 8 Operational Land Imagers
SN Plus (ETM+) Band (OLI) & Thermal Infrared Sensor (TIRS)
Resolution | Wavelength Wavelength | Resolution
(meter) (micrometre) Band Name Band Name (micrometre) (meter)
1 1|30 0.45-0.52 Blue Band 1 |Ultra-Blue 0.435-0.451 30
2 |30 0.52-0.60 Green Band 2 |Blue 0.452-0.512 30
3 |30 0.63-0.69 Red Band 3 |Green 0.533-0.590 |30
4 130 0.77-0.90 NIR Band 4 |Red 0.636-0.673 |30
5 |30 1.55-1.75 SWIR11 Band5 [NIR 0.851-0.879 30
6 |60 *(30) 10.40-12.50 Thermal Band6 |[SWIR1 1.566-1.651 30
7 |30 2.09-2.35 SWIR 2 Band7 [SWIR?2 2.107-2.294 30
8 |15 0.52-0.90 Panchromatic| Band 8 |Panchromatic |0.503-0.676 15
9 Band 9 |Cirus 1.363-1.384 |30
10 Band 10 |TIRS 1 10.60-11.19 100 * (30)
11 Band 11 |TIRS 2 11.50-12.51 100 * (30)

For analysis of Normal Difference Vegetation Index (NDVI), only 2 bands are used (Red &
NIR) from USGS, Landsat 8 (see Fig. 2 and Fig. 3):
1. Band 4 - red. Wavelength 0.64-0.67. This map is useful for mapping discriminates

vegetation slopes;

2. Band 5 — near Infrared (NIR). Wavelength 0.85-0.88. This map is useful for mapping
emphasizes biomass content and shorelines;

Band4 (2013)

| |

Fig. 2. Band 4 - Red Band and Band 5 - Near Infra-Red (NIR) from Landsat 8

10 Kilometers 0

(September, 2013, River Duruji Basin)
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Fig. 3. Band 4 - Red Band and Band 5 - Near Infra-Red (NIR) from Landsat 8
(September, 2020, River Duruji Basin)

Calculating of Normalized Difference Vegetation Index (NDVI)

The Normalized Difference Vegetation Index (NDVI) is most commonly used to monitor
green vegetation worldwide. Healthy vegetation is a good absorber of the visible electromagnetic
spectrum. The chlorophyll contained in the greens absorbs the blue (0.4 - 0.5 um) and red (0.6 - 0.7
um) spectrum well and reflects the green (0.5 - 0.6 um) spectrum. Healthy plants have a high near-
infrared (NIR) reflectance of 0.7 to 1.3 micrometres [10].

Formula (1) gives Normalized Difference Vegetation Index (NDVI):

NDVI = (Band 5-Band 4)/(NIR +Red) (1)
For Landsat 8 data:
NDVI =(Band 5—Band 4)/(Band 5+ Band 4) )
For determination of NDVI using GIS equation (1) will be:
Float("dem_b5_2013""dem_b4_2013")/ Float("dem_b5_2013"+"dem_b4_2013") (3)
And
Float("dem_b5_2020""dem_b4_2020")/ Float("dem_b5_2020"+"dem_b4_2020")  (4)

After calculation of NDVI values using “raster calculator” we classified given results. The
NDVI value varies from -1 to 1. Higher the value of NDVI reflects high Near Infrared (NIR), means
dense greenery. Generally, we obtain following result (see Fig. 4 and Fig. 5):

e NDVI =-1to 0 represent Water bodies — Non-Vegetation;

e« NDVI=-0.1t0 0.1 represent Barren rocks, land, sand, or snow — Sparse-Vegetation;
e NDVI = 0.2 to 0.5 represent Shrubs and grasslands or senescing crops — Moderate
Vegetation;

o« NDVI=0.6to 1.0 represent Dense (Healthy) vegetation or tropical rainforest.

6 May2o2 RS Global
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Fig. 4. Reclassified Map of Normalized Difference Vegetation Index (NDVI) & Classification
(September, 2013, River Duruji Basin)
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Fig. 5. Reclassified Map of Normalized Difference Vegetation Index (NDVI) & Classification
(September, 2020, River Duruji Basin)

Results and discussion. Based on the conducted research, relevant tables and graphs have
been compiled for more visibility and analysis of the obtained results. Table 3 shows the obtained
NDVI statistics for 2013 and 2020, while Table 4 analyses the dynamics of change between 2013-
2020. The dynamics of change of areas is presented graphically bellow (see Fig. 6 and Fig. 7)

Table 3. Statistics of Normalized Difference Vegetation Index (NDVI)

NDVI (2013) NDVI (2020)

Minimum -0.121867396 -0.136109993
Maximum 0.586621761 0.556065999
Mean 0.3011671 0.287203957
Standard Deviation 0.122903523 0.106652993

RS Global May 2021 7
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Table 4. Changes of the NDVI densities between 2013 and 2020

Change Average

NDVI NDVI (2013) NDV1 (2020) between Rate
Dlens'ty 2013-2020 | Change
classes Cells ha % Cells ha % ha % | Ha/Year
NON- 1 9015 | 16308 | 037 | 2001 | 26066 | 060 | 9758 | 022 | 1394
vegetation
Sparse-
" | 47633 | 427994 | 9,78 | 52549 | 4721,66 | 10,79 | 441,71 | 1,01 | 63,10
Vegetation
\'\/"Ode“".te' 188372 | 16925,70 | 38,69 | 189935 | 17066,14 | 39,01 | 140,44 | 0,32 | 20,06
egetatlon
Dense- | 510100 | 22382.26 | 51,16 | 241535 | 21702,53 | 49,60 | 679.73 | . ° 97,10
Vegetation 1,55
Total | 486920 | 43750,99 | 100,00 | 486920 | 43750,99 | 100,00
%
60,00 51,16 40,6
50,00
38,69 39,01
40,00 —
30,00 — —
20,00 9,7810:79 | — 2013
10,00 037 0,6 | — 2020
0,00 T T T 1
& & & o2
$,Q® /AQ’ AQ/ AQ;
< «& &
® %Q% @o&’f‘q> &

Fig. 6. Changes (%) of the NDVI densities between 2013 and 2020
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Fig. 7. Changes (ha) of the NDVI densities between 2013 and 2020
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Based on the analysis of the obtained tables and charts, we get that during 7 years (2013-2020)
the Non-vegetation area increased by 0.22%, Sparse-Vegetation - by 1.01% and Moderate-Vegetation
- by 0.32%, and the Dense-Vegetation area decreased by 1.55%. At the same time, it was found that
the annual increase in the Non-Vegetation area is approximately 13.94 hectares, with Sparse-
Vegetation - 63.10 hectares and with Moderate-Vegetation - 20.06 hectares, due to which the area with
Dense-Vegetation has decreased by 97.10 hectares.

Based on the foregoing, if this trend continues to develop at the same pace, then by 2030 the
loss of about 100 hectares of green cover is expected.

It should be noted that the Duruji River basin is characterized by an abundance of erosional
cuts and there is an abundance of frequent floods of erosive genesis. Since green cover (vegetation) is
one of the most important agronomic measures to prevent erosion, in light of its disappearance, it is
expected that the rate of erosion will increase, and therefore the volume and area of the floodplain will
increase, which is the subject of discussion for further research.
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Zaal Azmaiparashvili, Prof. Head of the Department of Microprocessor and Measuring Systems,
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Abstract. The article proposes an algorithm for finding the characteristic parameter, which makes it
possible to distinguish various non-periodic signals from each other and to obtain a quantitative estimate
of the observed processes. The tables and graphs of the initial data, mathematical expressions for finding
the characteristic parameter and the algorithm for processing the investigated signals.

Keywords: Non-periodic signals, Experiments, Statistical features, characteristic parameter

Introduction. In recent years a wireless electricity transmission becomes topical.

Several wireless power transmission devices has been created and for one of them a patent
was received (Georgia Patent No. P 6089, 2012).

During experiments on wireless power transmission, we are faced with the need of studding
and obtaining information about the processes occurring during electricity transmission namely, the
process of accumulation and releasing energy to generate power output of pulses at which high voltage
in the range of tens of kilovolts is generated. These devices must meet the following requirements:
high energy density; high electric strength; the ability to provide high current discharge; the duration
of the energy storage (small leak rate); high efficiency during charging and discharging; high power
multiplication factor (the ratio of the discharge to the charge power); ability to work with repetition
pulses; durability, etc. (Bluhm, 2006).

Obviously, some of these requirements contradict each other, and depending on the field of
application and the particular restriction, it is necessary to look for certain compromises. We turned to
indirect acoustic research methods. To control these processes, we used a piezoelectric acoustic
transducer, which allowed to observe the process of accumulation and release of energy, by measuring
certain parameters of acoustic signals that high-voltage discharge radiates. By analyzing the
information obtained, we can judge about the taking place process, for example, count the number of
generated high-power pulses in a certain period of time and estimate the power of the energy radiation,
contributing to evaluate the efficiency of the device

Working Methodology.

To perform the above experiments a microprocessor device that provides a digital processing
of investigated low frequency signal was used.

The microcontroller includes an analog-to-digital converter, with which the analog signal is
converted to a digital form. Those. It takes place digitization of the test signal over time at a constant
pitch sampling - At. Conversion results in a digital (binary) code are written to the internal flash
memory of the microcontroller (Lyons, 2010) and the data are evaluated. Some statistical parameters
of the test process are, - calculating the minimum and maximum values of a series of observations, the
range, amplitude, mean value, deviation from the mean.

The results of the experiment are given in Tables 1 and 2.

10 May 2021 RS Global
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Table 1. Table 2.
Charging - series of observations Discharging - series of observations
N | Series1 | Series2 | Series3 | Series 4 N | Series1 | Series2 | Series3 | Series4 | Series5
1 255 145 255 206 1 138 138 98 115 149
2 150 83 196 135 2 141 141 168 120 144
3 144 255 243 142 3 137 137 111 136 130
4 216 119 100 220 4 140 140 123 158 137
5 101 129 197 121 5 128 128 209 133 148
6 183 77 142 211 6 135 135 115 134 127
7 179 211 155 174 7 122 122 134 135 134
63 124 137 124 124 63 127 125 124 126 127
64 126 127 123 124 64 127 126 125 126 127
Below are given graphs of non-periodic signals (Fig. 1,2).
Code (ADC)
300
250 +H
| 0
IR TTAY AT N
200 Fﬁ l'. le U‘ ﬂ Pl’ \f\ —Seriesl
| | ﬂ
150 4 | t—--J. ? AR ——Seriesl
| ] H'h“:-'b‘\*-’:-.-]]'l L_..f\ )
l\” ﬁ .Hi ! F’\f& T Series3
100 7 U v % u
r Seriesd
50 LA
D T T T T T T 1
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processes, allowing to identify and to quantify the observed processes.

Fig. 1. series of observations of the first process
Our aim is to develop criteria for evaluating the differences between the two varieties of

Code (ADC)
300
250 {
200 ——Seriesl
[ ——Series?
150 4t e
1 Series3
| v -
100 ” V Seriesd
hU —SeriesS
50
0 T T T T T T 1 Lm
0 10 20 30 40 50 50 70

Fig. 2. shows series of observations of the second process
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In statistics, there are different algorithms homogeneity criteria for the two observed groups.
To verify these groups Fisher test was used. According to this criterion could not be established the
uniformity of the group, as the average values and the corresponding dispersion did not differ
significantly from each other (Zedginidze, 2000).

For the qualitative assessment of the observed processes, we have developed the algorithm for
calculating the characteristic parameter of the process — S. determining the value of the criteria for
different kind of deterministic processes. We compiled a program that performs sampling of the input
signal and calculates the specified parameter as follows:

§ =1 [E0,16 — 127)] + B, + B,] )

where x;- are the values of the quantized signal at a point t;.

127 - is an average value of the signal in accordance with the code of analog-to-digital conversion, n -
number of observations, B; and B, - additional components whose values are determined by the
frequency components, the upper UH and lower UL levels - respectively F1 and F2 values for the
following expressions:

0, x; < UH )
Bujco ‘{ I —127, x> UH )
By =Y |x; — 127| i<j<n (3)
and similarly the lower level
_ (0, x < UL
By = { e —127|, x> UL (4)
By =Y |x, — 127] i<k<n (5)

As a result, using expression (3) and (5) additional components B, and B, are calculated, that
are shown in expression (1). The characteristic parameter of the process — S is also calculated.

Through repeated experiments, we get a data set of characteristic parameter Si, (i = 1, N),
where N is the number of experiments conducted. On the basis of the resulting data set Si, defined
criteria for distinguishing values kd. In addition, the program includes indicating index m, taking only
two values - 0 and 1. The value of indicating index depends on the criteria kd value. Provided that if S
<kd, the process under study belongs to the accumulation process and the parameter of the indicator is
zero (m = 0), and if S> kd, the process under study belongs to the process of the release of energy
(level) and the indicator index becomes equal to unity (m = 1). Observing the values of m and
counting the number of received pulses Km of the internal microcontroller counter in unit time t, we
receive quantitative assessment - power estimated parameter of generated output pulses - P = Km / t.

Thus, the calculation of the characteristic parameter S and the determination of difference
criterion value kd, allowed to identify and distinguish the process accumulating (charge) power from
the process releasing (discharge) energy. Observing the values of the indicator index m and counting
the microcontroller internal counter produced pulses in a certain time t, let quantify the rate of power
of the output pulses generated by analyzed device.

Conclusions. Thus, this approach has allowed to work out ways of finding a distinction
criterion of different types of deterministic processes, allowing to identify and assess the quantitative
index of the signals. For carried out experiments and analysis, was proved the correctness of the
criterion of the differences between the two processes, and have been repeatedly received true results.
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Abstract. In microbiological research, it is difficult to quantify the portion of each step of the
analytical process with sufficient accuracy, as the object subject to analysis is a living organism with
many species, strains or groups of microorganisms involved.

This paper discusses the issue of assessing and visualizing the uncertainty of the data of quantitative
analysis when processing the results of microbiological analysis of food and animal feed.

Results of quantitative analysis are processed in LabVIEW Environment by the software specifically
designed for this purpose.

Keywords: standard deviation, standard uncertainty, LabVIEW Programing Environment,
microbiological analysis.

Brenenue. Mexaynapoansiii ctannapt ISO/TS 19036:2019 “Microbiology of the food chain
— Estimation of measurement uncertainty for quantitative determinations” ONHCBIBAET IIMPOKO
pacipoCTpaHEHHBI TMOAXOJT B OICHKE HEONPEISNIEHHOCTH W3MEPEeHUs Uil KOJIHMYECTBEHHOTO
OTIpeIeNICHHs] BEIECTB B MUKPOOHOIIOTHY TIHIIEBOM TETTH.

Pexomennanuu mo «GUM:1993, Guide to the expression of uncertainty in measurementy [1]
ONHCHIBAET INHPOKO  PACIPOCTPAHEHHBIM  CTAHAAPTHBIA  TONXOJ, OCYIIECTBIATH  OIEHKY
HEOTIPEICTICHHOCTH HW3MEPEHHS M0 OTIENBHOCTH U KaXJIOTO W3 HCTOYHUKOB BapbHPOBaHUS,
BHOCSIIIIMX 3aMETHBIA BKJaJ B OONIYI0 HEONPEACIeHHOCTh pe3ysibTaTa M3MEPHUTENBHOTO IMpolecca.
CyMMapHasi HEOTPEJIEIEHHOCTh B OTOM Cllydae HaXOJUTCS IyTeM HCIOIb30BaHUS (OpPMaIbHBIX
"IPUHIUIIOB PAaCIPOCTPAHEHUS] HEOMPEACICHHOCTH .

OcHoBHas 4acTh. [IporpaMMHOe 0OecIieYeHHE OIICHKH HEOPEISIEHHOCTH Tulla A u Tura B
pe3yJIbTaTOB M3MEPEHHUM CO37aHO pa3pabdoTaHHOW KoMmmaHwmi ,,National Instrument” B mporpamMMmHOMR
cpene LabVIEW (Laboratory Virtual Instrument Engineering Workbench), uro naer Bo3MOXXHOCTB
CO37aTh TPUKIAJHON TPOrpaMMHBIA KOJ JUIS MOJEIMPOBAHHBIX BHPTYAIBHBIX M ammapaTypHBIX
peanbHBIX CHCTEM W3MEPEHHS, YITPaBJICHHUs, cOOpa JaHHBIX U 00pabOTKU MOYYEHHBIX PE3yJIbTaTOB.

AJroput™m IUIs co3gaHusi Koja oOpabOTKM pe3ysbTaToOB IMOJYYEHHBIX AAaHHBIX pa3paboTaH
coryacHo crargapta ISO/TS 19036:2019 a B 0CHOBY METOIMKHM peaju3auud 00padOTKH AaHHBIX U
BBEIYHCIICHUS HEOpeaeNnEéHHoCcTe Tuma A, Tuma B, cymMMapHOW CTaHIApPTHOH W pacIIMpEeHHOMN
HEOTPEIEIEHHOCTH COOTBETCTBYET pexoMenmammsm mo «GUM:1993, Guide to the expression of
uncertainty in measurementy. [2,4].

Coznanmii rpaduyeckuii kox B cpene LabVIEW mpencraBmsier co0oil  €IUHCTBO
PaCIOJIOKEHHBIX CJIOSMHA HH(POPMAITHOHHBIX OKOH (pHUC. 1), TaK YTO HA KaXJIOM W3 HUX BBITTOJHSIOTCS
pacyeThl ONpeieIeHHOTro XapakTepa, Cpeay HUX:

¢ «CranmapTHOE OTKIIOHEHUE);

o «Hab6mrogarens A», «Habmogarens By;

o «lIpubop 1», «IIpudop 2»;

e «IIpoTOKOI UCTIBITAHUIY;

[lepBbIii croi mporpaMMHOTO OOecrieueH s, MMOKa3aHui Ha pHcC. |, yaessieTcs] BEIYMCICHUIO
HEOTIPEeICTICHHOCTH THTIa A, WM YTO JJIsl JaHHOTO CIyYast, TO’Ke CaMoe, YTO CTaHIapPTHOE OTKIOHEHIE
BOCTIPOM3BOJIMMOCTH Sy, Kak pe3yJbTaT IOJY9EHHOTO B OJHOW CepHHM OBYX HabOmomgaTeneil c
MOMOIIBIO CTATHCTUYECKUX METOJIOB BEIYUCICHHH.
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CornacHo crarapty 1SO/TS 19036:2006/2014 cranmapTHOE OTKJIOHEHHE BOCIPOM3BOIUMOCTH
Sr MHKPOOHOIOTHYECKOT0 SKCIIEPIMEHTA BRIUHUCIIsAETCS 10 hopmyte: [3].
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Puc. 1. Oxno «Cmanoapmuoe omxnonenue» npoepammno20 00ecnedeHus GblyucIeHusl
Heonpedenénnocmu muna A (Cmanoapmmnoe omxionenue Sy,)

B 30HE BBOJIA TaHHBIX BO3MOXHO BHECEHHUE OT 3-X 10 10-Thl pa3HbIX 3HAYCHHUN HAOJIOICHUI.
BBoJ pe3ynbTaToB OCYIIECTBISETCS CHEIMAFHO BBIIEIEHHBIX IS 3TOTO MONAX Xq4 — X104 ¥ X1p —
X10p st HAOMOMaTens A u ans HaOromarens B.

Ilpu BBome 3HaueHuil HaOmomenuidt xla-x10a u x1b-x10b mporpamma BBIYHCIISIET €rO
jgorapuM M BBIAAST 3TH 3HAYCHHUS JUIA JajbHeiiiero mois3oBanus B 10og 10(X12)- 109 10(Xara), (X12)-
109 10(X12) stueiikax.

B sTOM ke OKHE 3amoJHSETCS, COOTBETCTBYIONIUMH 3aIlUCSIMHU, IOJE TEKCTOBOTO BBOJA
«I0J10Ca JaHHBIX aKTa UCHbITaHui» (puc. 1, mo3uims S5). OOBIYHO CHOJIA 3alKCHIBAIOT JAHHBIC O
Ha3BaHWW DKCIIEPUMEHTa, HOMEpP W JaTa aKTa WCIbITaHWH, CBeleHUs 00 omeparope, YCIOBHS
MIPOBEJICHHS SKCIIEPUMEHTA U JAPYTHE CBEICHUS 110 YCIOBHIO SKCIICPUMEHTA.

B cootBercTByIOIIEM MONe BBOJAA LM(GPOBBIX JaHHBIX YKa3bIBAETCS YHCIO KOJUYECTBA
HabOmoneHui (puc. 1, mo3urus 6).

[Tocne Toro kak Ha TepBOIl CTpaHUIlE OYAYT 3aIIOJIHEHBI BCE HEOOXOAUMBIE TIOJS, TIEPEXOUM
Ha ciexyronmii cnoii «Habmonarens A», «HaOaromarens By (puc. 2). Ha atom cioe daktuuecku
MPOUCXOJNUT BBIUMCICHUE HEONPEASIEHHOCTH THIMA A pe3yiIbTaTOB MHKPOOMOJIOTHIECKOTO
JKCIICPUMEHTa HaOIromaTens A u HaOmronatens B.
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Puc. 2. Oxno npoepammnozo obecneuenus «Habmooamenv A», «Habrrooamenv By.

Haxatuem npaBo#i KHOTIKHM MBIH Ha KiaBuiy 4-10 kpacHoro 1Beta (puc. 2, mo3unus 1), oHu
aKTUBU3UPYIOTCS U MEHAIOT KPacHBIM LBET Ha 3eieHblid. [Ipoliecc akTuBalMy JaHHBIX MOAPa3yMeBaeT
orpezieieHre KOJIMYecTBa Ynciia HaOMI0ICHU, [Tl KOTOPBIX BEIYKMCIISAETCS HEOMIPEAEIEHHOCTh THMa A.

[IporpamMHOe oOecnieyeHre MO3BOJISIET BHOCHTH, HPU HEOOXOIUMOCTH, OOOCHOBAHHOE
3Ha4yeHue kodxdduuuenta koppekuun. Ilo ymoauanuro ycranoBieHo 3HaueHue 1 (puc. 2, no3unus 2).

[Tepeximrouatens (puc. 2. mo3umus 3) B IPaBOM MOJOKEHUU HA OTMETKE “ n-1" mis cimyuas,
KOTJa JaHHbIE IPUHAJIEkKAT OJHON cepuH HcnbITaHui. Eciiu naHHble HECKOJIBKUX Cepuil HCIIBITAaHUH,
TO MEPEKIFoYaTeNb B MOJOKeHUH n(n-1).

Belnieyka3aHHble HACTPONKH BBIMOJIHAIOTCS KaK JiJIs MO3MIMN HaOaomaTens A, Tak U Jyis
HaOronatens B.

To4YHOCTHBIE XapaKTEPUCTUKH, YYACTBYIOIIUX B HSKCHEPUMEHTE H3MEPHUTEIbHBIX CPEICTB,
MOTYT OBIThH JaHBI TTO-pa3HOMy. [IporpamMma obecrieunBaeT MPUBEACHUE dTUX TAHHBIX HA OOITHI BUI K
MPEYCMOTPEHHOMY JITOPUTMOM BBIYHMCIIEHUSI CTAHIAPTHON HEONPEACIEHHOCTH U3MEPEHHUS.

To4HOCTHBIE XapaKTEPUCTHKH AaHHBIE 110 (popme:

e CraHgapTHOW HEolpeaenéHHOCTH. B TakoM citydae COOTBETCTBYIOIIHE JaHHBIE 3aHOCATCS
B I0JI€ U, (puc. 3, mo3unus 1) B ToKe BpeMsl epeKiovaTens (puc.3, No3uLus 3) B JIEBOM MOJIOKECHUN
«manoy» (“Is given™). Bo Bcex APYyrux ciaydasx MepeKioyaTelb B MOJ0KEeHUH «He naHo» (“Not given”)
(puc. no3unus 4);
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Puc. 3. Oxno npoepammnozo ovecneuenusi “INSTRUMENT 1, INSTRUMENT 2~

e B ¢opme pacmmpeHHoil HeompenenéHHOCTH. JlaHHBIE 3aHOCSTCS B COOTBETCTBYIOIIEM
nonie (puc. 3. mo3uys 2);

e B Buue abcomorHol morpemrHocTd. COOTBETCTBYIOIIME JaHHBIE 3aHOCUM B T0JI€ BBOJIA
«a0coIoTHAS TIOTPENTHOCTHY (PHUC. 3 TO3UIHS 5);

e B dopme otHOCHTENBHOH MorpenHocTH. COOTBETCTBYIOIIEE 3HAUYSHNE BBOJIUM B ITI0JI€ BBOAA
«OTHOCUTENBHAS TIOTPEIIHOCTEY (pHC. 3, o3umys 6). 37ech JKe B IMOJIE BBOJIA «N HOMHHAIBHOE 3HAUCHHUE)
BBOJIMM U3MEPEHHOE 3HaYeHHE JAHHBIM MPUOOPOM (DH3UUECKOH BETMIMHBD (PHC. 3, IO3UIHS 7);

e B dopme npuBenennoii norpemHocti. COOTBETCTBYOIEEe 3HAUCHUE BOJAUM B T0JIE BBOJA
«lIpuBenennas morpemHoCcTh» (pUcC. 3, mo3unus 8). 3meck ke B moje BBojaa «N HOPMHPOBAHHOE
3HAYEHUE» BBOJMM 3HAYEHHE «KJIacca TOYHOCTH» W3 HOPMATUBHOW JOKYMEHTAllMM Ha JIaHHOEe
M3MEpUTETBHOE CPeACTBO. (puc. 3, mo3unus 9).

Jus Bcex QOpM TOYHOCTHBIX XapaKTEPUCTUK JOJDKHO YKa3blBaThCS 3HAYECHHE T.H.
«Koappunment npumMeHsieMOCTH», KOTOPBIN MOIpa3yMeBaeT KOJIMYECTBO MPUMEHEHUS! KOHKPETHOTO
M3MEPUTETHLHOTO CPEJICTBA B XOJI€ TPOBEIACHUS JAHHOTO dKCIepuMenTa. (puc. 3,. mozumws 10).

3nauenue «Koad¢unuenra oxpara — k» Ha JaHHOE MU3MEPHUTENBHOE CPEICTBO Oepercs U3
ceprudukara KaTHOPOBKY WIIHM U3 CITPABOYHBIX JaHHBIX. (puc. 3, mo3urms 11).

OKOHYATENBHBIA pe3yIbTaT BBIYHCICHUS CTAHAAPTHOW HEOMPEACIEHHOCTH Ul JaHHOTO
U3MEPUTENFHOTO CPEJICTBA TOKAa3bIBaeTCs B IoJie MHAMKAUWN «CTaHIapTHAs HEONpeNeNEHHOCTHY
(puc. 3, nozumms 12).

OnucaHHbIE MAaHHUIYJALUK, [PH HEOOXOJUMOCTH, HAAO BBIIOJIHUTH W JJIS JAPYTHX
WU3MEPUTENBHBIX CPEJICTB.

PesyabTaThl MccienoBanusi. llociennuii cnoil mporpaMmHOro obecnedyeHus ‘‘TIPOTOKOJ
UCTIBITAHHH, TIpETHA3HAYEH TS (PUKCAIIUK, COXPAHEHUS U PaclieyaTKy Pe3yJIbTaToB dKCIepUMeHTa (puc.4).

B mporokone ykaseiBaeTcs Bcs HeoOXxoaumas HWH(oOpMaIus TMPOBEJCHUS JKCIIEPHMEHTA
(puc. 4 mozummu 1, 2, 3. B ToM grciie nHGOpMAIH BHECEHHAS ONEPaTOPOM Ha mepBoM ciioe (puc. 1,
Mo3uIMsl 5), a Takke AaHHbIe SKcriepuMenTa «Habmogarens A» u «Habmogarens By.

B mpotokosne oTpakaloTcs TakKe MPOMEKYTOUHBIE Pe3ysbTarhl (puc. 4, mosunus 6, 7) u
OTAENBLHO BBIICIICH OKOHYATENBHBIN Pe3ysbTaT JKCIepUMeHTa (puc. 4, mo3unmus 8) ¢ yka3zaHuEM
pacIIMpeHHON HEONpeNeNéHHOCTH M CBEACHUM O [JOBEPHUTENHFHOCTH pe3yibTaTa W 3HauCHHE
kod(duimenta oxpara.
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Puc. 4. IIpomoxon ucnveimanuii

CoznanHOE MPOrpaMMHOE 00ECTIeYeHUE ITO3BOIET YCKOPUT 00pa0dO0TKY SKCIIEPHMEHTATBHBIX
JAHHBIX, TIOBBICUT TOYHOCTh M HAJIE)KHOCTh MHUKPOOHMOJIOTHUECKOTO HCCIICAOBAHUS, a TaKkKe AaeT
BO3MOXHOCTh TPUMEHUTH JAHHYIO Pa3paboTKy B KadyecTBE TOTOBOIO MPOJYKTa IJisi MOJICTABKH B
OPYTUX U3MEPUTEIbHBIX 1 HHPOPMALIMOHHBIX CHCTEMAaX KaK JIEMEHTA BCTPOSHHOM CUCTEMBI.

OOcyxnenue pe3yabTaToB. IlpencraBieHHblE OKOHYATENbHBIE  PE3YJIbTaThl  AAIOT
BO3MOXHOCTb OJIHO3HAYHO CY/AUTh O XapaKTepe M CBOHCTBaX KaK CaMOro MHUKPOOMOJIOTHYECKOTO
9KCHEPUMEHTa, TaK M ONEPaTHMBHO OLEHUTh TOYHOCTHBIE METPOJIOTMYECKHE II0Ka3aTeld, 4YTO
0Cc0OEHHO BayKHO IPH NMPOBEACHUH KBATM(PHUKALMOHHBIX UCTIBITAHUI.

Ha koHKpeTHOM mpuMepe MHUKpPOOHOJIIOTHYECKOTO aHalln3a, PACCMOTPEHHOM B CTaHAapTe
ISO/TS 19036:2019, mocuera a’poOHON Me30PHIBHOM (IIOPHI B MOJOTOM KYPHHOM MscCe, MOKa3aHa
3¢ eKTUBHOCTE Ppa3pabOTaHHOrO MpOrpaMMHOro obecnedeHus. B obeux pacuerax IMoIydeHUE
nenHaslie corrany Ha 100%.

BuiBoabl. B cratbe paccmarpuBaeTcsl BOIIPOC CO3JaHHUsSI MPOTPAMMHOIO OOECTeYeHus st
OLIGHKM KOJMYECTBEHHOT0 aHaJM3a MMKPOOHOJIOTHYECKOrO 3KCIEPUMEHTa C  00s3aTebHBIM
BBIJICJICHHEM JIOBEPUTEIBHON BEPOATHOCTH, BUJIA CIy4aifHO paclpeliesieHUs] pe3yJIbTaTOB U3MEPEHUI
W OIIGHKU HEOIpeJeN€EHHOCTH MUKPOOHOIOTHYECKOTO aHAlIM3a IMHUIIEBBIX MPOIYKTOB U KOPMOB IS
JKUBOTHBIX B cpeaie LabVIEW u naercs onucanue Co31aHHOTO MPOAYKTA.

[Ipumenenne cpenu rpaduveckoro mporpammupoanusi LabVIEW  ynpomaer Bompocs!
NPOTPaMMHUPOBAHUS, & TAKKE DKCIUTyaTal[MOHHBIE TOKa3aTedr B CHIY JIETKOCTH BBOJA JAHHBIX U
yIpaBJICHUsI TPOIIECCOM BBIYHCIICHUH.

[IpemiosxkeHO W HpPaKTUUECKH OOOCHOBAHO MPEUMYIIECTBO M aJCKBATHOCTh IMPUMEHEHUS
JAHHOTO MPOTrPaMMHOI0 CPEJCTBA.
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Abstract. In the rectangle with known boundary we consider a coefficient inverse problem for the
degenerate parabolic equation with given initial condition, Dirichlet boundary conditions and the values of
the heat moments as the overdetermination conditions. The minor coefficient of the equation is a polynomial
of the first power with respect to the space variable with two unknown time-dependent coefficients. The
degeneration of the equation is caused by the power function at the time derivative. Applying the Schauder
fixed-point theorem we establish conditions of existence of the classical local in time solution to this
problem. The global uniqueness is based on the properties of the solutions of the integral Voltera equations
of second kind with integrable kernels. The case of weak degeneration is investigated.

Keywords: inverse problem, minor coefficient, parabolic equation, weak power degeneration, integral
overdetermination condition.

Introduction. Inverse problems arise when under given consequences we have to find the
reasons causing them. Investigation of such problems is urged by the need of solving problems
applying in geophysics, medicine, engineering, finance and other sciences. In this paper, we will talk
about inverse problems with unknown time-dependent coefficients. Degenerate parabolic problems
arise in a lot of fields of nature and sciences. Applications of such problems include the mathematical
model of the flow in a porous media, propagation of the thermal waves in plasma and others.

For today the inverse problems of determination of the time-dependent both major and minor
coefficients in the parabolic equation without degeneration are studied sufficiently full (see [1]-[6] and
a bibliography of them).

In the papers [7]-[9] the conditions of the correct solvability of the inverse problems of
identification of the time-dependent major coefficient in the degenerate parabolic equation are
established. Both cases of weak (0 < f# <1) and strong (£ >1) power degeneration are investigated.

The conditions for existence and uniqueness of classical solutions of inverse problems of
identification of the minor coefficient in the parabolic equation
u, = a(t)t’u,, +b(t)u, +c(x,tu+ f(x,t)
for different sets of boundary and overdetermination conditions are found in [10], [11], while the
simultaneous determination of two coefficients a =a(t),b=b(t) — in [12]. In the paper [13] it is
investigated the inverse problem for determination of the coefficient a =a(t), a(t) >0,t<[0,T] in

the parabolic equation with degeneration at the time derivative of unknown function.

The goal of this paper is to establish the conditions of existence and uniqueness of the classical
solution to the inverse problem for determination of the time-dependent functions in the minor
coefficient in a parabolic equation with degeneration caused by the power function at the time
derivative of unknown function.

1. Statement of the problem. In a domain  Q, ={(x,t):0<x<h,0<t<T} we consider an
inverse problem for determination of the time-dependent coefficients b, =b,(¢), b, = b, (¢), in the one-
dimensional parabolic equation

tBut =a(t)u,, + (b ()x+by(t))u, +c(x,)u+ f(x,t) Q)
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with initial condition

u(x,0) = o(x), xe[0,h], 2
boundary conditions
u@,t) =, (t), u(ht)=p,(t), te[0,T] (3)
and overdetermination condition
Tu(x.0dx =y (0), 1[0, (@)
0
Txu(r, 0dx = 1y(0), 1 <[0,7], (5)
0

Definition. A triplet of functions (b;,b,,u) € (C[O,T])2 x C2! Or)n ch0 (Q_T) is called a
solution to the problem (1)-(5) if it verifies the equation (1) and conditions (2)-(5).
We will investigate the case of weak degeneration, when 0 < £ <1. Applying the Schauder

fixed-point theorem there is established conditions of existence of the solution to the named problem.
The proof of the uniqueness is based on the properties of the solutions to the homogeneous integral
Voltera equations of the second kind with integrable kernels.

2. Existence of solution to the problem (1)-(5).

Theorem 1. Suppose that the following conditions hold:

Al) ¢ € C*[0,h], u;€ C[0,T],i =1,4,a € C[0,T], a(t) >0, t €[0,T], ¢, f € C(Qr) and satisfy the
Hélder condition with respect to X uniformly to t with indicator «,0< «a <1;

A2) (i () - 13 (6)7 - (o () =y (D)(B 1y () =204 () ) £ 0, t€[0,TT;
A3) 11(0) =(0), u, (0) = @(h), E(p(x)dx =u3(0), zxcp(x)dx =4 (0).

Then the problem (1)-(5) has the solution (b;,b,,u) for x €[0,h] and t €[0,T,], where the number

Ty, 0< Ty <T is defined by the problem data.

Proof. First, we reduce the problem (1)-(5) to the equivalent system of equations. For this
aim, we make the substitution in the problem (1)-(5):

u(x,1) =u(x,1) +(P(x)_(P(O)+ul(t)+%(Hz(t)_Ml(t)_“2(0)+“1(0))- (6)

As a result we obtain the equation with respect to the function U (X,t):

B~ - ~ ~ B thx , ,
1°u; = a(O g + (b ()X + by ()t +c(x,0)u + f(x, 1) =171y (1) = 7(“2 () —1y'(0)+
+a(0)"(x) + (b (1)x+ by (t))(cp'(x) + %(Hz(f) — () =12 (0) + 1y (0))j + 0

+e(x, f)((P(x) —0(0)+py (1) + %(Mz O = (O =12 (0)+1y (0))j

and homogeneous initial and boundary conditions

u(x,0)=0, xe[0,h], (8)
u(O,t)=u(h,t)=0,t<[0,T]. 9)
The problem (7)-(9) is equivalent to the integro-differential equation

- th ~ B ] TﬁE.a [} [
10,0 = 11G1 (8] (B (D8 +by (DN (B0 + /(&) =Ty (D) —T(MZ (V- '(V)+
+a(0)" (&) + (b (Vg + b, (T))((P’ &)+ %(m(r) — (1) — 1, (0) + u1<0))j + (10)

+C(§,r)(¢(§)—w(O)+#1(r)+§(ﬂz(f)—#1(r)—#2(0)+ﬂ1(0))Dd§df, (x)<Qr.
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We denote by G,(x,t,&,7) the Green function of the first boundary-value problem for the
equation

tPu, =a(tyu,,.
Put v(x,t) =u, (X,t). Using (6), (10), we reduce the direct problem (1)-(3) by the system of
integral equations with respect to unknown functions u =u(Xx,t), v=v(xt):

u(x,f)=<P(x)—(P(0)+H1(f)+%(Mz(¢)—ul(f)—uz(0)+Ml(O))+

th B 1B& . .
+1G (x,6,5,7) (B (DE+ D, (V(E D) + f(E,1) T p, (T)—T(Hz (-w'(m)+ (1)

+a(1)9" (&) +c(C, T)((P(é) = @(0)+py (1) + %(Mz (D=1 (D) =12 (0) + 1y (0))D dedr,

VX = 00+ (0 - O 0)+ 14O+

th B 1 TB& ' '
10 (01.87) (B (DE+by (DWV(E D+ f(E,1) Py (1) —7(u2 O-w'®)+ (12

+a(r)@"(é)+c<a,r)(cp<a)—<p(0>+ul(r>+%(u2<r)—ul(r>—u2<0>+u1(0))jj dt dr,

We obtain the equation (11) differentiating (10) with respect to space variable x. To find an
equation for the functions by =b(¢), b, =b,(¢) we multiply the equation (1) by xk, k=0,
respectively and integrate it using the conditions (2)-(5):

A By H
by(t)= A ((t w3 () = a(@)(v(h,1) = (0,1))— (f)(c(x,ﬂu(x,r)+f(x,r>)dx](hu2(r>—u3<t))— (13)
—(IBM'U)—a(t)(h"(h,f)—uz(f)+Hl(f))—gx(c(xaf)u(xa’)‘*'f(xal))dx)(uz(l)—Hl(’))} te[0,7],
by (1) = A{(z%'(z) —a()(hv(h,0) = py () + py (1)) - zx(cu, Du(x, 1)+ f(x, t))dx](huzm —13(0))-

B, h 2
—[r us'(6) = a(@)(v(h,1) = v(0,1)) - é(c(x,au(x,r)+f<x,r))dxj(h (0 -2us()) 1€[0,T]. (14)

Thus the inverse problem (1)-(5) we reduce to the equivalent system of equations (11)-(14). It
means that if a triplet of functions (b;,b,,u) is a solution to the problem (1)-(5), then (u,v,b;,b,) is
a continuous solution to the system of equations (11)-(14) and contrary if
(u,v,by,by) € (C(Q_T))2 X (C[O, T])2 is a solution to the system of equations (11)-(14) then
(by,b,,u) is a solution to the problem (1)-(5).

Now we prove the existence of the solution to the system of equation (11)-(14). First of all we

establish the behavior of the integrals in the right-hand sides of the formulas (11), (12). Taking into
account the known estimate [14, p. 469]

1+2r+s 2
" rys Caen 2 o =)
| D/ D}G(y.1.0,9) [< €, (0() - (1) exp( C2 50 e(f)} (15)

where 7 € {0,1}, s € {0,1,2}, 2r+s=1or2r+s=2,1<t and 0(¢) = ?c_ﬁdcs, we obtain
0
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th B tﬁﬁ ' '
Jy = (j)(J)Gl(x,t,i,r)((bl(r)§+bz(r))v(§,r)+f(i,r) — (r)—T(M2 (1) -, '(1))+

+a(1)e" (&) +c(&, T)((P(?';) =0(0)+uy (7) + %(Mz (D=1 (D) =12 (0) + 1y (0))D dédt <

(x=8)°

e(t) e(r) ]d(t3 dr< C4t,

th 1
<Cs[[(6(t)-6(r)) 2 exp[—
00
th [3 ' TB% ' '
J2 =|[1Gr (6680 (B (D8 +hy(MWED+ (& D) =y () ===y (M- w' (D)

+a(1)e" () + (S, T)((P(&) —0(0)+py(v) + %(Mz (D=1 (D) =12 (0) +1y (0))D dédt<

2 1+[31
,_ X287 (x=¢) Ce I _dz
G(t)—e() \/G(t) 9( \/1 B

It means that integrals in the right-hand sides of the formulas (11), (12) tend to zero when

th
<Cs[[(0t)-6(x) ™ exp[— C
00

t—0.

We represent the system of equations (11)-(14) as an operator equation

W =PW

where W = (u,v,b;,b,) and the operator P is determined by the right-hand sides of the equations
(10)-(14) respectively.

Let |uxt)|<M,|v(xt)|<SM,, (xt)e QT, where M ;,M, denote some positive
constants. We will choose them below. Then from (13), (14) we deduce
Co(I+M,;+M,)

| PW < in|A =M;, te[0,T], (16)
te[0,T]
Co(I+M,+M,)
| P [ =2 min|]A| =M, 1€[0,T]. (17)
te[0,1]

Using this estimates in (11), (12) we find
| W [ Cot + nax. O(x) = @(0) +py (1) +— (uz(t)—ul(t)—uz(0)+u1(0))1,te[0,T], (18)

1+

| W |<Cpyt 2 + max
(xyt)EQT

9'(x) + %(Hz () =1y () =12 (0) + 1y (0))(, te[0,T]. (19)

Now we choose the number A/, > max
(x.)eQr

©(x) = @(0) + 1 (1) +%(H2(¢) (@) —pa (0) + M1(0))1,

M, > max
(x,1)€Qr

(p'(x)+%(uz(t)—u1(f)—Mz(0)+u1(0))1 and the number 7,,,0 < T, <T such that

x,t)eQr
1+B

Cipt 2 + max
(x,0)€0r

(P(x)—(P(O)+H1(f)+%(Nz(¢)‘“1(f)—ﬂz(0)+H1(O)* <M,

cp'(X)+%(uz(t)—ul(t)—uz(0)+u1(0))1SMz-
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In the Banach space B = (C@TO ))2 x (CT0,7,1)* we choose the set
N ={(u,v,b;,by) € B: u(x,t) [S My, | v(x,0) [S My, | by (1) [< M3, [ by () [< M 45

We conclude due to obtaining a priori estimates that N is convex and the operator P maps it
into itself. The compactness of the operator P can be proved as in [13]. Thus, all conditions of the
Schauder fixed-point theorem are fulfilled. It means that there exists the solution to the system of

equations (10)-(14) when (x,t) €[0,h]x[0,T,] and correspondingly to the problem (1)-(5) when
(x,t) €[0,h]x[0, T,]. The Theorem 1 is proved.

3. Uniqueness of solution to the problem (1)-(5).
Theorem 2. If the condition

(i (0)-13(1))° - (1o () =1y () (W y (1) = 204 (1)) # 0, 1 €[0,T]
hold then the solution (b;,b,,u) to the problem (1)-(5) is unique.
Proof. Suppose that the problem (1)-(5) has two solutions (by;,b,;,u;),i=12.
The differences of these solutions we denote by
by(t) = by (t) = by (1), by (t) = by (1) = byy (1), u(x,t) = uy(x,t) —u, (x,1). They satisfy the equation
Pu, = a(thu + (b (Ox + by (D), +c(x,u+ (b (Ox + by (Nuy,, (.)€Or  (20)
with conditions

u(x,0)=0, xel0,h], (21)
u(0,t) =u(h,t)=0, te[0,T], (22)
}Jlu(x, Hdx=0, te[0,T], (23)
0
?xu(x, Hdx=0, te[0,T]. (24)
0

With the aid of the Green function G, (x,t,&,7) of the first boundary-value problem for the
equation
P, = @O + (by (0% +bay (O, +c(x, ) (25)

we represent the solution to the problem (20)-(22) in the form

() = 1G] (b (0 + b (Db (5, Ml (26)
Differentiating (32) with respect to x we obtain
() = 1167, (£ by (0 + b (D b (B, Ml @7

Now we multiply the equation (20) by xk, k =0,1 respectively and integrate it using the
conditions (21)-(24):

bi(t) = A‘{(a(t)hux(h,z) + ?xc(x,z)u(x,z)dx](uz (- (0))-
0
- (a(t)(ux (hs t) - ux (Os t))+ I(J:C(xg t)u(xat)dxj(hMZ (t) - Hs (t))jﬁ te [0’ T]9 (28)
by(t) = A‘l((a(z)hux(h,z) + Txe(e0u(x, r)dxj(uz ()~ (1))~
0

—(a(t)(ux(h,t)—ux(O,t))+zc(x,t)u(x,t)dx)(hzuz(t)—2u4(t))], 1 €[0,T7]. (29)
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Substituting (26), (27) into (28), (29) we obtain the system of homogeneous integral Voltera
equations of second kind with respect to b, =b;(¢),b, =b,(t). The kernels of this system are
integrable since we investigate the case of weak degeneration. It implies that it has only trivial solution

b (t)=0,b,(t)=0,t€[0,T].

Using this equality in the problem (20)-(22) we find

u(x,t) =0, (x,t) €[0,h]x[0,T].

Theorem 2 is proved.

Remark. The degenerate parabolic equation can be generalized by changing the power
function t” on monotone increasing function y = (t) such that y(t) >0,t<(0,T] and y(0)=0.

t
It is evident that in the case of weak degeneration when lim | dr__ 0 the statements of the Theorem

=0/ (7)

1 and Theorem 2 hold true.

Conclusion. There are established the sufficient conditions of existence and uniqueness of the
classical solution to the inverse problem of identification of the time-dependent functions in the minor
coefficient in the weakly degenerate parabolic equation.

REFERENCES

1. B. F. Jones, The determination of a coefficient in a parabolic differential equation. Part I. Existence and
uniqueness, J. Math. Mech. 11, (1962), 907-918.

2. J. R. Cannon and W. Rundell, Recovering a time-dependent coefficient in a parabolic differential equation,
J. Math. Anal. Appl. 160 (1991), 572-582.

3. lvanchov M., Some inverse problems for the heat equation with non-local boundary conditions, Ukrain.
Math. J. 45 (8), (1993), 1066-1071. (in Ukrainian)

4. Cannon J. R., Peres-Esteva S., Determination of the coefficient of uxin a linear parabolic equation, Inverse
Problems 10 (3), (1993), 521-531.

5. Trong D. D., Ang D. D., Coefficient identification for a parabolic equation, Inverse Problems 10 (3),
(1994), 733-752.

6. Pabyrivska N., Varenyk O., Identification of the minor coefficient in the parabolic equation, Visnyk Lviv.
Univ. Ser. Mech.-Math. 64, (2005), 181-189. (in Ukrainian)

7. Ivanchov M., Saldina N., An inverse problem for a strongly degenerate heat equation, J. Inv. lll-Posed
Problem 14 (5), (2006), 1-16.

8. Ivanchov M., Saldina N., Inverse problem for the degenerate heat equation, Ukrain. Math. J. 57 (11),
(2005), 1563-1570. (in Ukrainian)

9. Saldina N., Inverse problem for the parabolic equation with degeneration, Visnyk Lviv. Univ. Ser. Mech.-
Math. 64, (2005), 245-257. (in Ukrainian)

10. Hryntsiv N., Determination of the coefficient of the first derivative in a degenerate parabolic equation,
Visnyk Lviv. Univ. Ser. Mech.-Math. 71 (2009), 78-87. (in Ukrainian)

11. Hryntsiv N.M., Non-local inverse problem for a weakly degenerate parabolic equation, J. of Lviv
Polytechnic National University. Physical and Math. Sciences 696 (696), 32-39.

12. Huzyk N., Inverse problem of determining the coefficients in a degenerate parabolic equation, Electron. J.
Diff. Eq. 2014 (2014), 1-11.

13. Bodnarchuk A., Hryntsiv N., Coefficient inverse problem for a parabolic equation with an arbitrary weak
degeneration, Visnyk Lviv. Univ. Ser. Mech.-Math. 75 (2011), 28-42. (in Ukrainian)

14. O. A. Ladyzhenskaya, N. N. Uralceva and V. A. Solonnikov, Linear and quasilinear equations of parabolic
type, Moscow, Nauka, 1973. (in Russian)

RS Global May 2021 23



International Trends in Science and Technology

OXE-PEKOMBHUHALIIUA B HIOJIYITPOBOJAHUKAX

M. H. Anukynos, kanouoam Qu3uxo-mamemamuieckux Hayk, 0oyenm xagheopvl usuxi,
Kapuwunckuii unoscenepro-sxonomuyeckuti uncmumym, 2. Kapwu, Y36exucman
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Abstract. The Auger recombinations occurring in semiconductors have been studied in this work. The
theoretical and analytical data of Auger recombination processes in semiconductors with straight and
complex bands are highlighted. The relationship between the rate of recombination and the structure
of the bands of semiconductors has been studied. Expressions of the laws of conservation of energy
and momenta are given for the processes of recombination of semiconductors with straight bands.
Keywords: silicon, recombination, energy, momentum, impurity, semiconductor, lifetime, electron,
hole, concentration

W3zyuenne mporeccoB peKOMOMHALMHN BaXKHO JUISI IOHUMAHHSI IPOLIECCOB, NPOUCXOAALINX B
TOJTYTIPOBOJIHUKAX W TMOJYIIPOBOJHUKOBBIX MprOopax. Ha ceromHsmHuil AeHb MUPOKO U3YUYEeHBI TPU
TUNA pekoMOMHaIuu [1-6]. OT0 mM3nmyuyaTelbHas pekomOuHalus, Oke-peKOMOMHAIUS WIN yIapHas
pexomOuHarms u pekomOunanus Lloxnu-Pruna-Xoina gepes rirybokue moBEpXHOCTH.

WznyuarenbHas pekoMOMHALMS — 3TO TPOLECC aHHUTWIALUKN Tapbl AIEKTPOH-IBIPKA, MPH
KOTOPOM BBIJIeisieMast SHEprusi u3ydaercsi B Buje (OoToHa.

Osxe- mnu ypapHas pEeKOMOMHAIMS — 3TO TPEXYAaCTHYHBIN Mpolecc, B KOTOPOM 3SHEPrus,
BBIJCJISIOIIASACS IPH aHHUTHIISILIMY Taphl 3JIEKTPOH-IBIPKA, [IEPEAaeTCs TPETheH YacTHLIE.

B pexomOunanyu [oxmu-Puna-Xonna npomeccsl pekoMOWHAMKM B TOJXYNPOBOJHUKAX
MIPOUCXOAST Yepe3 MPUMECHBIE LIEHTPHI.

B pabore [6] paccMOoTpeHbl OCHOBHBIE MexaHu3Mbl Oxe-pekomOuHanu. Ha ocHOBe Mozenu
burrtu-Jlannc6epra-biskmopa aBTOopoM HccieqOBaHbl 3aBHCUMOCTH CKOPOCTH M BPEMEHH >KHU3HU
reHepalun-peKoMOnHanuu oT cocrasa u TeMrepatypsl HgCdTe matepuana tuma n- u p-.

B paGore [7] mnpoBemeH pacuer 3aBHCHMOCTH KOHICHTPALMd HOCUTENEH 3apsa,
YUYacCTBYIOIIMX B U3JIy4aTeIbHON PEKOMOMHAILIMY OT HHTEHCUBHOCTH HaKauKH.

B pabote aBTopa [8] U3yueHa 3aBUCUMOCTh PEKOMOMHAIIMOHHBIX TPOIIECCOB, MPOUCXOSIINX
B TOJYNPOBOAHUKAX, OT CTPYKTYpbl IIOJYHNPOBOAHUKOBBIX 30H. OOOCHOBaHBI NPEUMYIIECTBA
MCIIOJIb30BaHMS HETIPSIMBIX 30HAIBHBIX MOYTIPOBOIHUKOB IPU CO3AaHUH COJTHEYHBIX OaTapeil.

B nanHO# cTaTthe mpeacTaBIeHbl TEOPETHUECKHE U aHATUTHYECKHE JJaHHbIE 0 Tporeccax Oxe-
PEKOMOMHAIIMHY B MOJIYTIPOBOTHUKAX M BBITEKAIOIINE U3 HUX BBIBOJIBL.

B nponeccax Osxe-pekoOMOMHAIMK B MOJYNPOBOJHUKAX N-THIIA YYaCTBYIOT /IBa 3JEKTPOHA U
OJlHa JIBIPKA, a B TIOJIYNPOBOJAHMKAX P-TUIA YYACTBYIOT JBE ABIPKH M OJMH 3JeKTpoH. CkopocTh Oxe-
PEKOMOMHAIMH PaBHA

T = ca®p, T, = CppPn (1)

W3 3TOro BBIpa)KEHHs BHJHO, YTO CKOPOCTh PEKOMOWHAIMH 3aBUCHT OT KOHIICHTpAIMU
3JIEKTPOHOB M JABIpOK. Hapsimy ¢ 3TUM CKOpOCTh PeKOMOWHAIMK B NOJTYNPOBOAHUKAX TAKKE 3aBHCUT
OT CTPYKTYpPHI ITOJIyIIPOBOJHUKOBBIX 30H.

CHayajla pacCMOTPUM IPOIECCHl PEKOMOMHALIMK, MPOUCXOAIINE B  MPSIMO30HHBIX
NOJYTIPOBOJAHMKAX (puc. 1a).

N3BecTHO, 4TO 3aKOHBI COXpaHEHMS 3HEPTUU U MMITYJIbCA CIIPABEUIMBBI JUI BCEX MPOLIECCOB,
MPOUCXOISIINX B MOTYIPOBOAHUKAX. 3aKOHBI COXPAHEHUS SHEPTUU U MMITYJIbCA JUIS 3TOTO Tpoliecca
CJIEYIOLINE.

Ez NEKTPOH, OTHABas CBOI0 JHEPrHI0 COCETHEMY JIIEKTPOHY, peKombmHmpyercs (k) ¢
JIBIPKOI BaJICHTHOM 30HBI.

o nporiiecca peKoOMOMHALIMKI SHEPT U JIEKTPOHOB UMEET CIICAYIOIUI BU:

E (k) = E, + 8 B (k) = B, + K2 @)
e\ 9 7 om,' TCV2 9 " 2m,
HOCHC mnmponoecca peKOM6I/IHaHI/II/I OHEPrus 3JICKTPOHOB BBITTIAAUT TaK:
E (k) = E, + 255 E, (k) = —1k2 @3)
c\"1 g 2my, vinz 2m,
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Ec
\ / E-
K1
‘ﬂNI \ / 7
\ K3,
Ki Iﬂo
[
X
K2, ?’ 2,
>
E.

E,
a 0
Puc.1. Ilpoyeccol Oice-pexombunayuu 8 NPAMO30HHBIX NOLYAPOBOOHUKAX

B mannom ClIy4dac 3aKOH COXPAaHCHUA SHCPIrUHr 3aIIUChIBACTCA CIICAYONIUM 06pa30M:

n2k? | h%kZ n2k?  h?k}
2E, to = —= 2=FE;+—+—-—% 4)
2my 2my 2my
A 3aKOH COXpaHEHHs UMITyJIbCa
k1+k2=k1+k2 (5)
BeposiTHOCTD NpeObIBaHMS JIEKTPOHOB B 30HE IPOBOJMMOCTH B Kk
h?k3
F(Eelh)) = e 2T
Zk‘Z

() = e

Hcnons3oBaB AAHHBIC BBIPAKCHU, IIOJTy4acM CICAYHOIICC

FER) FE00) - (1= f (B (1)) = geexp {~ [FS2 D)+ ) yir}

2m

E mn
. . kykp- g

— — 2
[pu ycnosun my, = my, uky||(ky + k), k; = W (k? — k3) coriacHo OTHOIMIEHHIO

(6) crkopocth Oke-peKOMOMHAIINN TTPOUCXOIUT C HAUOO0JIee BEICOKOM BEPOSTHOCTEIO.
1 Egm
ki=ky=ky, |kol= 3 g n)l/ 2 gpnsieTcs yCIOBHEM JUIS MAaKCHUMAIBHOIO JOCTHKEHHUS

BoIpakenus (6). [Ipumvensis nanHbIe OTHOI_LIGHI/I}I BbIpakeHue (6) MO)KHO 3ammcaTh CJ'IG,Z[YIO]_LII/IM obpazom

fEelkn) fEeka)) - (1 = f (Ev(k2)) = dor-exp (- 5.5 ()
[Ipu 3TOM B peKOMOMHAIIMY IPUHUMAIOT YYaCcTHE JIEKTPOHBHI, pacnonomeHHHe Bbie Eg /2 .
Eciu my, # my, E(k,) = E(k;) > E¢, , TO

E,0? m . E,0
Ei =E; =E,, +——= npu stom O=—=, B ganHom cocrosuun Eyy —E,=—2— B

(1+36+2602) ' my, 1+36+262
PEKOMOMHAIINY TPUHUMAIOT YYaCTHE DJIEKTPOHBI, PACIIOIOKEHHBIC BHIIIIE Eg /6.

E
Ecin my, = m,;T0 E; = E; = E¢ + ?g , IpH My, <K My, cranosutest £y = E; = E¢p. Tpu
5TOM coCcTOsHUHA B Orke-PEKOMOUHAIINN YUaCTBYIOT JJIEKTPOHBI BEPXHEN BATCHTHON 30HBI M HUKHEH

30HBI IPOBOIUMOCTH. B TIOJIOKEHUM TEPMOJTHAMUYECKOTO paBHOBeCHIB OKe-peKoMOWHAIINN
MPUHUMAIOT ydacTre 2 3JIeKTpoHa U 1 apipka. CKOPOCTh peKOMOMHAIIUY TIPH 3TOM BBIPAXKACTCS
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_ 8m?Be*h?|111,|03/2n?p exp (~E46/(1+6)koT
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Teneps paccmorpum mporiece Oxe-peKOMOUHAIIMM B CIIOKHO30HHBIX TOYIPOBOTHUKAX.
UzBectHO, uTo momynpoBonHukn Si, Ge, AsGa 0THOCATCS K CI0>XKHO30HHBIM TTOTYIIPOBOAHHUKAM, TaK
KaK WX BaJICHTHHBIE 30HBI COCTOAT U3 TPEX ceteit. ( Puc.2).
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Puc.2. Osxce-pexombunayus 6 cnodcHO30HHbIX Puc.3. Ooun sud Odnce-pexomGunayuu
nOOYNPOBOOHUKAX

B nmanHoM ciydae mpouecchl peKOMOWHALMK 3aBUCST OT OTHOIIEHHS JUCTAHIMU A MEXIy
IIMPUHOM 3aNPEIEHHOM 30HbI IOTYPOBOHHUKA Ej; U CeTell BAICHTHOMN 30HBI.

Ecin A> Eg,
BHOCUT BKiax B Oxe-pekomOunanmio. [Ipy A= E, , npoBOAMMOCTb BJIEKTPOHOB MEXIYy CETAMHU
BHOCHUT 00JbII01 BKIIaT B OKe-peKOMOMHAITHIO.

B mpsiMo30HHBIX monynpoBogHUKax Oske-peKOMOMHAIMS MPOUCXOAUT CIEAYIOMUM 00pa3oM
(Puc.16). TTepBblit 31eKTPOH PeKOMOMHHpYET ¢ 1 -if JBIPKOHA, 1 -5 JbIpKa NepeaéT CBOK JUIIHIOK
SHEPryi0 2-# JIBIPKE M OHAa MOXET mepeifT B cocTosHue 2 . IIpu 3ToM TpeGyemas MHHMMANbHAS
SHEprus paBHa

B3aMMHas ONTHUYECKasd IMPOBOJUMOCTb MECXKIAY CETAMHU OJICKTPOHOB IIOYTH HE

2Mpp+tmy

Emin = g =y (g — ) 9)

B cBsasu co 3nauennem mepemennodi  E; — A oueprus aktususanmn Oxke pekoMOMHAIMH

E,
Oyzner B npomexytke 0 < E < 7“7

Takum o6pazom, B Oxxe-peKOMOMHAINN HAOIIOAATNCH ClIeNytomye GU3NIECKIe SBICHHS.
1. B mpouecce Oxe-pekoMOMHALIMU C TOBBIIICHHEM KOHLEHTPALMU OCHOBHBIX HOCHUTENEH

1 1
3apsiaa yMEHBUIAETCS BPEMS KU3HU HEOCHOBHBIX. B BoIpaxenun 7, = o Tn = A Ge tuna N npu

n =10"cm~3, paBHo 7, = 50 — 60 MKc., T, = 1 MKC..
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1 o
2. T"'? , — TO €CTb C IIOBBINICHUEM TEMIICPATYPbl BpEMs XU3HU HOCHUTECIICU 3apsia

YMEHBIIACTCS.
3. C BHeceHHEM B TOJYMPOBOJHHUKOBBIE MaTepHabl NMPHUMEceH CKOPOCTh PEKOMOMHAIINU

An

pe3Ko BO3pacTaer, T0 eCTh = —,

n
4. Ilpu yMeHBIIEHNH KOHIIEHTPAIIMH HOCHUTENEH 3aps/ia KaKUM-JIMOO CIIOCOOOM, CHHXKAeTcs
CKOPOCTh M3JTy4YaTelIbHOW PEKOMOMHAIIMU, YTO TOKA3bIBAET YMEHIIICHUE HMHTEHCHUBHOCTH W3ITyYCHUS
Tuznys = VuP- 1IpU yMEHBIIEHHH KOHUEHTPAIMM CHIKEHHE UHTEHCUBHOCTH M3JYYEHHs HA3hIBAETCS

JIOMHUHECIIEHTHO-KOHIICHTPAIMOHHBIM CHIDKeHHEM. C TOBBIIIEHHMEM TEMIIEpaTyphl MOBBIIIACTCS
KUHETHYeCKass SHEPrust SJICKTPOHOB, HPH AITOM HAOIIONAEeTCsl MOBBIMIEHHE BeposTHOCTH Oke-
pEKOMOMHAITIH.

5. B mnoaynpoBogHHMKax C HENPSIMBIMH 30HAMH CKOPOCTh pEKOMOMHAIUHM ObIBaeT
OTHOCHTEIIFHO HIKE MTPSIMO30HHBIX TOJIYTTPOBOIHUKOB.

6. DIeKTPOH, BCTYNHBIINI B PEKOMOMHANINIO C ABIPKOH, MepefaéT CBOIO JIMIITHIO SHEPTUI0
COCEIHEMY DIIEKTPOHY. OJEKTPOHBI, MOJYYMBILIME JIMIIHIOW JHEPTUI0, HAa3bIBAIOTCS TOPSYUMHU
9JIEKTPOHAMH M OHHM B TCUCHHE KOPOTKOI'O BPEMEHH IEPEIA0T CBOIO JHEPTHIO0 KPUCTALTHUECKON
pemérke, 3TO sIBIIEHUE Ha3bIBaeTCs TepMmonm3anueii (Puc. 3) ans

2E; > hoyy, = Eg, hwyy, ~ 2E; (Ge)
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Abstract: Health is a phenomenon that should be protected and looked after in order to benefit from
all its benefits in the later years of our lives. Being healthy, maintains the quality of life of the elderly
and their contribution to the society. The aging process is affected by environmental influences,
lifestyle and diseases. Accordingly, aging can be defined as dysfunction that develops due to the
inability to withstand the risks of progressive and age-related diseases. Especially in developing
countries, access to appropriate health rehabilitation in the event of a chronic illness or disability is
very important for the elderly. Speech and Language therapy is also one of the most important health
services that should be provided to the elderly population. The ability to communicate is a very
important characteristic peculiar to humans for all ages and in case of injury, the entire life of the
individual may be affected. In this article, the types of language and speech problems caused by right
and left brain injuries, Alzheimer's dementia and Parkinson's Diseases in adults and the elderly will
be discussed, and the role of the speech and language therapist will be discussed.

Keywords: Communication problems, Aphasia, Alzheimer's dementia, Parkinson's, language and
speech therapy.

1. Introduction. Old age is a period that describes the changes in the late period of human
life. Aging, known as a relative concept, differs in terms of social and cultural factors; Therefore, the
concepts of old age and elderly find their place with the value they take in society. When considered
as an individual change, aging is a biological event that can be defined as the physical and mental
regression of the person [1].

Studies that describe the definition of “old” chronologically accept the age of 65 as the
beginning of old age. In most countries, age 65 is also set as the retirement age. In the reports
published by the United Nations on aging, aging starts at the age of 60 chronologically. The World
Health Organization (WHO) chronologically divides aging in middle-aged (45-59 years old), elderly
(60-74 years old) and old (75+ years old) groups. In Turkey, as of 2000, the age of 65 and over is
represented by 5.5% [2], by 2025 this amount is expected to rise to 9%.

In medical terms, old age is a period in which losses and collapse are common in the life
process. The population group defined as “old” is a special group with its own problems and with a
much higher health risk than other segments [3]. The salient features of this population group can be
summarized as follows:

a) the majority of persons in this group have at least one illness or health problem;

b) the most common health problems in this group are diseases that require long-term
monitoring and care, such as hypertension, diabetes mellitus, chronic lung disease, Parkinson's,
dementia, Alzheimer's, and osteoporosis;

c) health problems increase as individuals age;

d) A significant number of individuals in this age group need information or guidance to
access health care.

In our country, the fact that the elderly are not aware of their problems, lack of information,
and cannot benefit from hospitals and health institutions adequately reveal the necessity of the service
to be provided to this group [2]. The increase in the elderly population and the prolongation of human
life in direct proportion to the development of medicine cause the focus on studies on the "elderly"
population [4].
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1.1. Communication Problems in the Elderly

Communication in the elderly may decrease due to biological insufficiency. For example,
hearing loss frequently observed in the elderly has been almost an expected and not taken too
seriously. Although hearing loss is not very serious, it can be more troublesome than expected in terms
of affecting the individual's ability to communicate.

According to the reports they cite from their own experiences, one of the most upsetting
problems for the elderly is that they cannot remember even the "most known" words [5]. Word finding
difficulties that can be observed at all ages are the most affected cognitive problems with age. Such
inadequacies prepare a result that reduces the communication of the elderly and their language
competence is evaluated as 'weak' by others. Up to the age of 80, 20-30% of the elderly can get
dementia that affects their daily functions. Some studies state that 20% of individuals between the ages
of 50-59 and those between the ages of 80-89 complain of cognitive impairment [6].

Language and speech problems that may occur with old age can be observed due to some
developmental or acquired damage. Dysarthria known as 'dysarthria’ or acquired language and speech
loss caused by lower and upper motor neuron damage by disrupting the flow of motor impulses in the
cranial and spinal nerves that energize the muscles involved in speech production, such as Parkinson's
disease or cerebrovascular diseases. It can occur mostly due to problems that may be encountered in
older ages. Naturally, such problems occur more often in older people. A study evaluating the "language
(language) dysfunctions™ of 20 patients with Parkinson's disease with an average age of 61 and twenty
Azheimer-type dementia patients with a mean age of 69, showed that the fluency of speech, reading and
repetition abilities in Parkinson's patients, except for paying attention to auditory and visual stimuli in
patients with Alzheimer's disease. Found that all cognitive functions decreased [7].

1.2. Role of Speech and Language Therapist in Neurological Communication Problems

The most important resource that can help people with language and speech problems and do
their therapy is a speech and language therapist. The goal of a speech and language therapist is to make a
speech as intelligible as possible. With this goal, the therapist takes a detailed assessment of the patient
and plans the sessions by deciding on the appropriate therapy. Evaluation is also very important as it
provides the basis for improvement criteria seen in therapy. Most importantly, evaluations help the
therapist identify the patient's strengths and weaknesses and plan appropriate therapies.

Speech and language therapists can assist neurologists in patient diagnosis, as some speech
styles are the best symptoms of problems. It is very important to listen to the patient's speech during
the evaluation process. The therapist's trained ear can understand the level of speech intelligibility
while listening to the patient. It is also evaluated how the organs that produce speech are affected. The
level of comprehensibility is an indicator of the patient's incompetence to the therapist; This reveals
the impact of speech disorders such as dysarthria or dyspraxia on the patient's quality of life.

As with most neurological problems not addressed in this study, language and speech
disorders related to syndromes such as aphasia may not be reversible. Therefore, the goal of speech
and language therapy is rarely to return to normal language. The goal is to try to minimize the effects
of language problems, dysarthria, or apraxia. In the beginning of therapy, the type and severity of the
neurological problem are very important. Equally important is the patient's motivation for recovery
and therapy, and the support he receives from his family and environment.

1.3. Goal

Age-related neurological problems threaten our adults and elderly people today. These problems
are generally known by their "names", but their features that will affect our lives and communication are
unknown. The findings of a survey study revealed that our people are not aware of neurological
problems and the language and speech problems that they cause, they expect more information from
doctors, and that they cannot easily access informative articles from universities or speech and language
therapists [8]. According to the findings of the study, the neurological disorder that the participants heard
the least was MS (multiple sclerosis), and the most heard of it was epilepsy and dementia. When asked
which one they know the most according to their characteristics, the order did not change, but their
recognition decreased according to the characteristics of all the neurological diseases presented.

In this informative article, the language and speech problems that may occur with stroke,
Alzheimer's dementia and Parkinson's disease will be described, and the service and necessity of the speech
and language therapist will be emphasized to the elderly people and their caregivers in these problems.
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2. Brain damage and language-speech problems

2.1. Stroke and Aphasia: A Wording Problem

Brain damage to an adult person brings along many language and communication problems.
Such damage that occurs after the acquisition of language is often described as receptive and
expressive language impairment [9]. After a stroke, especially if the left half of the brain is affected by
damage, aphasia may occur; or cognitive and language disorders related to the affection of the right
brain are observed.

Aphasia is a neurocognitive impairment caused by focal damage to the cortical or subcortical
areas of the brain [10]. It is important to distinguish language disorders, especially in aphasia, from
dementia, motor dysfunction or language impairment resulting from sensory loss.

It would not be correct to associate the occurrence of language disorders in aphasia with a
certain age because aphasia is not a disease but one of the observed symptoms of brain damage. Aphasia
often occurs as a result of cerebrovascular (CVO) diseases. Most commonly, middle cerebral artery
lesions, thromboembolism, intracerebral or subarachnoid hemorrhage, brain tumors, head trauma,
infectious diseases or abscesses, progressive and damaging brain diseases, intermittent intermittent
diseases such as fever and seizures are seen as aphasia. Although it is mostly seen in adults and the
elderly [11], it can also occur in adolescents and children. Therefore, aphasia is not only referred to as a
language disorder that affects the older age group, but it is known that age is an important factor in the
recovery process. Especially in pre-adolescent children and adolescents, the possibility of improvement
of even the most serious aphasia symptoms is high [12]. While the recovery of the middle age group may
be relative, it is very rare for older people recovering completely. Predicting which type of aphasic
patient will be able to recover is another difficulty. In its early stages, some types of aphasia may
improve more than others. It is possible that individual variables such as motivation of the individual and
interest of caregivers also affect recovery [13]. Therefore, it should not be forgotten that while the most
important reasons affecting recovery positively or negatively may be age and the type of aphasia, other
interactions such as the location of damage (localized) and the time elapsed after the formation can also
be an important factor for future improvement (prognosis).

2.1.1. Aphasia Assessment and Therapy

Aphasic phenomena are generally covered in four broad categories. The impulsive
(expressive) type of aphasia includes individuals who have difficulty communicating their thoughts by
speaking or writing. The aphasic adult knows what to say, but has difficulty finding and recalling the
words they need from memory or pronouncing the recalled word. Fluent type of aphasia includes
individuals who have difficulty understanding spoken and written language. The individual hears the
sound, sees the text, but cannot understand the words he / she hears or reads because of the problem of
decoding and perception. Although ‘anomic or amnesic type' cases do not show very serious aphasia
symptoms, they have serious difficulties in making the correct naming of objects, people, places and
events. "Global aphasia”, on the other hand, occurs as a result of severe and intense damage to all
language areas of the brain and causes the person to lose all language functions, including both
expression and understanding.

Defining all aspects of language impairment syndromes that occur in aphasia evaluations is a
necessary element both for an accurate and complete clinical diagnosis and for predicting the
prognosis of the patient [14]. Brief patient assessment at the bedside does not make it possible to
demonstrate preserved language characteristics. Therefore, Aphasia Diagnostic Tests are essential for
understanding the current situation and predicting prognosis, as well as indispensable assessment tools
for rehabilitation and therapy interventions.

The periods in which aphasia studies were frequently conducted were determined by the
predominance of neurological and neuropsychological approaches, and linguistic and rehabilitation
approaches. With these two dominance that emerged over time, aphasia has now begun to be handled
with multidisciplinary approaches in our country. GAT (Gulhane Aphasia Test), which is the first
Turkish aphasia test with a history of 20 years, has gained a special feature about the different clinical
pictures and prognosis of aphasia with the sections it contains [15]. In addition, linguistics and
rehabilitation approaches made it necessary to examine in detail the language characteristics of
aphasic patients; For this purpose, different aphasia tests, whose standardization studies are still
ongoing, have been developed in accordance with the Turkish language characteristics.
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With aphasic cases, every evaluation is a therapy, every therapy is an evaluation [16]. After
the evaluation to determine the language deficiency to be addressed in therapy, the goal is to
reconstruct the damaged language or communication. Teaching compensatory methods to the patient
is within the framework of this goal. The aim of recent therapies is to study the communication of the
patient in clinical settings and to generalize them in natural environments. Family support and
participation is very important in this therapy approach. The approach of applying a patient-specific
therapy with a mixture of all written, drawn, visual, linguistic and non-linguistic tools are known as
"Total Communication” [17]. Nevertheless, it should be kept in mind that the same type of therapy
will not work for every individual with aphasia, and the therapy plan should be made by taking the
patient's speech and individual characteristics and life needs into consideration.

2.2. Right Brain Injury

Until very recently, it was thought that only the left brain is dominant in processing language
and the right brain has no language-related function; however, researchers have also examined the
right hemisphere of the brain in many studies of language and communication function. As a result of
these studies, it was observed that the language skills of patients who suffered such damage, such as
phonetics, vocabulary, and syntax, were not damaged much, but the pragmatic dimension of the
language was affected. [18]. For example, there have been studies showing that humor or the
emotional context are particularly affected in such cases. The dimension of use in context, for
example, coherence, is severely affected. Cohesion is a feature that shows how a spoken sentence is
related to the next sentence in terms of title and content; It is known to be adversely affected in
patients with dementia [19].

Studies have also been conducted to understand the context provided indirectly in cases with
right brain injury. For example, if we read that in a picture of a man and a child in front of a dirty car,
the man said to the child "the car looks very dirty", we can infer the deep meaning that the man is not
only commenting on how dirty the car looks, but implying the boy to clean it up. Left brain injured
cases can infer the lower meaning appropriately, while right brain injured cases cannot choose the
intended meaning. The emotional context of the medium in which communication is established; It is
claimed that the prosodic aspect of speech production is also damaged in such patients. For example,
the melody of speech (intonation) is flat, almost expressing no emotion [20].

The focus is on evaluating non-verbal skills (such as attention, orientation, perception, visual-
spatial perception and awareness, drawing freely and by copying, and marking) of patients with right
brain injuries [21]. Studying visual-spatial perception will also enable individuals to improve their
reading and writing. Picture description tests are suitable for revealing the communication problems of
individuals. Selecting some items on the picture and studying the relationships between these items
will enable the evaluation of the problems to which therapy will be directed. There is no Turkish
standard test to evaluate the language and cognition of individuals with right brain injuries.

3. Problems of dementia and language-speech

Dementia is a general name given to "clinical pictures created by high cerebral functions and
behaviors and multidimensional disorders as a result of the effects that development and progress in
the brain over a period of time due to different reasons” [22]. The disease is progressive in nature,
affecting the intellectual and social abilities and daily functions of the person.

Dementia is the most devastating brain disease in middle-aged and elderly people. The
emergence of this disease, which has many types such as dementia accompanying Alzheimer's and
less frequently Parkinson's disease, attracts attention as a serious health problem due to the increasing
number of elderly population especially in developing countries.

The incidence of the disease increases with age; Its prevalence is 1. 5-2% in the 65-69 age
group, 5.5-6.5% in the 75-79 age group, while it reaches 20-22% in the 85-89 age group. Symptoms of
dementia are observed in one of every two elderly people in their 80s with the weakening of close
memory and forgetting to do daily work. Nevertheless, whether every forgetfulness is a sign of
dementia should be determined by investigating some values such as thyroid function tests, syphilis (a
sexually transmitted disease), vitamin B12 level, and low blood sugar (hypoglycemia) [23]. In
addition, past epilepsy (epilepsy), head trauma, brain tumors, vascular diseases of the brain, surgical
intervention to the brain, carbon monoxide poisoning, infectious diseases involving the brain tissue,
some drug use and depression should be taken into consideration for differential diagnosis; When
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necessary, neuroimaging methods should be used. The reliable criterion in dementia assessment is the
findings of the Mini Mental Status Assessment tool [24] and meeting the DSM-1V requirements [25].

Cognitive losses in dementia can be divided into four groups as amnesia, agnosia, apraxia and
aphasia [26]. Amnesia; Difficulty remembering information or experiences. For example, the patient is in a
different city, but thinks he is in the city where he lives. Agnosia; inability to recognize objects. It is usually
observed in the late stages of dementia. For example, the patient likes tea and enjoys drinking, but does not
know where to cook the tea or the teapot is used for tea cooking. Apraxia is the inability to perform simple
daily actions such as buttoning a shirt. Frequently, symptoms related to amnesia and problems with apraxia
are observed in the later periods. Aphasia is the inability to speak for self-expression. Especially, aphasia
often occurs in pathologies involving the speech center in the left half of the brain.

3.1. Alzheimer's Type Dementia and Language-Speech Problems

Aphasia occurs suddenly after a stroke or an unexpected accident. In diseases such as
Alzheimer's that start with dementia symptoms, the first symptoms begin insidiously and it is not
possible to know when the disease started. Progressive destruction may have lasted for years before
symptoms became apparent [23]. This damage is so subtle that it may not be revealed even in brain
movies. Studies on autopsied human brains show cell impairments that reflect developmental damage to
cognitive abilities, including memory, problem-solving, learning abilities, and / or language abilities.

Dementia is the medical equivalent of dementia, which is a very general concept, and
Alzheimer's disease is one of the common causes of dementia. Two-thirds of patients with dementia
suffer from Alzheimer's. Many studies on cognitive loss and related diseases are recent. Alzheimer's
disease, especially increased in number as the life ages of people got longer. Accordingly, according to
the world literature, the occurrence rate of Alzheimer's is very rare (0.6%) before the age of 70, but it
is more common (8.4%) above the age of 84. In a recent study conducted in England, it was revealed
that the incidence of dementia also increased in the young age population [27]. It is interesting that
Alzheimer type dementia (34%) observed in the younger group (30-64 years) increased towards the
rate observed in the older group (80%).

The most prominent feature of Alzheimer's is the progressive (progressive) forgetfulness
observed from the beginning. Loss of cognitive abilities such as attention, language and speech, and
perception of what he sees is a common condition [26]. In the light of this information, it is possible to
define Alzheimer's as a type of dementia where forgetfulness is at the forefront. Another important
symptom of dementia is impaired visual-spatial processing skills in the early stages of the disease.
Evaluation scales such as face recognition and line orientation test can easily detect such problems in
the early stages of the disease [28].

After the initial diagnosis of the neurological patient, it is distinguished whether the brain tissues
are damaged mainly at the cortical (brain surface) or subcortical (lower surface of the brain) level. For
example, subcortical structures are damaged in Parkinson's disease and cortical structures are damaged in
Alzheirmer. Therefore, language disorders resembling aphasia resulting from cortical structural damage
are observed in Alzheimer's disease. Especially, meaning and usage knowledge, which is predominantly
guided by thought and intelligence, are language components that are susceptible to impairment in
patients with dementia. In addition, their phonological and syntactic uses are also not very conscious.
When the patients' speech or writing is carefully monitored, errors related to the form are particularly
noticeable in the reduction of morphemes or the addition of inappropriate forms [16].

Language problems of the patients with an Alzheirmer in the anterior stage are as observed in
anomic aphasia; case has difficulty naming objects. The naming problem arises especially in category
naming tests. In the middle and late stages, language problems are reminiscent of transcortical sensory
aphasia; patients have conversations that are fluent but cannot control its content [29]. There may also
be problems understanding what you hear and difficulty repeating sentences of relative length. In the
late stages of the disease, most patients may become almost mutilated, with reduced language use.
Others cannot speak in public when speaking in places where people are not present. In this phase, the
verbal production of the patient is completely in the form of "speaking jargon". In this context, "the
loss of the meaning of the word with the sound changes made in the whole word" is defined as jargon
[16]. The late stages of Alzheimer's are the same as in global aphasia, ie their ability to understand and
produce language are much reduced. However, still don't make eye contact or "how are you today?"
Their ability to answer mold questions, such as, may be preserved.
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In their early stages, these patients' reading ability is better than their ability to understand spoken
language. In its middle stages, word substitution occurs during reading. Early in the middle phase, the
ability to read aloud appears to be more conserved than the ability to read comprehension. Until very
recently, reading aloud was thought to be preserved until late stages, but it is claimed that reading aloud is
also developmentally damaged over time. In its early stages, spelling mistakes that occur with the addition
of infrequent deductions or inappropriate inflection in the writing ability draw attention.

In fact, in the early stages of Alzheimer's, it has been determined that some syntactic (Syntactic)
structures related to suffixes force patients [30]; Related problems were also encountered in semantic
tests in which syntactically complex sentences were used. In particular, it is clear that the
understandability of idioms whose meaning is not very clear is damaged. Although it has been suggested
in studies that patients with Alzheimer's have misperceptions visually in naming tests, in subsequent
studies, it has been stated that healthy people of all ages may also fall into this kind of error. In such
cases it is already debated whether the damage is attributed to the word itself or to the access path to it.

Patients may fail in naming tests when other changes due to language impairment are not
observed. It is controversial whether the naming disorder reflects the disruption of the semantic system
in general or is a true aphasic disorder; because there is no possibility of recovery of language
disorders in Alzheimer's dementia.

Language abilities of dementia and Alzheimer type dementia patients are evaluated with
"language tests". The language characteristics of 20 dementia patients who were found to have mild
Alzheimer's dementia by neurologists in a university hospital were demonstrated by a language test
prepared for this study to detect language disorders [31]. Prior to the language test, the Mini Mental
State Assessment (MMSE) findings of the patient group, whose findings were between 20-23 out of
30, were noted to be affected by the ability to read aloud and through, and their automatic and
categorical naming ability.

3.2. Other Dementias, and Language Problems

Primary Progressive Aphasia is a type of dementia that starts with atrophy and language disorders
in the left brain hemisphere and adds cognitive loss much later [32]. Focal atrophy in the left region and
slowing of the EEG is frequently seen on tomography. It is widely assumed that this clinical syndrome
may be Alzheimer's disease, which begins with symptoms of aphasia. The resulting form of aphasia is of
the fluid type. In a study, it has been argued that a patient who started with the complaint of slumpiness
three years ago and who added writing difficulty in addition to the gradually increasing speech disorder
may have Primary Progressive Aphasia [33]. However, contrary to the findings of the literature, the
speech of the case is in the form of stiff aphasia. On the other hand, he had good comprehension by
hearing and reading, and normal cognitive tests were found to be within normal limits.

Frontotemporal dementias (FTD) is one of the other types of dementia with prominent language
impairment, and it covers 2-3% of all dementias. FTD is a multiple etiology dementia syndrome that
progresses with progressive deterioration of the front, middle and frontal temporal lobes in the brain.
While memory functions are relatively preserved, the amount of speech is often reduced. Speech quality
can range from the stereotypical (stereotyped) speech to echolic (repetitive) and mutual speech. Studies
have been conducted in psychiatry clinics as a schizophrenia-like finding, due to rare cases in which
socially inappropriate behaviors such as garbage and / or material collecting were also identified [34].

3.3. Language Therapy in Dementia

Each of the different types of dementia has a different effect on neurological functions in
terms of language and cognition. Different functions are reflected on the individual with different
behaviors. As we get older, a common trait can emerge in almost everyone. This feature, expressed by
the sentence "on the tip of my tongue, but I can't say", slows down mutual communication and
responses. Sensory and environmental factors also reinforce this feature. Many features that develop
due to age are primarily attributed to hearing impairment. Hearing loss in individuals with dementia
leads the individual to withdraw and live in isolation over time. In case of visual deficiency, lack of
focus and a decrease in selecting objects and colors are observed. Therefore, in addition to dementia,
hearing and vision loss are sensory factors that primarily inhibit communication. Environmental
inadequacy, the absence of anyone around the individual, and the lack of a subject to talk about also
affect the individual's communication. The job of a speech and language therapist can begin with
performing environmental regulation. In this context, it is important to determine the communication
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needs of the person with dementia, to reveal the difficulty level and preserved skills in
communication. Pre-dementia language skills and determination of the education level of the
individual are also among the pre-evaluation findings.

The American Speech-Language-Hearing Association (ASHA) recommends that a language
and speech therapist participate actively in assessing the communication skills of patients with
dementia, providing therapy programs to maintain and facilitating functional communication, and
helping patient caregivers understand the communication problems posed by dementia. [30]. In the
early stages of dementia, a speech and language therapist should have a role in the rehabilitation team.
This role may be for the purpose of both environmental regulation and guiding the family of the
patient. Under appropriate conditions, individual therapies can also be arranged for the study of
naming and reading skills that are damaged first. Language and speech therapy that can be done in the
early stages of dementia are summarized in the following item.

1. To ensure that the family, friends or the multidisciplinary team is aware of the patient's
maximum competence in language and communication,

2. To develop applications in order to find an effective communication method with the person
with dementia,

3. To make use of hint methods and alternative means of communication such as telling by
drawing, in order to benefit from the majority of the existing language skills,

4. To organize special language and communication therapies individually or in groups,

5. To inform about competence and emerging difficulties as dementia develops,

6.Assisting individuals with dementia in their specific rights such as making decisions and
exercising authority,

7. To reduce the communication, stress on family and friends.

In the meantime, it is the duty of a speech and language therapist to correct the mistakes of the
family of the person with dementia in their effort to communicate and to make suggestions. For
example, the therapist can make the following recommendations to patient relatives:

¢ While communicating with the dementia patient, pay attention to your own speech and be
sensitive to the speech styles around,

¢ Do not make a hasty response attempts, according to the conversation you hear, and listen
to the patient,

e Listen to the dementia patient in an active state and reflecting your reaction, establish eye
contact, nod your head in appropriate places, smile or react with your face in parts of which you
cannot understand,

o Feed back what you understand from the individual's speech,

o Tell him that you understand the patient and his feelings.

4. Parkinson's disease and language-speech problems

Parkinson's is a progressive disease that usually begins between the ages of 50-60. Parkinson's
disease is found in 1% of the population over the age of 65 [35]. While both speech difficulties and
swallowing difficulties are experienced mildly in some cases, they can be very serious in some cases.
No single case is like any other in terms of difficulties experienced. Studies draw attention to the fact
that 60-90% of Parkinson's patients have difficulty speaking, and 50% have swallowing / swallowing
and chewing difficulties.

Speech and swallowing processes take place with the help of muscles and nerves under and
above the throat, such as the jaw, lips, tongue, throat and larynx. Muscles and nerves of all these
structures can be affected in Parkinson's patients. Therefore, Parkinson's patients reflect the stiffness
and slowness seen in movements that are considered automatic, such as walking, to speech and
swallowing, another set of automatic actions. Similar to involuntary movements such as shaking in the
hands, involuntary movement is also observed in the jaw and tongue. Speech and swallowing
problems can occur together, or they affect the patient separately from each other.

Dementia may occur in approximately 8-30% of patients with idiopathic type Parkinson's
caused by neuron degeneration of unknown cause. However, in most cases it is difficult to determine
whether the dementia is caused by Parkinson's disease or a concomitant Alzheimer's disease [36].
Especially in Parkinson's disease caused by subcortical injuries and accompanying dementia,
communication skills of individuals are affected differently. Patients speak very slowly, their speech is
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incomprehensible; In fact, after a few words, there are movements of puffiness, which are described as
"word drag / rounding in the mouth".

The speech disorder associated with Parkinson's disease is known as dysarthria. Dysarthria is a
motor speech disorder that occurs as a result of damage to the muscles that control speech production.
In a more neurological definition, dysarthria is "the general name of a group of speech disorders
caused by inadequate, slowing or incoordination of neuromuscular control of speech due to central or
peripheral nervous system lesions" [37]. The underlying cause of muscle lack of control may be an
injury or illness affecting the brain. For example, 'dysarthria’ can also be caused by stroke, which
causes cells in the brain area that control the muscles of the face and one side of the mouth to die. If
such damage affects the regulation of muscle tone and mobility in the face, mouth, and body,
dysarthria will worsen over time. The type of dysarthria seen in Parkinson's patients is usually
hypokinetic dysarthria that emphasizes a decrease in movement. In other words, dyskinetic condition
in the form of decreased range of motion in the muscles of the face, mouth, pharynx (throat) and
larynx (laryngeal) reveals hypokinetic dysarthria in patients with Parkinson's.

4.1. Diagnosis and Therapy of Parkinson's Dysarthria

From the above definitions, it is understood that the speech difficulty in the Parkinson's patient is
caused by a muscle control. This type of disorder does not lead to a decrease in intelligence or memory.
Nevertheless, as people reveal their intelligence and personality mostly through verbal communication,
the difficulty in verbal communication suggests that other abilities may also be affected.

Although Parkinson's speech patterns show variability, the common complaint of Parkinson's
patients with hypokinetic dysarthria is a decreased speech tone. The tension of the muscles in the rib cage
causes shallow and irregular breathing. The tension and stiffness in these muscles, which are very elastic in
their normal state and work with a certain speed and power, will naturally lead to a decrease in the volume
of sound. The physiological fact behind the decrease in the volume of the voice below an acceptable tone
during speech can be explained by the gradual loss of flexibility in the respiratory muscles [36].

People muting their voices, as they do next to a sleeping person, or raising their voices, as in
the case of calling out to a hearing-impaired person, takes place through changes in the volume of the
sound. From time to time, we may also make changes in voice to emphasize what we have to say.
People who have developed dysarthria due to Parkinson's have lost their ability to make such changes.
For the listener, the patient's voice is not strong enough to support or reinforce the meaning and
context of what they say.

The first noticeable change in sound quality is like 'coarse and breathtaking' by the description of
the listeners. The reason is physiologically associated with the slowing and tightening of the movements of
the vocal cords in the larynx. The ups and downs of the speech melody; that is, pitch changes reflect the
deep meaning of the spoken words / sentences. Ezgi has been just one of the ways in which human
personality is perceived [38]. In Parkinson's patients with dysarthria, the ability to rise and fall in the pitch
of the voice is lost, and the speech of the patients becomes monotonous. The tension of the vocal cords
causes this and other speech parameters to be lost. Therefore, these patients developed into a straight
speech style without melody, which becomes increasingly difficult to hear or understand [39].

Another symptom of hypokinetic dysarthria is the loss of control in the rate of speech. In the
early stages, the rate of speech is so fast and explosive that the speech seems to escape from the
patient. Gradually, symptoms combined with a decrease in voice volume greatly reduce the
intelligibility of the Parkinson's patient. The physiological cause is also related to the brain and is
known as bradykinesia (slowdown in movements). All these symptoms are accompanied by dysarthria
in most dysarthria. In the speech of such patients, the voices are almost voiced together or the voices at
the end of the word are not. The listeners think that the patient is ‘'mumbling’. The vocal impairment is
caused by the loss of strength and speed in tongue and lip movements.

Nowadays, tools such as stroboscope, laryngeal EMG and Electroglottography, which are
objective evaluation, have started to be used for the diagnosis of dysarthria, rather than some
subjective methods in which speech samples taken from patients are evaluated by listening. One of the
first studies evaluating the speech styles of Parkinson's patients with electroglottography in Turkey
was conducted in 1991 [37]. With this method, which aims to evaluate the vocal cords (vocal cords)
functionally without hindering speech behavior, vocal cord irregularity was found in 95% of eighteen
patients with Parkinson's. Dysarthric effects in patients; rhythmic arrangement of speech, sound, tone
and intensity, sound production and general intelligibility dimensions.
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When problems with speech arise, such as a decrease in voice volume, monotonous melody,
deterioration in sound quality, rolling without pause, or unwanted pauses, which may be seen in
patients with Parkinson's, help from a speech and language therapist may be sought. Therapies that
start before the problems become serious and time will be beneficial. Proper breathing practices
increase the sound volume. In addition, tongue, lip and jaw exercises (oral-motor movements) and
exercises that increase the rate of pronunciation, melody and speech are recommended. In short,
phonation, respiration and resonance (voice, breathing and resonance) therapies, which are basic in
dysarthria therapy, is suitable for these patients. When swallowing and chewing difficulties begin, the
speech therapist can re-engage.

It is not right to expect radical changes with therapy in chronic problems of a patient with
severe dysarthria or restricted speech. However, if the patient can say very important initial sounds or
show letters, it will be beneficial in both understanding and production. Speech therapist helps patients
with moderate and mild dysarthria in subjects such as breathing and pronunciation control, slowing the
speech rate, naturalizing speech sounds, and providing environmental support.

In addition to classical speech therapy approaches, it is known that new methods of speech
therapy are developed and used in patients with Parkinson's. The Lee Silverman Method (1987)
developed by Ramig and Mead is an effective voice therapy. This method targets the comprehensibility
of the speech and the increase in the vocal volume at an intensity of 16 sessions in a month [40].

If the vocal cords are too tense or weak, the vocal cords cannot come together and vibrate,
causing speech sounds to be weak and breathless. In this case, collagen needle reinforcement applied
to the vocal cords is recommended as a treatment / therapy method (Collagen injection method).
Collagen is a type of protein administered subcutaneously. This method, which usually takes fifteen
minutes, is also recommended for patients with neurological problems such as Parkinson's.

5. Results. In this study, the approach of a speech and language therapist to his patient with
neurological problems is discussed. The age and education of the patient, compliance with therapy,
willingness to heal, and accessibility to specialist language and speech therapists are very important
for achieving successful results. In the therapy process, the multi-rehabilitation team has an important
role as well as family support. Therefore, in addition to the medical improvement of the patients,
paying attention to their psychosocial and linguistic improvement and the presence of a language and
speech therapy in a team approach will enrich the health service provided to the elderly population.
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Abstract. The concentrations of nicotine, benz-a-pyrene and naphthalene in cigarette smoke in lit
cigarettes were investigated after two, six and ten minutes at a distance of 2,0; 4,0 and 10,0 meters.
Qualitative and quantitative analysis of smoke was performed by method of capillary gas-liquid
chromatography. Data were processed using the statistical program SPSS-17. It has been established
that the structure of tobacco smoke and the concentrations of nicotine, benz-a-pyrene and naphthalene
change with the distance from the lit cigarette. Their ability to migrate is heterogeneous. The intensity
of nicotine movement is much higher than that of benz-a-pyrene and nicotine. Thus, based on our
research (migration speed, distance) it is possible to assess the risk of air pollution with tobacco
smoke products. Thus, the study of air pollution issues with cigarette smoke in a closed space is an
important task of human health.

Keywords: Closed space, toxic components, source of contamination, passive smoker, smoke.

Introduction. According to the literature, a tobacco smoke has more than 280 toxic
components (5). Among them, nicotine content is 22-28%, rest of them are “accompanying substances”,
which, according to their origin, are divided into two groups: 1. Nornicotines, their toxicity is 100 times
higher than of nicotine; Anabazines — also more toxic than Nicotine; Anatabine, Methylanatabine,
Methylanabazine and etc. (4). 2. "Foreign genus compounds™ that appear as a result of the burning of
mulberry and cigarette paper pistons. The Photochemical and pyrolytic processes, during the so called
puff, result in the formation of certain classes of substances in tobacco smoke. From a medical-biological
point of view, particularly interesting is the class of carboxylic acids and anhydrides, where the total
number of components exceeds 240 units. (A) Toxic components of tobacco smoke are primarily
accumulated in the lungs and cause life-threatening, irreversible changes (1). In this regard, it is
particularly important to determine the concentration of cigarette combustion products and to determine
the nature of their individual migration. This topic is known as the “passive smoker" problem. The World
Health Organization (WHO) reports that 52-58% of the population is a tobacco smoker (6).

The aim of the study is to determine the relationship of concentration of nicotine, benzo-a-
pyrene and naphthalene in the cigarette smoke in closed space regarding the distance and time between
lit cigarettes, when samples will be taken from the 1 m? of air at distance of 2,0; 4,0 and 10,0 meters
from the source of contamination after 2,0; 6,0 and 10,0 minutes from the start of the experiment.

Research results. The investigations were performed on a gas-liquid chromatograph (PPF-1,
Waters), equipped with allurination and spectrophotometric detectors. Cigarettes (Astra, Georgia)
were placed in a smoking machine (I'OCT-3308), smoking parameters (I'OCT-HEO-6565), spot
sampling (TOCT-P-50021). A total of 6 series have been conducted. Data were processed by statistical
program SPSS-17.

Table 1. Levels of nicotine, nenzo-a-pyrene and naphthalene (ppm) in cigarette smoke at a
distance of 2,0 meters, 4,0 meters and 10,0 meters from the lit cigarettes.

. Time of experiment (minute)
Distance -
(meters) Nicotine Benzo-a-pyrene Naphthalene
2,0 6,0 10,0 2,0 6,0 10,0 2,0 6,0 10,0
2,0 78,246,1 | 104,5+8,4 | 170,4+8,8 | 2,940,9 | 3,8+0,9 0 2,240,2 | 2,1+0,2 | 3,1+0,8
4,0 40,1+2,4 | 30,3+2,1 20,9+1,6 | 2,6+0,3 | 1,8+0,9 0 2,6+0,3 | 2,0+0,4 0
10,0 10,6+1,8 | 10,2+1,1 6,9+1,0 1,6+0,1 0 0 0 0 0
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According to the data obtained, the migration intensity of nicotine, benzo-a-pyrene and
naphthalene is heterogeneous. The Nicotine concentration in tobacco smoke in closed space under
conditions of increasing distance does not exceed 78,2 + 6,1 ppm 2,0 minutes after the start of the
experiment. And after 4,0 minutes is much lower — 40,1 + 2,4 ppm. Statistically the difference is
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unmistakable (P<0.001). Under conditions of increasing distance (10,0 m from the source of
contamination) the nicotine content in tobacco smoke is further reduced (10,6 + 1,8, ppm, P<0,001). 6,0
minutes after the start of the experiment, the concentration of nicotine in tobacco smoke also decreases
with distance. At a distance of 2.0 meters it is equal to 104,5 + 8,4 ppm. 30,3 £ 2,1 ppm at 4,0 meters.
The difference is statistically unmistakable (P<0,001), and at a distance of 10,0 m from the source of
contamination does not exceed 10,2 £ 1,1 ppm. The difference is unmistakable (P<0,001). 10,0 minutes
after the start of the experiment, the amount of nicotine in the tobacco smoke was 170,4 + 8,8 ppm
(distance 2,0 m). At a distance of 4,0 m, the nicotine concentration in tobacco smoke does not exceed
20,9 £ 1,6 ppm. Statistically the difference is unmistakable (P<0,001). 10,0 minutes after the start of the
experiment, at a distance of 10,0 m, the concentration of nicotine in tobacco smoke was further reduced
(6,9 £ 1,0 ppm). The decrease is statistically unmistakable (P<0,001).

Evaluation of nicotine concentration of tobacco smoke according to time gives the following
picture. 2,0 meters from the source of contamination 2,0 minutes after the start of the experiment
78,2 + 6,1 ppm, 6.0 minutes after the start of the experiment 104,5 £ 8,4 ppm. At the same distance, 10,0
minutes after the start of the experiment — 170,4 + 8,8 ppm. The increase in nicotine content over time
was unmistakable (P <0,001). The air sample at a distance of 4,0 m after the start of the experiment for
2.0 min is equal to 40,1 £ 2.4 ppm; And at the same distance 6.0 minutes after the start of the
experiment, it did not exceed 30,3+2,1ppm. The difference is unmistakable (P<0,001). The
concentration of nicotine in tobacco smoke decreases again within 10.0 meters of contamination. It was
10,6+1,8 ppm at 2.0 minutes after the start of the experiment, 10.2 + 1.1 (P>0.05) at 6.0 minutes after the
same distance, and 6.4 £ 1.0 ppm after 10.0 minutes. The difference is unmistakable (P<0.001).

According to the table below, the level of benzo-a-pyrene in tobacco smoke 2,0 minutes after
the start of the tobacco experiment is 2,9 + 0,3 ppm at a distance of 2,0 meters from the source, and
does not exceed 2,6+0,3 ppm at a distance of 4,0 meters. Statistically, the difference is not proven
(P>0,05). The concentration of benzo-a-pyrene at the indicated time of 10.0 m is much lower
(1,6+0,1 ppm, P<0,001). 6,0 minutes after the start of the experiment, the concentration of benzo-a-
pyrene in tobacco smoke at a distance of 2,0 m from the contamination does not exceed
3,8+0,3=9 ppm and at a distance of 4,0 m does not exceed 1,8+0,9. Statistically the difference is
unmistakable (P<0.001). At a distance of 10,0 m, 6,0 min after the start of the experiment, it did not
exceed the residual values and was therefore not evaluated by us. Benzo-a-pyrene levels in tobacco
smoke 10.0 minutes after the start of the experiment did not exceed the residual values at 2.0 m, 4.0 m
and 10.0 m from the contaminated source, respectively.

Estimation of the concentration of benz-a-pyrene in tobacco smoke over time gives the
following picture, 2,0 meters from the source of contamination 2,0 minutes after the start of the
experiment does not exceed 2,94+0,3 ppm. 6,0 minutes after the start of the experiment it was
significantly increased. (3,8 + 0,9 pp, P <0,001). And at the same distance the residual values do not
exceed after 10,0 minutes. At a distance of 4,0 m from the source of contamination, the concentration
of benz-a-pyrene in tobacco smoke is 2,6 + 0,3 ppm and decreases to some extent after 6,0 minutes
(1,8+0,9 ppm, P<,.001). After 10.0 minutes it does not exceed the residual values. The tobacco smoke
sample at a distance of 10,0 m, 2,0 minutes after the start of the experiment, does not exceed
1,6+0,1 ppm. 6,0 and 10,0 minutes after the start of the experiment, it is equal to the residual values.

10.0 minutes after the start of the experiment, the level of benz-a-pyrene of lit cigarettes does
not exceed the residual values of 2,0 meters, 4,0 meters and 10,0 meters. Based on the data, 2,0 meters
from the destination source, the naphthalene level in tobacco smoke is practically homogeneous
(2,2+0,2 ppm and 2,1+0,2 ppm, P>0,05) after 2,0 and 6,0 minutes from the start of the experiment.
Statistically infallible increase in naphthalene (3,1+0,8 ppm, P<0,01) was observed in tobacco samples
10.0 minutes after the start of the experiment. At a distance of 4,0 meters from the source of pollution,
the level of naphthalene in tobacco smoke is only slightly lower than the two-meter distance data
(2,0+0,4 ppm, P>0,05), And 6,0 and 10,0 minutes after the start of the experiment, the naphthalene
content did not exceed the residual values.

In the assessment of rate dynamics, the metabolic processes and photochemical
transformations of each component, which can qualitatively and quantitatively alter the composition of
tobacco smoke at different distances from the lit cigarette, should be taken into consideration.
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Conclusions. The paper allows us to assess the degree of cleanliness of the surrounding
atmosphere in practically closed air space (gym, training rooms, auxiliary rooms, etc.), to determine
the nature of the risk experienced by each "passive smoker". The importance of research increases
given that children, young people, adolescents, the elderly, and others are often included into the ranks
of "passive smokers."
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CHEMISTRY

TEPMHUYECKOE PA3JIO’KEHHUE
TETPATHOAPCEHATOB(V) IIEPEXO/HBIX METAJIJIOB
ITPU HATPEBAHHMMH 20-1000°C

Juobapuoze Hzonvoa Capouonosna, 00Kkmop xumuieckux Hayk, npogeccop, I ocyoapcmeennwiii
Yuueepcumem Axaxus Llepemenu. o. Kymaucu. I py3us

Lueyusaosze Tenzuz Heanuu, 0okmop xumuueckux Hayk, npogheccop, I pysunckuii Texnuyeckuii
Yuueepcumem. e. Tounucu. I py3zus

bpezaoze Hecman Jlesanosna, ookmop xumuueckux Hayx, I ocyoapcmeennviti Ynueepcumem Axaxus
Llepemenu. o. Kymaucu. I'py3us

DOI: https://doi.org/10.31435/rsglobal_conf/30052021/7578

Abstract. Chemical behavior of synthesized d-metals (that’s M=Fe(ll), Co(Il), Ni(ll), Mn(ll), Cu(ll),
Hg(ll), Zn Cd) tetrathioarsenates(V) were studied in the heating process. Picture of their thermic
destruction is essentially identical. First of all flows dehydratation (there is two stages) then
dethionation. At the end of the reaction Arsenicum moves off, formed sulphide. Ultimate product of
thermolysis is corresponding sulphide of metal. It is established, that from given scheme of termolysis
process of thermic destruction of Mn(ll) and Hg(ll) tetrathioarsenates is considerably different. In
particular, ultimate product of Mn(ll) tetrathioarsenate is oxide of MnO, whereas thermolysis of
tetrathioarsenates of Hg(ll) ends by full destruction — evaporation of model.

Keywords: Tetratioarsenates, d-metal, coordination compounds, thermolysis.

BBenenue. 3 HeEOpraHMYECKHX MBIIIBIKCOIEPKAIINX COSAUHEHUH HanOojee IOIHO
M3y4eHbl  INPOW3BOJHBIE  MBIMIBSIKOBOM  KHCIOTBI.  TeTpaTHOapceHaThl, 3a  HCKIIIOYEHHEM
TETPAaTHOAPCEHATOB IIETOYHBIX METAJUIOB, IOYTH HE OBLIM U3yUEHBI 10 HayaJla HAIIMX UCCIIEeOBaHUI
[1]. B mnpomomkeHHe HCCICAOBAHUKM B O00JACTH IPOU3BOJHBIX THOMBIIIBIKOBOW KHCIOTHI MBI
NPEANPHUHSIM MOBITKY CUHTE3UPOBATh U U3YUHUTh TeTpaTHOapceHaTH d-MeTaylIoB.

Heas. Ha teppuropun I'py3un MBIIBSK pacnpocTpaHeH B Bue apceHONUpHUTHBIX (FeAsS) n
peanbrapo (AssS;) — aypunurMeHThIX (AssSs) pya. C 1enbo MOMy4eHHs] TeTpaTHoapceHaTa HaTpust
WCIIOJIb30BANIA MPUPOJIHBIA aypUITUTMEHT, B3AThIH 13 JlyxyHckoro mectopoxaenus. Oka3aiaock, 4To
OKTarupaT TeTpaTHapceHaTa HaTpHs TOJy4daeTcs C BBICOKMM BBIXOJIOM B3aUMO/ICHCTBHEM
W3MENIYCHHOTO aypUITUTMEHTa C MPOAYKTOM B3aMMOJCHCTBHs Cynbduaa HaATpus ¢ cepoi, 0e3
BBIIETICHNSI TIPOMEKYTOYHOI0 IIPOAYKTa B XUMHUYECKHH 4iCcTOM Buje. OKTaruapaT TeTpaTHOapceHaTa
HaTpUs ABJISAETCA MPOAYKTOM CIEAYIOLIEH PEAKIII:

6NaOH + 3H2S + As2Ss+ 2S + 10H,0 — 2NazAsSs - 8H20

Pesyabrarel ucciaenoBanus. lccienoBanu B3aMMOJECHCTBUE TETpPATHOAPCEHATA HATPUS
COJISIMU TIEPEXOJHBIX METAINIOB [2-4]. BBIACHWIOCH, YTO MPHU 3TOM OCAXXKIAKOTCSI COOTBETCTBYIOILIUE
COJM TETPAaTUOMBILIBAKOBOW KHCIIOTBHI, O0Opa3oBaHME KOTOPBIX OOBACHSIOTCS MPOTEKaHHWEM
CIIETYIOIINX PEAKIIH:

NazAsSs- 8H,0 + 3AgNOz;— AgsAsSal + 3NaNO; + 8H,0
Fez(SO4)3 + 2NazAsSs 8H,O0 — ZFGASS4~L + 3Na,SO,4 + 16H,0
2NazAsSs - 8H,0 + 3M X2 — 2M3(AssS4)2 - nH,O +(16 — 2n) H,0O
I'me M = Mn, Fe, Co, Ni, Cu, Cd wiu Hg; X =CI", 1/25'0‘%_ wm CH3COO", an=2, 4, 6 wm 8.

Peakuyu npoBogwince B BOAHOM pacTBope. CHHTE3MPOBAHHBIE COETUHEHHS MPEICTABIISIOT
c000l MEIbKOKPHCTAINYECKHE BELIECTBA Pa3HOrO LIBETa, OHM HE PACTBOPAIOTCS B BOJE, CIHUPTE U
JpyruX OOBIYHBIX OpPraHMYECKHX pacTBOpuTesiX. OHM HE B3aUMOJEHCTBYIOT CO ILEIOYaMH KpOMeE
TETPAaTHOAPCEHATOB IMHKA U MENH, KOTOPBIE PACTBOPSIOTCS B KOHIIEHTPUPOBAHHOM PAaCTBOPE €IKOTO
HATpWsl TIpU HarpeBaHWH. Hampumep, pacTBOpeHHME TeTpaTHOapceHaTa IIMHKA OOBSCHIETCS
o00pa3oBaHHEM TETPArHAPOKCHUITMHKATA 10 CIIEAYIOINM MOCIIET0BATEIbHBIM PEAKIIHSIM:

a. Zn3(AsS4)2 - 4H,0 + 6NaOH — 3Zn(OH)2 + 2NazAsS; + 4H,0

b. Zn(OH),+ 2NaOH — Naz[Zn(OH)4]

Uro kacaetcsi pacTBopeHus TerpartnoapceHara menu(ll) B menmoyax ciemyer mojaratb, 4To
npu 3tom obpasyercsi Nay[Cu(OH)s]. Bce cuHTe3MpoBaHHBIE TeTpaTHOapceHaThl d-MeTayuioB
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B3aUMOJICHCTBYIOT ¢ KoHIeHTpupoBaHHbIMH kucinoramu (HCl, H»SOs4, HNOs). HepactBopumbim
MPOAYKTaM PEaKIMH TPHU ITOM SBISIETCS JEKACyIb(HI TeTPaMBIIIbsIKa, 3arpsI3HEHHBIN CYyIbQUIOM
meimibska(lll) u cepoit. O6pazoBanue ASsSio 0OBICHSETCS, BEPOSTHO, MPOTEKAHHUEM CIETYIONIHX
MOCJIEe0BATENBHBIX PEAKLIH:

a. M3(AsS4), - nH20 + 3H,SO4 — 2H3ASSs+ 3MSO4 + nH0

b. 4H3AsSs — ASsSio+ 6H5S

Wnu cymapy

2M3(AsS4), - nH20 + 6H2S0s — 6MSO4 + ASsS10+ 6H.S + 2nH0

OOHapyxeHne rekcacynThuua TeTpaMbIIIbsIKa U Cepbl, KaK MPUMECHBIX BEIIECTB JOMWUHAHTA -
JeKacynb(puIa TeTpaMbILIbsKa, OOBSICHIETCS YACTUUHBIM pasioskeHneM AS;S1g B CUITBHOKUCIION cpefe:

AsSsS10—> AssSe + 4S

NuauBuyanbHOCTh U CTPOCHHE HCCIIETYyEMBIX COCTUHEHHA, KPOME JJIEMEHTHOTO aHaJH3a,
OBLTM YCTaHOBJEHBI (U3NKO-XUMHYEeCKHMU MeTojamu [5-8]. Tepmorpaduueckum ucciemoBaHUEM
YCTaHOBWJIM, YTO OOJIBIIMHCTBO CHHTE3UPOBAHHBIX TeTpartnoapceHatoB(V) d-MeTamioB BemyT ceOs
OIHOTUITHO TIpH HarpeBaHuu. (puc.l.a). B mepByio ouepenp mpoTekaeT AeruapaTanus, NpudéM, He
OOHOBPEMCHHO, a M0 CTaAUusAM, 3aTEM I/IIléT ACTUOHHUPOBAHHUE, 4 B KOHIIC — YIAJICHUC MbIIIbSAKAa B BUC
cynehuaHON GopMBL. B pesynbrare ocTaroTcsl COOTBETCTBYIOMINE CyIb(uIb! (cxema 1).
NNi3(AsS,); - 8H20% - Ni3(A4sS,), - 4H,0 %

R 180-480°C 480-810°C

35 - Ni3A5255(3NiS . ASZSz) TZSZ - 3NiS

- Ni3g(AsSy); =

cxema 1
W3 »3T0l cXxeMbl pA3NOKEHHS 3aMETHO OTIMYAIOTCS TEPMOJIM3bl TeTparnoapceHaToB(V)
maprana(ll) u pryru(Il). Ilocne monpHOH AeruapaTalii U JETHOHUPUBAHMS TeTpaTHoapceHaran(V)
Mmapranna (puc.l.0), Kak BBIICHSETCS, MPOTEKAeT YACTHYHOE OKHUCICHHE IMPOMEKYTOUHOTO MPOAYKTa
KHUCJIOPOJZIOM BO3/IyXa, B pe3ysbTaTe uero, BMECTO OXKMAAaeMoro cyibdua, ocraercst okenn mapraaua(ll).
Taxk, 4To BepoATHas cxema TepMoin3a TerparnoapceHara mapranua(ll) nmpeacrasmsercs Tak (cxema 2).

75-185°C 185-450°C 450-580°C
. —_— —_— —_—
Mn;3(AsS4)2-2H,0 210 Mn3(AsSs), 5 Mn3As,Ss —0
580-940°C
—>Mn3zAs;Ss03 ————— — 3MnO
—ASZSs
cxema 2

100
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60 pra s
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104

80
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Puc. 1. Tepmozcpasuzpamor: a)Niz(ASSa)2-8H20; 6)Mn3(AsaS)2-2 H20, 2) Hgs(AsS4)2-2 H0.
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Uro kacaeTcs XHMHYECKOTO MoBeaeHus TerpaTroapcenara prytu(ll) (puc.1.r), To ero

TEPMOJIH3 MOCJIC ACTUAPATAIINN U IETUOHUPOBAHUS OTIIMYACTCS OT JPYTUX CUHTE3UPOBAHHBIX
COCTMHCHHH TEM, YTO Pa3I0KEHUE IMpOoTeKaeT 0e3 ocTtaTka: (cxema 3).

80-220°C 220-320°C 320-400°C
Hgs(ASS4)22H20 m = Hg3 (ASS4)2 _—35 b HgSASZSGW -
0
- HQAS:Ss >400 ¢ _ , nosHoe pasJsiokeHue, —CcyoIMMalus

—HgS,—As,Ss
cxema 3
BoiBoabl. Takum o0pa3oM, aepuBaTOrpaduyecKHMM HCCICIOBAHMEM IOATBEPIKIAACTCS, YTO

MOBCACHUC CHHTC3UPOBAHHBIX COCAMHCHHU IIPpU HArp€BaHuKW O BBICOKUX TCEMIIEpAaTyp pPE3KO
WHANBUAYAJIbHO U 3aBUCUT OT BHJla METAaJlJIa KOMHJ’IGKCOO6pa3OBaTCJ'I$I, a TaKXK€ OT COCTaBa JIMraHjaa.
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CPABHUTEJIBHASA OLHEHKA KOOPANHALMOHHBIX
MNOJUIIPOB I'NAIPOALETATOB INEJTOYHbBIX
METAJIJIOB

Enoenaoze Hapuxo Omapogna, 0oxmop xumuueckux Hayk, npogeccop, I'ocyoapcmeennuiii
Yuueepcumem Axaxus Llepemenu. e. Kymaucu. I py3us.

Yuxkoseanu Manyuap Hnywiosuu, 0okmop xumuveckux Hayk. npogheccop, I'ocyoapcmeennulii
Yuusepcumem Axaxus Llepemenu. . Kymaucu. I'py3us.

Kaxuoze Huno Auzopovuesna, 0okmop xumuyeckux Hayk, npogpeccop, I'ocyoapcmeennulii
Yuueepcumem Axakus Llepemenu. e. Kymaucu. I py3us

Yyounuoze Anexcanop /lasudosuu, 00Kkmop xumuieckux Hayk. npogeccop, I ocyoapcmeeHmbiil
Yuusepcumem Axaxus Llepemenu. . Kymaucu. I'py3us

DOI: https://doi.org/10.31435/rsglobal_conf/30052021/7579

Abstract. It is investigated coordination polyhedrons of S-metal’s hydroacetates. Crystal-chemical
formulas of the corresponding compounds are: Lithium hydroacetates, Kalium, Rubidium and Cesium(2),
LiH(CH3COO),, KH2(CH3COO)s, RboH(CHsCOO),, (Cs)H(CH3COO0), and CssHs(CH3COO)s.

These substances as mono-crystals are obtained and synthesized by authors. Coordination number of
metals is approximately (4-8) and are realized in the form of distorted polyhedrons — tetrahedron, prism,
cube, seven-sided polygon.

Structural changes has been observed, when considering compounds with respect to growth of radii of
metals. Namely, there are generated infinite columns or chains, created by polyhedrons of Oxygen atoms.
Among the structures which are mentioned above, noteworthy is dimmer Li.Os, formed by Oxigen-
containing tetrahedrons with the centre at the Lithium atoms, which are contained in chains.
Keywords: hydroacetate, polyhedron, dimmer, coordination, bond.

Beenenne. CuHTE3 M HcClieioBaHHE THIPOGOPMHATOB W THAPOAIECTATOB MICIOYHBIX W
[IEJIOYHO3EMETbHBIX 3JIEMEHTOB MPOBOIATCS MHOTMMH HCCIEAOBATEISIMM € Hadaja MPOILIOro
cronerus. IHTepec K M3y4YeHUIO KHUCIBIX COJiel KapOOHOBBIX KHCIOT OCOOSHHO BO3POC 3a TIOCIEIHHE
YeThIpe AeCATUIETHS. B 3THX COEIMHEHHAX BOAOPOAHBIE CBSI3M, UIPAIOT CYIIECTBEHHYIO POJb MPH
(OpMHUPOBAHUH CTPYKTYP KHCIIBIX COJICH.

OcHoBHas NpUYKHA MaJOH U3yYEHHOCTH 3THX COCIUHEHH, TaK HA3bIBAEMBIX KHCIIBIX COJIEH —
3TO WX KpaWHSAS HEYCTOMYMBOCTH NMPH OOBIUHBIX YCIOBHUSX. BONBIIMHCTBO M3 THAPOAIETaTOB M
rupodOpMHATOB YPE3BBIYAHHO OBICTPO pasjararoTcs Ha BO3AYXE C BBLICICHHEM COOTBETCTBYIOLICH
KACIOTBl U 0€3 NpeABApUTENbHOW 3BaKyallMd KPUCTAJUIOB, OHM HE MOTYT OBITh H3y4Y€HBI B
CTPYKTYpHOM IUIaHE.

AKTyaJlbHOCTh M3YYE€HHS CTPOEHUS 3TUX COEAMHEHWH OIpenesseTcsd He TOJIbKO HATUYHEM B
HUX CHJIBHBIX BOJOPOAHBIX CBSI3€H, HO M Ba)XHBIMHU B NPAKTUYECKOM IIJIaHE cBoOMcTBamMH. VMmMeroTcs
JAHHbIE O TOM, YTO KPHUCTAUIBl aleTaToB M (OPMUATOB IIEIOYHBIX 3JEMEHTOB 00JaJaroT B
HEKOTOPBIX CIy4yasX aleHTPUYHBIMH CTPYKTYpPaMH W SBJSIOTCS B 3TOM IUIaHE MEPCIEKTHBHBIMH
COCIMHEHMSIMH, KOTOPhIe MOTYT HalTH NMPUMEHEHNE KaK MbE303JIEKTPUKU U CEIHETORIEKTPUKH, JTHO0
KaK MaTepHajbl C HETMHEMHBIMHA ONTHYECKUMH CBOMCTBAMH.

Henab. U3ydyenne cTpoeHNUS KUCIOPOIHBIX KOOPAMHAIMOHHBIX MOIUAIPOB THIPOAIETATOB.

Metoabsl  uccaegoBaHus.  Hioke  npuBeneHbl  KpHCTAIOXMMHYECKHE  (GOpMyIibl
THIPOCOCANHEHUI HEKOTOPhIX mienouHbix MetamuioB B yacTHocT: LiH(CH3COO)2; KH2(CH3COO)s;
RbH(CHsCOO)z; CSH(CHsCOO)z; CS3H5(CH3COO)8.

BrrmeynomsnyThie coeiMHEHUS ObLTH CHHTE3UMPOBAHBI HAMHU.

MOHOKpHUCTaIBl TUAPOALETATOB OBUTM BBIAENEHBl H30TEPMHUYECKUM HCHAPEHHEM IIPH
KOMHATHOH TeMIlepaType, CPaBHUTEIBHO HEBBICOKOH, (X20% Macc) KOHLEHTpalul pacTBopa CpeaHei
COJIM B JIEASTHON YKCYCHOM KHUCIIOTE.

CpéMKa KpHUCTAJIJIOB NMPOBOAMIIACH B 3BaKyMPOBAHHBIX MUPEKCOBBIX KalWIspax IMOJ CIOEM
MaTO4YHOTO pacTBopa Ha aBToMathueckoM gudpaxtomerpe CAD-4-SDP. Bce BbluncieHus
npoBowIkch Ha Muar D9BM PJIP 11/55 t mo komiutekcy mporpam ENX SDP [1].
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Pe3ysabTaThl HecaenoBaHus. B cTpykTypax coelMHEHUH JIUTHS CTPYKTYpHAsl €MHAIA — 3TO
CIABOCHHBIC MO pedpaM AMMEPhI IBYX KHUCIOPOIHBIX TETPa’ApoB aToMoB JiuTusi LioOs, KOTOpEIC B
cllydae JMTHIIpaTa aletaTa JUTHS CBS3aHbI B JIBYMEpHBIC IETH alleTATHBIMU TPYIIIAMH, & OTIEILHBIE
[EeMH — BOJOPOJHBIMH CBSI3IMH MOJIEKYJ BOJABI B TPEXMEPHYIO IMOCTPOWKY. B cTpykType ke
TUIpOAIieTaTa JIUTHsI, aHAJTOTMYHBIC CABOCHUS KHCIOPOIHBIC TETPadAPhl ATOMOB JIUTUS - CBS3aHHBIC B
IeNnu JCMPOTOHUPOBAHHBIMK alleTATHBIMU T'PYINIUPOBKAMH, JOMOJHUTEIHLHO KOOPIAUHUPYIOTCS
MIPOTOHWPOBAHHOW alETaTHOM TPYIIION U TakKuM 00pazoM obpasyercs TuapodoOHas 3urzaroodpasHas
nenouka (puc.1)

021 0//

Puc. 1. Jumupuzosannas epynna Li,Os 6 cmpyxmype LiH(CH3COQO);

Terpasaper LiOs4 cHIIBHO HCKaXXEHBI BUAMMO 3a CUYET OOBEAMHEHHs MO o0meMmy peOpy B
nuMepusoBaHHylo rpymiy Li,Os Cpennee paccrosaue (1,926 A) Li-O B TeTpasape uMeerT ,,00bI9HBIH
xapakTep. PaccrosHus B KapOOKCHIIBHBIX TPYIIAax MOKAa3bIBAIOT, YTO JUMEP COCTOUT M3 MOJIEKYJIbI
YKCYCHOM KUCJIOTBI M IEIPOTOHUPOBAHHOM alleTATHOM TPYIIIIBL.

Ha puc.2 nmpuBenéH KuciIopoaHblid mommdap atoma Kamus B cTpykrype K[H2(CHsCOO)s].
[IpencraBmusronuii cO00H MCKaXEHHYIO KBaJpaTHYIO aHTHIPpU3MY (K.4. 8). [loamsapsl aToMOB Kanust
KOHTaKTUPYIOTCS APYT ¢ ApyroM no pedpam O(21)-0O(12) u O(11) u O(31), oOpa3zys 3urzaroodopasHsie
CJIOH, PacTIPOCTPAHSIONINECS MAPALICTHLHO TIOCKOCTH (XYO0).

B crpykrype TpuMmepbl oOpasyror auckperHbie rpymmupoBku [Hz(CHsCOO)s]. Cremyer
OoTMeTHTh, 4T0 KOHTakT O(12)-H(1)....0(21) aBnsercs ogHoBpeMenHO pedpom mnosmdapa KOg, ¢ yem,
BUJINMO, CBSI3aHO MCKa)XEHUE 3TOTO TMONURJpa. BiM3KWiA M0 CTPOSHHIO TpuMep oOpasyercss B
crpykrype coeannenus Css[Hs(CH3COO)g].

(2
®

Puc.2. nonusop KOg 6 cmpyxmype KH>(CH3COO);

Cpennee paccrosane <K-0>2,864(3) cOOTBETCTBYET CyMMe HOHHBIX paguycos O%u katroHa
KaJIas JIsl KOOpAMHAIIMOHHOTO urcia 8 1o [llennony [2].
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HccnemoBana m wW3ydeHa KpHUCTAIIMYECKas CTPYKTypa OBYX COJIbBATOB arerara Kajus,
KOTOpbIE NPEACTaBIISIOT OOJBIION Hay4HBIN HHTEpeC [3].

B crpykrype RbH(CH3COO;) aromsr Rb 3anHuMaromiie [1Be HE3aBUCHMbBIC ITO3HIINH,
KOOPAMHHUPOBAHbI aTOMaM{ JWMEPOB TI0 MOTHBY POMOOSApWYecKr HcKaxkeHHOTO Kyb6a Rb(1)Osg
(puc.3) wm HenmpaBuiapHOro cemuBepiinHHMKa RDb(2)O7. KoHTakTbl Ac-rpynm ¢ KaTHOHOM
MoHozieHTaTHbIe. Cpeinue pacctosuus Rb-O B momusapax (3,05 u 2,80 A) 6nusku aHasorudHsM
paccrostHusM, HaiiieHHbIM B cTpyKTypax RbH(CeHgO3)2 [4], RbH(C2H303) [5].

[Monmaapel pyOuaMs coulneHeHbl OOLUIMMHU TPEYTOJNBHBIMU TPaHsSMH U peOpamMH B KOJIOHKH,
pacnpoctpanstoniecs Baoiab (010). KonoHkn moausnpoB OOBEAMHSIOTCS B KapKac MOCPEICTBOM
aleTaTHBIX TUMEPOB.

Ocoboe crpoerne mumeer coeamHerme CsH(Ac)2, B kotopom atom Cs MpEeACTaBICH Kak
KOOpIWHAIMOHHBIA MHOrorpaHHuk CsOs - MCKaXEHHAs aHTHNpHU3Ma. B gaHHOM 3Tame aeTanbHOe
M3y4eHHUe MOJIN3/Ipa He MPOBOAMIIOCE.

Puc.3. Kononka nonusopos Rb(2)O7u Rb(1)Og (8 yenmpe ungepcuu)

B crpykrype CsaHs(CH3COO)g ruapoarierar mie3ust umeeT a8a copra aroMoB Metasuia Cs(1) u
Cs(2)- KOOpIMHUPOBAHBI ATOMAMHU KHCJIOPO/Ia CEMHU COpPTOB (pHc.4).

Puc.4. Ilpoexyus nonuzopos CsOgedoas [010] 6 cmpykmype Cs3[Hs(CH3COO)s]

Cs(1) okpyXeH BOCHMBIO aTOMaMH KHCJIOpOJa TI0 MOTHBY HMCKa)XEHHOTO poMOO3Ipa.
YeTpIpexyrolbHUKN OCHOBaHMH oOpazoBanbl atTomamu O(11), O(22), O(31), O(41) ux oTKIOHEHHEM
oT miockocteif ocHoarmu 0,18 A. Atom Cs(2) HaXoASIIHICS B 0OIIEM MOMOKEHHH, KOOPAUHHPOBAH
TaKKe 10 BOCBbMHUBEPIIMHHNKY (MCKaKEHHBIN poMO03Ip).
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Jiis  cpaBHUTENBHON OIEHKH KOOPAMHALMOHHBIX IONH3JPOB THAPOANETATOB INEIOYHBIX
METaJUIOB ObLIa MCIIOJIb30BaHA TAOIHIIA OTHECEHHSI CTPYKTYP HOJU3IPOB Pa3InYHbIX THIIOB (Tabl).

KoopamrannoHHbIE TOMMAAPEI AaTOMOB II€3UST COWICHEHBI TPEMS OOIIMMHU Y€ THIPEXYTOIbHBIMH
rpa"saMu. B cBo1o ouepenb, TPOUKH MOJUIPOB CBSA3aHBI OOITUMH peOpaMu B ienH (puc.4).

Lenn KOHTakTHPYIOT JpPyr € JpyroM TIOCPEACTBOM aleTaTHBIX AuMepoB. CpenHue
paccrosuus Cs-O mpakTUdeckd OAMHAKOBEI B oOoux mommdapax (3,08) u (3,21) A u 6nusku
AHAJIOTUYHBIM PACCTOSIHUSIM, HaiieHHbIM B CTpyKTYpe CsHs(POs). [6].

BuiBoabl. B kadecTBe BBIBOIOB II€/I€COO0Pa3HO OTMETUTh, YTO MO CHOCO0Y OOBeneHHs
KHCJIOPOJIHBIX TONM3IPOB aTOMOB MeTaja M BBIICICHHS OTAENBHBIX BIIEMEHTOB, 0O0pa3yOLIHX
CTPYKTYpY, TPAKTHYECKH BCE COEAMHEHUS (KaK CpeqHHe, TaK U ,,KUCIbIe™ COJIM) MOXKHO OOBETUHUTD B
CIIETyFOIINE TPYIIIBL.

CoenuneHust TUTHS (IBYXBOJHBIN CPeTHHI alleTaT U THAPOALETAT), KOTOPBIE BBHIY OCOOBIX
KPUCTAIIOXUMHUYECKUX CBOWCTB OTHOCAT K OCOOBIM, B OOIIEM STy paccMaTpHBAa€MBIX CTPYKTYP,
obpasyror mumepbl Li2Os W3 KHCIOPOAHBIX TETPad’APOB aTOMOB JIUTHS, KOTOPBIE IOCPEICTBOM
alleTaTHBIX TPYIIUPOBOK CBS3aHBI B IICTIH.

Crnenyromasi Tpymnmna COEAMHEHHH — 3TO CIIOM, HMMEIONIME B OCHOBE CBOW CTPYKTYPBI
JIByMepHBIe 00pa30BaHus (CIOH WA ,,CTEHKH ") U3 COCETHUX M0 pedpaM u BepIIHAM KHCIOPOTHBIX B
MOJIUAIPOB IIEIIOYHBIX M MIEIOYHO3EMENBHBIX METAIUIOB, PACIPOCTPAHSIONINECS OECKOHEYHO B ABYX
n3Mepenuax. K atoif oOuieit rpymnmne coenHEHU OTHOCSTCS KaK CpEAHNE TaK U KHCIIbIE COJIH.

Tperbs Tpynma coemWHEHWH — B3TO COENWHEHHS, B KOTOPHIX 00pasyroTcs TuapodoOHEIe
KOJIOHKH, OECKOHEYHBIE B OJHOM HAIIPABIICHUH C METWIHHBIMH TPYIIAMH, HAMPABICHHBIMH BO
,»,BHEKOJIOHOYHOE  mpocTpaHcTBO.  OThenbHble  KOJOHKM  CBS3aHBI  BaH-/I€P-BalbCOBBIM
B3aNMOJICHCTBUEM.

Tabnuna 1. OTHeceHHe CTPYKTYP HOJIMAPOB K Pa3IHYHBIM THIIAM

COCIMHEHUE Tum cTpyKTypBI Tun mumepa uim Tun momapa YakoBKa OJIM3IPOB
npumepa aToM B METailIe
U K.4.
LiAc-2H,O | ueno4Hslit - Terpasap k.u.- 4 | Terpasapsl cBsi3aHbI TI0 peOpy B
JMep
LiH(AC). LIETIOYHBII ACCUMETPUIHBIN Terpasap k.u.- 4 | Terpasapsl CBsi3aHbI IO peOpy B
JMep
NaAc Crnou, napaiienbHble | aCCUMETPUYHBIHN HUckaxxennas 3ur3aroo0OpasHbIe 1ETH, CBSI3aHHBIX
TPYIIIbl HANIPABJICHBI B TPUTOHAJIbHAS o pedpam npusm NaOe,
MEXKCII0EBOE npm3Ma K.4. - 6 | 00pasyromux CJIoH, apajuielbHbIe
MPOCTPAHCTBO (xyo)
NaH(Ac), |kapkacHas CUMMETPHYHbIH OxTo371p Tpoiinble 6710KK U3 OIHOM
(Na20¢) TPHTOHATBLHON TIPH3MBI U IBYX
TPUTOHAJIbHAS CHMMETPHYECKUX OKTA3IPOB,
npusma (NalOg), | HarpaBlICHHbIE BIIOJIb OCH TPETHETO
K.4.-6 Mopsi/iKa (JIMaroHatb Kyoa)
NaH2(Ac); | Biioussiii ¢ TpUMEPHU TpuroransHas BunToBbIe 1iemH (BIOJB OCH 41)
rupooOHEIMH ACUMMETPUYHBIE aHTUNpPU3MA K.4. | 00bEMHEHHBIX TI0 pedpam
KOJIOHKaMH-0JIOKaM1 6 TIOJIUBIPOB
KH(AC). I'uppodobubie JviMepu aTOMOB He k4.7 THomaaper KOy csizanbl o pedpam
KOJIOHKH, OTJCbHBIE | ONPEEINICHEI, KOMOHMHAIHSA B 3Ur3aro00pasHble LEenn
KOJIOHKH CBSI3aHBI BaH- | aCCUMETPUYHbII? TIOJTyOKTa3/Ipa U
Jiep-BaalbCOBBIMU TPUTOHAJIBHOM
CHJIaMHU TIPU3MBI
KH(Ac); | Crioncrbrit TpUMEp Honexaenp x.u.8 | Jonekaenp KOg
ACUMMETPUYHBII
RbyH2(AC)s | KapkacHsiii crioit JBa acummerpuunbsix | Ky6 u Tommapsr Rb10s 1 Rb20-
CBSI3aHHBIN IpyNIaMy | AUMeEpa CEMUBEPIIUHHUK | O0bETUHEHUH TPAHAMH U
Aclll B kapkac (xu8u7) BEpIIMHAMH B CJIOH (CTCHKH)
CBSI3aHHBIE IPyIaMu Ac
CsH(AC), | Tpexmepusiii kapkac | LleHTpocuMMeTpruHbIi | ICKakeHHAs Tonuaape! cBsi3aHbl peOpamu B
13 CBSI3aHHBIX JMep AHTHUIPU3M K.4.8 | 3Ur3arooOpasHble ek,
AC. Tpynnam# remnei HarnpasJeHHbIe B0k /001/
CszH3(Ac)s | Crowmcrast, Hentpocummerpuunblii | MckakeHHas Bnoku u3 tpex npusm CsOg (rpann)
napaenbuele /101/ | aumep, Tpumep TETparoHajbHasl | CBA3aHBI IO peOpaM B KOJIOHKH,
npu3Ma K.4.8 BoJb /110/
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SEJIEHAA XUMUS: IPUHIUILI U ET'O ITPUMEHEHUE

Anu Ap /Ixncasad, macucmparnm @I'BOY BO Acmpaxanckuil 20cy0apcmeeHHblll yHugepcumen,
Poccutickasa ®edepayus, e. Acmpaxans
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Abstract. Green Chemistry is the design of chemical processes and products which reduce or eliminate the
use and generation of toxic, poisonous, hazardous and bio-accumulative chemical substances. It is a new
approach to scientifically based environmental protection and play a vital role in controlling global
warming, acid rain and climate change. Its principle plays a fundamental tool in pollution prevention,
increasing efficiency, selectivity and minimizes waste production. The scope of Green Chemistry is
predicated on, but not limited to, the definition proposed by Anastas and Warner (Green Chemistry:
Theory and Practice, P T Anastas and J C Warner, Oxford University Press, Oxford, 1998). Green
chemistry is the utilisation of a set of principles that reduces or eliminates the use or generation of
hazardous substances in the design, manufacture and application of chemical products. The Green
Chemistry and Commerce Council (GC3) was formed in 2005 and provides an open forum for participants
to debate and share information and experiences concerning advancing green chemistry and style for the
environment because it pertains to sustainable supply chain management. In 1998, principles of Green
chemistry outlined, ask chemists to stop waste, minimize energy use, use renewable raw materials, design
biodegradable products, and choose chemicals to attenuate potential accidents.

Keywords: Green Chemistry, Hazardous Substances, Waste production, Environmental protection, GC3.

Beenenne. 3enenas XuMug — 3TO JOHAYYHBINA MOJXOJ K pa3paboTKe XUMHYECKHX MPOLIECCOB
MPOJYKTOB, KOTOPBIC COKPAIIAIOT WM HCKIIOYAIOT aHTPONOreHHOE WCIOIb30BaHHE W 00pa3oBaHHE
OIMaCHBIX, TOKCHYHBIX M OHOAKKyMYISIIMOHHBIX XUMHYECKHX BEIIECTB. JTO O3Ha4YaeT pa3paboTKy
MaTepuasIoB, COACPKAIINX XUMHYECKUE BEIIECTBA, KOTOphIEe Oy IyT UCIIOIB30BaThCA B OyAyIeM H OyIyT
JydIe A7 370POBbS YEIOBEKa U OKPYXAMOIMIEH Cpelbl. DTO TOMOTaeT YYEHBIM W HCCIIEA0BATENSM
co31ath 3(QPEKTUBHYIO IUIaHETY, HA KOTOPOH YENOBEK UCIONB3YeT BCE B PaMKax OMOT€OXHMHYECKOTO
IIUKJIA, TAK YTO YKU3Hb KAXKIOIr0o YejioBeKa OyJer Jiydine u OylIeT o0ecleueHO YCTOMYMBOE Pa3BHUTHE.
3eneHass XUMUsI OTIMYAETCS OT XUMHH OKPYXKAFOIIEH Cpelbl, IIOTOMY YTO XWMHS OKPYKaIoIIeld Cpebl
OTIPE/IENSIET UCTOYHHUK, Pa3bsICHSIET MEXaHU3M U KOJMYECTBEHHO OINpeIessieT MPoOIeMbl B OKpY Katomien
cpene 3emim, B TO BpeMs Kak 3elieHas XUMHS HINET 3TH DKOJOTMYEeCKHE NPOOJIEMBI, CO3/1aBast
aNbTepHATUBHBIC U O€30MacHbIe TeXHONOTUH [4, 6]. 3eneHas XuMust JJisi XUMHYECKOTO CHHTE3a peliaeT
HamM Oymymiye mpoOsieMbl B paboTe ¢ XUMHYECKUMH TPOIECCaMH U MPOJYKTaMH ITyTeM W300pETEHHUS
HOBBIX PEaKIUif, KOTOPhIE MO3BOJISAT MAKCHMAIIbHO YBEIMYUTh KOIMYECTBO YKa3aHHBIX IMPOMYKTOB U
MHUHUMH3UPOBATh TTOOOYHBIE TPOAYKTHI, pa3padoTaTh HOBBIE CXEMBI M YCTPOMCTBAa CHHTE3a, KOTOpPHIE
YIPOCTAT OMNepalnyyd B XUMHYECKOM TPOM3BOJICTBE, W HM3BICKATh 0OJee SKOJIOTHYHBIE PAaCTBOPUTEIH,
SKOJIOTMYEeCKH Oe3BpeqHbl 10 cBoel mpupone. Hamm Oymymwe 3agaum B 00NacTH PeCypCHOH,
9KOJIOTUYECKOM, IKOHOMHYECKOH W COIHMAILHON YCTOWYHMBOCTH TpeOyroT Oosee 3(QdEKTHBHBIX U
0e30MacHBIX HAYYHBIX TEXHOJOIWH Uil pabOThl ¢ XMMUYECKHMH MPOLECCAMH U NPOAYKTaMH. 3elieHast
XMMUSI IPUMEHSIETCS Ha MPOTSHKEHUHM BCETO YKU3HEHHOTO IUKIIA XUMHYECKOTO MPOJYKTa, BKIIOYAsl €ro
NPOEKTUPOBAHUE, TPOM3BOACTBO, MHCIONB30BaHWE M MONHYI YyTwinzamumio. Kammudopruiickas
nHnnmaruea 1o 3eneHoil xumun (CGCI) MoxeT ObITh MHUIMATHBOM W3 MIECTH YacTed MO CHUKEHHIO
BO3JICHCTBUSI TOKCMHOB HAa HACEICHHE M OKPYKAIOIIYI0 Cpedy 3a CYeT VYIy4YIIeHHS 3HaHUH U
PEryJIMpOBaHMsl XMMHYECKHX BEIECTB; JABE 4acTu cranmu cratyroM B 2008 romy. 3enenas Xumws
3G GEKTHBHO KUCHONB3YET (MPEAIOYTHTEIBHO BO30OHORBIIAEMOE) ChIpbe, yeTpanseT OTX0/bl U N30eraroT
WCTIONb30BAHUSI TOKCHYHBIX M / WM ONACHBIX PEAarcHTOB M PAaCTBOPHUTENICH NpPH NPOM3BOJACTBE M
NPUMEHEHUH XUMUYECKUX NpoaykToB. CoBer 1o 3eneHoi xumuu u Toprosie (GC3) 6611 chopMupoBas B
2005 romy W mpexacTaBisier cOOOH OTKPBHITHIA (HOPYM sl YYaCTHHKOB JUIsi OOCYKIeHHsT U oOMEeHa
uH(popMaell U ONBITOM B OTHOIICHWH NPOJABMKCHUS 3€JICHOM XUMHHM M CTHJISL JJIs OKpYXKarouen
CpeJibl, OCKOJIBKY 3TO OTHOCHTCS K YCTOHYMBOMY YIIPABICHUIO LIETIOYKON MOCTABOK. 3eeHas XUMUS —
9TO MEXIUCUUIUTUHAPHAS 00NacTh, OCHOBAHHAs HAa 3HAHUAX W3 XUMHH, XUMHUYECKOW HH)KEHEPHUH,
TOKCHKOJIOTHH W DKOJOTHH. 3eleHasi XUMHS OOellaeT COKPaTHTh YIIEepO 370pOBBIO M OKPYKaromen
cpeze. B mpomioM MbI COCPEIOTOUMIMCH HA OYMCTKE OT TOKCHYHBIX 3aTrpPsI3HEHUH, BO3MOYKHO, 3TO OBLIO
JBIDKCHHE K XHMHYECKHM BEILIECTBaM, KOTOpBIE ObUTH OBl O0Jiee 6€30MacHBIMHU I OKPYKAIOIIEH CpeIbl
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W 4eJioBeKa. MccnenoBaren SKOIOTHYeCKO XUMUH Pa3padaThIBalOT HOBBIE KaTalU3aTOPbl, TECTUPYIOT
HOBBIE PAaCTBOPHUTENIN M 3KCIHEPUMEHTHPYIOT C MPOLIECCAMH MUKPO MACIITa0HOTO MOTOKAa. Bo3MOXHO,
Jydllle OCTAaHOBUTH OTXOIbl, YeM 00padaThIBaTh WIM YHAKOBBIBATH OTXOABI IOCJIE TOTO, KaK OHHU
obpazoBamick. CHHTETHIECKHE METOIBI TOJDKHEI OBITH pa3paboTaHbl TAKUM 00pa3oM, YTOOBI 00ECIICIHTE
MaKCHMaJbHOE BKJIOUCHHE BCEX MAaTEPHANIOB, HCIOJB3YEMBIX B METOJE, B KOHEUHBIM MPOAYKT.
CuHTeTHYECKHE METOABl JOJDKHBI OBITH pa3pabOTaHbl TakuM 00pa3oM, 4YTOOBI HCHONIB30BaTh U
NPOU3BOJUTH BEIIECTBA, KOTOPbIE 00IaAal0T HE3HAYUTEIbHON TOKCHYHOCTBIO AJISI 3J0POBbS YEJIOBEKA H,
CIIeIOBATENbHO, OKPYKAIOIIEH Cpe/ipl, Wi He UMEIOT ee BooOIe. XUMUYECKUE MPOIYKTHI JOIKHBI ObITh
pa3paboTaHpl TakuM 00pa3oM, dYTOOBI TOBBIIATE 3(PPEKTUBHOCT W YMEHBIIATh KOJIUYECTBO
3arpsi3HAOIMX BemecTB. [lo BO3MOXHOCTH cleqyeT H30eraTtb HCIONb30BaHMS BCIOMOIATENbHBIX
BEILleCTB (HampuMep, pacTBOpUTENICH, pa3AeuTeNbHBIX areHTOB U T. [1.). DHEPTHsl JOIKHA OBITH CBE/ICHA
K MHHHMyMYy. BoT Temmeparypa W maBieHMe HaIO IOHWKaTh. Besme, rae 3TO TEXHUYECKH U
9KOHOMHYECKH LIeNiec000pa3Ho, UCTIONB3YIOTCSI BO30OHOBIsIEMbIe pecypchl. CokpalieHre IPOr3BOIHBIX
(MHAHCOBBIX MHCTPYMEHTOB CIIeAyeT W30eraTb HEHYXHBIX MPOM3BOIHBIX (PMHAHCOBBIX MHCTPYMEHTOB.
KaTanutudeckue peareHTbl (HACKOJIBKO BO3MOXKHO CEJIEKTHUBHBIE) NPEBOCXOIAT CTEXUOMETPUYECKHE
pearenTsl. [loOouyHbIE MPOAYKTHI HE OOKHBI pa3pyliaTh OKPYXKAIOUIYI0 Cpeldy W pachaiarhCsl Ha
0e3BpenHbIe TPOAYKTHI pazioKeHHs. Mbl Bcerza IODKHBI KOHTPOJIMPOBaTh M KOHTPOJIUPOBATh IO
00pa3oBaHMsl OMACHBIX BEHIECTB. XHMWYECKHE W3MEHEHHs CIeAyeT BbIOMpaTh, 4YTOOBI CHU3UTH
BEPOSTHOCTh XMMHUYECKHUX aBapHil, TAKMX KaK TMOXapbl W B3pBIBHI [2,5,7]. Ecth M cmoco6 myuqme?
JeiicTBuTeNnsHO, ecTh. JIydiiie Bcero mpakTHKOBATh 3EIEHYI0 XUMHUIO [§].

OcCHOBBI 3e1eHON XMMHH.

Tpu OCHOBHBIX TOYKH, Kacarollhecs pPaMOK 3€JIeHOM XHMHH, MOXKHO PE3IOMUPOBAThH
CIEIYIOIINM 00pa3oM:

1. 3enenas XxuMHS NPOESKTUPYET HA BCEX 3TANAX XUMHUYECKOTO )KU3HEHHOTO [IUKJIA.

2. 3eneHas XUMHS CTPEMHUTCS CIPOCKTHPOBATh CBOWCTBEHHBI MNPUPOAY XUMHUYECKHX
MPOJIYKTOB M MIPOIECCOB, YTOOBI YMEHBIIUTh UX TPUCYIIUI OMTACHOCTD.

3. 3eneHas xumusi paboTaeT Kak CBsA3HAs CHUCTEMa NPUHLMIOB MM KPUTEpUEB
npoexkTupoBanus [11].

12 npuHUMIOB 3eJ1eHOH XUMHUH.

3eneHass XUMHS — 3TO KOHIENIHSA, KOTOpas HCMONb3yeT 12 KOHKPETHBIX MPHUHIHUIOB IS
nojy4yeHus: Oojee Oe30MacHBIX, MEHEE ONAacHBIX U Ooiyee 3PGEKTHBHBIX MPOAYKTOB IPHU MEHBILIEM
KosimuecTBe 0TX00B. [TpuHume! ObuH pa3padotansl [Tonom T. Anacracom u Ixonom K. Yoprepom
B 1991 roxy [10].

1. Jlyuiie npenoTBpaTuTh OTEPH, YEM IIepepadaThiBaTh U YUCTUTh OCTATKH.

2. Meronsl cuHTE3a Haxo BbIOMpaTh TakuM 00pa3oMm, 4YTOOBI BCcEe MaTepHalIbl,
WCIIOJIb30BaHHbIE B TIpoliecce, OB MAaKCUMAaJIbHO MEPEBECHBI B KOHEYHBIN TPOYKT.

3. Meronpl cuHTE3a IO BO3MOXKHOCTU CIEAYET BBIOMpaTh TaK, YTOOBI MCIOJb3yEeMbIE U
CHHTE3UPYEMbIE BEIIECTBA ObUIN KaK MOKHO MEHEE BPEIHBIMH IJIS1 YEJIOBEKA U OKPY KAIOLIEeH Cpe/ibl.

4. Co3naBasi HOBbIE XUMHYECKHE MTPOIYKTHI, HAJI0 CTapaThCsl COXPaHUTH d((HEKTHBHOCTH
paboThI, TOCTUTHYTYIO paHee, IPHU 3TOM TOKCUYHOCTh JIOJIKHA YMEHBIIATHCS.

5. BcnomorarenbHble BellecTBa INPH INPOU3BOJACTBE, TaKWEe Kak pPacTBOPUTENM HWIIU
pasIeNsoNe areHThl, JIy4Ille He UCTIONb30BaTh COBCEM, a €CITM 3TO HEBO3MOXHO, HX UCIIOb30BaHHE
JIOJDKHO OBITH O€3BPEIHBIM.

6. OOs3aTesibHO  clielyeT Yy4YUTHIBAaTh OSHEPreTHYecCKHe 3aTpaTbl W WX BIUSHHE Ha
OKPY’KaIOIIyI0 Cpey M CTOMMOCTb mpoaykTa. CHHTE3 1O BO3MOXKHOCTH HAJ0 IPOBOIUTH HPHU
Temrieparype, OJIM3KOH K TeMIlepaType OKpysKarolei cpepl, H pu atMoc(epHOM JIaBIICHHU.

7. WUcxomHble W pacxoiyeMmble MaTepHajbl JOJDKHBI OBITh BO30OHOBISIEMBIMH BO BCEX
CIIydasix, KOr/1a 3TO TEXHUUECKH U SKOHOMHUYECKH BBITOTHO.

8. 'me BO3MOXXHO, HAJ0 M30EraTh MONyYSHHS MMPOMEKYTOUHBIX MPOJIYKTOB (OJIOKHPYIOLIIX
TPy, IPUCOEANHEHUE U CHATHE 3alTUTHI U T.1.).

9. Bcerna cienyer oTAaBaTh MPEANOYTEHHE KaTAIMTHYECKUM MpoleccaM (10 BO3MOKHOCTH
HauboJIee CENIEKTUBHEIM).

10. Xumu4eckuii MPOAYKT MODKEH OBITh TaKMM, YTOOBI MOCJIE €r0 HCIOJb30BAHUS OH HE
OCTaBaJICSl B OKPY’KaIOIIEH cpelie, a pasiarajcs Ha 0e30MacHbIe IPOAYKTHI.
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11.Hy>Ho pa3BuBaTh aHATTUTHYECKNE METOJUKH, YTOOBI MOKHO OBLIO CIIEAUTH B PEATEHOM
BpPEMEHH 32 00pa30BaHNEM OMACHBIX MPOIYKTOB.

12.BemmecTBa 1 (hOPMBI BEIIECTB, UCTIOJIB3yEMbIE B XUMHIECKUX TPOIECCax, HY)KHO BBIOMPATh
TakuM 00pa3oM, 4TOOBI PUCK XUMHUYECKOW ONACHOCTH, BKJIIOYAasl YTEUKH, B3PbIB M IOXap, ObLIM
MUHUMaNIbHBIMU [1,9].

12 mpUHLMIIOB 3€JI€HON XMMMH, U3JI0KeHHBIE B 1998 rofgy, mpocsAT XMMHKOB NPEKPATHTh
OTXOZbl, MHHHMH3UPOBATH MOTPEOJIEHUE HHEPIUH, MCIIOIb30BaTh BO300HOBISIEMOE  CBIPBE,
paspabaTeiBaTh OMOpa3naraeMble NPOIYKTHI M BBHIOMpATh XUMHUYECKHE BEIIECTBA AJS YMEHbBIICHHUS
NOTCHIMANBHBIX aBapuil. Ho peanmmszanmuss 5TUX MOPUHIUIOB Ha MPaKTUKE dYacTo TpedyeT
KOMIIPOMHCCOB, OCOOCHHO KOTJa BbI MbITa€TeCh NPOpadoTaTh «3€JE€Hb) BCEro mpouecca. binarogaps
WCTIOJb30BAaHUIO ITOTO HOBOTO IyTH 3aTparhl ObumM CHMXEHBI Ha 60%, ¥, clemoBaTeNbHO, BBIXOI
nponykra yBenumumicas ¢ 59% g0 81%. PACTBOPUTEJIb: Pasutue 3eneHON XUMUU
TIepeoIipeiesisieT poiib PACTBOPUTEIIS: HICaIbHBIH pPAacTBOPUTENHL O0JIEryaeT MacCONepeHoc, HO He T
pactBopaThest! Kpome TOro, KemaTenmpHBIA 3€leHBId PAcTBOPHUTENH JOJDKEH OBITh HATYPalbHBIM,
HETOKCUYHBIM, JEIMIEBBIM H JIETKOJOCTYMHBIM. bonee kenmaTenpHO, 4YToObI OH  oOmagan
JOTOJTHUTENGHBIMU ~ TIPEMMYILECTBAMH,  CIIOCOOCTBYIOIIMMH  PEaKUUH,  pa3ieleHUI0  HWIU
PELMPKYJIIMN KaTajau3aropa. 3eJeHble PAaCTBOPUTENN — 3TO 3KOJOTHUYECKH YHCTHIE PACTBOPHUTEIN
win  OMOpacTBOpUTENH, MOJy4YeHHBIE TpU 00pabOTKEe  CEeNbCKOXO3SIHCTBEHHBIX  KYJIBTYP.
Hcnonb3oBanne HEPTEXMMUUECKUX PACTBOPUTENICH SIBISIETCS KIFOUOM K OOJBIIMHCTBY XUMHUYECKHX
MIPOIIECCOB, HO He 0e3 CEpPbe3HBIX MOCIEeACTBUN ISl OKpY Karomien cpesr [3,7].

e Bojaa: eqMHCTBEHHBIN €CTECTBEHHBIA PacTBOPHUTENb HA 3emie — 3T0 Bofa. JKu3Hb Tpedyer
pasBUTHSL XUMHUYECKHX CBsi3eil B BOAHOW cpexae. Vcmomb3oBaHME BOABI B KaueCTBE PACTBOPUTEIIS
TaKXe IMo/Ipa3yMeBacT yCTPaHEHNE YTOMUTEIbHBIX MPOIIECCOB 3aIUTHI-CHSATHS 3aIUThI, 0€3yCIOBHO,
KHCJBIX BOJOPOACOJEpKAaNX (PYHKIHOHATBHBIX TPYMIL, YTO CHOCOOCTBYET OOILIEH CHHTETHYECKON
s¢dextuBHOCTH [7]. MHOTHE XWMHUYECKHEe W OHOXMMHYECKHE PEaKIMH TPOUCXOISIT B BOJE B
OKpy>Karomei cpene [8].

e CO:2: OcobeHHOCTBIO KUIKOTO U cBepxkputndeckoro COz sBisSeTCS €ro BBICOKas
CMEIIIMBAEMOCTh C ra3aMu, YTO O0ECIeYMBACT BHICOKYIO 3((eKTUBHOCTL (M yacTo 0oJiee BBICOKYIO
CEJIEKTUBHOCTD) B TAKMX PEAKLHAX, KAK THAPUPOBAHHUE C Ta3000pa3HBIM BOJOPOAOM M OKHCIICHHE C
Bo3ayxoM. lpyroii ocoOenHocteio CO; siBiseTcst ero OBICTpOE OTAENCHHE OT KaTalu3aTOpOB M
MPOAYKTOB IYTEM IPOCTOro cOpoca JaBJIEHUS M MOBTOpPHOro yiaBnuBaHusA. [Iposenenusiii B 2007
TOJy aHaJU3 3KOJOTMYECKH UYMCTBIX PACTBOPHUTENICH, BIMSIOIMX Ha >KU3HEHHBIA IUKJI, OLIEHUBACT
Boly M cBepxkpurnueckuid COz Kak MHOrooO€INalomye HSKOJOTMYECKH YHUCThIE ajbTepPHATHBBI
TPaJUIMOHHBIM OPTaHHYECKUM PACTBOPUTEIISIM.

Buoxaranm3: 3ejieHas XUMUSI BCTPEUAETCS C OSIBIMU OMOTEXHOIOT USIMU.

Bbicokast aKTHBHOCTE M XEMOCEJIEKTUBHOCTb, HM30MPATEJbHOCT 10  PETHOHaM,
CTEpPEOCENIEKTUBHOCTh ~ JOCTHTAIOTCS B pEaKUUiaX MHOTOQYHKIMOHAIBHBIX  MOJEKyn 0e3
HEOOXOJIUMOCTH aKTUBAIMK (DYHKIIMOHATBHBIX TPYII U 3aIIUTHI, YaCTO TPEOYEMBIX B TPAIUIIHOHHBIX
OpraHMYeCKUX CHHTe3aX. WIIrocTpaTuBHBIE TPUMEPBHl MPEACTaBICHBl 3aMEHOH KIIaCCHUYECKHX
XUMHAYECKUX  TpOLEeccOB  (DEPMEHTATUBHBIMH  aHAJIOTaMHd B  CHHTE3€  IOJYCHHTETHUECKHX
MEHUIMJUTMHOB ¥ 11e(haIOCIIOPHHOB.

IIpumepsl 3e/ieHOl XUMHH M CTHJIS IJ15 yCIeXa B 3alllUTe OKPY:Kalolleil cpeabl

1. Bonee mpocToe CPencTBO MOKAPOTYIIEHHs, YCTPaHSIOLIEe TajloreHbl M HCIOJb3YOLIee
BOJIy BMECTE CO CJIOKHBIM ITOBEPXHOCTHO-aKTHBHBIM BEIIIECTBOM.

2. YjaneHue MbIlIbsIKa W3 KOHCEPBAHTOB JIPEBECHHBI, HCIONB3YEMbIX B JIPEBECHHE IS
HACTUJIOB M UTPOBOTO 00OPYAOBAHHMS.

3. ABTOMOOHJIBLHBIE TIOKPBITHS ¢ 00Jiee BHICOKUMH IKCILTYyaTallMOHHBIMHU XapaKTEPUCTHKAMU,
KOTOpbIE YIAJSIOT 3HAYUTEIHbHOE KOJNMYECTBO CBUHIA M 3aMEHSIOT €r0 OTHOCHTEIILHO Oe3BpPEIHBIM
3JIEMEHTOM UTTPHEM.

4. C 1996 mo 2008 rompl mpoeKThl, MOJyYMBIIME Mpe3uAeHTCKylo Harpaaxy EPA Green
Chemistry: yctpaneno Oonee 1,1 Mmumapaa ¢hyHTOB OITACHBIX XWMHKATOB M PacTBOPHUTENCH. f
CHmwxeHue BbIOpocoB B atMochepy moutu 400 mummmonoB pyHToB CO2. f CakonomiieHo Gosee 21
MUJUTHAp/Ia TAJUIOHOB BOJBI.
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5. UcnonwsizoBanue stukerku dfe Ha okoxo 1000 mpomyKTOB, COCTaB KOTOPHIX U3MEHEH TaKHM
oOpa3om, 4roOBl cHenaTh HUX OKOJOTHMYECKH O€30MacHBIMH, KOHKYPEHTOCHOCOOHBIMH U
3¢ (eKTUBHBIMH, MPEICTABISIET CO00W CKHUIKY B pasmepe 270 MHIUTHOHOB (PYHTOB CTEpIMHTOB Ha
BBI3BIBAIOIINE 03a004E€HHOCTh XUMUYECKUE BELIECTRA.

6. Ilpuznanue EPA 40 yeMnuoHOB (BBICIIMI YpOBEHB) M 22 MapTHEPOB, KOTOpPHIC B3SUIM Ha
ce0s1 00s13aTeIbCTBO UCTIONB30BaTh Oosiee Oe30MacHble MOBEPXHOCTHO-aKTUBHBIC BELIECTBA B PAMKax
Muanmmatuss 1o 60osiee 0€30IacHBIM MOIOIIIUM CPEICTBAM.

7. bnarogapsi TpoBeACHHOMY ATEHTCTBOM II0 OXpaHE OKPYXalIeH Ccpenpl aHaIu3y
aNbTEpPHATHB C yYacTHEM MHOTHX 3aMHTEPECOBAaHHBIX CTOPOH, OTPAciH MPOMBIIIJICHHOCTH MEPELLTN
Ha UCIOJb30BaHue 0ojee OE30IaCHBIX AHTUIIMPEHOB B MEOEIM U COKPATUIIX UCIIOIb30BAHNE CBUHIIA B
JIEKTPOHMKE. AHAIU3 TaKKe MPEJOCTaBHI MH(YOPMAIMIO O CPEACTBAaX MHIMBHUIYaJIbHOM 3aIUTHI U
METOAaX YINpaBJCHUS, HAMPaBICHHBIX HAa MHHUMH3ALHI0 PHCKOB, CBS3aHHBIX C XUMHYECKAM
BO3IICI710TBPICM B ICHTpPAX yXoaa 3a HOI'TSIMU.

MeToasp! Ajs rOCyIapcTB M0 MPOABHIKEHHMIO 3eJIeHON XMMHH U CTHJISL VISl OKPY:KaloLei
cpenbl

KanmudopHuiickas HHAIIMATHBA 1O 3€JICHOW XVUMHH.

Pone oOpaszoBatenpHbIX yupexaeHui OOpazoBaTenbHbBIE YUPESKICHUS WIPAIOT KU3HEHHO
Ba)XHYIO poJjib B poasmkeHny noaxonos GC u dfe mocpeacteom:

OO0y4enne JOATOCPOYHON paboUeii CHIIBI 3€JICHON SKOHOMHUKH.
OTKphITHE HOBOM 3€JIEHOM XMMUU U BAPUAHTOB TOBAPOB.
ITonnepskka ycuiIuii 1o MpeoJoIeHUI0 IPUKIAIHBIX IPOOIIEM.
AHanu3 BapuaHTOB MOJUTHKU.

e Hcnouab3oBaHue B0300HOBJsieMbIX pecypcoB: @Dropun, Hukenp Panus u,
cienoBaTenbHo, Cs 3€JIEHOr0 CHHTE3a SBISIOTCS KaTallM3aTOpaMHu, KOTOpble OyIyT H3BIEKAThCsS U
MOBTOPHO HCIIOJIB30BATHCS IOBTOPHO.

e Huxkens PeHes MoxkeT OBITh TBEpIbIM KaTadW3aTOPOM M3 HHKEJIEBO-aJIIOMHHUEBOTO
cruaBa. llopucTas cTpykTypa Karaiau3aropa BO3HHUKAET B PE3YJbTaTe€ CEJIEKTUBHOIO YyIAIECHUS
ANMIOMUHUS M3 YaCTHIl CIUIABA C WCIOJNB30BaHUEM KOHIIEHTPHPOBAHHOT'O PAacTBOpa €JIKOTO HATpa IO
CIIEYIONIEMY XHMHUYECKOMY YPaBHEHUIO:

2Al + 2NaOH + 6H,0 —=2Na I:AI(OH);I +3H,

o [lammagmit Moxer OBITH cepeOpucTo-OenbiM MerauioM. OH OOBIYHO HWCHOJB3YETCS B
KaTaIUTUYECKUX HelTpanuzaTtopax. llammagnii [IOMOTHUTENBHO HCIHONB3YETCS B 3JIEKTPOHUKE,
CTOMATOJIOTUH, MEIUIIMHE, BOJOPO/IE.

e QOuncrtka, XHMHUYECKHEe TMpPHMEHEHUs u o00paboTka TPYyHTOBHIX BOA. Ero wacto
nepepadaThIBalOT M3 CITUCAHHBIX KATAIUTHYECKUX HEHTPAIN3aTOPOB.

Ilocaeanue u3MeHeHUs B 3eJ1eHOI XUMUM: 3aKOHOIATeIbCTBO

B ampene 2007 roga KanudopHmiickoe areHTCTBO MO oxpaHe Okpykaromei cpensl (Cal /
EPA) Havanmo wHUIMATUBY «3elieHas XUMUS» IS MPOJBYKCHHUS WHHOBAIUN, CO3JAHHS HOBBIX
pabounx MeCT M 3alllMTHI JIFOJIeH OT BpeaHbIX BemiecTB. [Tocne cOopa muenuit 6onee 600 y4acTHHUKOB,
BKITIOYasl JINJIEPOB OTPACIIH, OOIECTBEHHBIX OPraHU3aTOPOB W y4eHbIX, KanudopHuiickoe areHTCTBO
Mo OXpaHe OKpyxkatomiei cpenapl / EPA pa3paborano psg crocoOOB yMEHbBIICHUS BO3JCHCTBHS
TOKCHYHBIX XMMHKATOB Ha JIIOZCH M OKpYXKarollyio cpexny. B centsope 2008 roaa, ciemys cosery Cal
| EPA, 3akonomarenbHblii opraH KamudopHuu mNpUHSIT JBa 3HAMCHATEIBHBIX 3aKOHOIPOEKTA,
HANPaBJICHHBIX Ha TPOJBIKEHHE 3eeHoi xumuu. KanudopHus Obuta MepBBIM IITATOM, B KOTOPOM
ObL1a MPUHSTA BCEOOHEMITIONIAS TOJIMTUKA «3EJICHOU XUMHUN.

MupoBble HHUIIUATUBHI B MPABUTEIbCTBE H AKATEMHUYECKUX Kpyrax

HeorbemineMblM KOMIIOHEHTOM pOCTa 3€JIEHOM XHMMHUU SBISETCA PacIpocTpaHeHHe
o0pa3oBaHMs U MCCIeJ0BaHUHA B 001acTH 3eneHol XxuMuu. C 3TOH LeIbl0 HECKOJIIBKO YHUBEPCUTETOB
M0 BCEMY MHUPY CO3[alld CIEeMUaIbHbIe Kadenpbl, CHeNHaIN3UpYIONINecs Ha MPeroJaBaHuH,
M3YYCHUH M PACITUPCHUH 3eJICHON XuMuH [7].

3akaouenue. 3eleHas XUMHS pelIaeT TakUe MPOOJIEMBI, HM300peTas HOBBIC PEaKIUH,
KOTOpBIE TO3BOJSAT MaKCHMH3HWPOBATH JKENaeMble TPOIYKTHl M CBECTH K MHUHHMYMY MOOOYHBIE
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MPOAYKTHI, pa3padaThiBas HOBBIE CHHTETHYECKHE CXEMBI U BUACHHUSA, KOTOPHIE YIPOCTST OTepaIiy B
XMUMHAYECKOM MPOU3BOJICTBE, U U3BICKMBAs OoJiee 3eJIeHbIe pACTBOPUTENH, KOTOPBIE M0 CBOCH MpUpoe
HKOJIOTUYECKH U SKOJIOTHYecKu 0e3Bpeanbl. [Iprumenenus 12 pyKoBOASIINX MPUHITMIIOB MOXXHO HANTH
KaK B MajblX, TAK U B OTPOMHBIX MacIITa0ax: OT BbIOOpa WHTPEIUEHTOB IUIA pPEeakiuii, KOTOpbIe
MUHUMH3UPYIOT OTXOABI M PHUCKH, JO TMOKa3aTeiei, MO3BOJAIONIMX KOJUYECTBEHHO OINpPENesITh
0TX0ZBI B 3PPEKTHBHOCTH Mpolecca. 3eeHas XUMUS MPECTAaBIseT COO0H YHUKaIbHBIN GopyM A
My OJTMKAIY MHHOBAIIMOHHBIX UCCIIEIOBAHUN O APYTUX 3€JIEHBIX M yCTONYNBBIX TEXHOJIOTHSX.

o

10.

11.
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AGRICULTURE

WHTEHCHUBHAS TEXHOJIOI'YS1 BBIPAIIUBAHUS
KAPTO®EJIA IO MYJIbYY B 3ATATHOU I'PY3UU

Jeuna Iopanuoze, Axademuueckuii 00kmop cenbckoeo xozaicmaa, bamymckuil I'ocyoapcmeennbiii
yuusepcumem Llloma Pycmaesenu, I py3us

Hapeu3z Anacanus, Accucmenm npogpeccop, bamymckuii I'ocyoapcmeennwiil ynugepcumem Llloma
Pycmasenu, I'pyzus

DOI: https://doi.org/10.31435/rsglobal_conf/30052021/7581

Abstract. B cmamovu paccmompen 00un u3 mMemooos 030enbléanuss Kapmopens Osi pecuoHos
3anaouou Ipysuu. Ha ocnoge Oanmvix npoBedeHHuIX IKCNEPUMEHMO8 OO0KA3AHO, 4O C Y4emom
3EMENbHO-KIUMAMUYECKUX — YCNIOGUU  PE2UOHA, N0 MUMO  MPAOUYUOHHOU  MEXHONO2UU, O
IKOHOMUYECKUM — CO0OpadiceHusam 00ablie Bbl200HO HPUMEHEHUe UHIMEHCUGHOU  MeXHON02UU
8bLIPAUUBANUSL KAPMOENS OO MYTbYY.

Keywords: kapmogens, mexrnonoeust, noo Mynouy, paccaowl, MAPICUHALbHAS NPUOBLILD.

Brenenue. PaznooOpa3ue moYBeHHBIX, KIUMATHUSCKUX YCIIOBUH 3anafaHoi ['py3un, ¢ yaeTom
KOJICOAHUI1 MOTOTHBIX YCIOBUH MO TOJIaM, COPTOBBIX OCOOCHHOCTEH KapTo(eNs U UX JJIUTEIbHOCTH
BEreTallvy, TUKTYIOT NPHUMCHEHHWE Ppa3IM4YHBIX TEXHOJIOTUH WX BO3JCIBIBAHUS TOJHOCTBIO BCEX
orepauuii Wik OTAETHHBIX TEXHOJIOTHIECKUX MPOIIECCOB.

[lo Owuonormueckoil 0coOEHHOCTH KapTo(esnb MPEeACTaBIAETCS KyJIbTYpOH yMEpPEeHHOIO
kaumata. KopoTkuii IpoIomKUTeIbHOCT CBETOBOTO JIHS, TeMIlepaTypHblil peskum (18-25°), nerkmii,
MECOYHBIX M PHIXJIBIX [TOYB, OYE€Hb UYBCTBUTENICH K HEJOCTATKY BO3JyXa B IMOYBE. DTO FOBOPUT O TOM,
4YTO B OOJNBINMHCTBE pPaliOHOB 3amajHOW ['py3uu, TPaJWIMOHHBIC TEXHOJIOTHM HE BBITOJHBL. JTO
CKa3bIBaeTCs Ha ypoxaitHocTu. Eciiu cpepnuii ypoxkaiiHocTh MupoBoM Mmaciitabe 35-40 T/ra, TO B
3anaaHoi ['py3un oHo coctasiser 20-25 T/ra.

[Ipu 5TOM, B MPEJCTABICHHOM PETHOHE TSDKENBIC 3EMIIM, 3aCyXH, JOXJH, WHTCHCHBHBIC
palualMOHHbIE W TPOJOJDKUTENBHBIE CBETOBBIC JIHM COKpAIAIOT pPa3BUThE pPACTEHUH U
COOTBETCTBEHHO YPOXKAMHOCTH KapTOhes.

[TosTOMY /151 TIOTyYEHHSI XOPOILET0 W CTAOMITLHOTO YPOdKasi, HeOOX0MMO MPUMEHEHHE TaKOH
TEXHOJIOTHH, KOTOpas MaKCHUMAaJbHO COKPATHTh T€ HEXelaTelIbHbIC W HEraTHUBHbIC (HAKTOPHH,
CYLIECTBYIOIIUE PU TPOU3BOJICTBE ATOU KYJIBTYPHI.

B peruoHe 1aHHbBI MOMEHT MPUMEHSETCS TPAJAUITUOHHBIN METO]] POU3BOJICTBA KapTodes. —
nocajika CeMeHHOro MaTeprana B IPSJIKU C MOCISAYIONIEH ero BO3/ICIbIBAHUEM, KOTOPBIA UMEET PSI
HEJIOCTATKOB, MIMEHHO — TIOYTH MECSI] TPOJIOIKASTCS BOCXOJ paccaiy - B 3TO BpeMs 3eMIIsS pPe3KO
VIUIOTHSIETCSI, KOTOpasl OTPHIIATENILHO BIHMACT HAa (OPMHPOBAaHHE KOPHEIUIOJA W ECTECTBEHHO Ha
pasButun pacteHue. 1o sKCHepUMEHTaNbHBIM JaHHBIM B 3anajHoi ['pys3uu, Ha mpuycaaeOHBIX U
HeOOIBIINX yYacTKax JUIs TIPOU3BOJICTBA KapTodels, boJee yI00HO MPUMEHEHHE TaK Ha3bIBaeMasl.

Pe3ysabTaThl uccaenoBanus. TexHoI0rus BoIpaIIUBAHUS KapTogesisi Mo MyJIbYy.

I'me He ywactByer ¢akTop 3eMiM, HET HEOOXOAWMOCTH 00pabOTKHM 3eMIIM, BHECEHHE
OpPraHUYeCKUX YJOOPEHHH U IPUTOTOBJICHHBIC TPSIIKHY, a TAK)KE UCKIII0YAeTCs COPHAsl PACTUTENBHOCTh
U HEOOXOJMMOCTh MX YHHUYTOKeHHWe. [IpejcraBieHHass TEXHOJIOTHS TOpas3o MpocTo, 0e3 OONbIINX
HSKOHOMMYECKHX 3aTPaT U IJIaBHOE — YBEIUUMBACTCS YpOrKall U ylydaeTcsl TOBapHbBIM BU MIPOAYKIHIH.
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IMocaagka xkaprodeJisi MO KAPTOH M MYJIbYY.

- e

3TOT coco0 BKIIFOYAET TOJIBKO YETHIPE COCTaBIIsIIoNME: 1. KapToH, 2. HOXK, 3. IPOPOILICHHBIN
KapTodensb, 4. OpraHMYecKHe BEIECTBA, TAKUE KaK CEHO, COJIOMA HJIU JIUCT.

Iocaaka. B uneane ee cienyeT HauyaTh BECHOM, yepe3 MeCsI] MOCIE TOr0, KaK pacTasij CHET,
corpenach 3eMiis, HO He TMO3/Hee, YeM TeMIleparypa MouBbl Ha riryOouHe 10 caHTUMETPOB MPEBBICUT
12°C. Jlns mocaiku W3 3apaHee OTOOpPAHHBIX CEMEHHBIX KIyOHEeH HeoOXoaumMo oToOpaTh HE
MOBPEKICHHBIE OOJIE3HAMH, BPEOUTEISIMA WM MEXaHWYECKHM IIyTeM KapTodenuHbl, BecoM oT 50
1o 120 r. iMeHHO Takoii pa3Mep CeMEHHOTO KapTOQesi CYUTACTCS ONTUMAJIBHBIM JJISI BBICAIKH.

Bepercst nucThl kapTOHa — yem OoJbIlle OHM pa3MepoM, TeM Jydiie. Jlydine Bcero 3apaHee
3aImacTUCh OONBITUMH JTUCTaMH, KOTOPBIM BRIOPACHIBAIOT MEOENbHBIE Mara3uHbI, Mara3uHbl OBITOBOM
TEXHUKHU WU JIUCTaMH IIOMEHBIIIE — UX MOXKHO HAiTH BO3Je, HApUMEp, MPOAYKTOBBIX Mara3uHoB, HO
TOT/Ia WX HY)XHO OyIeT 3aroTOBUTH OOJbIIEe KOIMYECTBO. YAalIWTe U3 KapTOHA BCE TO, YEro He
JIOJIKHO OBITh Ha oropo/ie (yIakoBOYHAs JCHTa, CKOOBI, CKOTY).

BriOepercst mecrto, rme Hago mnocamuTh Kaprodenb. Ecnm  Tam  pacreT  Kakas-ToO
pacTUTENBHOCTh (HAampHMep, TpaBa, OJyBaHYHKH) HET HHMKAKOH HEOOXOJWMOCTH BHINAIBIBATH €e.
Paccrenuts JIMCTHI KapTOHA, NIOJ] HUMH TPaBa, COPHSAKU OyIyT 3aKPBITHl OT COJIHEYHOT'O CBETa, paHO
WJIN TIO3JJHO OHH OTOMPYT.

YO6enurtbcs, YTO KyCKH KapTOHA 3HAYMTENBHO HAKIAIbIBAIOTCA APYT HA JAPYyra HE MEHee 4eM
Ha 30 cM (cM. Ha $oTo). DTO TapaHTHs TOTO, YTO COPHIKU HEe TMPOOBIOTCS MEXIy JIMCTAMH KapTOHA K
COJIHEYHOMY CBETY.

Bepercst HOX, nponenbiBatoTCsi X-00pa3Hble OTBEPCTHS pa3MEpoM pasza B ABa OoJbIle, 4eM
cemeHHble KIyOHHU. [Ipopesn Hape3aeTcs Ha paccTosHUM 25-30 cM IpyT OT ApyTa.

[MomecTuTh ceMeHHOU KapTodenb B KaXI0€ U3 3TUX OTBepcTHil. OH JIOJDKEH JIeKaTh MPSIMO
Ha 3eMJie WK moBepx TpaBbl. Hamo yOenuTcs, yTo XOTs OBl OAMH MPOPOCUIMKA POCTOK BBIXOIUT M3
oTBepcTHs. 3aTeM clerka paspe3 KapToHa TNpHKpolTe. WaeanpHO, eciim KIyOHW YyTh CKPBITHI
MOKPBITHEM. DTO JUISl TOTO, YTOOBI TOJILKO POCTKH MOTJIM TIPOOHUTHCS K CBETY, a HE TPaBa.

3areM cienyeT MOKPHITh BCE JIUCTHI KAPTOHA TOJCTHIM ciioeM (15-20 cM) ceHa MM COJIOMBI.
Kak Tonpko kapTodenbHble POCTKH MPOOBIOTCS CKBO3b MYJbUy K COJHEYHOMY CBETY, JOCTHUTHYT
BeIcOTHI 10-15 cM, cnestyeT HachIaTh CBEpXY ellle CIIOW CeHa WM COJIOMBI, TaK KaK K STOMY BpeMeHU
NEPBBIA CJIOH MYJbYM NPUOBETCS OKAEM — CTAHEeT ropas3lo TOHbLIE. [IOKphITHE MOCaKEHHBIX MOJ
KapTOH KIIyOHEH BTOPHIM MYJIbUUPYIOLIUM CI0eM (PaKTHUECKH 3aMEHUT OKY4YHBaHHE.

Haoo obpamumb eHumanue: eciu nepeod nNOCAOKoU NOYEA OKA3ANOCH CYXOl, eCllu He
0XCUOACHCA 00XHCOA, MO PEKOMEHOYEmCcA nepeod YKIAOKOoU AUCHO08 KAPMOHA XOPOUio RPOTUmMD
yuacmox.

Uro mydie WCHoiab30BaTh - ceHo i conomy? CeHo, cojepikaliee nuTaTelbHbIC BEIIeCTBa,
pasnarasice, OyJneT BBICTYNaTh Kak ymoOpeHue. MUHYC B NPHUMEHEHHH CEHa TaKOW: OHO MOXKET
CoJepKaTh CEMEHa COPHSIKOB, KOTOPbIE MOTYT MIPOPACTH BO BIIaKHOMH cpene. CoyoMa ke cBoOOIHA OT
T0OBIX CEeMSH COpHSIKOB, HO OelHa NMUTaTeNbHbIMU BeulecTBamMu. OHa He OyHeT BBICTYyNaTh Kak
opranueckoe ynoopenue. CeHo OJIOKHUPYET COJIHEUHBIH cBeT 0ojiee 3()(HEKTHBHO, IOATOMY COJIOMY
ClIe/TyeT HachIaTh NOBEPX KapTOHA 00JIee TOJICTHIM CIIOEM.

Yxon. IlocaxxeHHbIi MOx KapToH KapTodesb, MO CYIIECTBY, HE TpeOyeT MOYTH HHKAaKOro
yxoja. Eciu Mynpuupyroniuii ciioi coIoMbl WIIM CE€Ha 10CTaTOYHO TOJICTHIH.
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BriBoabI.

I[IpenmymecTBa cnocoda.

Yuacmox ne 6yoem uyscoamvca 6 nponoske: KapToH, Myjbda IOMOTAIOT OJOKHPOBATH
COJIHEYHBIE JIy4H: COPHSKU HE IPOOBIOTCS K CBETY. BMecTo ymaneHus: COpHONW pacTHTEIBHOCTH, OHU
ocTaBisAlOTCA Ha MecTe. OHa cTaHOBATCA TEpBBIM  ciaoeM KommocTa. KapToH mopnmaercs
OHMOJIOTUYECKOMY Pa3IOKEHHI0, CEHO-COJIOMa pasliaraloTcst 3a ce30H wid ABa. OHM TaKKe MHUTAIOT
OpraHUKOH IOYBY.

He nysicen 6yoem noaug: KapTOH COXpaHSET BIAry, 3aJep kKUBaeT ucnapeHus. Vckimodenue —
3aCyIIIMBOE JIETO, HO MOTPEOHOCTH B TIOJIMBAX MPU UCIIOIB30BAHUHU TAKOTO MOKPBITHSI MUHUMANBHA.

Iloyea cnu3y Kapmona ne ynaomusaemcs, OHa PbIXJasd, € He HykHa nepexonka. Kpome
TOTO, IOAHSB JHCT KapTOHA, TaM OyJIeT MHOXECTBO JOXIEBBIX UY€pBEH — 3TO OHM IIOMOTYT CAEIATh
3eMITI0 OoJee MI0JOPOAHOMN, YIIydllaT ee CTPYKTYPY.

Munumansnsie IKcnayamayuontvie 3ampamsl — 03 NPOIOJIKYA WM TTOJIMBA YMEHBIIAIOTCS
SKCIUTyaTallMOHHBIE PACXOJBI, 3TO Oollee, YeM MPOCTOW crmoco0 BhIpammBaHus Kaprodens. Camoe
rJaBHOE, TI0YBa 3alllMIEHa OT 3PO3HMHU, €€ CTPYKTypa yiydmaercs. Takoil crmocod momaepKuBaeT
JKU3Hb MUKPOOPTaHU3MOB, TaK HEOOXOAMMBIX [T TOBBIIICHUS TUIOJOPOIMS 3EMIIU

Temnepamypuulii pexcum — W3BECTHO — OJIarONpHUsTHAs TeMIEpaTypa Ul BbIpallUBaHUS
kaptodens cocraBmser okomo 20°C. B OompmmHCTBE palloHOB B 3amamHoi [ 'py3mm jeTom
Temreparypa Oounblie gonmycTumoil. [Ipw Takux yCIOBHAX KycThl KapTodensh YyBCTBYIOT ceOst
yrHeTeHHO. EcTecTBEHHO, PpH Takoi »ape JIt00as TEXHOJIOIHs BhIpAIlUBaHMsI MOXET JaTh COOM, eciiu
He ofecrieueH OAWH W3 TIJaBHBIX (DAKTOPOB PAa3BUTUSL PAacTeHUH — KoMQOpTHas TeMIieparypa.
Bnaxubiii kaptoH mioc 10-15-Tu CaHTUMETPOBBIA CIIOW OPraHWYECKOW MYJIbYM (COJOMBI) IO
NaJSIIIAM 3HOEM TIOHIKAaeT Temreparypy noussl Ha 25-30°!!! TTokpbiBas mo4By KapTOHOM C MYJBYEH,
MOKHO JCWCTBUTENBHO HAJ0 PACCUUTHIBATH HA BBICOKUH pe3ysbTaT. Beap Kpome IOHMKEHUS
TEMIIEPATyPbl MYJIbYHUPYIOIINN CIIOH ellle CoXpaHsaeT Biary. TonbpKko JBa 3TUX (akTopa yKe CIIOCOOHBI
MIOBBICUTH YPOXKaHHOCTb.

Yoopka — Korma ©OoTrBa HaumHaeT KeNTeTh, 3acbixaTh, HACTymaeT BpeMs cOopa
ypoas. Pa3nBuHyB MyJsibdy, IPUIIOIHUMAsE KAPTOH — BECh YPOXKail MPOCTO HAXOAMUTCS CBEPXY ITOUBBI.
[Mouemy Tak mpoucxomut? IloTomy uTo Kaprodenb He JODKEH HaXOIUThCs 6 nouge. OH MPOCTO
JIOJDKEH OBITh 6 KOHMaKme ¢ no460u IS TOTO, YTOOBI €T0 KOpHEBasi CUCTEMa MMeJa JOCTYII K BOJE U
MUTATEJILHBIM BELIECTBAM.

Kaprodenunbl TpagWIIMOHHO 3aKambIBalOT, YTOOBI KIYOHHM HE 3elieHEeNH, TaKk Kak Takue
KIYOHH SIOBUTHI M HE TPUTOIHBI AJsi elbl. Ho, MCMoib3ysl JaHHYI0 TEXHOJOTHIO, MBI U30JHPYEM
KapTodenb OT JOCTyIa CBETa, IPH 3TOM He yXy/IlaeM KaueCTBO MOITYYEHHOTO YPOsKas.

Ha onbiTHOM ywacTtke mpu Qakynbrere TexHOJOTMM barymckoro yauBepcureta LI
PycraBenu, B 2019 roay mpoBOAMINCH CpaBHHUTEIbHBIC MOCEBbI KapTOo(dess MO0 TPaAUIIMOHHBIMU H
TEXHOJIOTHEH BBIPALLIMBAHUS KapToQelis oA MyJIbay.

B rtabmumax 1 u 2 mpencTaBieHbl CpaBHUTENBHBIE Map)KUHaJIbHBIE 3((GEKTUBHOCTH
NPOM3BOJICTBA KapTodessi B COOTBETCTBEHHO IO TPAJMIIMOHHBIMU M TEXHOJOTHEH BBIpAIMBAHUS
KapToess moa MyJIbdy.

W3 Tabnuiel BUAHO, YTO B YCIOBBSX 3amaaHoN ['py3uu mpon3BOACTBO KapTodess Ha MajbIX
y4acTKax 10 SKOHOMHYECKHMM COOOpakeHHeM Oo0Jie BBITOJHO OCYIIECTBISITH IO TEXHOJOTHH
MYJIBYHPOBAHHUEM.
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Tabmuma 1
€IMHALIA | 1 — rexrap I
Jloxompr KonmuectBo T/ra Llena apwu/T Cymma Jlapwu/ra
Vpoxkaii kapTodens 20 700 14000
HanMeHoBaMHe Pacxon marepuana MeXaHHU3aIus TPy
Ilena Pacxon Pacxon Bcero
TEXHOTION. Kour. SIUHHIIA | eTMHULBL, | MaTepHaa Tomumzo, TOIUIMBA | 3apIuiaTa | PACXOAbl
onepanuu Marepuana A . 2 g p JIT. P
JIapu Jlapu/ra Jlapu/ra
Bcenamika 30 66 30 96
BoponoBanue 20 44 20 64
TpancopTHpOBKa
I0CaJO4YHOTO 3500 30 66 20 86
Marepuasa
ITocanka +
rpsiioo0pa3aBaTelb 3500 39 0,7 2450 10 22 30 2512
+BpY4YHYIO
Briecenne asora 132 3 1,05 139 30 300
(4ucToe BEIIECTBO)
Buecenne ochopa 172 39 05 160 30 190
(4ncTOE BEIEeCTBO)
Briecenne waius 160 3 14 240 30 270
(4ncTOE BEIEeCTBO)
TTonuBka 2 pa3za 30x2=60 60
OmnprICKUBaHUE
pyHTHIIIIOM 7.5 39 50 375 30x2=60 435
BPYUYHYIO 2 pa3a
Onpriciupariie 25 3 50 125 30x2=60 | 185
HMHCEHKIHTUIOM
OkyumnBaHue 2—pasa 30x2=60 60
Y6opka ypoxast
Bpy4HYIO+ 10 22 150 172
rpsigoodpa3aBaresib
TpaHcropTHpOBKa 7 154 20 354
Ha 10 kM
CyMmMma 3aTpar 1061.5 213,5 661 4515.,4
IMap)KI/IHaJ'ILHa}I pHUOBLIH |ossa6 |
Tabmuma 2
eUHUIA | 1 — rekrap I
(R KommuectBo, T/ra Ilena, Jlapu/T | Cymma, Jlapu/ra
Vposkaii kapTodeist 20 700 14000
Pacxon marepuaia MeXaHH3aLHsI TPyA
Hanmenosanue Beero
TEXHOJIOT. Ilena Pacxon Pacxon
Ko Tonnuso, pacxoabt
ornepanuu eMHNIA | eIMHHMIIBL, | MaTepHaia TOIUIMBA | 3apruiaTta
Marepuaia JIT.
Japu Jlapu/ra Jlapu/ra
HOCALOAHBIN 3500 KT 0,7 2450 2450
MaTepHal
KOPAOH 150
CeHo 150
TpaHCIIOPTHPOBKa
0CaJ04YHOIO 86
Marepuaia
IToacrenbka
KOpJIoHa + CesiTh 150
+ MyJb4YHpPOBKaA
Vxon 50
Yo6opka 50
TpaHCIIOPTHPOBKA 10 29 50 72
Ha 10 kM
CyMma 3aTpar 3158
| MapxuHaJIbHas IPUOBLIH | 14342 |
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ECOLOGY

PURIFICATION OF PHARMACEUTICAL WASTE WATER
RESULTING FROM HERBAL PLANTS BY ZERO LIQUID
DISCHARGE TECHNIQUES (ZLD)

Nancey Hafez, Faculty of ecology, National aviation university, Ukraine
DOI: https://doi.org/10.31435/rsglobal_conf/30052021/7582

Abstract. Introduction. Zero liguid discharge (ZLD)is advanced water treatment process technology
that remove waste water product economically and produce clean water for reuse e.g. irrigation. this
water treatment process is money saving, environmentally friendly and highly trustable. zero liquid
technology (ZLD) is the most effective solution for obtaining strict environmental discharge standards
and produce water treatment recovery with lowest possible cost. ZLD help in recovering materials
from the waste water streams e.g. potassium sulfate, soda, sodium sulfate and lithium.

ZLD treatment system should be: Convenient to large scale of waste contaminations. This treatment
recover 95% of liquid waste for reuse. Can produce dry solid disposal. Can be separate by product
from waste. Help to adjusting chemical volumes.

Purpose. Used treated waste water as Cooling towers industry. Boiler water for generating steam for
MEE. Used in water scrubbers as scrub media. Prepare of lime slurry for ETP. Various operations of
industrial washings.

Keywords: ZId, UF, Ro, MEE, MVR, pharmaceutical waste waters treatment.

Methods. ZID treatment process steps:

Pretreatment it is should be remove simple contaminants from waste water stream by filtration
or precipitation out.

The treatment consists of clarifier or a reactor to precipitate out metals, hardness and silica.
This step require caustic soda or lime for coagulation. This step require add chemicals and one or two
reactors to settle down the small particles from water.

Using coagulates contains aluminum with slight PH adjustment when coagulation is complete
the water enters a flocculation chamber followed by sedimentation part of ZLD process.

Where the water rises to the top and allowing solids to settle down into sludge blanket.

Ultra filteration can also used which pump water directly from waste water through UF
(chlorination) and eliminate the clarifier/filteration.

Concentration in ZLD is usually performed by (RO)reverse osmosis, brine concentrator or
electrodialysis or combined together.

They are used to remove dissolved solids waste and to obtain pretreated water.

RO has a tight pore structure (membrane used less than 0.001micron) that effectively removes
up to 99% of the dissolved salts (ions) particles, colloids, organics, bacteria and pathogens from the
water [7].

Evaporation / crystallization:

After concentration steps is completed then followed by next step of generating solids by
thermal process or evaporatation, which lead to evaporate all water off and reuse it. This is Can be
done by adding acid which neutralize the solution and. also can perform dear ration at this step to
release dissolved oxygen, carbon dioxide and other gases. the leftd waste go then from evaporator to a
crystallizer which continues to boil off all the water where all waste presented in the water crystallized
and turned to solids.

Results:

ZLD system depend on thermal and evaporative process e.g multi stage flash (MSF), multi
effect distillation (MED), mechanical vapor compression (MCV) and crystallizers. Evaporations and
crystallizations system capacity range from around 10 gpm to 1500 gpm per units. Falling film
evaporators called brine concentrators are technology for heat transfer which produce high pure
distillation and water recovery greater that 90%recovered water in a brine water concentrator is
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suitable as cooling tower or scrubbing media and can be recycled to other plant process including
demineralization of water. this waste water evaporators can be acted by mechanical vapor
decompression (MVR) or with other stream depending on the costs of electric power and
steam.crystallizes are used to handle crystallization of the dissolved salts which can be recovered as by
products. waste water crystallizes are used to concentrate the effluent from brine concentrators when
equipped with dry solid comprise zero liquid discharge system. this brine crystallizes are acted by live
steam or MVR technology to recycle the vapor and this can help in reducing energy use and costs.

The wastewater is analyzed for the major water quality parameters, such as pH, Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and Total Dissolved Solids (TDS). The
effluent samples were collected on a daily basis for a period of one month. The raw wastewater pH
was highly alkaline it was then bringing down to neutral which was helpful for biological treatment.
The BOD, COD of the treated effluent reduced significantly, where as very small reduction was
observed in dissolved solids.

Transformation of COD into organics and TDS (total dissolved solid) into dry salts for
disposal by zero liquid discharge treatment system [5].

In zero liquid discharge system the overall loads reduction was 99.2 percent in TDS, 99.9
percent in COD and 100 percent in both the TSS and BOD. By the various experimental analysis
relieving that the designed ZLD unit can be used effectively to treat and recycle APl manufacturing unit
effluents, which helps to meet statutory requirements and reduce concerns on ground water depletion.

By the experimental studied MEE (Multiple Effective Evaporator), ATFD (Agitated Thin Film
Drier) and LCS effluent treatment unit made of a SBR (Sequential Batch Reactor) and MBR
(Membrane Bio-Reactor) with other unit which is called as water recycling unit consisting RO
(Reverse Osmosis) plant the pilot plant of ZLD shown a huge reduction in TDS (Total Dissolved
Solids), TSS (Total Suspended Solids), BOD (Biological Oxygen Demand) and TSS (Total Suspended
Solid) to 99.2, 100, 100 and 99.9 percent respectively [9]. ZLD Reduce your carbon which eliminates
liquid waste by converting it into disposable dry solids by application of powdered activated carbon
and by reverse osmosis almost 50%total organic carbon (TOC)removal removal takes place during
coagulation lime softening process include using of powdered activated carbon.

Table 1. Table of ZLD process.

ZLD

Technology Use Advantages

Disadvantages Application

Capital cost is more than
other aerobic biological
technologies (ASP, SBR, MBBR).

Secondary clarifier not required. Textile Industry

Used as biological
secondary treatment
for reduction of organic

Membrane Bio

Treated water quality is better than
Reactor (MBR)

conventional ASP, MBBR and SBR. s

load.

Post treatment of sand filtration not
required.

Conventional praven method for
removal of solvents.

Membrane replacement after
five years

Applicable only when large
quantity of solvent with low
solubility in water is present in

Oil Refineries

Fertilizer Industry
Recovery of useful
solvents, ammonia
in pharmaceutical

Solvent Used for recovering Wastewster. industry
recovery - Air solvents/ammonia p de Ind
¥ ki At esticide Industr
Stripper recovery by providing air.  Economical when solvents with low Y
Difficult to capture solvent
solubility in water are present in " | ‘
SRR when in low concentration. Chemical Industry
Recovery of useful
Used for recovering Solvent recovery Is more compared Not suitable for water solvents, ammonia
solvents by using steam. to air stripping miscible, high boiling solvents in pharmaceutical
Solvent industry
Recovery -

Steam Stripper

Solvents can be reused
or are saleable.

Useful even less quantity of solvent
present in wastewater

Scaling occurs in column which
is to be cleaned periodically.

Pesticide Industry

Chemical Industry
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Continuation of table 1

ZL0

Technology Use Advantages Disadvantages Application
Used for removal of Does not filter dissolved solids,
colloidal matter and Re d" o :w":'d.?‘ rtign gases and organics, Freq Pre-tr
Ulera Fileraton — baceeria and viruses. PACTICIS; Dactaria, yinuss: backwash, membrane cleaning. 1o RO in all ZLD
(U ,
Used as pre-treatment 8 for RO. Replacement of membranes RIsD:;
to RO, e bl after § years required.
Most effective treatment for removal
of salinity (TDS) with more than 99%  Very high capital cost
salt rejection,
Used for removal of Clean technology and no handling
salnky (TDS) and of chemicals like acidialkali ke fon 8" energy consumption due
e - axchange technology. to high pressure pumps. Used In all induserial
Reverse '“ u: \::!‘:‘WI'!:Z sectors for TDS
Osmosis (RO) :hno ‘h i aanabia Membrane replacement removal and
mm‘:ram by.':pplying required after application of recycling the water.
high pressure. djurs,
Permeate water |s free of lons and Cleaning of inambrine
can be used in industrial processes. fraquantly dve to mambrane
fouling
Reject Water
Pharmaceutical
Used to evaporate Industry, Textile
Multiple Effect wastewater to separate Proven methed for recovery of water ) Industry, Pesticide
Evaporator water and salt by from saline water and separation of :r'yc::';: ”:::‘:".::" due Industry, Dyes and
(MEE) using heat of steam In salt req Dye Intermediates,
sequence of vessels. Steel Industry,
Fertilizer Industry
Wiater vapour generatad  Eliminates chermal energy ﬁ:::::z for l‘q:‘::d‘
Mechanical In the evaporator Is requirement (BPR) g pom
Vacuum compressed to higher $ Todia ks
Compressor pressure which acts Useful when steam not available. ey
(MVR) as heat source for Suitable when ready steam is
evaporation, Lo g ok not available In the industry.
Used for recovery of salts like Sodium '
Used to dry high TOS Sulphate, Sodium Chloride, Sodium Sculln:‘ and corrosion of unit is
Crystallzer water or products using  1Mosulphate, Zinc Sulphate etc. . PO ﬁ:-:::mhl
heat. '
?;': ::'.5:‘;:::? method of single Requires frequent cleaning,
Good heat conductivity so can be A”um“"" in sak d
applied for highly viscous fluids. B.;:mr£.?sny:z::
Used to dry high TDS
:f;'gd Thin water or products using Gande ::‘po":um and high Scaling and corrosion of unitis  Texdle Industry
( ATFD;W fast revolving rotor in a TR ranion FRUE: a problem, )
heating jacket Continuous cleaning of heating Pharmaceutical
surface. Industry for final
drying before
One passes Evaporation. d‘:xn,
Pharmaceutical
Requires very high energy. Industry
’ Dye and Dye
Used for burning the lz“:cngg‘ ““'IO' “m"h‘ w",:" ';‘ Oparational cost is high Intermediates
Incinerator concentrated effluent by (Hig JafToant walkh 16 i
thermal energy to biodegrade. No further treatment  Capieal cose Is high, Pesticide Industry
Is required,
Viable for anly small quantities
of effluent.
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Table 2. Table of Sector wise of ZLD treatment options for industries.

S. No. Sector

Treatment options

Remarks

1 Distillery

2 Tannery

3 Pulp & Paper

4 Sugar

s Pharmaceuticals

6 Textiles

7 Refineries

8 Fertilizer

9 Dye & Dye
Intermediates

I. Bio-methanation followed by RO/MEE followed by
incineration (slop fired).

2. Bio-methanation followed by RO/MEE followed by
drying (spray/rotary).

3. Concentration through MEE followed by
coprocessing in cement/thermal power plant.

4.Bi h ion and RO foll d by MEE foll d
by bio-composting.

Primary treatment + secondary treatment+ pre-
treatment for RO + Reverse Osmosis + MEE

(recovery of permeate, crystallised salt, reuse of the
recovered condensate)

Primary treatment + Degasification + RO, 2 stage +
NF and UF + Evaporator, Concentrator/Crystallizer

Restricting effluent generation to 100 Litres/ton cane
crushed.

Water consumption to be restricted to 100 Litres/ton
inicially and further to 50 Litres/ton cane crushed.

Condensate polishing unit mandatory Recycle of
excess condensate to process or ancillary units.

Water management/audit to reduce spray pond/
cooling tower blow downs and excess condensate.

Irrigation protocol for disposal into land applications

High COD, Low TDS Effluent treatment system
Primary treatment+ Secondary treatment + tertiary
chemical treatment to reduce TDS (Pressure sand
filter, Activated Carbon filter and filter press for
dewatering of sludge). RO system (permeate is

utilized as cooling tower makeup water) + Muld effect
evaporator/incinerators.

High COD, High TDS Effluent treatment
system

Primary treatment + stripper to remove VOC + 3
stages Multi Effect Evaporator (forced circulation)
Agitator Thin Film Drier (ATFD)+(MEE condensate is
being taken along with Low TDS effluent for further
treatment)+ MEEfincineration.

|. Ozonation + bio-oxidation + sand filration +
activated carbon adsorption + micro fileration +

reverse osmosis(3 stage) + multiple effect evaporator

2. Chemical precipitation + bio-oxidation + chemical

precipitation + sand filtration + Activated carbon
adsorption + micron filtration + reverse osmosis (3
stages) + multiple effect evaporator

3. Chemical precipitation + bio-oxidaton + sand
filtracion + dual media filtration + micron fileration
+ reverse osmosis (3 stages) + multiple effect
evaporators

AP, primary treatment, secondary treatment and
tertiary treatment. The tertiary treatment is mainly

Reverse Osmosis and permeate Is utilized and rejects

are discharged into cooling tower

Chemical treatment+ Reverse Osmosis (Rejects as
filler materfal and permeate in the process)

Chemical Treatment+ MEE

ZLD Achievable

ZLD Achievable

Black Liquor totally to be ZLD in any plant.

Water conservation & irrigation protocol

as alternate to ZLD

ZLD Achievable

ZLD Achievable

Water conservation, Reuse & partial ZLD

Water conservation, Reuse & partial ZLD

ZLD Achievable
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Conclusions. ZLD had a high successful process for waste water industry treatment which

minimize the high toxicity, PH, organic pollutants and resources of recovery. the consumption of
water that generated from ZLD systems able to recycle in plant premises which reduce use of water
and decrease waste pollutions and maximize water resources. ZLD carried out by systematic waste
water control strategy consists of coagulation, UF, RO, aeration system, etc.

Although the high capability of ZLD systems in industrials scales but it has a limited use due

to increased energy consumptions and their costs.

aprwn
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