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Senescence in plants is a complex process leading to the integration of various
environmental signals into age-related developmental pathways. The aging process is requlated by
a complex mechanism. Leaf senescence, the final stage of leaf development, is a type of
postmitotic aging and is characterized by a functional transition from the assimilation of nutrients
to their remobilization, which is essential for plants. Wheat is one of the most important food
plants known to mankind. The uppermost leaf in the wheat plant is called the flag leaf. The
productivity of the wheat plant decreases due to the senescence of the flag leaf under drought
stress. Drought stress is a type of abiotic stress caused by a lack of water that negatively affects
plant development.

The main goal of the research was the identification of loci associated with the senescence
of flag leaves under drought stress in wheat genotypes with RAPD markers. 15 local and
introduced bread (Triticum aestivum L.) wheat genotypes with contrasting drought tolerance were
used as research objects. The plants were grown in the experimental base of the Research Institute
of Crop Husbandry of the Ministry of Agriculture of the Republic of Azerbaijan. Nuclear DNA from
wheat genotypes was isolated according to the CTAB protocol. The purity degree and
concentration of isolated DNA samples were checked in a NanoDrop spectrophotometer and
characterized electrophoretically. RAPD OPU 06 primer was used to test the drought tolerance
potential in wheat genotypes. Amplified PCR products were analyzed electrophoretically. The
analysis of the electrophoretic profiles obtained as a result of PCR showed that the expected 450
bp fragments were synthesized in 53% of the genotypes. The comparative analysis of the results
with the data obtained on phenotyping in field trials is ongoing.

Kevwords: Triticum aestivum L.. flaa leaf. drouaht, RAPD-PCR
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Abstract

The main part of the study is the assessment of the current situation of the labor market in
Albania, focusing on the analysis of work structures as well as on the main problems faced by the
employed, unemployed, and employers. Given the objectives of the main purpose of this paper,
primary data were used through questionnaires carried out throughout Albania. To analyze the
supply and demand of work, 400 individuals were surveyed on 16 enterprises and 100 private
subjects of persons by means using the sea lection technique. Both parties interested in work find
it difficult, on the one hand, job seekers find it difficult to find a place to work, and companies also
declare that they find it very difficult to feel that they fit the requirements of the sector in which
they operate. or that fit the objectives of the companies and their leaders. The results of this work
will also be visible to guide scientific research for the determination of the instruments and paths
that must be followed to verify the working hypotheses, formulated for different issues, and
objects of study.

Keywords: labor market, employment, unemployment, labor supply, labor demand
IFI Classification: 12 13. 16. 101

1. Introduction

The labor market situation determines a country's economic well-being, and being unemployed is
closely related to being poor. Employment and unemployment are the two main features of the labor
market.

Addressing issues and problems related to employment, having as the main objective the
realization of conditions that will enable stable and effective employment, can lead to effective solutions,
if they are treated in all their complexity, combining concepts of sciences economic, demographic, social,
cultural, quantitative and qualitative analysis, etc. (Blanchflower & Freeman, 2000, O'Higgins, 2001 &
2003; Muller & Gangl, 2003, Freeman & Urti, 1982 Blanchard & Wolfers, 2000, Biagi & Lucifora, 2007;
Korenman and Neumark, 1997 and 2000, Baccaro & Rei, 2005; Neumark and Wascher, 2004, Jimeno &
Rodriguez - Palenzuela, 2002, Scarpetta, 1996, Braziene and Dorelaitiene, 2012).

The development and dynamics of the market in recent years have brought many problems which
have often led to misorientation as well as the inconsistency of demand and supply for work in Albania.
The presence of companies looking for free labor has increased a lot, which has brought a bad situation
in the labor market where the importance is the quantity of work and not its quality and productivity! As
a result, the gap between those employed in well-paid jobs and those in underpaid jobs has widened.

During the last few years, the economic structure of Albania has undergone many changes in all
areas of the economy, as well as the labor market has undergone many changes. There is a high number
of unemployed people, and the majority of them are not well qualified according to the requirements of
the labor market and who, due to the lack of a job, cannot invest in their qualifications, so as much as
possible remain unemployed, the more their human capital depreciates.

Our research aims to achieve several goals as follows: First, to be carried out as a study that
evaluates the situation of the labor market in Albania. Secondly, to study the labor market through the
analysis of its current characteristics, and the assessment of its dynamics. Thirdly, to analyze and
evaluate the effects of the interaction of various factors that condition job seekers towards the labor
market and the institutions that offer employment services in this market.



Research objectives

To be developed as a comprehensive document in which:

- To analyze the labor market in Albania, employment, the problem of unemployment, their
dimensions, and structure.

- To elaborate on the main issues and problems faced by the labor market in Albania, focusing, in
particular, on dealing with the current situation in the labor market, the level of employment, their
capacities, and professional performances in response to the demands of the regional labor market.

- To evaluate trends, difficulties, ways, and instruments that can be used to develop labor market
capacities.

- To evaluate the characteristics and level of performance that the various institutions that offer
employment services have and that should be further developed.

Limitations of the study

Given that the findings of this study will be specific to Albania, these data cannot be generalized
to other countries. Even in the case where there are other countries with similar characteristics, care
should be taken in generalizing the data

In this context, in the future, it would be interesting to investigate the importance of other factors,
which have been left out of this study. Scientific studies on them would complement the present study.

Literature review

After the 90s, Albania experienced many changes in the political system, administrative
institutions, and economic relations with other countries and international institutions. Its economy has
changed from a centralized economy to a market economy. One of the aspects that were most involved
in these changes was the labor market.

“The labor market, also known as the job market, refers to the supply of and demand for labor, in
which employees provide the supply and employers provide the demand. It is a major economic
component and intricately linked to markets for capital, goods, and services” (Will Kenton (2022).

Employment and unemployment are the two main features of the labor market. Although they are
related, this does not mean that the decrease in employment leads to the increase in the unemployment
rate at the same rate, or even the opposite that the increase in the employment rate leads to the same
decrease in the unemployment rate. According to Lyuben Tomev, this happens because the
unemployment and employment rates are calculated in different ways. The employment rate means the
rate of employment compared to the total number of the population who have the right to work
(according to the standard definition of the ILO), while the unemployment rate means the rate of
unemployed among the labor force (which is economically active). He adds that employment can occur
through the establishment of a working relationship, through self-employment, or the establishment of
an individual or family business.

2.1 Short Overview of the labor market in Albania

In 2021, there are about 1.25 million people employed in Albania, 0.56 million women and 0.69
million men. They are persons aged 15 and over, who work for pay or gain according to the results of the
Labor Force Survey conducted by INSTAT. The number of people employed is essential to gauge the
economy's ability to create jobs.

According to data generated by INSTAT, women are 1.7 times more likely than men to help on the
farm or family business. On the contrary, self-employment is more common among men, with a
participation of about 38% of their total employment, or 1.5 times higher than women. People aged 15
and over, who work in the service sector, make up more than 44% of the total employed, while
agriculture also remains an important sector, employing about 34% of the employees in Albania. On the
contrary, those employed in the construction and industry sectors account for only 22%. Agriculture and
trade workers are currently the main occupations in Albania.

For the year 2021, for the working age of 15-64 years, an employment rate of 60.9% was
registered in Albania. The labor force in Albania according to INSTAT registers about 1411 thousand
people in 2021 and the rate of participation in the labor force reached 59.8% during 2021 (67.2% for
men and 52.6% for women). The unemployment rate in Albania in 2021 was 12.7%, which was higher
than Romania, Bulgaria, Croatia, and Serbia but lower than Montenegro, North Macedonia, Bosnia and
Herzegovina, and Greece.

Albania is a low-wage economy compared to other countries in Southeast Europe. According to
EUROSTAT statistics, the average salary differs a lot in different regions of Europe, but also the net
average wage in Albania is the lowest in the region.



Table 1
Average wage

Average wage

Country Net (EUR) | Gross (EUR)
Albania 412 498
Kosovo 416 466
Bosnia and Herzegovina | 554 848
North Macedonia 557 832
Serbia 727 982
Montenegro 7’57 940
Bulgaria 773 995
Romania 858 1380
Greece 1050 1355
Croatia 1094 1499

Source: EUROSTAT 2021

2.2 Role of demographic variables in the labor market

Some papers have studied the role of demographic factors in the performance of employees and
consequently influencing the labor market. In his work Godson Kwame Amegayibor sees that once more
that age and department had a significant relationship with employee absenteeism. The study also found
that age, education, and tenure all had a significant relationship with employee output.

In their study, K. Shukla, S. Shahane, and W. D’Souza (2017) argued that demographic variable has
a definitive role in determining the work-related quality of life of hospital employees. This was a cross-
sectional study conducted on the employees of a corporate hospital in Pune, India from March 1, 2014,
to April 30, 2014.

Long-term unemployment or a high duration of unemployment may be associated with personal
characteristics such as human capital impairment or demographic/socio-economic differences. The long
time to find a job constitutes a serious problem, especially for low-income groups in the labor market,
Deniz Keskgn Ozberk (2021). Also, the author has estimated that in Turkey women have higher
unemployment than men.

Analyzing data from a survey of 6,041 police officers, it was found that demographic factors and
Jjob characteristics influence job satisfaction, and organizational characteristics have a major impact. The
study highlights similarities and differences in organizational dynamics affecting job satisfaction in police
organizations in India and other countries and highlights the relevance of theory across countries and
cultures, T. K. Vinod Kumar (2020)

2.3 Education and Employment

Education has a positive effect not only in facilitating access to employment but also in improving
the chances of gaining quality employment. Thus, it is clear that promoting higher levels of educational
attainment should remain a priority for countries where a large share of the labor force has received only
primary education or less.

Research has shown that the skills more highly in demand nowadays - particularly, information-
processing skills - are "learnable”. Thus, it is important that both formal and alternative schooling be
tuned to the current needs of the marketplace so that students of today are better prepared for the jobs
of tomorrow. Career guidance can play an important role in informing young people about current and
emerging opportunities and thus facilitating better matches between supply and demand.

The findings show that the higher one's level of education, the better one's chances of getting a
Jjob and keeping the status of an employed person in times of crisis in the labor market. Higher
participation in education is not necessarily associated with a higher employment rate since entry into
the labor market occurs for some individuals as an alternative to continuing their education.’

2.4 Information and Employment

The changing nature of work due to COVID-19 containment measures led to an increase in the
share of job postings advertising “working from home” as a required condition. This result is consistent
with the widespread use of remote working practices in the five countries examined, in the effort to

1 https://www.researchgate.net/publication/263848494 How does education affect labour market outcomes
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sustain economic activity and overcome limitations to operations due to sheltering-in-place orders or
recommendations.?

With the spread of the internet, online job portals have become important forums for job matching
by employers and employees. Online job portals often collect a large number of data in the form of job
vacancies and resumes that can serve as a valuable source of information about the characteristics of
labor market demand.?

The Hiring process should be rewarding compared to activities like making tough decisions, firing,
and disciplining. This is because the need to fill a new position indicates the growth and prosperity of a
business. However, there exist challenges in the process for example in cases where human resource
specialists believe that not hiring problem-causing employees is the best way to handle problematic
workers.

Vacancies serve as a filtering device by employers to pre-filter applicants as well as a description
of an ideal applicant and his/her features. Whether it is one or the other or a combination could plausibly
be linked to a state of the labor market.

Recent studies evaluating online job searches and the matching quality already find a positive
impact (Mang 2012). Compared to traditional employment channels (newspapers, friends, agencies),
online job portals can provide a wider range of choices as well as increasingly more advanced tools to
evaluate the suitability of a job or a job candidate. *

2.5 Hourly pay and working time

Although our findings suggest that beyond around 25 weekly working hours both male and female
part-time work gives rise to employer rents, the welfare implications for men and women are quite
different: compared to full-timers, male part-timers do not reap the full benefits of productivity increases
but their hourly pay rates do not suffer from this. In contrast, while female part-time does not affect
productivity, it is more likely to generate precarity due to the combination of fewer working hours and
lower hourly wages.”

The findings here point to the possibility that cyclical earnings responses will differ according to
the relative tightness of the labor market around which cyclical payment effects take place. Some
background labor market motivation is presented via firm-union bargaining. Certainly, in the case of
hourly paid workers, weak wage and hourly earnings responses in the inter-war period contrast with
much stronger outcomes in the post-war period.®

We found a strong positive correlation between the incidence of low-paid jobs and excessive
working hours. Even though long working hours and a high incidence of (paid) overtime may be a way to
reduce wage dispersion/differentials and increase low-paid workers’ labor earnings, this positive effect
has to be balanced against the potential negative externalities related to the higher risks of illness,
injuries, and accidents.”

2. Material and Method

In this paper, we will try to test the hypotheses raised regarding the variables taken in the
treatment, using a deductive strateqy. Meanwhile, a more inductive and investigative method will be
used to understand the behavior of the employed and unemployed as well as employers. For this reason,
the methodology will be a combination of qualitative and quantitative strategies (Bryman and Bell,
2004).

100 interview were conducted with managers and/or employees employed in these organizations,
to discover their opinions regarding the problems of employing their staff. Primary data are collected for
the main factors of the study, which cover different dimensions, applying the theory, primary data is
collected using 380 self-report questionnaires.

2 https://www.oecd.org/coronavirus/policy-responses/an-assessment-of-the-impact-of-covid-19-on-job-and-skills-
demand-using-online-job-vacancy-data-20fff09e/

3 https://www.researchgate.net/publication/311453863_Online_job_vacancy data_as_a_source_for_micro-
level_analysis_of _employers' preferences_A_methodological_enquiry

4 https://www.wowessays.com/free-samples/good-hiring-and-selection-of-employees-research-paper-example/

5 https://docs.iza.org/dp7789.pdf

6 https://www.econstor.eu/bitstream/10419/33834/1/523984456.pdf

7 https://www.ilo.org/wemsp5/groups/public/---ed protect/---protrav/---

travail/documents/publication/wcms 663072.pdf
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In the first step, the problems of the employed and the unemployed are analyzed, using a content
analysis technique. In the second step, several interviews are conducted with managers/employees, to
obtain their opinions regarding some determinants of staff recruitment issues.

Scholfield (1996) explained that the relationship between sample size and population size is
misunderstood. Determining sample size is considered one of the most controversial elements in
research, in the design and sampling procedures for most studies. On the other hand, a small sample
cannot provide accurate results, which will affect the validity and reliability of the research. Noorzai
(2005) investigated the optimal sample size that can represent a portion of the population and provide
a level of confidence. Many authors have proposed different ideas for determining the size of the sample
that would be taken in the study. Comfrey and Lee (1992), for example, suggested rough guidelines for
determining an appropriate sample size: 50 - very poor, 100 - poor, 200 - fair, 300 - good, 500 - very good,
and 1000 or more - excellent. However, other authors, such as Nunnally and Bernstein (1978) suggested
that the number of subjects ratio should be at least 10.0.1.

In economic studies using quantitative research methods, a margin of random error of up to 5
percent is acceptable. To calculate the number of people to be interviewed, with the objective of
obtaining results with a chance margin of error of 5 percent, the formula given by Stangor (2001) and
Bryman and Bell (2003) can be used:

N

1+ Nez)
Where: n - the minimum number of persons to be interviewed

N - the number of people who belong to the community that is the target of the study

e =margin of error (5%).

Then n=?

N = 950,000 (according to INSTAT data, the labor force of the Durrés district in 2022) and according to
the literature that e=5%,

Then:

n=(

~ ( 950000

1+ 950000 x (0.05)2

Based on the reasoning above, the sample size for this study should be 400 respondents. The
response rate for the questionnaire was 92%.

The data analysis was done based on the anticipated evaluation indicators and the main findings
of the study. The data obtained from the survey were recorded in a special database for the relevant
statistical analysis, interpretation, and argumentation of the main findings of the study.

3.1 Multinomial logistic regression

Multinomial logistic regression will be used in this paper. This type of regression is similar to logistic
regression but is more general because it does not require that the dependent variable necessarily have
only two categories.

The characteristics of this regression are:

» Multinomial logistic regression is used when subjects need to be classified based on the values of
a set of variables.

* The independent variables participating in the model can be categorical or continuous.

« If they are categorical, they are considered as factors during data processing, while if they are
continuous, as 'covariates’

* This model is built, if it is accepted that the possibilities of the ratio of two categories of the
variable, to be modeled, do not depend on other categories of the variable.

As in the linear regression model, the hypotheses Ho: =0 will be checked, that is, is there a
relationship between the variable we seek to model and the variables participating in the model? To
check these hypotheses, the Wald test will be used.

3.2 Research hypotheses

Hypothesis H:1. Demographic variables are important for work status.

Hypothesis H: 2. The level of education completed is related to the time of finding a job after
graduation.

Hypothesis H:3. Factors related to the area of residence, gender and level of education influence
the formation of the behavior of job seekers towards the possibility of employment.

Hypothesis H:4. The study of the opinions and behavior of job seekers towards the labor market
information system:

In order to classify the variables, the author proposes the following sub-hypotheses:

>z399



H: 4.1: The behavior of employees towards information about the labor market varies depending
on gender.

H: 4.2: The behavior of employees towards information about the labor market varies depending
on age.

H: 4.3: The behavior of employees towards information about the labor market varies depending
on education.

H: 4.4: The behavior of the unemployed towards labor market information varies depending on
gender.

H: 4.5: The behavior of the unemployed towards labor market information varies depending on
age.

H: 4.6: The behavior of the unemployed towards labor market information varies depending on
education.

H: 4.7: The behavior of the demand for labor to the information on the labor market varies
depending on the sector of the exercise of the activity.

H: 4.8: The behavior of labor demand to labor market information varies depending on the location
of the activity.

Hypothesis H:5. Assessment of labor demand in the regional labor market.

In order to classify the variables, the author proposes the following hypotheses:

H: 5.1: The number of employees in local firms and institutions is determined by the type of
organization and the sector of activity.

H: 5.2: The demand for work is affected by the educational level of job seekers.

H: 5.3: The willingness of firms to increase wages in exchange for increased working hours matches
the willingness of employees to increase working hours in exchange for higher wages.

H: 5.4: The way of information on the labor market for both the job offer and the job demand is
consistent.

H: 5.5: The demand for work is affected by vacancies and the level of knowledge possessed by job
seekers.

3. Analysis and Findings

The study was carried out with a basic, main hypothesis: Employment is a multidimensional
challenge whose complexity is influenced by the interactions of various economic factors, related to
macroeconomic development, and the sustainable economic development of the region. Referring to the
point of view according to which the scientific research was conceived, the study of various issues, part
of this paper, was carried out having as working hypotheses:

In the following, we will discuss the results of each hypothesis raised in this research.

Table 2: Summai /I‘indinis oi the hﬁotheses.

There is no difference between | There are differences | .000 H1 is
the level of education of the job | between  the level of statistically
seekers and the demand that | education of job seekers and supported
the actors of the labor market | the demand that the actors of
have according to the level of | the labor ~market have
education. according to the level of

education.
There is no difference between | There is a gap between job | 0.00E+00 | H1 is
Jjob supply and job demand in | supply and job demand in statistically
terms of job positions. terms of job positions. supported
There is no difference between | There is a difference between | .0057 H1 is
the level of skills that job seekers | the level of skills that job statistically
perceive they need to develop | seekers perceive they need to supported
and the level of skills that firms | develop and the level of skills
are interested in their employees | that firms are interested in
possessing. their employees possessing.
There is no difference between | There are differences | .0049 H1 is
the way of information that job | between the information statistically
seekers and employers use to get | method that job seekers and supported

employers use to obtain




information about the labor
market.

information about the labor
market.

6 | There is no difference between | There are differences | .000 H1 is
the perception of the difficulty | between the perception of statistically
of finding a job by job seekers | the difficulty of finding a job supported
and the perception that firms | by job seekers and the
have of finding suitable staff. perception that firms have of

finding suitable staff.

9 | The level of education achieved | The level of education | .000 H1 is
is not related to the time of | achievedis related to the time statistically
finding a job after graduation. of finding a job after supported

graduation.

10 | Factors related to the area of | Factors related to the area of | .000 H1 is
residence, gender, and level of | residence, gender, and level statistically
education do not affect the| of education influence the supported
formation of the behavior of job | formation the behavior of job
seekers toward the possibility of | seekers toward the possibility
employment. of employment.

11 | The behavior of employees| The behavior of employees | .842 HO is
towards information about the | towards information about statistically
labor market does not differ | the labor market varies supported
depending on gender. depending on gender.

12 | The behavior of employees | The behavior of employees | .001° H1 is
towards information about the | towards information about statistically
labor market does not change | the labor market varies supported
depending on age. depending on age.

13 | The behavior of employees | The behavior of employees | .573° HO is
toward information about the | toward information about the statistically
labor market does not change | labor market varies supported
depending on their level of | depending on their level of
education. education.

14 | The behavior of the unemployed | The  behavior — of  the| .81%° HO is
towards labor market | unemployed toward labor statistically
information does not differ | market information varies supported
depending on gender. depending on gender.

15 | The behavior of the unemployed | The  behavior — of  the| .070° HO is
towards information about the | unemployed towards statistically
labor market does not change | information about the labor supported
depending on age. market varies depending on

age.

16 | The behavior of the unemployed | The  behavior — of  the| .224° HO is
towards information about the | unemployed toward statistically
labor market does not change | information about the labor supported
depending on education. market varies depending on

their level of education.

17 | The behavior of job demand to | The behavior of job demand | .154° HO is
information about the labor | to information on the labor statistically
market does not change | market varies depending on supported
depending on the sector of | thesector of activity.
activity.

18 | The behavior of job demand to | The behavior of labor demand | .573° HO is
labor market information does | to labor market information statistically
not change depending on the | varies depending on the supported

location of the activity.

location of the activity.




19 | The behavior of labor demand to | The number of employees in | .019° H1 is
labor market information varies | local firms and institutions is statistically
depending on the location of the | determined by the type of supported
activity organization and the sector of

activity.

20 | They do not accept increased | Accept increased working | .000 H1 is
working hours in exchange for a | hours in exchange for a higher statistically
higher salary or do not accept | salary or accept increased supported
increased wages in exchange for | wages in exchange for more
more working hours. working hours.

4. Conclusions

The development and dynamics of the market in recent years have brought many problems which
have often led to misorientation as well as a mismatch between the demand and supply for work. The
presence of companies looking for free labor has increased a lot, which has led to a worsening situation
in the labor market where the importance is the quantity of work and not its quality and productivity! As
a result, the gap between those employed in well-paid jobs and those in underpaid jobs has widened.

Labor costs in Albania remain low compared to other countries in the region. However, they seem
to have increased significantly in recent years. Albania is a low-wage economy compared to other
countries in Southeast Europe.

Regarding the level of education according to residential areas, it turns out that in rural areas the
number of educated people with a low level of education is higher than in urban areas, as well as
regarding the level of higher university education and that after -university, rural areas are presented
with a lower percentage than respondents who live in urban areas. Compared at the national level
according to the statistics published by INSTAT, the differences resulting in this statistic are not statically
significant.

The results of the paper show that in Albania, the success of efforts to find a job depends on gender,
age, residential area, level of education, and marital status. In these conditions, it is recommended to
carry out more detailed studies taking into consideration the differences between men and women, rural
and urban areas, educational level, etc.

Regardless of the level of education, the most reliable way to get information about the labor
market is personal acquaintances, where 57% of the employed respondents affirm that to provide
information about the labor market they relied on personal acquaintances, a trend that also matches
with the conditions of the regional labor market.

Just as employees state that they are willing to increase their working hours in exchange for higher
wages, so firms are willing to pay higher wages if their employees are willing to work more hours.

Between the ways of information used and evaluated by the parties in the labor market, there are
differences that are statistically significant, and therefore the regional labor market faces a high rate of
unemployment, where one of the main reasons is the mismatch of job offers with demand for work.
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TPAHC@®OPMALWIA HAYYHO-TEXHNYECKOIO [TOTEHLMAJIA B PEAJIbHYIO
[TPON3BOANTEJIbHYIO CNJTY B KOHTEKCTE CTPYKTYPHOW ITEPECTPOUKA
[IPOMBILLJIEHHOCTU KUTAA

Croli XyalctodHb

acnupaHm Kageopbl 6AHKOBCKOU S5KOHOMUKU
benopycckull 20cydapcmaeHHbIld yHuUBepcumem
2. MuHck, Pecnybauka benapyck

raw Ho

acnuparHm Kageopb! 6aHKOBCKOU 3KOHOMUKU
benopycckull 20cydapcmaeHHbIld yHuUBepcumem
2. MuHck, Pecnybauka benapyck

AKMYWIbHOCMb. AKMYasbHOCMb  UCC/Ie00BaHUsi 06yc/08/1eHa meM, 4Ymo CMPYKMYpHas
nepecmpolika npombilIeHHocmu Kumas, HAanpasaeHHas HA NOBbIWLEHUe MexXHOM02UYHOCMU U
KOHKYPeHmMoCNOCOOHOCMU NPOMbILL/IEHHO20 KOMNJIeKCA CMPAHbl, B COBPEMeHHbIX YC/I0BUSIX Peanu3auuu
UHHOBAUUOHHOU NOJIUMUKU He Nnpedcmassisemcss Bo3moxHol 6e3 3¢pdekmusHol mpaHcghopmayuu
HAy4YHO-MEexXHUYecko2o0 NOMeHuuaaa 8 pedsbHyro npouszsooumesnsHyro cuny [1, ¢.103]. Bbipabomka
UHCMPYyMeHmMoB obecnevyeHus YKazaHHo20 NPOUECCa ABASEMCS CE200HS NO-NPEXCHEMY aKMyaabHOU Kak
0715 Kumas, cmasw2o HA UHHOBAUUOHHbIU NYMb PA3BUMUS. Haiudue Hay4YHblX, 4enoBeqecku,
MexHUYecKux, GUHAHCOBbIX, UHPOPMAUUOHHBIX U OpYy2ux pecypcos, Xapakmepusyrouux Hay4YHo-
mexHuYeckud NomeHyuas NPOMbIUIIEHHOCMU, He 03Ha4yaem asmOoMamu4YecKyro e20 mpaHchopmMayuro 8
pea’sibHyr NPoU3BoOUMEsIbHYH CUJTY, Komopas npednosiazaem, Ymo COBOKYNHOCMb U B3aumodelicmaue
yesioBeyeckux, BeujeCMmBEeHHbIX, HAyYHO-MeXHUYeCcKUuX, UHHOBAUUOHHLIX, NPeonpuHUMAmMesbCKuX U
dpyaux NpPou3BOOCMBEHHbIX Bakmopos U pecypcos bydym peasibHO onpeoesismb BO3MOXCHOCMU U
apdekmusHo GpopmupoBams HE0bXo0UMbIl YpoBeHb KOHKYPEeHMOCNOCOOHOCMU NPOMBbIUIIEHHO20
KOMNJIeKCa CMpPaHsbi.

Pe3ynibmamei U ux obcyxderue. [pombiwiieHHbId Komniekc Kumas uepaem BaxcHeduwlyro posib B
IKOHOMUYeCKOM passumuU Cmpadbl, obecneyusas mpems ¢opmupyemozo BBI1 [2]. [lpu smom, B
NPOMbIW/IeHHOCMU Hab1rodaemcs pocm UHHOBAUUOHHOU aKMUBHOCMU, KOMOPBbIU Xapakmepu3yemcs
KaK yBesiudeHuemM 4ucada KOMNAaHud, 3aHUMArOUUXCs UCC/Ie00BAHUSMU U pad3pabomkamu, mak u
yBesiujeHuemM yoesbHo20 Beca NOC/Ae0HUX B 0buwem Kosudecmse npeonpusmudl NPOMbILLLIeHHOCMU

(pucyHok 1).
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PucyHok 1—JuHamuka Ko/iu4ecmaa KoMNnaHud, 3aHUMAaroULUXCs UCC/Ie00B8aHUsIMU U pazpabomkamu u
ux dosiu B8 obuwiem Kosiu4ecmse Npednpusimull NPOMbIULIEHHOCMU
Kumas 3a 2018-2021 22.
VicmoyHUK: asmopckas paspabomka Ha ocHose [3].

Takxe, Kak BUOHO U3 pUCyHKa 2, Habarooaemcsa pocm obbemos puHaHcuposaHusg HUOKP, 4mo
obecneyusio NooXUMesbHyH OUHAMUKY KOJUYeCcmaad NameHMHbIX 3asIBOK, d MAKXe NPUPOCM, XOmMS U
He3HayumesibHbIl, dobaseHHOU CMOUMOCMU B NPOMBbILIEHHOCMU 3 AHAAU3UPYeMbild Nepuoo.
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PucyHok 2 — JJuHamuka 0obasneHHoU cmoumocmu, 3ampam Ha HUOKP u Kosuvyecmaa nameHmHbIX
3asA80K 8 NpoMbiwieHHocmu Kumasi 3a 2018-2021 2z,
(cmoumocmHbie nokazamesnu B yeHax 2021 e.)
VicmoyHUK: asmopckas paspabomka Ha ocHose [3].

OmoesibHo Heobxooumo ommemums pe3y/ibMAmMUBHOCMbL pAbomMbl B NPOMbILIEHHOCMU NO
€030aHuU0 HOBOU NPOOYKUUU U ee peanusayuu Kak 8 U4esioM, mak U Ha 3KCnopm (pucyHok 3). Kak BudHo
U3 pUCyHKa 3 8 yesiomM Habirodaemcs NOJIOXUMeE/IbHAs OUHaMUKa nokazamesed, Xapakmepusyroujux
pe3ysibmamuBHOCMb pabomsl B8 NPOMbIULICHHOCMU Kumas Nno Co30aHuUto HOBOU NPOOyKyuU U ee
peasuzauuu 3a 2018-2021 ee. VickaodeHue cocmassisem BbIpy4Ka om Npooaxc Hosol NnpooyKuuu,
Komopas cHuxanacb 8 2015 u 2019 22. N0 cpaBHeHUKO ¢ NPEObIOYULUMU 200aMU.
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PucyHok 3 — [JuHamuKka nokazamesied, Xapakmepusyroujux pe3yibmamusHOCmMb pabomel 8
npombiuieHHocmu Kumas no co30aHuro HoBol NpooyKuuu U ee peasiusayuu 3a 2018-2021 za.
(cmoumocmHble nokazamesnu B yeHax 2021 2.)

VicmoYHUK: asmopckas paspabomka Ha ocHose [3].

CmpyKkmypHyro nepecmpolKy NPOMbILULIEHHOCMU MOMHO ONpedesiumb KAk NPOUecc UaMeHeHUs
mexHoJs02u4eckod, ompacaesol U UHCMUMYUUOHAbHOU CMPYKMYpPbl OMPAc/au C Uesibo NOBbILUEHUS
appekmuBHOCMU U KOHKYPEHMOCNOCOOHOCMU — NPOMbIW/IEHHbIX — Npeonpusmul  Ha  OcHoBe
hOPMUPOBAHUSI  HOBbIX MEXHO02UYECKUX YK/1adoB, mMuUNoB OMpPacsiesold Cmpykmypbl U b6osee
coBepuieHHOU UHCMUMYUUOHAIbHOU CMPYKMYPbl NPOMbILIEHHOCMU. YKA3aHHbIU Npouecc O00JIKeH
CoONPoBOXOAMbCS CO30aHUEM MAKo20 MEexaHu3Ma OopeaHu3ayuu mpyooBblX, MamepuasibHbIX U
uHaHcoBbIX NOMOKOB, KOMOpPbkIU obecnequm mpaHCcoOpMayuUr Hay4HO-MexHU4Yecko2o NOMeHUUadid 8
peasibHy NPoU3BOOUMEIbHYI CUJTY, HEObX00UMbIe UHHOBAUUOHHbIE U 3KOHOMUYECKUe pe3y/ibmamab!
011 0OCMUMEHUEe BbICOKO20 YPOBHSI Me30- U MAKPOIKOHOMUYeCKUX nokasamesel npu U3MeHeHuU
IKOHOMUYECK020 U MEXHO/I02UYeCK020 YPOBHS PA3BUMUSI CMPAHSbI.

lpedcmasnieHHbIl Bbilie aHaU3 OCHOBHbIX Pe3ysibMamoB UHHOBAUUOHHOU 0esimesibHOCmuU B
npombiweHHocmu Kumas no3sosigem coeniams BbIB00 O MOM, YmMO O0dsibHelwas CmpyKmypHas
nepecmpolKka NPOMbIWICHHOCMU CMPAHbl, HANPAB/ICHHAS] HA NOBbIUIEHUE MEXHOI02UYHOCMU U
KOHKYPeHmMoCcnocobHOCMU  NPOMbILLICHHO20 KOMNJIeKCd, B COBPEMeHHbIX YC/I0BUSX pedsiu3ayuu
UHHOBAYUoHHOU nosumuku mpebyem dasibHellwe20 NoBbIUIeHUS 3pdeKkmuBHOCMU MPaHCopmayuu
HAy4YHO-MEexXHUYeCK020 NOMeHYUasa 8 pedsibHyH NPoU3BOOUMEIbHYHO CUY. POJb HAyYHO-MexXHUYecko20
nomeHyuasnaa 8 ¢opmMupoBaHuu NpPou3BoouUMesbHbIX cusl Kumas sce bosee Bo3pacmaem B CBA3U C
popmMupoBaHuUemM UHHOBAUUOHHOU MoOesiu 3KOHOMUKU CMpaHbl. [Ipedcmassissi cobold COBOKYNHOCMb
cpedcmB NPou3BOOCMBA U Ye/10BeYyecKUx pecypcos, 3aHAMBbIX B NPOU3BOOCMBE, KOoJUYeCmBeHHO
Bblpaycarowjuecs 0719 KOHKpemHo2o  npeonpuamusi B8  NPOU3BOOCMBEHHOU  MOWHOCMU,
npou3BooumesibHble CUJibl OMPAXarom OMHOWeHUe YesoBeka K npupode, 3akrodaroujeecss B
mMamepuasibHoM U OyXoBHOM OCBOEHUU U passumuu eé boeamcms [1]. B pe3ysibmame 3mo2o co30aromcs
YCI0BUSI HU3HeOeamelbHOCMU Yes108eKkd U Npoucxooum nNpouecc e20 GpopMUpPOBAHUS U pa3Bumus B
npoyecce CMeHsIHOWLUXCS X035UCMBEeHHbIX NOPSIOKOB. B cBOH o4epedb Hay4YHO-mexHUYecKut NomeHyuan
CMPaHbl €030aemcs YCUIUAMU  HAyYHO-MEexXHUYecKux opeaHusauyud, y4eHblx, uzobpemamenel u
PAUUOHAIU3AMOpPOB, C UCNOIb30BAHUEM MUPOBbIX 0OCMUMCeHUU HayKu u mexHuku. Om cmeneHu e2o
passumMus U mpaHchopmayuu B8 peasbHyro NPou3BOOUME/IbHYH CUJTY 3dBUCSM YpPOBEeHb U MemMnbl
HAy4YHO-MEXHUYECK020 NPO2PeCCd, U3MeHAemcsi CMpPyKmMypa NPOMbIU/IEHHOCMU, NOBbILIAeMCS YPOBEHb
IKOHOMUYEeCK020 pasBuUMuUsl CMPAaHbl U e€ Hay4YHO-MexXHUYeckod asmoHOMHOCMU.

Vcxods u3  cywecmsyroweld cucmembl  nokasamesel UHHOBAUUOHHOU desmesibHOCMU 8
nNpombiuIeHHocmu Kumas u ee pacCMompeHuss Kak cUcmemal, Ha 8Xo0 KOmopol Nocmynarom pecypchbl,
npeobpasyemele 8 cucmeme 8 NOJIe3HbIe IKOHOMUYECKUe U UHHOBAUUOHHbIE pe3y/ibmamal, 8 mabauye 1
npedcmasumM NOKasamesu, Xdpakmepusyroujue Hay4YHo-mexHUYeckul NnomeHyuass NPOMbILIeHHO20
KOMNJIeKca u pe3y/ibmamel e20 MpaHchopmayuu 8 pedsibHyr Npou3Bo0UMEsbHY CUY.



Tabauya 1
[Nokasame/iu, xapakmepusyroujue Hay4Ho-mexHu4eckult NOMeHuUass NPOMbILIEHHOCMU U
NnoKasameJiu, Xapakmepusyrowiue pe3y/ibmamabsl MPAHChopMayuu Hay4Ho-mexHuU4Yecko2o NomeHyuana
NPOMBbIUI/IeHHO20 KOMNJIeKCA 8 PeasibHyH NPOU3BOOUMENbHYH CUJTY

1. Mokazamenu, xapaKkmepuvIoUUE HaOYYHO-MEXHUYECKUL NOMeHULIaT VenosHoe obo-
NPOMBILUTEHHOCTIU 3HaYeHue

Konuyecmso KoMnasud, 3aFUMaUUXcd ucoledosasuamu U pazpafomyamul, ed. M1
Hona koMnasul, 3aHumariuuxes uccaedosanuanu u pazpabomeamu, % Mz
Kanu4ecmeo HaQyYHO-UCCne008dmensokux U onbIMHC-KOHCMPYEMmopcKkLUx padom,
LU, 5T
HucnedHocmes nepcodand, sadamozo HHOKE, meic. yen. M1
3ampamesl Ha HHOKP, mnapd woarel 53
Jampamel Ha BHedperue 3apyBertHEIX MEXHOM02UL, Mapd maHel g1
3ampamel Ha A0anmMauuro U VeeoeHUe UMNODMALIX MexHoao2ul, Mapd waxel 71
3ampamesl Ha NpUofpemeHUue omeYecmMBerHol MexHUKY, Mapd roaHed g1
Jampamel Ha pazpabomiy Hosoza npodykma, mapd HaHed ER

2. Mokasamenu, xapaKmepusyiouue pe3yismamsl MPaHchopmMaliiu HayuHo-mex-

HUYECK020 NOMEHYUGNT NPOMBILLLTEHHOCIU B PETEHYIO NPOUZB00UMEsHYIO LUty
JobasnerHas cmouMocms NPoMLILLAEHHoCMU, mapd waxed Mz
Konuyecmso npoekmos no pa3pabomye Hosbix NpodyKmMos, W, =z
Konuyecmso NameHmHbix 3AA80K, WM. [z3
Beipyyka om npodax Hosol npodykyul, Mapd woaded Mz
Hoxoo om akcnopmasx npodax: Hosold npodykuuu, Mapd roaHed [z

VICmOoYHUK: aBmopcKas paspabomeka.

L7199 OUeHKU B3auMOCBSA3U Mexdy NOKA3amesi MU, XapakmepusyrouwuMu Hay4Ho-mexHUYeckud
NOMeHYUas NPOMbILLIEHHOCMU U NOKA3AMesISMU, Xapakmepusyroujumu pesyibmamasl mpaHchopmayuu
Hay4YHO-MEexXHUYecko2o  NOMeHUUdsd  NPOMbIULIeHHO20 — KoMnJjiekca  Kumas B8 — pedsibHyr
npou3sBoouMesbHY CUJ1y, NPoBEedemM pacyem Ko3p@duuueHmoBs Koppenauuu Mexcoy npeocmasieHHbIMU
8 mabsauye 1 nokasamesismu, a NOJIyYeHHbIe pe3yibmamail cBedem 8 mabauyy 2.

Tabauya 2
Mampuya KoappuyueHmoBs Koppersyuu Mexoy 3Ha4eHusmMu nokazamesed, Xapakmepusyrouumu
Hay4YHo-mexHu4ecKkul NoMeHuuads NPOMbILLIEHHOCMU U pe3y/ibmdambl €20 MPaHchopmayuu 8
peasibHyr NPoU3BoOUMENbHYH CUY

Mokazamenu, [lokazamesu, Xapakmepusyrouue pe3ysibmamsl MPAHCHopMayuu
Xapakmepusyroujue Hay4yHo-mMexHu4YecKkoeo homeHyuasia npombiw/ieHHocmu 8 pedsibHyro
Hay4YHO-mexHuYeckudl NPou3BoOUMEsTIbHYK CUSTY
nomeHyua’sl 121 122 (123 [T24 [12s
npombiw/ieHHocmu
i1 -0,049 0,967 0,991 0,934 0,928
[T21 -0,133 0,937 0,973 0,882 0,878
131 0,131 0,997 0,987 0,922 0,903
[Taq 0,052 0,976 0,987 0,946 0,927
[lsq -0,058 0,942 0,974 0,968 0,947
[ls1 0,194 -0,764 -0,828 -0,765 -0,735
171 0,374 -0,793 -0,884 -0,884 -0,821
[Tg1 -0,328 0,694 0,780 0,619 0,656
[Toq 0,760 0,996 0,987 0,944 0,911

VIcmoyHUK: asmopckas paspabomka Ha 0CHOBE pac4emos.

Hanuyue ompuuamenbHbix 3Ha4eHul Ko3g@uuueHmos Koppersuuu Mexoy U3MeHeHUsIMU
3Ha4yeHul nokazamesnel, XapaKkmepusyrujumu Hay4Ho-mexHu4eckul NOmMeHyuas NPOMbILLIEHHOCMU U
pe3y/ibmamasl €20 MPAaHCopMauuu B8 peasabHyrd NPOU3BOOUME/IbHYK CUy, cBudemesbCcmayem o
HecosnadeHUU HANPAsIeHHOCMU U3MeHeHUU 3Ha4YeHul paccmampusaembix nokasamesel. mo, 8 COK
o4epedb, No3B80JIiem Coesams BbIBOO 0 HEOOCMAMOYHO BbICOKOM YPOBHE MPAHCGHOPMAyUU Hay4HO-
MexXHUYecko20 NOMeHYUana NPOMbIULICHHOCMU B PeasibHyK NPOU3BOOUMENbHYO CUJTY, YMO, Kak
npasusio, obycnosneHo cnabeiM  B3aumodedcmBuem  npeonpusmul U UHMEeIeKMYaabHO20



nomeHyuasna, HU3kol BoBIe4eHHOCMb npedcmasumesel Hay4YHo-mexHU4Yeckol cgepbi 8 Npobriemel,
peweHuss Komopbix HOCUM UHHOBAUUOHHBIU xapakmep. [lis npeodosieHus YKA3aHHbIX C0XHOCmel
Heobxooumo oasibHedwee passumue pbiHKa UHHoBAuul, popMUpPOBAHUE UHHOBAUUOHHO-NPOMBIULIEHHbIX
Kjacmepos C K/o4esol posibito CYy6beKkmos UHHOBAUUOHHOU UHGPACMpyKmypbl, npexcode Bceeo,
MEexXHONApKOoB  KAK — CUCMeMOoobpasyroujux  CybbekmoB  UHHOBAUUOHHOU — UHGPACMPYKMYyphbi,
obecnequsarouux CO30aHUe HOBbIX NPOU3BOOCMB MEXHONAPKAMU C npussieqyeHuem npedcmasumerel
Hay4yHo-mexHuveckol cgepbi [1].

[lpu 3MOM OCHOBHASI Ueslb CO30aHUS U (YHKUUOHUPOBAHUS CY6LEeKmMOoB Npou3BOOCMBEHHO-
UHHOBAUUOHHOU UHGPAcmpykmypbl SBJSEMCS  UHUYUAAU3AUUS UHHOBAUUOHHOU aKmMUBHOCMU U
UCNOJIb30BAHUS HAYYHO-MEXHUYeCKo20 NomeHyuasaa 0/ BOCNPOU3BOOCMBA YC/10BUl CyuecmBoBaHUS
YesI0BeKa U YCKOPeHUs B PAMKAX CMEHSHULUXCA 0bUieCmBeHHO-3KOHOMUYecKuUx dopmayul npoyecca
CMAHoBJIeHUs U pa3BUMUS CAMO20 Ye/10BEKA B PE2UOHA/IbHbIX COUUATbHO-3KOHOMUYECKUX CUCMeMax
Paz/Iu4HO20 YpoBHS U Macwmaba nymem BbisiB/eHUs U 06beduHeHus ycusiud, 3auHmMepecoBaHHbIX opye
8 Opyee npedcmasumesnel Hay4Ho-mexHuU4eckol cgepbi U CybbekmoB x03sa0CMBOBAHUS, 0p2aHU3aUUU
UeHMPOB  HAY4YHO-MEXHO/I02UYECKUX UCC/Ie008aHul, @uUHAHCUPyemble, npexcoe Bce2o, 3d cyem
2ocydapcmaa.

PoJib HaYy4YHO-MeXHUYeCKo20 NOMeHYyUand 8 ¢GopmupoBaHuU NPoU3BoOUMesbHbIX cui Kumas sce
bosiee Bo3pacmaem 8 853U C POPMUPOBAHUEM UHHOBAUUOHHOU MOOEsIU SKOHOMUKU CMPAHbl, KOMOopas,
B CBOKO 04epedb, B/ISemcs BaMcHelUWuM 371eMeHmomM cmpameauu Ux passumus. MHHoBauuu
6/1a20npuUsSMCMBYOM  YCNewHoMy — pasBuUMUK  CoyuanbHol, 3KOHOMuYeckod, —ynpasieH4Yeckod,
obpazosamesibHoU U Opyaux cchep Ha 0OCHOBE pas/IuYHbIX HOBOBBEOeHUU, C/y*am 0CHOBOU 0J1F CO30aHUS
KOHKYPeHmMHbIX npeumyujecms Kumas. B csoro o4epedb npobsiema cmpykmypHol nepecmpolKku
npombiwieHHocmu Kumas nymem co30aHUs pPaz/iudHbiX UHCMPYMeHmMoB MpaHchopmayuu Hay4Ho-
MexXHU4YeCcKo20 NOMeHUUasad B8 peasbHyro Npou3BoOUMeEsibHYto cuny 6ydem akmyasabHoU Ha
NPOMSIXCEHUU ewje O0UuMesibHo20 BpemMeHU B CUjy NOCMOSHHO20 Noucka b6osee coBepuieHHbIX
0p2aHU3AUUOHHO-3KOHOMUYECKUX popM B3aumodelcmBus CybbeKkmos UHHOBAUUOHHOU dessmesibHOCMU,
OMBeYaroUUX BHYMPEHHUM YCJI0BUSM pA3BUMUS CMPAHb! U COBPEMEHHbIM MeXOYHAPOOHbIM BbI30BAM.
Takxe odocmuxceHue uenell cmpykmypHoU nepecmpolKu  NPOMbILIGHHOCMU, —CBA3AHHBIX C
HeobxooumMocmbto  0dsibHele20 NOoBbILEHUS ee 3(p@eKkmuBHOCMU U KOHKYpPeHmocnocobHocmu,
npeonosiaeaem Co30aHuUe 3(pHekmuBHO20 MexaHu3Ma CmpPYKmypHbIX npeobpazosaHud. [lpu 3mom
MexaHu3M CmpyKmypHol nepecmpolKku NPOMbILIEHHOCMU OO/ eH BKIYambs B cebs makue
B3AUMOCBSI3AHHbIe 371eMeHMb], KaK PbIHOYHOE CaMope2yiupoBaHue, 20Cy0apCmBeHHOe pezyiupoBaHue
Ha MakpoyposHe U 20Cy0apCmBeHHoe pe2yiupoBaHue Ha MUKpOypOBHe.

BbiBoObI. Ha ocHoBe npoBedeHHo20 UCC/Ie00BAHUS MOXCHO COesamb BbIBOO O MOM, 4YMO
oanbHelwas cCmpyKmMypHasa nepecmpolika npoMbiuiieHHocmu Kumas, HanpasieHHas Ha nosbilueHue
MEXHOI02UYHOCMU U KOHKYPEHMOCNOCOOHOCMU NPOMbIULIEHHO20 KOMNJIEKCA CMPAHbI, B COBPEMEHHbIX
YC/I0BUSIX  peanu3ayuu  UHHOBAUUOHHOU — nosumuku — mpebyem  oasibHeliue2o0  NOBbILEeHUS
spekmuBHoCMU  MPpaHcGopmayuu  Hay4Ho-MexHUYecko2o  NomeHuuasd B8 — PeasibHyro
NPoU3BOOUMESIbHYKO — CUMY.  POJIb  HAYYHO-MEXHUYecko20 — nomeHyuana 8  GopMUpoBaHuU
npou3BooUMesbHbIX cUi Kumas sce bosee Bo3pacmaem B8 CBA3U C pOPMUPOBAHUEM UHHOBAUUOHHOU
MoOesiu  3KOHOMUKU — CmpaHbl. B cBoro  o4yepedb npobrema cmpykmypHol —nepecmpolKku
nNpoMbiwIeHHocmu Kumas nymem co30aHUss Paz/iudHbIX UHCMPYMEHMOB MpPaHCchopmayuu Hay4yHo-
MexHUYeCcko20 NOMeHuUaad B8 peasbHyro Npou3BOOUMEsbHY Ccuay bydem akmyasabHoU Ha
NPOMSXCEHUU euwje OUuMesibHo20 BpemMeHU B CUjy NOCMOSHHO20 NOUCKa b6oJiee CoBepuleHHbIX
0P2aHU3AUUOHHO-3KOHOMUYECKUX popm B3aumooelcmaus CybbeKkmoB UHHOBAUUOHHOU desmesibHOCMU,
OMBEeYaroUUx BHYMPEeHHUM YC/I0BUSM PA3BUMUSA CMPAHbI U COBPEMEHHbIM MeOyHAPOOHbIM BbI308AM.
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Abstract

The work is devoted to the problem of activating interest in the study of the discipline Higher
Mathematics by chemistry students. A number of problems from the section Ordinary Differential
Equations with chemical and biological content and their solution are given, including using the
Wolfram Mathematica. An approach is proposed that combines, along with mathematical
methods, the capabilities of modern computer technologies. The problems of the development of
a coronovirus infection, the transition of a substance into a solution, the decay of a radioactive
substance, the filtration rate of a chemical solution, and the equilibrium of the glucose content in
the body are analyzed in detail.

Keywords: problems with chemical content, the law of the transition of a substance into a
solution, the decay of a radioactive substance, the development of a coronovirus infection.

1. Introduction

One of the basic disciplines for students of chemical and biological specialties is Higher
Mathematics. Therefore, the problem of selecting practical problems with chemical and biological
content and developing methods for their solution, taking into account modern trends in the
development of computer technologies, remains relevant [1]. Based on our own experience, we present
several problems from the section on Ordinary Differential Equations, in the preparation of which
students also participated. Along with a purely mathematical approach to solving such problems, the
features of the Wolfram Mathematica are also presented here [2] for a more detailed study of chemical
and biological processes modeled using the corresponding equations. The problems of the development
of a coronovirus infection, the transition of a substance into a solution, the decay of a radioactive
substance, the filtration rate of a chemical solution, and the equilibrium of the glucose content in the
body are analyzed in detail.

2. The process of development of coronovirus infection.
Describe the development of a coronovirus infection if the COVID 19 virus that causes it reproduces

at a rate proportional to Ky and dies at a rate proportional to K, , and the initial amount of the virus at
the moment ty is Y .
Solution. Let 'y =y(t) be the value of the population of COVID 19 viruses at time t. Then the
population growth Ay over a short period At will be
Ay =k yAt —k, yAt = (k; —k, ) yAt .

We divide both parts of the last equality by At, as a result we get % = (kl - k2) y . Further, in

both parts of the obtained equality, we pass to the limit at At — 0. As a result, we obtain the equality

lim Ay = lim ( kl—kz) y oY :(kl—kz)y (a first-order differential equation with separable
At—0 At At—0

variables). We solve it using the Wolfram package.



From the condition we have that at the initial time to the amount of the virus is yo, hence y[0] = yo
. After that, it is possible to use the built-in operator for solving differential equations with the joint
solution of the Cauchy problem DSolve[].

DSolve| { y'[t]=(k1-k2)*y[t], y[0] = yo}, y[t].t |/ /Simplify.

out: {{ y[t]— glkik2) yO}} .

As a result of compilation, we have the dependence of the amount of virus on time, expressed by
an exponential equation that looks like:

ki-k2)t

y(t) =elkAty

3. The process of a substance going into solution.

Consider the process of transition of a substance into a solution. It is known that at a fixed
temperature, the amount of a substance contained in a given volume of solvent cannot exceed a certain
number P, determined for a saturated solution of each substance. It is also known that as we approach
a saturated solution, the amount of a substance passing into solution per unit time decreases. In other
words, the more substance passed into solution, the slower the transition rate. The task is to obtain,
under the specified conditions, a formula describing the process of transition of a substance into a
solution.

Solution. Let X (t) be the amount of a substance that has gone into solution by the time t. Then
X'(t) is the transition rate, and according to the conditions of the problem, we can write: X'(t) = ¢(X)
, where @(x) — 0 at x — P (x < P). Experiments show that for many substances the function ¢(X) is
proportional to the difference P—x, i.e. ¢(x)=k(P—x). Then X'(t)=k(P—x), where k (k >0) s
the coefficient of proportionality. The last equality can be written as X'(t) +kx=KkP. This is a
nonhomogeneous linear differential equation of the first order. To solve the Cauchy problem, we
determine the initial conditions, let be ty the moment of time from which the process of transition of
the substance into the solution began, it is obvious that X(ty) =0. Then we use the Wolfram package to
solve the differential equation with known initial conditions.

DSolve[{x [t] + kx[t] == kP, x[t0] == 0}, x[t], t]//Simplify .

out: {{x[t] > P—e*C"10p}}.

Using the simplest transformations, we obtain the equalities

X(t)=P(1-e )}, (1)

The values of k and P in formula (1) are determined by the properties of the solute and solvent. It
can be seen from (1) that for any k >0 and P the value X (t) — P, ift > oo the form of the function

X (t) is in good agreement with the experimental data. Therefore, formula (1) can be considered as the
law of the transition of a substance into a solution.

4. The decay of a radioactive substance.

There is some radioactive material. It is known that after 30 days 50% of this substance decays. It
is required to determine after how many days 1% of the original amount of the substance will remain.

Solution. When solving the problem, the law of radioactive decay is used.: the amount of radioactive
substance decaying per unit time is proportional to the amount of this substance available at the moment
in question.

Let Q(t) be the amount of radioactive material at time t after the start of decay. Over time, the

substance At breaks down Q(t) —Q(t + At) . /n accordance with the law of radioactive decay, we have

Q) —Q(t+At) _
At =kQ(b),




where k is the coefficient of proportionality. Passing in this equality to the limit at, At — 0, we obtain
the differential equation

dQ
-~ — kO,
dt Q
Using the example of this problem, we will consider in detail the solution algorithm using the

Wolfram package.
To solve the differential equation, we assume that at the initial moment of time the amount of
radioactive substance at the initial moment of time is equal to Q [0] = Qo. Then we use DSolve []

DSolve[ {Q'[t] =—kQ[t],Q[0] =Q0},Q[t].t ], out: {{Q[t] - e‘thO}} .

We solve the equation using the values \u200b\u200bknown from the condition “after 30 days
50% of the substance decays”, using the Solve operator [], finding solutions in real numbers, using the
Reals function.

Solve| 'Q0 —1/2Q0,k, Reals |/ t->30, out: Hk N —'Ogc[)z]}} .
We solve the resulting equation
t— M I k— log 2] 2] ,out: t — 3010g|100] [100]

k 30 log|[2]

Using the operator N [%] , we find a numerical approximation of this expression.

N[%], out: t —199.31568.

We get the answer: after = 199 days, 1% of the original amount of the substance will remain.
Next, we build graphs of the behavior of undecayed matter in time.

k= |ogc[)2]; Q0=1; Plot| {¢™Q0, ™! *1.5,e ™! *0.5},{t,0,200},

PlotLegends — > {e"‘tQO, e Kt*15 ekt *0.5} ,AxesLabel — > {t, Q[t]}} .

On fig. 1- 2 are graphs showing the process of decay of a radioactive substance over time.
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Fig. 1. The process of decay of a radioactive substance in time (0-200 days)
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Fig. 2. The process of decay of a radioactive substance in time (180-220 days)

5. Chemical solution filtration rate.

A vessel containing 10 liters of water is continuously supplied with a solution at a rate of 2 liters
per minute, each liter of which contains 0.3 kg of salt. The solution entering the vessel is mixed with
water, and the mixture flows out of the vessel at the same rate. How much salt will be in the vessel
after 5 minutes?

Solution. Let us take time t as an independent variable, and the amount of salt in the vessel t
minutes after the start of the experiment as the desired function y(t). Let's find how the amount of salt
will change over the time interval from the moment t to the moment t + A t. In one minute,
2 liters of solution enter the vessel, and in A t minutes — 2At liters; these 2At liters contain 0.3-2At = =
0.6At kg of salt. On the other hand, during the same period of time At, 2At liters of solution flow out of
the vessel. At the moment t, the entire vessel (10 ) contains y(t) kg of salt, therefore, 2At liters of the
outflowing solution would contain 0.2At y(t) kg of salt if the salt content in the vessel remained
unchanged during the time At. But since during the specified time it changes by a value that is infinitely
small at A t— 0, then the resulting 2A t liters contain 0.2A t (y (t) + a) kg of salt, wherea— 0 at A t —
0.

Consequently, the solution entering during the time interval A t contains 0.6A t kg of salt, and the
outflowing solution contains 0.24 t (y (t) + a) kg.

The increment in the amount of salt during this time y (€ +A t) - y ( t ) is equal to the difference
between the found expressions, i.e.
yE+At) -y (t)=0.6At-024¢t(y(t)+a)
where a— 0 as A t — 0. Divide both sides of the resulting equation by A t and pass to the limit as A £ —
0, we get: y'(t) =0,6-0,2y(t).
The resulting differential equation is solved using the Wolfram Mathematica, taking into
account that the amount of salt in the initial period of timeisy [ to] = 0.

DSolve[{y Tt] == % - % y[t], y[0] == O}, y[t],t]/ /Simplify, out: {{y[t] > 3—-3e™"°}}.

Find the amount of salt at time t =5 s.

Solve[y ==3— 3e75, y,Reals]/t — 5;N[%], out: {{y — 1.896361676485673}}.
We get the answer: in five seconds in the vessel it will be equal to Y =1.9 kg.

Below is a graph of the mass of salt in solution versus time:

Plot[3—3e> {t,0,30}, PlotLegends — {3—3e %'}, AxesLabel — {t, y[t]}]
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Fig. 3. Chemical solution filtration process in time

6. The equilibrium content of glucose in the body
The introduction of glucose into the circulatory system is an important medical procedure. To study

this process, we define the function y =Yy (t) as the amount of glucose in the blood at time t. Assume
that glucose is injected into the blood at a constant rate v (g/min). At the same time, glucose decomposes
and is removed from the circulatory system at a rate proportional to the amount of glucose available.
Let v, be the rate of removal of glucose from the circulatory system and 'y (O) =Yy be theinitial amount
of glucose in the blood. The task is to analytically describe the process of glucose feeding and find the

equilibrium amount of glucose in the blood.
Solution. According to the condition of the problem, the rate of change in the amount of glucose

in the blood y' (t) =V-—V,. Also, by condition, the rate of removal of glucose from the circulatory system
vy =ky(t), where k is a positive constant. Then y'(t)=v—ky(t) or y'+ky=v. As a result, a non-

homogeneous linear differential equation of the first order was obtained.
DSolve[{y [t] == v -k y[t], y[0] == yO}, y[t].t],

out (Y] > SV T(kt vrkyOhyy

The method for solving such equations is studied in detail. The solution looks like: y = Ce ™+ %

We express the constant C in terms of the initial amount of glucose in the blood y (0) =Yo. Whent=0

from the general solution it follows: y, =C + % From where C =y, —% and then the general solution

. v AN o .
can be written in the form y(t)= E{yo _E)e Kt From the last equality it can be seen that with

v
increasing time the value y(t) approaches the limit g This is the equilibrium amount of glucose in the

blood.

7. Conclusion

It should be noted that the solution of practice-oriented tasks related to the direction of the future
specialty of students significantly activates their interest in obtaining solid mathematical knowledge.
Demonstration of the capabilities of computer technologies for solving applied problems allows one to
form professional competencies at the early stages of training in the chosen specialty.
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Abstract

Background:

Since the beginning of the global COVID-19 pandemic caused by the SARS-CoV-2 virus, data
on kidney damage in children began to appear in the world literature along with damage to blood
vessels, lungs, and heart. The frequency of kidney damage in COVID-19 in the observations of
different authors ranges from 5% to 35%. The authors' research data indicate that in the pediatric
population the kidneys are a target organ for a new infection. Kidney damage associated with
COVID-19 (SARS-CoV-2) in children has a variety of manifestations from isolated urinary syndrome
in the form of proteinuria and hematuria to acute kidney damage [1-4].

According to most authors acute renal injury (AKI) of various stages developed most often in
COVID-19 according to KRIGO criteria and manifested itself in the form of proteinuria, hematuria,
nephrotic syndrome, thrombotic microangiopathy [2-3, 5-9]. Other observations included
glomerulonephritis: acute necrotizing glomerulonephritis, MPO-vasculitis and collapsing
glomerulopathy, hemolytic-uremic syndrome [4, 10]. Patients with multisystem inflammatory
syndrome (MIS) had more severe kidney damage with the development of multiple organ
dysfunction syndrome associated with higher chances of death [2, 5, 9, 11-14]. There is evidence
of severe AKl in children with chronic kidney disease, arterial hypertension, immunodeficiency, who
underwent parenchymal organ transplantation [6].

In most cases AKI was predominantly of prerenal origin, characterized by a mild course and
rapid recovery of kidney function without special renal therapy [3, 12, 14]. A number of authors
note that severe renal damage in COVID-19 correlated with the development of chronic renal
failure and other complications of the disease, with a higher mortality of patients [2, 5, 8, 10].

It is generally accepted that the long-term prognosis for children who develop AKl as a result
of COVID-19 or MIS-C is not yet clear [3, 9, 10, 14]. A clinical case is described of the onset of
nephrotic syndrome which developed 2 weeks after a coronavirus infection [3]. Therefore, long-
term monitoring of kidney function in children with COVID-19 is required for early detection of
latent renal pathology and prediction of disease outcomes. All of the above determines the
relevance of our research.

Objective: Estimate the dispositionof kidney damage in children with COVID-19.



Methods: A retrospective study of children aged 0 to 18 years old who entered the children's
hospital of Karaganda city from March to December 2020 was carried out. SARS-CoV-2 RNA was
detected in all patients using polymerase chain reaction of which 92,4% of cases were treated for
the respiratory tract, 7,6 % - multisystem inflammatory syndrome (MIS).

Changes were studied the kidneys detection in 105 children. All children are evaluated for
acute kidney injury (AKl) according to the KDIGO criteria. The data of the anamnesis and
catamnesis, the definition of signs of the disease and possible laboratory data were evaluated:
creatinine level, creatinine clearance, urine analysis, urinary sediment microscopy.

Results: The study showed that in 105 children with suspected COVID-19 42.9% (n = 45)
were diagnosed with acute kidney injury (AKl). The prevalence by age group was distributed as
follows: children under the age of 3 years - 53.3% (n=24), among children from 3 to 7 years- 11.1%
(n=5), from 7 to 18 years - 35.6% (n = 16).

In 24.4% of patients (n = 11) upon admission stage 1 AKI was diagnosed according to KDIGO
criteria and an increase in serum creatinine from 52.5-112 umol/l, creatinine clearance was
detected from 47.85 to 102.75 ml/l min/1.73 m?. Correlation of kidney manifestations with the
severity of COVID-19 was not observed: in children with mild course it occurred in 6.7% (n = 3),
with moderate severity of the disease in 84.3% (n = 38), and in severe degree in 4.5% (n = 2). In
addition signs of AKI were noted in 4.5% of patients with MIS (n = 2), and their weight share was
detected in 25% of all children with MIS (n = 8).

In 88.9% of children (n = 40) elevated creatinine levels are asymptomatic, manifested by
manifestations in the form of pastosity in 11.1% (n = 5) of children. Proteinuria was noted in 8.9%
of patients (n = 4) and was regarded as minimal (up to 1 g/l/day), hematuria in 2.2% (n = 1).
Basically the urinary syndrome manifested itself in the form of inflammatory changes: leukocyturia
in22.2% (n = 10), bacteriuria in 6.7% (n = 3), as well as the presence of insignificant microlithiasis
in 22.2% (n = 10) of which oxalates in 15.6% (n = 7), phosphates in 2.2% (n = 1), urates in 2.2% (n
= 1), oxalates + uratesin 2.2% (n = 1).

Renal damage were characterized by a rapid recovery of azotemia and urinary syndrome
without any of renal therapy by 2-5 days of hospitalization, and all patients had a complete
recovery of kidney function by the time of discharge. There were no fatal outcomes.

The study of the patients' anamnesis showed that before admission to the hospital, the
absolute majority (97.8%) had not previously been observed for kidney pathology. Only 1 child
(2.2%) had a history of congenital kidney pathology in the form of congenital hydronephrosis.

Subsequent observations within 2 years after the illness showed that in 68.9% of children (n
= 31) were observed no pathological changes in the urine analysis. The other children (n = 14) did
not undergo a follow-up examination by a primary health care doctor and did not pass a urine
test. The level of creatinine after discharge from the hospital was detected only in 26.7% of
children (n = 12), it was within the reference range. However, the relatively small sample size of
patients and insufficient monitoring after discharge from the hospital do not allow us to judge the
long-term prognosis of kidney damage in children.

Conclusion:

1. The acute kidney injury develops in almost half of patients with children with coronavirus
infection in the first days of the disease.

2. Children under the age of 3 were the most susceptible to the implementation of AKI -
53.3%.

3. AKl was characterized by a transient progress with rapid normalization of urine analysis
and level of creatinine.

4. Children who have had AKlI due to COVID-19 infection require long-term monitoring of
kidney function.

Keyworlds: COVID-19, acute kidney injury, children, creatinine.
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P03BUMOK CYCNiZIbCMBA KOXHOI 0epyasu HA OCHOBI BUMO2 eKOJI02i4YHOI akciomu Cy4acHOCMI,
BU3HAYAE CYMHICMb  €KOsI02iYHOI CcBI0OMOCMI 2pomMadsiH.  EKosoeiyHi Hebesneku, sKi iCHyromb Y
CbO2OOHIWHIX YMOBAX, € Pe3yIbMAmMOM HU3bKO20 PIBHA €KOJI02i4HOI KyIbmypu MUHy1020. JIodcmBso, 3a
CBOHO 0aBHIO icmopito BUNPobYBaAio | nepexcuso 6azamo NPUPOOHUX | COUIQIbHUX Kamak/ii3mis:
KamacmpogiyHi KaiMamuyHi 3MiHU, BesluKi nocyxu | noseHi, 3emmempycu U enidemii. Biobyiucs
opamamuyHi NoOii B COUIAILHO-NOMIIMUYHOMY acnekmi. L{i, ma iHwi He2amusHi ¢akmopu, 30Kpema,
BNJIUBY IX HA NPUPOOHE OMOYeHHs, Bce bisibll ACKPABO NPOSBJISHOMBCS HA 371amMi MUCAY0/1imb. HUHI,
Ha3BaHi npobiemu Hocsimae 2/106a/1bHUG XapaKkmep, 3a2POXCYHOMb CAMOMY ICHYBAHHIO JIFOOCMBA B Yi/IoMy.

CBO€EH BUPOOHUYOH OiSiIbHICMI, BMPYYAHHAM Y NPUPOOY JIHOOUHA HEYCBIOOMIEHO BNJIUBAE HA
302a/IbHONJIAHeMHI YCUMMEBO BAXUIUBI PIBUKO-XIMIYHI, 2€0/102i4HI, KAIMAMUYHI | eKoI02ivHi 38'3KU.
Mopywyrombcs | pyUHYrOMbCS 38'A3KU BCIEI cucmemu XummesabesnedyeHHs naaHemu. PydHauii
nidoarombca uisi ekocucmemu: dedasi yacmiwe 3amicms NPoOYKMUBHUX 6i02eoyeH03iB Ha NOBEPXHi
nJaHemu 3'9878t0MbCA nycmest, abo epoMi3oKi YpbaHicmuy4Hi ymaBopeHHs. | akwo mod yu [Hwud
bionoeiyHul BUO — 3a BCli€l He3BopomHocmi (020 Bmpamu - moxe bymu, 6odal meopemuyHo,
KOMNeHCoBaHul, mo BmMpama ekocucmem HisKill KoMmneHcauii- He niosgeae. Tum 4acom HeamuBHi
npouecu, Wo MopKarombCsa Makux ob'ekmis, K rpyHm ma ammocgepa (Hanpuksiao, 0ecmpyKuisi rpyHmy
i pylHYBAaHHSI 030HOBO2O WIAPY AMMOCHEepU), cmassismes nid 3az2po3y iCHYBAHHS HABIMb HAUb6ibWOI
ekocucmemu — camoi biocgpepul [2, c. 650].

CyyacHa cucmema HAauioHaabHOI OCBIMU CNPAMOBAHA, 30Kpemd, Ha 3abe3neyeHHs Nio20moBKU
M0J100020 NOKOJIIHHS, CNPOMOXHO20 BUUMU 3/ CMAHy eKosI02i4HOI Kpu3u, Nodoaamu CnoXuBaybke
cmasieHHs1 00 NPUPOOU WJTIXOM POPMYBAHHS HOBO20 eKOUEeHMPUYHO20 PO3YMIHHS B3AEMOBIOHOCUH MiXC
JIOOUHOO | Q0BKIJIZIIM. 3BAX(AOYU HA Ue, eKosI02iYHa ocsima 8 Hawid oepxcasi Habysae ocob/iusoi
akmyasbHocmi i nompebye SKICHUX 3MiH, HOBIMHIX MemodiB i NiOX0diB, BUKOPUCMAHHS 3apybixHO20
neodazoziyHo2o docaidy. [4, c. 104].

B cucmemi HenepepsHoI ekoJ102i4HOI 0CBIMU BUWA WKO/IA AKMUBHO 00/1y4AEMbCS 00 NOWYKY Ma
pO3pobieHHs]  IHHOBAUIUHUX ¢GopmM | MemoOuK eKoJsI02i4HOIT OCBIMU BUXOBAHHSA K [HCMPYMeHm
NIOBUWEHHS eeKmMUBHOCMI 0CBIMHb0O20 NPOUECY MA POPMYBAHHS 0COOUCMOCMI - HOCIA eKO102i4H020
csimoenady. DopmyBaHHS B8 CMYOeHMCbKOI M0100i OCHOB 2/1006a/IbHO20 MUC/IeHHS MA eKO0J102i4HO20
cB8iMo2ssidy, 0B0/I00IHHSI 3HAHHIMU MA NPAKMUYHUMU BMIHHS PAyiOHA/IbHO20 NPUPOOOKOPUCMYBAHHS],
BUXOBAHHSA NOYYymMmMSs BiONoBI0asbHOCMI 3a NpUpody SK HAuioHA/bHe 6azamcmBo, OCMUCTEHHS
CY4acHo20 Npouecy Cmasozo po3BUMKY CYCNi/IbCMBA € 3aBOAHHSIMU eK0J102iYHOI ocBimu Y BUWIU WKOJII.
3 yiero memoro Bi06YBAEMbLC BOOCKOHAIGHHA HABYA/bHUX NJIAHIB, BNPOBAOMEHHS IHMepakmuBHUX
Memo0iB BUKIAOAHHS, 3-NOMIXC AKUX BAXUIUBE MicUue NOCIOaE NPOeKMHA MexHOI02IA.

Memod npoekmis, AKUU HUHI GKMUBHO U YCNIWHO BUKOPUCMOBYEMBLCA B 3apybixcHIt ocsimi,
3006y8 BeJIUKY NONY/IAPHICMb | B YKPAiHI 3aBOSKU pauioHAIbHOMY NOEOHAHHIO MEopPemuYHUX 3HaHb ma
IX NPAKMUYHO20 3aCMOCYBAHHS 0J11 BUPIUIEHHSI KOHKPemHUX NpobJiem.

[Mepesazoro 3a3HA4YeHoi' MexHo02ii € HaBYaHHS cmydeHmis camocmiliHo 3006yBamu 3HAHHS Ma
BUKOPUCMOBYBAMU iX Y NPAKMUYHI QisIbHOCMI. Y KOHMeKCmi ekos102i4Hoi nid2omoBKu, Hacamnepeo B
CMy0eHMCbKoI M0s100i, ocobsiuge Micue MAae UiIecnpaIMOBAaHe BUXOBAHHS eKOJI02IYHO 2PAMOMHUX |
Bi0nosioaabHUX Jroded, Wo NOCMItHO Ma cUCMemMamu4yHo NONOBHIOMb CBOI 3HAHHSA. TAKUM YUHOM, HA
Memoo NpoeKkmis B8 0CBIMI NOKIA0Aromb BesIUKY POJib, NOB'S3AHY 3 MOMUIUBICMIO Op2aHi308yBAMU



HABYAHHA B Npoueci 0ig/IbHOCMI, 30Kpema U camocmiliHy pobomy, po3BuUBAMU BMIHHS [ HABUYKU
NPAKMUYHO20 BUPIUIEHHS #UMMEBO BAX/IUBUX 3ABOAHB.

Ap2YMeHmMOoBAaHI NPUYUHU BUKOPUCMAHHS 0dHO20 Memody Y OCBIMHbOMY NPOUEC], BKA3AHI
NO3UMUBHI | He2amuBHi CMOPOHU , OCHOBHI NIOX00u [ npuliomu opeaHizauli camocmiliHoi pobomu
cmyoeHmiB Yepe3 NpoekmHy OisIbHICMb Y NPOUECI BUBYEHHS eKosio2il. [JoBedeHo pe3y/ibmamusHICmb
3dCMOCYBAHHA Memody NPOeKmiB y popMyBaAHHI €K0102i4HOI KoMnemeHmHOoCmi cmyo0eHmis.

AKMYyanbHicCMb BNPOBAOMHEHHS Memody NPoeKmis 8 OCBIMHIU npouec 06YMOBJIHOEMBCS PSIOOM
NPUYUH, cepeo AKUX :

1) Has4yumu 3006yBamu 3HaHHA CamMoCmilHo;

2) camopearizauisa cmyoeHma;

3) opieHmauis cmydeHma Ha CMBOPeHHS KiHueB020 NPOOYKMY, a He Ha NPOCME 3ACBOEHHS 3HAHb,

4) akmyanizauia KoOMyHIKamuBHUX HaBUYOK, BMIHHS KOPUCMYBAMUCS 00C/TIOHUULKUMU MemMooamu;

5) nocunenrHs iHousidyanizauii npouecy Has4aHHs;

6) MOMUIUBICMb KOXCHOMY YY4ACHUKY BIOYYMU BJIACHY 3HAYYWICMb | HEObXIOHICMb Y BUKOHAHHI
3d2a/ibHOI cnpasu.

3a cnosamu |.€pmakosa, mMemod npoekmiB ue «iHCMPYMeHm, SKUl CMBOPIE YHIKA/bHI
nepedymMoBuU 0/ PO3BUMKY KJIKOYOBUX KOoMNemeHyit (couiasibHux, NosiKybMYpPHUX, iHopMauitHuX,
KOMYHIKGmuBHUX mi iH.) i camocmitiHocmi Y4HS B OCS2HEHHI HOB0O20, CMUMYJIOYU (1020 NPUPOOHY
donumsusicme ma mseopyulti nomeHyian» [1].

Ha Hawly 0yMKYy, BUKOPUCMAHHS Y HABYA/IbHOMY npoueci Memody npoekmis 003B0/ISIE BUPILUIUMU
PA0 HACMynHUX 3aB0AHb: No2IUbUMU 3HAHHA CMYyOeHmMIB nid Yac camocmiliHoi pobomu Hao NpoeKkmom;,
PO3BUHYMU J102i4HE MAa KpUMUYHE MUC/ICHHS, COPMYBAMU NPAKCe0s102i4Hi BMIHHS. [JaHul memod mae
BesiuKi nomeHUitiHi MoxiuBocmi 015 6iibl N02IUbIeHO20 BUBYEHHS HABYAIbHUX OUCUUNJIIH, 30Kpemda,
ekoJsioeii, (oOpMYBAHHS eKOJI02IYHOI  KOMNemeHmMHOCMI, NiOBUWEHHS [Hmepecy 00 HABYasIbHOI
oucyuniHU.

3acmocysaHHs Memody NPoekmis Yy ¢opMyBaHHI eKos102i4HOI Ky/ibmypu cmyo0eHmis Nosiseac B8
peanizauii makux HasyasbHUX 3aB0aHb: HABYMMS, 3AKPINJIeHHs, | NOWUPEHHS 3HAHb, 3aJ1y4eHHS
cmyoeHmiB 00 NPAKMUYHOI OifIbHOCMI W00 BUPIWLEHHS eKo102iYHUX Npobem, popMyBAHHS UiTICHO20
VSBJIeHHA NPO NPUPOOY, MPYHMOBHUX 3HAHb NPO B3AEMO3B’A3KU Y cucmemi «IHouHa — npupood —
CYCNiZIbCMBO», PO3BUMOK O00C/IOHUULKUX YMIiHb CmMyO0eHmIis; 0B80JI00iHHA HOPMAmMu NpasusibHoOI
nosediHKu 8 00BKI/I/I, CYCNi/IbCMBI; BUXOBAHHSA BI0N0BIOA/ILHOCMI 3a SAKICMb Cepedosulld, pO3BUMOK
emMouitiHoOi ma Bo/1bOBOI cghep ocobucmocmi; nepedbadyeHHs HAC/IOKIB CBOEI eK0102i4HOI" QiSIbHOCMI;
PO3BUMOK B/IACHOI HiuiamuBu, camocmitHocmi. [3, ¢. 202].

3assuyad, ekosoei4HuUll NpoeKkm BUKOPUCMOBYHMb K BapiaHmM NpoBedeHHs NiIOCYMKOBUX 3aHSMEb,
ke 00380/15€ b6iibw 2/1ub0KO 3aCB0IMU HABYAIbHUU Mamepiari.

[IpoBedeHHs npoekmHoI 0ig/IbHOCMI BUMA2A€E pemesibHOI NiI020MOBKU BUK/IAOAYd, KA NOJIA2AE Y
BU3HAYEHHI!

- AKMYyaibHUX Ma 3Ha4yujux 3 eKoJ102i4Hoi moYKu 30py mem i npobsiem 07151 NpoeKkmis,

wo nompebyroms 00C/TIOHEHHS,

- CMPYKMYypU eKos102[4H020 NPOeKmy;

- ns1aHy 0ill 000 BUPILLEHHSI eKo102i4HOI npobiemu;

- BIONOBIOHOCMI MeMu eKos102i4H020 NPOeKMY [HMepecam i MOXJIUBOCMSIM CMYyOeHmis;

- Memo0iB po38’A3aHHS BU3HAYEHUX 3aB0AHb (8 MOMY YUC/I OOC/IOHUUbKUX).

Poboma Hao eko/02i4HUMU HABYAIbHUMU NPOEKMAaMU BUKJIUKAE Y CMYyOeHmiB NeBHI MpPyOHOW],
NPUYUHOH AKUX € HedocmamHs 6a3a 3HaHb Ma YMiHb IHHOPMAUitHO20 NOWYKY, A MAKOXC BiOCYMHICMb
docsidy BUKOPUCMAHHS 00C/TIOHUUBLKUX Memodis 8 06pobui iHgpopmauii.

Y nedaeoaiyHiti nimepamypi 00CAIOHUKU BUOIISHOMb HACMYNHI OCHOBHI emanu op2aHizauii
npoekmHoi" disizibHOCMI:  nideomosyul, Npakmu4yHul ma 3akao4HUl. Ha KoxcHomy 3 emanis
30ilicHrorombCa nesHi Budu pobim 3 60Ky Bukiadada. Biomak, Ha nidczomos4yomy emani 8i06yBaembCs
BUbIp MeMamuKu, BU3HAYEHHS Memu, CMPYKMYpPU eKoJI02i4HUX NPOEKMIB; KOHCY/IbMYBAHHS CMyoeHmIB
wodo epekmusHux cnocobis 36upaHHa U aHanisy HeobxiOHOI iHgopMauii: NAAHYBAHHA MOXUIUBUX
pe3y/ibMamis eKkos102[4H020 NPOEKMY,; BU3HAYEHHS KPUMEPIiB OUiHOBAHHS 0ifg/1bHOCMI CMYyO0eHmIB.

Ha npakmuyHOMYy emani BUKAA0a4y CMUMYJIHOE NPOEKMHY Oif/IbHICMb, CNPAMOBYE pobomy
cmyoeHmiB Ha 00CA2HEeHHS pe3y/ibmamy, KOHCY/IbMye CmyoeHmiB wo0o aHasnizy ma cucmemamu3auii
iHpopmauii, 30ilicHOE Odonomozy B MOOE/IHOBAHHI  Pe3y/IbMmamis  eKos102i4Ho20 Nnpoekmy ma
dopMYIOBAHHI BUCHOBKIB.



3akro4HUd eman xapakmepuyembCs Nid20MOBKO CmMyoeHmIB 00 npe3eHmauli eko102i4Ho20
npoekmy. Ha ubomy emani cmyoeHmu 38imyroms NPO pe3yibMmamu CBOEI 0ig/IbHOCMI, 20MyroHU CXemu,
mabsuul, diaepamu, eKosio2iYHi Kapmu ma npeseHmauii, BHOCAMb B71ACHI NPONO3UUi U000 BUPILUEHHS]
eKos102i9HUX NPobJIeM, WO 0OC/TIONCYBAUCH.

EKos102i4HUl NpoeKm 0popmMIHoeEMbCA Y 00BITIbHIU OPMI B 3a1e3HOCMI BI0 MBOPYO20 NOMeHUiany
cmyoeHmiB.

OCKifIbKU 3axXUcm eKoJ102i4Ho20 npoekmy Bi0byBaemscsa 8 NYOIYHUX YMOBAX, MO BAXJIUBO YIMKO
BUK/IACMU OCHOBHY i0er0 CBOEI pobomu, npusepHymu yBazy NnpPUCymHix 00 06paHoi ekoso2iyHol
npobsiemu, npasusibHO, ApeyMeHmoBsaHo Bi0Nosidamu Ha NOCMAsJIeHHI ayoumopiero 3anumaxHs. Ha
UbOMYy emani NpoekmHoi OisiIbHOCMI BUKIA0AY AHA/IBYE BUKOHAHy Pobomy, OUIHKOE pe3ysibmam
npoekmy 3a po3pobieHumMu Kpumepisimu.

Obuparoyu memamuky eKoJI02iYHUX NPOeKMIB BUKAAOa4esi C/1i0 OpieHMYBAMUCS HA COUia/IbHY
3Ha4ywicme Npoekmy, ii NpakmMuyYHUl 38 'A30K 3 ¥cummsiM. Baxiuso, w0b BOHA rpyHMYBAaacs Ha Mmux
eKkoJ102i4HuUX Npobemax MicyeBocmi, SKi 3MOXCymb NOPYLIUMU CMYyOeHmU ma po3s‘a3amu camocmitHo.

Y npoueci camocmitiHoi pobomu cmyoeHma Hao CMBOPEHHAM eKOJ02i4HO20 NpoeKkmy CJiio
dompuMyBamMuUCb NesHoi cmpyKkmypu: Bubip memu npoekmy, Nnpobriemu, O0C/IONYBAHOI B Mexax
BU3HAYeHOI" MemMamuku, 0b6paHHs MOXJIUBUX MemodiB OOC/IIOMEHHS, NOWYK [Hpopmauii; npoBedeHHs
NPOoMiXHUX 0620B0peHb OMPUMAHUX pe3y/IbMmamis; 3axucm eKos102i4H020 NPoeKkmy, 062080peHHS Ma
OUiHKA BUKOHAHHS NPOeKMmy.

Poboma Hao ekos02i4HUMU NPOeKMAamu Mae 8ionosioamu HacmynHUM BUMO2AM.

- HasBHICMb 3HAYyW0i 8 00C/IIOHUULKOMY, MBOPYOMY NJIAHI Npobaemu;

- camocmiliHul xapakmep 0ifg/ibHOCMi BUKOHABUIB,

- BUKOPUCMAHHSA 00C/TIOHUUbKUX Memo0iB;

- HasIBHICMb YiMKO 0peaHi308aHo20 niaHy pobomu Hao NPOeKMoM;

- PIKCYBAHHSI NPOMIDKXHUX pe3y/ibmamis;

- HABYAJIbHA MA NPAKMUYHA UiHHICMb OMPUMAHUX pe3y/ibmamis.

SAK c8i04uMb NPAKMUKA, Memo0 NPOeKmis, 3aCMoCcoBaHull Npu op2axizauii camocmitiHoi pobomu
cmyoeHmiB, CNPUSIE BUPILIEHHIO HACMYNHUX Neddzo2i4HUX 3aBOAHb:

- aKMUBI3ye KpeamuBHe MUC/IeHHs, Nno36asnsie Bi0 penpodyKmusHOCMI B 0isX, CMUMYJIHOYU
doCniOHUUbKI Hasu4yku pobomu npu NPoeKMYyBaHHI (3bupamu ma aHanizysamu iHgpopmauiro, Bucysamu
2inome3u, pobumu BUCHOBKU);

- HA0Aae MOXCIUBICMB CMYOeHMam 8io4ymu NPAKMUYHE 3HAYeHHS eK0J102i4HOI" 0cBImu;

- opMyE YMIHHA Ma HABUYKU 3aCMOCYBAHHS | BOOCKOHA/IEHHS eKOI02IYHUX 3HAHb;,

- CNpUsiE BNeBHeHOCMI y BJIACHUX CU/Iax, camopeanizauii cmydeHmis sk ocobucmocmed, uio
domuyHi 00 cycninibHUX Npobiem;

- NIOBUWYE piBEHb CAMOOCBIMU,

- BYUMb CaAMocmiliHO 3006yBamu 3HAaHHSI MA 3AdCMOCOBYBAMU iX O/ PO3B’A3aHHS HOBUX
NIi3HABA/IbHUX [ NPAKMUYHUX 3aBOAHb,

- PO3BUBAE KOMYHIKamMuBHi 30i6HOCMI, PO3WUPHOHOHU KOJIO CNIJIKYBAHHSA MOUWO.

YnposaoxceHHss memody npoekmis B8 Has4asabHUU npouec K dopmu opeaHizauii camocmitHor
pobomu cmyodeHmIB po32/190aEMbCS HamMu SIK 0BOSIKUU NPOUEC, UiHHICMb SIKO20 NOJIS2AE He Jluwie B
KiHuesomy npodykmi, a U B8 pyci 00 KiHUeBo2o pe3ysibmamy. Y UbOMy KOHMEKCMI, 0peaHi3auis
camocmiliHoi pobomu cmydeHmiB Ha OCHOBI [dell NPOEKMHO20 HABYAHHS € BU3HAYAJIbHOK), OCKI/IbKU
CNPUSIE PO3BUMKY [HiUiamusu, camocmiliHOCMi, 0p2aHi3amopcbKux 30i6Hocmed, CMUMYJ/IHE Npouec
camopo3BuUMKy ocobucmocmi.

Omx#e, BUKOPUCMAHHSA 8 OCBIMHLOMY NPOUECI 3aKaadia BUULOI 0CBIMU NPOEKMHOI QisibHOCMI
NO3UMUBHO BNJIUBAE HA (POPMYBAHHS €KOJI02IYHOI KyIbmypu CmMyO0eHmIis , U0 BUPI3HIEMbCA BUCOKUM
PIBHEM eKOJ102I9HUX 3HAHb, YMiHb | HABUYOK, PI3HOMAHIMHUMU CNocobamu npupoo00XOpPOHHOI isi/IbHOCMI
ma obrpyHmMoBaHuM npulHImMmsaM pitueHb. Memood npoekmis € Halbiib oNMUMAIbHUM WJISIXOM
3a/1y4eHHs cmyoeHmiB 00 eKos1I020-BUXOBHOI 0ii/IbHOCMI, PO3BUMKY iX AKMUBHOI NPUPOOXOPOHHOI
no3uuii, ¢opmMyBaHHa HOBO20 MUNY B3AEMUH 3 NPUPOOOD, WO 3abe3nedyye, pPO3BUMOK HAYKOBO-
00CTIOHUUBbKUX | HAYKOBO-NpakmMuy4Hux 30amHocmel 00 BUPIWEHHS eKoI02iYHUX npobiem.
BUKOPUCMAHHSI eKoJI02iYHUX NPOEKMIB B OCBIMHLOMY NPOUEC BUWLOI WKOIU CMBOPHE KOMPOPMHI
YMOBU 015 YCNIiWHOI peanizauli 3as0aHb ¢opMyBaHHS eKa02iHOI Ky/bmypu 0cobucmocmi.
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Abstract

In modern linguistic science, there is no single point of view regarding the basic concepts and
ideas regarding the process of transition of vocabulary from one language system to another. Many
scholars equate the process of borrowing only with "lexical" borrowing, in some studies, the
phenomenon of assimilation of foreign words is reflected.

AHHomayus

B cospemeHHOU nuH2BUCMUYECKOU Hayke Hem eO0uHol MOYKU 3peHusi OmHOCUMEsbHO
OCHOBHbIX noHSMul u npedcmasaeHul, Kacarouuxcs npouecca nepexooa AeKCUuku u3 o0HoU
A3bIKOBOU cucmeMbl 8 Opy2yro. MHoaue y4eHble NpupasHUBArom NPOUECC 3auMCMBOBAHUS MOJIbKO
K «JleKCUYeckomy» 3auMCmMBOBAHUIO, B OMOesIbHbIX UCC/Ie00BAHUSX HAXOOUM OmpaiceHue
ABJIeHUE ACCUMUJIAYUU UHOA3bIYHbIX C/IOB.

Keywords: modern English, borrowings, Arabic language, Arabic vocabulary.
KntoqeBble €/1oBa: coBpemMeHHbIl aHeaulckud 3biK, 3aUMCMBOBAHUS, apabckul A3bik,
apabckas 1eKkcuKa.

llpouecc 3auMcmMBOBAHUSI JIEKCUKU U3 O00HO20 £3blKa B Opy2ol obbeduHsem B cebe uesbil
KOMNJIeKC Pa3HOPOOHbIX fBJIeHUl, Komopbie U NO3B0JISHOM BBECMU pd3epaHuYyeHue Ha cobCcmBeHHo
3aUMCMBOBAHUS (Bapsapusmbi, MPaHcaumepayuro, cobcmaeHHo 3aUMCMBOBAHUS,
UHMepHAUUOHA/IU3Mbl) U KBA3U3AUMCMBOBAHUS [1].

B pamkax npobiembi 3auMcmBoBaHUll JIeKCUKU c/1edyem Bbi0eiumbs 08 Mund UHOA3bIYHOU
JIGKCUKU. K NepBOMY mMuny OMHOCAMCS «NPOHUKHOBEHUS», KO BMOPOMY — «3aUMCMBOBAHUS». MU
mepMuHbI npedcmassistom cobol BuObI JleKcuYeckol B3aUMOCBSI3U A3bIKOB; 00YC/108/1eHO MO MeM, Y4mo
B OCHOBE NPOHUKHOBEHUS JIEXUM (GAKmop Mex(bs3biKoBo20 NPOCMPAHCMABA, 3aUMCMBOBAHUE He —
obecnequsaemcs 3a c4em MexcKy1bmypHo20 B3aumodetcmsus [3].

Ocobbili  uHmMepec Bbi3biBaem onpedesneHue, coopmyauposaHHoe W.I.  [obpodomossiM, B
yacmHOCMU, KaKk ommeqaem y4eHbil, 3aumMcmBoBaHuUe ciedyem paccmampusams ¢ 08YX NO3UUUU:

- KK UHOSA3bIYHBIU 3/1eMeHm (8 Bude C/108, MOpgeM, CUHMAKCUYeCKUX KOHCMPYKUud u np.),
Komopbild — adanmupoBascs B8  NPUHUMAKOWEM  S3bike B  pe3y/ibmame  MexcKysbmypHbIX,
MEMCHAUUOHAJIbHbIX U MEX(bS3bIKOBbIX KOHMAKMOB;

- Kak npouecc nepexoda omaoesibHbIX JIeKCUYeckux eOuHUU U3 Paz/IuYyHbIX A3bIKOB B S3biK-
peuunueHm [2].

[lo Hawemy MHeHuro, 0aHHoe onpedesieHue Haubosee MmOoYHO Ompaxaem NOHIMue
«3aumMcmBoBaHue»; 8 daHHoU uccaedosamesibckol pabome Mbi byoem ucxooums U3 He20, a Makxe U3
NOHAMUS, YMO 3aUMCMBOBAHUE SABJSAEMCS eCMeCmMBEeHHbIM U 3aKOHOMEPHbIM NPOUECCOM passumus
A3bIKa. Kpome mo2o, 8 paAMKax MHO204UC/IeHHbIX onpedesieHuUl 1eKCUYecKux 3aumMcmaoBaHul, Komopbie
MbI HaX00UM B Hay4HoU umepamype, 4acmo BCMpeyaemcs Cyx#oeHue 0 mom, Y4mo 3auMCmMBOBAHHbIU
nemeHm adanmupyemcsl K NPUHUMArOUIUM S3bIKaM. [Ipedcmasisgemcs J102U4HbIM 0xudame, 4Ymo
bosiblwee Hecoomsemcmaue mexdy 08yMs KOHMAKMUPYHOWUMU S13bIKamu npuBedem K 6osiee S8HbIM
U3MEHeHUSM B 3aUMCMBOBAHHOM 3JIeMEeHMeE, KAk 3Mo uMeem Mecmo B C/ay4ae apabusmos 8 Opyeux
A3bIKax. Apabckull S3bIK 0Kasbisaem 60/1bUIoe BAUSHUE HA MHO2UE S3bIKU.



Cywecmsyem KOHMAakm mexcoy pasaudHbIMU Ky/IbMypamu, NPoUCXooum 3auMcmBoBaAHUe C/108: B
yacmHocmu, aHeaulckud 361K 6b11 61a200amMHbIM UCMOYHUKOM 0151 3aUMCMBOBAHUS C/108, HECMOMPS
Ha pasznu4usi 8 GoHemuke. AH2aulCKas ¢GoHomo2uyeckas cucmema omJsudyaemcss om apabckod. B
HeKkomopbIx c/y4asx apabckul s3bik ¢ 6osbweld BepossmHOCMbO NPUHUMAaem aHesulckue c108a u
COXPaHsiem UX OpUeUHA/IbHbIE 3BYKU, M020d Kak aHe/uldckul $3bik ¢ 6osbweld BeposmHOCMbO
adanmupyem onpeodesieHHble apabckue 38yKuU, 3aMeHsAs UX AHAI02UYHbIMU aH2/TUUCKUMU 38YKAMU.

AHenudckud 361K C/Ty#Um UCMOYHUKOM 3aUMCMBOBAHUL 0J151 MHO2UX OpYy2UuX 13bIKOB. AHeudtckud
A3bIK CO0EpHUM MHO20 /108, Hanpumep, algebra «anzebpa», noaydyeHHbIX U3 apabckozo S3bIKa Yepes
opyeue esponelickue A3bIKu. bosiee y3Hasaemble sieKcuyeckue eouHUUbl BCMPeYyaromcs B aH2/IUUCKOM
[3bike, kak alcohol.

Zlpyeue c7108a Makxe nonadarom 8 my e Kame2opuro, Komopasi 00Cmuesia aH2/1ulCKo20 S3bIKA B
CpeoHell nambiHu, makue kak algebra, algorithm u m.o. Cnoso arabize «apabu3uposame», CO2/1ACHO
American Heritage Dictionary 2001, o3Ha4aem «coenams apabckul F3bIK NO ¢opme», cmusito Uuiu
Xxapakmepy uau «npusecmu nod apabckoe BJUSHUE UU KOHMPOJb». Apabuzayus (uiu npouecc
3aUMCMBOBAHUSA apabusmos) B/ISeMCca NPAKMUYeCKUM CpedcmBomM 00Ka3amesbCmad U passumusl
A3bIKAd, K/IOYOM, KOMOPbIU YKA3bIBAEM HA MO, YMO S3bIKU BIUSHOM Opye Ha dpyea.

Takum 0bpazom, paccmMompes 3auMCMBOBAHUE apabu3mMoB C MOYKU 3PeHUs IUH2BUCMUYECKO20
[aBJIeHUs, c/ledyem ommemums, YMo MHO2Ue A3bIKU (U aHenudckul) akmusHo 3aumMcmsyrom apabckue
JleKcu4eckue euHUUbl, KOmopble, B CBOK 04epedb, NpemepneBarom onpeoesieHHble U3MeHeHUs, Mak Kak
Haxoosmcs nod BJUSHUeM ¢GoHemuy4eckol, mopgosioaudeckol, CUHMAkcuyeckold U np. CUCMeMbl
NPUHUMQArOWLE20 A3bIKA.
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Abstract

This paper presents the theoretical analysis of content language integrated learning (CLIL)
and reviews the experiments of implementing it in educational process of Kazakhstan. This
analysis leads to determine the advantages and disadvantages of using CLIL. Based on this
researching it was revealed that the teaching process should not require a high level of English
proficiency from students. However, implementing CLIL requires a serious amount of preparation,
since teachers are generally used to deliver course material in a more or less traditional way,
focusing solely on the respective contents of their courses.

Keywords: Content and Language Integrated Learning (CLIL), CLIL implementation,
language focus, teaching practices.

Content and Language Integrated Learning (CLIL) is a technique according to which learners
acquire a knowledge in a particular non-language subject through the means of a second language, and
thus, students gain an opportunity to learn not only the subject, but the foreign language too (Escobar
Urmeneta, 2019). CLIL facilitates the integration of content of the subject and the foreign language, so
the learners will sharpen their knowledge in, for instance, science and at the time will enhance their
language proficiency in a natural way. According to Herescu (2012), the method of teaching a vocabulary
specific to a particular subject is considered to be one of the most well-known and widely used techniques
of implementing the CLIL approach into the courses that are mostly content-driven. As Coonan (2007)
states, there are following strategies that are used by the instructors while delivering a course content
using CLIL approach: first, the instructors teach the class materials through the means of non-verbal
strategies, i.e. visual materials such as flowcharts, diagrams, and concept maps are used to demonstrate
the content; second, when the instructors notice that the learners struggle understanding the material
in a foreign language, they use the students’ native language, if applicable (i.e. if the teachers themselves
are proficient in the learners’ first language); third, the instructors try to facilitate the live communication
between the students, so peer discussions and group activities are a common practice in implementing
the CLIL approach, finally, teachers try to summarize the class materials, fill out different charts, create
the assignments and classroom tasks in accordance with the learners’ language proficiency levels. A
study performed by Aguilar and Rodriguez (2012) demonstrates that there is some level of success in
implementing CLIL as a methodology of language instruction in bilingual communities. These researchers
studied the implementation of CLIL at Spanish university, and their sample consisted of bilingual
population: along with native Spaniard students who spoke Catalan and Spanish, which totaled three
quarters of their sample, the sample covered exchange students who came from different European
countries. The methodology presented by the researchers was analyzing the success of engineering
courses instruction in English, which is not the language of the environment. In general, the study
resulted in positive feedback from the instructing staff, with the omission that they had had to prepare
for the lecture for a greater amount of time while receiving no financial or other compensation. As for
the students, despite most of the students being satisfied with the teaching modality, among the
negative sides were often teachers’ unpreparedness or low level of English proficiency. About a half of
the sample of students would try having classes using the CLIL methodology again. Those are the
indications that CLIL is indeed a beneficial strategy of implementing third language into instruction, and
moreover the value of this study is highlighted due to the fact that this technique was introduced for
engineering students who are generally less fond of linguistic skills. As for the language learning and
teaching practice in Kazakhstan, EFL courses, in particular, in 2007 there was introduced a cultural
project named “The Trinity of Languages”, according to which English was declared as the language for



the successful assimilation into the world economy and global community. Since then, the schools’ and
higher educational institutions’ curricula were adjusted in order to implement the English language
practice into the course content. Due to the success that was previously demonstrated in the research
regarding bilingual communities and taking into account the similar environment and conditions in
Kazakhstan, it is thought that CLIL would be a successful methodology of instruction in local educational
institutions. This paper will majorly discuss the findings of the observers on such initiatives.

Based on personal observations and the research regarding the use of CLIL in Kazakhstan, it can
be confirmed that focusing on teaching the vocabulary for a certain course is a major technique to teach
both the subject and the language, as due to the different backgrounds of learners and the variety of
their language proficiency levels, learners find it quite complicated to master the course content and
learning the deeper aspects of a foreign language simultaneously. However, some schools and higher
educational institutions have already shifted their curricula to teaching the whole class content in
English. One of the brightest examples of such practice is the curriculum of Nazarbayev Intellectual
Schools (NIS), where CLIL is widely used in teaching the STEM (Science, Technology, Engineering,
Mathematics) courses, as well as instructing the subjects such as the History of Kazakhstan, Geography,
Law Essentials, Economics, and Kazakhstan in the Modern World. According to Karabassova (2018), in
grades 11-12 about 60% of subjects at NIS are taught in English.

In general, a study conducted by Vitchenko (2017) suggests that there are serious grounds for
successful implementation of CLIL in Kazakhstani educational system. After the analysis of the opinions
of teaching staff, educational institutions administration representatives and students regarding
integrating content and language acquisition process, it was concluded that the conditions in modern
Kazakhstan are rather favorable. This is supported by the fact that most of the respondents in three of
the target samples perceive English language proficiency as a necessity in modern realities, which
denotes their readiness to face challenges linked with language acquisition.

Karimsakova (2018) have investigated the experience of implementing CLIL at West Kazakhstan
State Medical University after M. Ospanov (currently known as West Kazakhstan Medical University). The
major outcomes that mark the challenges faced in achieving successful implementation are insufficient
language proficiency among students in general and the nonuniversality of the teaching staff: “language
teachers lack knowledge on the subject while subject teachers have minimal knowledge of foreign
languages” (p. 65). While the first problem is seemingly being on the way of solution with the introduction
of before mentioned NIS schools, Bilim Innovation Lyceums, several private International Baccalaureate
schools such as Miras or Haileybury, the second problem is the one that needs to be solved via adjusting
the pedagogical curricula for prospective teachers or presenting qualification courses for professors at
the universities.

This point is supported by research conducted in Karaganda State University after E.A. Buketov by
Zhetpisbayeva (2018). In particular, they state that teaching staff who are familiar with the paradigms
of CLIL as a whole, which are principles of continuity (which states that all aspects to the educational
process should be logically interconnected), double entry (which states that knowledge should enter in
two forms in the modalities of the languages of question), functional activity (the need to be able to
apply the obtained linguistic knowledge straight in the process of education), tend to understand the
cruciality of combined assessment of language and content, rather than focusing on content alone.

Despite the apparent improvement in the general English proficiency of high school alumni, there
is a visible imparity in the accessibility to that improvement. The high schools that were mentioned earlier
have an entry level requirement, be it merit-based or based by financial metrics. With that being said,
those schools also cover not a large sample of the total high school student population. In order to
recuperate these effects, the state has introduced an Educational Program of the Professional
Development Program for School Teachers (the PDP), which was delivered in the second half of 2017
(Mehisto, 2022). This way, both the teaching staff and the school students are intended to benefit in
terms of English proficiency. CLIL was claimed to be a central methodology of instruction as a result of
completion of the PDP. Nevertheless, the research demonstrates that the program did not neither take
the queries and intentions of the teachers themselves into account, nor their entry English proficiency
levels. As it was presented in one of the cases submitted to the researchers, teachers often did not
understand why the PDP mentors aim to improve the English language proficiency of teachers, not to
mention that the elementary level (A2 according to CEFR) courses were not adequately relevant for some
of the attendees, instead of actually teaching the paradigms and principles of the CLIL methodology.
Moreover, the paradigms and principles of CLIL were omitted from the course syllabus, which resulted in
negative feedback from the course attendees. In general, the desired outcomes were not achieved after



the implementation of this program despite the well-thought planning, which suggests a more careful
design if a similar program is to be launched in the future.

When considering the implementation of any novel techniques into education, it is crucial to take
any social changes that may alter the comprehension process into account. One of the major changes
that Kazakhstan, along with the whole world, have experienced recently, is the COVID-19 pandemic,
which has significantly changed the lifestyles of people regardless of their occupation. Research done by
Kuzembayeva (2020) provides some insight on how CLIL methodology was applied during the pandemic
times in online mode, also drawing some conclusions regarding the efficiency of the conducted
education. The reflected results indicate that the paradigms of CLIL often had to be breached due to
students’ low level of language proficiency, which conflicts with the urge to deliver subjective content in
the most efficient way in order to prepare students for the upcoming exams, especially the unified
national testing in general high schools and CIE examinations in NIS, which serves as a certification
required for graduation. This kind of an obstacle may be linked to the lack of teacher expertise in the CLIL
methodology specifically, as it was indicated in the previous research.

In general, as it was also stated in the definition of the CLIL approach, the teaching process should
not require a high level of English proficiency from students, mainly for the reason that it is them to
obtain new knowledge — thus, the process of language acquisition should happen directly during the
lesson and not before it. As such, teachers should themselves possess with a sufficient level of proficiency,
for example, be advanced or upper-intermediate speakers (B2 or C1 levels according to the CEFR scale)
in order to be confident in the quality of the knowledge that they spread. Alternatively, even if there are
not sufficient resources in order to organize general English courses for a volume sample of teaching
staff, the qualification trainings, such as PDP, should emphasize on the material delivery techniques, such
as building up the affinity between teachers and students, or using right intonation. Moreover, even if we
see substantial financial incentives for the educational personnel, such as “doubling the wages” as posed
by Mehisto (2022), there should be much more emphasis on the importance of the course completion,
ensuring that the attendees always put effort in studying the course material.

To conclude the review, the CLIL methodology proved to be a good strateqgy of teaching language
alongside with the course material of technical subjects suggested in the curricula. In this way, students
are more prepared to the challenges that they face on their prospective workplaces, which is especially
relevant when taking the “Trinity of Languages” project and the objective requirements for the labor
force to possess with adequate English language into account. In Kazakhstan in particular, implementing
CLIL seems to be a right decision due to general bilingualism of Kazakhstani population. However, it
requires a serious amount of preparation, since teachers are generally used to deliver course material in
a more or less traditional way, focusing solely on the respective contents of their courses. One may
observe adverse aspects to mindsets of the teaching staff, who claim the language acquisition parts of
the CLIL, which are inseparable from the content delivery according to the paradigmatic principal
ideology of the method. Therefore, there are cases of unsuccessful implementation of the well-structured
and carefully constructed courses for raising teacher qualification. Henceforth it may be suggested that
future courses that are to be designed for the educational personnel take this characteristic into
consideration. Additionally, if there is a demand for increasing the degree of general English language
proficiency among students and teachers, measures that provide this increase should be undertaken.
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Abstract

The contradiction of the postulate of M. Planck about the proportionality of the quantum of
energy to the frequency, which gave the basis for the emergence of quantum mechanics, the theory
of waves, is revealed. It is shown that only the energy of a blackbody oscillator with an infinite
number of harmonics increases with frequency, while the energy of an individual mode, on the
contrary, decreases. This makes it possible to derive Planck's law of radiation without resorting to
any hypotheses and postulates of a quantum mechanical nature. It is found that the true quantum
of radiation is a wave of the luminiferous medium, discrete in time and space. It is concluded that
Planck's constant has a statistical nature and is not a single quantum of action for any microscopic
processes. This disproves the view that quantum mechanics is incompatible with classical
mechanics.

AHHOMauyus

BcKpbimo npomusopeyue nocmy/siama M. [11aHKa o nponopyUoHaIbHOCMU KBAHMA 3HepauU
yacmome, 0dBwWe20 OCHOBAHUE 0JI BO3HUKHOBEHUS KBAHMOBOU MeXaHUKU, Mmeopuu BOJIH.
[TokazaHo, Ymo ¢ Yyacmomod Bo3pacmaem Jullb 3Hepausi ocyuiaamopa abcotomHO YepHo20
mesna (AYT) ¢ 6eckoHe4YHbIM YUCIOM 2aPMOHUK, d 3Hepaus omoesibHol MoOkI, HANPOMuUB, nadaem.
3mo no3Bosisem BbIBECMU 3AKOH U3/y4eHus [TnaHka 6e3 npussiedeHuss Kakux-iubo 2unomes u
NOCMY/IAMOoB  KBAHMOBO-MEXAHUYECKO20 Xapakmepd. HalideHo, 4Ymo UCMUHHbIM KBAHMOM
U3/1y4eHus S8J15emcsl BoJIHA CBEMOHOCHOU Cpedbl, OUCKpemHAas BO BpemeHU U NPOCMpPAHCmMBe.
CoesnaH BbIBOO, YMO NOCMOAHHASA [1AHKA umMeem CmamucmuYecKyro NPUpody U He ABJSemcs
e0uHbIM KBaHMoM delicmaus 018 J10bbIX MUKPOCKONUYECKUX NPOYeccos. Tem Cambim
0NPOBEP2HYMO MHeHUe, YmMOo KBAHMOBAS MEXAHUKA HECOBMECMUMA C KAaccu4eckod.

Keywords: classical and quantum mechanics, oscillations and waves, laws of thermal
radiation, equilibrium and stationary energy exchange, energy quantum and action quantum.

KrtoqeBble ¢/108a; K1accu4eckas U KBaHMOoBAsl MeXaHUKda, Ko/1ebaHusi U BOJIHbI, 3aKOHbI
MenJiI0B020 U3J1y4eHUs], PABHOBECHBIU U CMAYUOHAPHbIU 3Hep200bMeH, KBAHM 3HepauU U KBaHm
delicmBsus.

1. Introduction

Classical mechanics, which originated in the 17th century, reached a high level of development by
the end of the 19th century. However, when trying to apply it to phenomena in the microcosm, serious
difficulties arose, which ultimately led to the quantum mechanical revolution at the turn of the 19th-
20th centuries [1]. A significant part of these difficulties turned out to be associated with the
unsatisfactory nature of the laws of radiation of bodies known at that time, predicting an “ultraviolet
catastrophe”, and with the discrepancy between the behavior of several processes of objects in the
microworld and the laws of classical physics [2].

In this regard, the question again and again arises, posed by Academician S.I. Vavilov: why "classical
physics turned out to be helpless before the quantum laws of the action of light" [3]. This report will show
that the main reason for the difficulties that arose was the replacement of the classical thermodynamics



of the real process of radiant energy exchange by the model of radiation as a kind of ideal gas with its
own temperature and entropy, found in an imaginary blackbody cavity in state of thermal equilibrium
with the emitter. Such a substitution of the process of radiation by radiation as a kind of substance has
led to a distortion of the essence of many phenomena. The report will propose a way out of this situation,
which became possible after the advent of the thermodynamics of irreversible processes (TIR) and its
further generalization by energy dynamics [4].

2. Inconsistency of the concept of quanta in the interpretation of M. Planck

In October 1900, M. Planck, having received the latest data from F. Kurlbaum and G. Rubens on
the distribution of energy in the spectrum of a blackbody (blackbody), within a few days found, in his
words, a “successful interpolation formula” that satisfies both Wien's law, (1893) and Rayleigh (1900),
and in the same month reported this to the German Physical Society [5]. At the same time, following
Boltzmann and Rayleigh, he attributed to the radiation in the cavity a certain temperature T, entropy S
and gas constant R, as if the radiation was a kind of gas-like substance in thermal equilibrium with the
radiating body. Therefore, the focus of Planck's attention was how the expression for the second
derivative of the entropy of an oscillator with respect to its enerqy 9°S/9U~. In the short-wave region
(where Wien's law is valid), it was inversely proportional to the square of the energy of the emitter L7,
while in the long-wave region it was its first degree. Planck constructed the quantity 0°S/0U¢= a/U(U+b)
giving their simplest generalization and excellent agreement with experiment, and at once reported this
to members of the Berlin Academy of Sciences. Meanwhile, already at that time it was known that
radiation, in contrast to heat transfer, consists in the exchange between bodies of energy flows of
different spectral composition, which does not stop even at absolute zero temperatures. Therefore, in
explaining this procedure, he had to resort to a more revolutionary postulate of quantizing the energy of
oscillators. According to this postulate, the oscillator energy €, consists of n indivisible parts (quanta) &,
= hv, each of which is proportional to the frequency v and can be given or bought only in discrete portions,
multiples of natural numbers n = 1, 2, ..., «. In this case, the coefficient of proportionality h was
postulated as a universal value (quantum of action), independent of either the nature of the oscillator or
the frequency v and amplitude of its oscillation [5].

In addition, to avoid the "purple catastrophe” in the Rayleigh radiation law, Planck assumed that
the number N, of oscillators in the blackbody cavity, radiating in an infinitely small frequency range dv,
to their total number N decreases exponentially with an increase in the number of parts n, while obeying
Boltzmann's statistics:

N/N = exp(-€n/KT), (1)
where k is what he called "Boltzmann's constant”.

Both assumptions lead to the fact that the calculation of the energy density of the emitter
oscillations pr (J m?) as an integral of €, requires averaging both over the frequency v and over all N of
its oscillators. Planck assumed that both problems could be solved by expanding exp (— new/kT) into a
series in n followed by an approximation of this series by the expression.

&> = hv/[exp(hv/kT) - 1]. (2)

Knowing the average energy of the oscillators <> and using the Rayleigh expression for the
spectral density of oscillators n,= dN/dv = 8nv2/c, the energy density of the emitter p; can be found as
the integral pr = [pv dv of the spectral energy density p, =<€n>nvover the entire frequency range O<v<e:

pr = [pvdv = [(80hV2/c)/[exp(hv/KT) — 1] dv (] m3). (3)
From here:
pv = (8nhv3/c)/[exp(hv/KT) — 1], [ ¢ M7 (4)
It is easy to see that this equation differs from Rayleigh's law
pv = (8nv’/C) kT, (5)

only by the fact that instead of the quantity KT, it has a more complex expression for the average
energy of the oscillator <€y (2).

Attention is drawn to the dimensionality of the quantities h (J s) and pv (J s m3), which is alien to
classical thermodynamics. This testified that the solution of this problem is beyond the scope of classical
thermodynamics. At the same time, there were more serious contradictions, which had not previously
been given due attention.

First, as M. Planck's contemporaries noted, when expanding &, into a series in n, the frequency v
was assumed to be constant. Consequently, his averaging method could not prevent the "ultraviolet
catastrophe”.



Secondly, the assumption of the existence of thermal equilibrium between the radiation and the
emitter contradicted the experimental fact already known at that time that the process of radiant energy
exchange does not stop when thermal equilibrium between bodies is reached and continues up to
absolute zero temperatures.

Thirdly, as A. Einstein showed, already at a wavelength of 0.5 um and T = 1700K, the quantum
energy € is 6.5-107 times higher than the energy of the oscillator itself, found from the value of the
internal energy of the emitter. This not only contradicted Planck's postulate, but also gave rise to another
problem of the excess power of microwave photons [7].

However, one more, more serious contradiction of Planck's postulate of wave theory remained
unnoticed. The fact is that according to Planck's postulate, the energy of a quantum &=hvasa
particle, later called a photon, increases with frequency. Meanwhile, this contradicts the expression for
the wave energy density known from the theory of oscillations [8]:

pv=pAAV/2, (Jm?), (6)
according to which the energy €. of a single wave at frequency v decreases with increasing frequency due
to the faster growth in the number of waves N, oscillating at this frequency. This can be verified by taking
the derivative of the energy density of oscillators p. with respect to their number:

& = (dp,/dN,) = pAZc/4nv, . (7)

As follows from this expression, the energy of a single wave e, decreases with increasing frequency,
i.e., the waves become “smaller”, becoming like “ripples” on water [9]. This becomes especially obvious if
we introduce the “waveform coefficient” as kr =A,/A and consider the waveform as not changing with
frequency v = c/A = const. Then A, = ke c/v, i.e., the wave amplitude becomes inversely proportional to the
frequency. This is what prevents the “ultraviolet catastrophe”, and not the decrease in the number of
oscillators Nv with frequency, as M. Planck suggested. In this case, according to (7), the wave energy €v
depends on the oscillation amplitude A, and the density of the oscillating medium p, which are also not
considered in Planck's postulate &, = hv.

It is no coincidence that M. Planck himself considered the problem of thermal radiation unsolved
until the end of his life and did not leave attempts to improve the justification of his law [10]. It is not his
fault that at that time there was no other thermodynamics capable of operating with the concept of
energy flow like the theory of heat transfer. However, this cannot be said about modern physicists, who
continue to talk about "black-body", "equilibrium" and "thermal" radiation in relation to non-ferrous
bodies, in the absence of thermal equilibrium (temperature drops of millions of degrees) and in a
frequency range that goes far beyond the thermal radiation (0.4 =4 microns).

3. Consistent substantiation of Planck’s law of radiation.

The fundamental difference of the proposed approach is the consideration of the radiation of a
substance that fills the cavity around the blackbody and is in thermal equilibrium with it, but as a process
of radiant energy exchange between the emitter and the environment [11]. With this approach, the
density of the radiated energy in the wave pv = pv (I, t), i. e., depends both on the radius vector of the
radiation field point r and on time t. In this case, the total derivative of the radiation density

dpy/dt = (9p,/0t) + (cV) pv, (8)
includes local = (9p,/0t) r and convective (Op,/or) dr/dt = (cV) pv. The first describes the change in the
radiation density due to the decrease in the vibrational energy of the oscillators of the system when doing
work to excite vibrations in the surrounding luminiferous medium, the second derivative describes the
flux of radiant energy carried by this medium at a speed c. Even in stationary (steady-state) processes of
radiant energy exchange dp,/dt, when the powers of both processes are equal, these two components
clearly reflect the difference between the thermodynamic and energodynamic models of radiation. This
becomes especially obvious if, by (8), the convective part is given the form of the product of the flux
density of the carrier of radiant energy j- = pAwc (J m?3) and the driving force of radiant energy exchange
X = V(As), i. e. the same form as in the equations of thermal conductivity, electrical conductivity,
diffusion, etc.:

Jr=Lr Xr, ( 9 )
where L; is a coefficient like the coefficients of thermal conductivity, electrical conductivity, diffusion,
etc. [11].

Now the frequency v is included in the expression for the radiant energy flux j., i.e., it buys the
meaning of the spectral flux of waves J, = v as the number of waves modulated in the environment per
unit time and then absorbed by the radiation receiver. In this case, the proportionality of the radiant
energy fluxjr to the number of waves becomes obvious, as well as the fact that the radiation quantum is
not a photon as a train of waves, but any single wave, discrete both in time and in space.



On the other hand, expression (8) is a “kinematic” equation of the wave in its so-called “single
wave” approximation [9], in which the derivative dp,/dt plays the role of the “damping function” of the
wave. Unlike the “dynamic” equations of the 2nd degree, the “kinematic” equation characterizes a wave
propagating in one direction from the source, which corresponds to the real model of the emitter and
emphasizes the wave nature of this process [12].

Both circumstances require a transition from the thermal equilibrium model to the concept of
radiation as a radiant energy flux J: = [jrdv (W m?), referred to in radiation theory as “enerqy luminosity”,
where j: = p.c (J m?) is the density radiant energy; p. =<»nv. This approach requires because each atom
as an oscillator, in addition to the fundamental vibration frequency v., has n harmonics corresponding to
a doubled, tripled, etc. frequency va = nvo (n = 1,2,3, etc.). In other words, the energy of each oscillator &,
is the sum of the energies €, of all its harmonics:

€ =2n&un ([Pk), (10)

Apparently, this idea did not occur to M. Planck as a music theorist only because he adhered to the
corpuscular concept of radiation, following I. Newton. Meanwhile, to find the average value of the energy
of the oscillator <, it suffices to assume that the harmonic energy €, is distributed according to the
same normal distribution law of Maxwell-Boltzmann. In this case, the method of averaging over n, which
was used by M. Planck, is acceptable:

(En):En/[eXp(En/kU— 7] (7 7)
Then
Jr = [jrdv = (8n/¢2) [enP[exp(en/KT) — 1] dv, (Bm m?), (12)
or
Jr=puc = (8nven/)/[exp(er/KT) — 1] ([ m?). (13)

This integral radiation law does not have a single quantity that would be unknown from classical
physics. To obtain from it an expression for the spectral density of radiation, we consider that, by the
classical theory of radiation, the Kirchhoff function e,/kT must increase linearly with frequency v. Its form
can be easily obtained by multiplying and dividing €, by v and denoting the ratio &,/v by h:

h= &y, (14)

which gives this function the form hv/kT. Such a substitution is quite acceptable, since the coefficient h

is somehow found from experience or from the Stefan-Boltzmann law J; = o:T*  (Wm?), where o, =

5.67-10% (W m? K?). In the latter case, denoting exp(e,/kT) by ex, where x = he/kT, expression (11) can
be reduced to the form

Jr=(8nk?/c?h?) [x3 (e — 1) 7dx. (15)

Considering that the integral [x*(e*— 1)"dx in the interval 0 < x < 1, corresponding to the range 0
<v <=, has the exact value 15/r°, and comparing expression (14) with the Stefan-Boltzmann law, we will
find after Planck, we will find that for blackbody the value h = 6.626-107% (Js.) corresponds
to that found by M. Planck. However, now this value is found not based on Planck's postulate &, = hy,
which contradicts the theory of waves, but based on a natural increase in the number of harmonics of
the oscillator n as the frequency range 0 <v <e expands.

It is equally important that the value of the quantum of action h now appears as an averaging value
that is of a statistical nature and characterizes the blackbody oscillator, and not as a universal quantum
of action, the same for all microprocesses, regardless of their nature. In addition, the value was obtained
by averaging over all harmonics, and not over quantum numbers of an incomprehensible nature. This
makes the very concept of a quantum number “illegitimate”, as well as the idea of quantizing energy as
a function of state. After all, it never occurs to anyone to consider the ocean consisting of drops just
because such is the rain that replenishes it!

Thus, we conclude that there is no specific "quantum” physics based on the incomprehensible constancy
of the quantum of action h in each single microprocess. It should be a section of unified physics that
studies stochastic processes and macroscopic laws arising against the background of chaos.
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1. BBeOeHue

Knaccuveckas mexaHuka, 3apoouswiascs 8 XVII seke, docmuenia K KoHUYy XIX Beka BbICOKO20 YpOBHS
pazsumus. OOHAKo Npu NONbLIMKAX €é NPUJIOXEHUS] K SBJIeHUSM B MUKPOMUDPE BO3HUKJ/IU CEpbE3HbIe
3ampyoHeHusl, KoOmopble B8 KOHEYHOM c4Yéme npusenu Ha pybexe XIX-XX Bekos K KBAHMOBO-
MexaHu4yeckol pesosroyuu [1]. 3HayumesbHas 4acme 3Mux 3ampyoHeHull 0Kasaaachk CBS3aHHOU C
Heyo0oB/1emBOPUME/IbHOCMbIO U3BECMHbBIX HA MO BPEMs] 3aKOHOB U3J1y4eHUs] meJi, NPeoCKAa3bIBaroUiUX
«yJIbMpaguoIemosyro Kamacmpo@y», U ¢ HeCOoOMBEMCMBUEeM NOBEOeHUSs pAda npoueccos 0bbekmos
B MUKPOMUpPE 3aKOHaM Kaaccudeckol ¢pusuku [2].

B 3mol cBS3U BHOBb U BHOBb BO3HUKAEM BONPOC, NOCMAB/CHHbIU euwé akademukom C. Y.
BasusioBbIM: NOYeMy «K1accudeckass pusuka okasaaucb becnoMouwHol neped KBAHMOBbIMU 3AKOHAMU
Oeticmsus csema» [3]. B amom Ooknade 6ydem noKasaHo, Ymo 21asHol NpuyUHoOU BO3HUKWIUX
mpyoHocmel S8UACL NOOMeHA Kaaccudyeckol mepmMoOuHamuKkol peasibHo20 Npoyecca Jiy4ucmozo
SHep2oobMeHa MOoOesbro U3JlyYeHuUs Kak nodobus udeasbHo20 ed3a co csoell memnepamypol u
sHmMponuel, Haxodawe2ocs B B00bpax3caemol N00CMbH abCOIOMHO YepHO20 Mesid B

COCMOSAHUU MenJsioBo20 PABHOBECUS C u3/lydamesiemM. Takas NooMeHa Npouecca U3sJsyYeHus
usny4eHuem Kak Hekoel cybcmaryuel npusesio K UCKA eHUro Cyuecmsd MHo2ux aseHul. B dokiade
6ydem npedsioxeH Bbixo0 U3 CO30aBWE20CS NOJIOXEHUS, CMasuwull BO3MOMCHbLIM NOC/Ie NOSIBJIEHUS
mepMoOUHAMUKU Heobpamumbix npoueccos (THI) u eé danbHeliwezo 0606weHus 3Hep2o0uHamukol [4].

2. [lpomuBope4uBocmb KOHUenuuu KBaHmos 8 mpakmoske M. [1naHKka

B okmsbpe 1900 eoda M. lMnaHK, nosyy4us Hoselwue daHHbie @. Kypnbayma u . PybeHca o
pacnpedesieHuu 3Hepauu 8 cnekmpe abcositomHo 4epHo2o mesna (AYT), B meqyeHue HeckosbKux OHel
HAWés, No e20 BbIPAXeHUHo, «yOaYHYH UHMEPNOIAUUOHHYH opMyy», YOOBIeMBOPAOULYHO KAK 3aKOHY
BuHa, (1893) mak u Panes (1900), u 8 mom x3ce mecaue 0os10xcus1 06 s3mom Hemeukomy ¢usudeckomy
obwecmay [5]. lpu 3mom oH BCed 3a boabuUMaHOM U P3ieem npunuckbiBan UsJjy4eHuro 8 NooCmu
onpedenéHHyro memnepamypy T, 3HMPonuro S U 2d308YH0 NOCMOSAHHYH R, Kak 6yomo usay4eHue
npedcmassigem coboll HeKyr 2a3on000bHYH CYOCMAHUUK, HAXO0AUWYHCS B MENI0BOM PABHOBECUU C
u3zlydarouum mesiom. [losmomy 8 UeHmpe BHUMAHUA [11aHKA Kak 6bi10 Bbipa)ceHue 08 8mopol
NPou3BOOHOU 3HMPONUU OCUWIIIMOPA NO e20 3Hepauu A°S/0UP. B kopomkososiHoBou obiacmu (20e
cnpaseodius 3akoH BuHa) oHa 6b11a 06pamHO NPONOPUUOHAIbHA KBAOPAMY 3Hepauu ussydamens U?,
moe20a Kak B 0/IUHHOBOIHOBOU obaacmu — eé nepsol cmeneHu. [1aHK CKOHCMPYUPOBAsl BEIUYUHY
0°S/0U° = a/U(U+b), Oarowyro ux npocmeduwiee obobweHue U BeukosenHoe COOmBemcmaue
IKCNepuMeHmy, U Hemeo1eHHO 00101 06 3mom YaeHam bepiuHckol AH. Mexcdy mem yxce 8 mo Bpems
6b1/10 U3BECMHO, YMO U3Jly4eHue, 8 omJu4ue om menoobmMeHa cocmoum 8 0bMeHe Mexdy mesamu
NOMOKAMU 3Hepauu pasHo20 CNEeKMPAssbHO20 COCMABA, KOMOPOe He npekpauiaemcs oaxe npu
abcomomHoM Hyse memnepamyp. [losmomy npu 0bbaCHeHUU 3mol Npouedypbl emy NpUULIOCh
npubeeHyms K 6oJ1ee pesosItoUUOHHOMY NOCMYIamy KBAHMOBAHUS 3HepauuU ocyusiigmopos. Coe/iacHo
2MOMY NOCMY/IAMYy, 3Hepausl OCUUIIAMOPA €, COCMOUM U3 N Hedenumbix yacmel (ksaHmos) & = hy,
Kaxoasa u3 KomopbiX NPONOPUUOHAIbHA 4Acmome V U MOXem omodsambCa Uau npuobpemamscs
MOJIbKO OUCKPeMHbIMU NOPUUAMU, KPAMHbBIMU HAMYPAJIbHbIM qucaam n = 1, 2, ..., . [Ipu 3mom
KO3pduyueHm nponopyuoHaibHocmu h nocmysupoBaaca Kak YHUBEPCAsbHAS BesuYUHAd (KBAHM
delicmsus), He 3aBuUCAWAas HU OM NPUPOObLI OCUUIIAMOPA, HU OM Yacmomsbs! V U aMnaumyobl e2o
konebaHus [5].



Kpome moeo, Bo usbexcaHue «puosemosold Kamacmpogsl» B 3aKoHe ussydeHus Panes [11aHK
npeonosioxcus, Ymo yucao N, ocuunismopos 8 nosocmu AYT, uznydarouux 8 6eCKOHEeYHO MAsiom
duanazoHe yacmom dv, K ux obwemy yucay N ymeHbUwaemcs 3KCNOHeHUUAIbHO C YBeIUYeHUeM Yuc/id
yacmed n, NOOYUHSSCH NPU 3MOM Cmamucmuke bonbumara:

Ny/N = exp(-€n/KT), (1)
20e k — BesiuquHa, Komopyro OH Ha3BaJ1 «NOCMOSHHOU bOoIbUMAaHax».

Oba smux donyuwieHus npusoosgm K MOMYy, YmMO BblHUC/IeHUe NJIOMHOCMU 3Hepauu KosiebaHud
uzsydamens pr ([ M?) Kak uHmezpana om €, mpebyem ycpeoHeHuUs Kak No Yacmome V, mak U No BCem
N e2o ocyumnamopam. [lnaHk donycmus, 4Ymo obe >mu 3adaqu moeym O6bimb peleHbl Nymem
pazsoxceHus exp (—ne/kT) 8 pad no n ¢ nociedyrousell annpokcumayued 3moeo poa BbIpaxeHuem

en> = hv/[exp(hv/kT) — 1]. (2)

3Has cpeoHrr BeUYUHY 3HepeuU OCUU/IISIMOPOB <Ens U UCNOJIb3YS PISICEBCKO BbipaxceHue 0715
cnekmpasibHol NJOMHOCMU ocyuIamopos ny = dN/dv = 8nv2/c3, nnomHocme 3Hepeuu u3ly4amens pr
MOXCHO Halmu Kak uHmezpan pr = [pydv om cnekmpasibHol NAOMHOCMU €20 3Hepauu Py =<En>Ny BO BCEM
duana3zoHe Yyacmom 0<V <eo:

pr = [pvdv = [(8nhV2/S)/[exp(hv/KT) — 1]dv ([ M) (3)
Omcroda:
pv = (8nhV3/A)/[exp(hv/KT) - 1], [ c m? (4)
HempyoHo Budems, Ymo 3mo YpasHeHue om/iuyaemcs om 3dKoHda Pasesi
pv = (B1V/C) KT, (5)

JIUWb MeM, Ymo B Hem BMecmo Be/ludUHbl KT ¢uaypupyem bosiee C/10xHoe BbipaxceHue 019 cpeoHel
3HepauU ocywIIIMopa «€n> (2).

Obpawaem Ha cebs BHUMAHUe pasmepHocmb seuduH h (I ¢) u pv (I ¢ M3), yywoas
K/iaccu4yeckold mepmMoouHamuke. 3mo yxe camo no cebe cBudemesbCMBOoBAI0 0 MOM, YMo pelieHue
smol 3a0a4u BbIXOOUM 3d PAMKU Kadccudyeckol mepmMoOuHAMuUKu. Bmecme ¢ mem umesnuch u bosee
cepbE3Hble NPOMUBOPEYUSs, KOMOPbIM paHee He yoesusiu 00JIHHO20 BHUMAHUS.

Bo-nepBbix, KaK ommedanu eué cospemeHHUKU M. [11aHKa, npu pasioxeHuu &, 8 psS0 NO N
yacmoma Vv npeodnosiazanacb NnocmosiHHol. CredoBamesibHo, €20 Memod YCPeoHeHus He Mo2
npeodomapamums «yJibmpagpuoiemosyro Kamacmpogpy».

Bo-Bmopbix, NpeonosioxeHue 0 CyuecmsoBaHuU mensoso20 paBHOBECUS MexXCOy U3J/yYyeHuem u
u3/slydamesniemMm NPoOMUBOPEYUSIO U3BECMHOMY Yie 8 MO BPeMs 3KCNepUuMeHmMAasabHoMy ¢Gakmy, 4mo
npouecc Jy4ucmo20 3Hepe0obMeHa He npekpauiaemcs npu OOCMUMEeHUU MensioBo20 PABHOBECUS
Mex0y meaamu U NPOOOIHAemcs BNJIomMb 00 AbCOIFOMHO20 HyJI9 MeMnepamyp.

B — mpembux, Kak nokasasn A. JUHwmelH, yxe Ha onuHe BosHbl 0,5 Mkm u T = 1700K 3Hepeust
KBaHma &y 8 6,5-107 paz npesbiuidem >Hepeurd CamMo20 OCUUIIAMOPA, HAUOeHHYH NO BeuyuHe
BHYMpeHHeld 3Hepauu u3/ly4amesia. Mo He MOJIbKO NPOomuBopeYusio nocmysamy [11aHKa, HO u
Nnopox0aso ewé 00Hy npobsiemy u3bbIMoYHOU MOULHOCMU POMOHOB CBEPXBbLICOKUX Yyacmom [7].

OO0HAKoO 0CMAsnoch HesameyeHHbIM euié 00Ho, bosiee cepbE3Hoe npomusopeyue Nocmysama
llnaHka meopuu BOJIH. [lesio 8 moM, Ymo co2siacHo nocmysaamy [11aHKa, 3Hepeus KBaHma .= hv Kak
yacmuubl, Ha3BaHHol BNOC/IEOCMBUU GOMOHOM, Bo3pacmaem ¢ 4Yacmomod. Mexdy mem 3mom
npomusopeYyam U3BecmHOMY U3 meopuu KoebaHull BbipaxeHuro 01 NJIOMHOCMU 3HepauuU BOJIHbI [8]:

pv = pPALVE/2, ([ M), (6)

C02/IACHO KOMOPOMY 3Hep2us €, 0OUHOYHOU BOJIHbI HA YACMOMe V YMeHbWAaemcs ¢ pOCMOM Yacmomb|

BBUAy bosiee bbiIcmpo2o pocma Yucaa BosH Ny, Konebaowuxca Ha 3mod yacmome. B 3mom MOXCHO
yb6edumnb(Cs, B358 NPOU3BOOHYH OM NJIOMHOCMU 3Hep2uU OCYUUI/IIMOPOB Py NO UX YUCITY:

& = (dp,/dN,) = pAZ S /4nv, . (7)

Kak cnedyem u3 3mo20 BbIPAXEHUS], SHEpeusl 0OUHOYHOU BOJIHbI €, C YBEIUYEeHUeM 4acmomel
YMeHbWAaemcs, m. e. BoJIHbI CMAHOBAMCS CMAHOBAMCA «Mesibye», ynooobissack «psbu» Ha sode [9].
VIMeHHO 3mo u npedomspauiaem «y/JabmpaduosiemoBy0 Kamacmpoy», a He YMeHbWeHUe Yucsia
ocuuamopos Ny ¢ yacmomod, Kak 3mo npeonosoxus M. [TnaHk. [lpu 3mom coenacHo (7) 3Hepeus
BOJIHbI € 3dBUCUM OM amnaumyob! KonebaHul A, u nomHocmu Kosebrouielcss cpedbl p, Yo MAakie
He y4yumsiBaromcs 8 nocmysame [11aHKka e, = hv.

He cay4adHo cam M. [lnaHk 00 KOHUQ XCU3HU cyumas npobiemy mensioBo20 U3J/y4eHUs
HepewéHHoU u He 0CmMassig/l NONbIMOK YCOBEPUIEHCMBOBAMb 060CHOBAHUE CB0e20 3aKoHa [10]. He ezo
BUHA, YMO B MO BPemMs He CYuwecmaoBaso 0py2ol MepMOOUHAMUKU, CNOCObHOU onepupoBams
NOHAMUEeM NOMOKA 3Hepeuu NodobHo meopuu mensioobmeHa. OOHAKO 3MO20 Hesb3s CKA3amb O
COBpeMeHHbIX PU3UKax, NPOOO/IHAUWUX MBepoUMb O «4YepHOMeIbHOM», «DPABHOBECHOM» U



«MenJioBOM» U3J/1y4eHuu NPUMeHUMeIbHO K UBeMHbIM MeJsiamM, B YC0BUSIX OMCYMCMBUS MenioBo20
pasHosecusi (nepenadax memnepamyp B8 MUJJIUOHbI 2padycos) u B Ouand3oHe 4acmom, 0aneko
BbIX00AWEM 3a PAMKU Mens108020 us/ydeHus (0.4 +4 MK).

3. Henpomusopeyusoe 060CHOBAHUE 3aKOHA U3/Ty4eHus [TIaHKA.

[pUHLUNUAZBHBIM OMJIUYUEM NPeodsiazaemo20 NooxXo0d AB/ISemcs pACCMOMPeHUe U3JTyqeHus
cybcmaryuu, 3anosiHsoueld nosocms BoKpy2 AYT u Haxodauwjelcs ¢ HUM B MensioBOM paBHOBECUU, d KAK
Npoyecca Jiy4ucmoao 3Hep2o0bMeHa Mexoy uzlydamesiem U okpyxcaroujeld cpedod [11]. Mpu makom
nooxode NJIOMHOCMb U3/y4aemoll 3Hepauu B BosIHE py = py (T, t) [[px/MP], m. e. 3asucum Kak om paouyc-
BEKMOPA MOYKU NOJIA U3/ydyeHul r, mak u om BpemeHu t. B makom csiy4ae NoJIHyH NPOU3BOOHYHO

NJIOMHOCMU U3/TY4eHUs]

dpy/dt = (0p,/0t), + (cV)py, (8)
BK/Io4yaem 8 cebsi 10KanbHyr (0p,/ot) - u KoHBekmuBHYHO (0p,/dr)dr/dt = (cV)pv. Mepsas onuckieaem
U3MeHeHuUe NJIOMHOCMU U3/1ydeHus Bcaedcmaue Ybbiau KoaebamesbHoU 3Hepauu OCYuU/IISmoposB
cucmembl NpU cosepuieHUU pabomai No B036yx0eHuto KonebaHul 8 OKpyxaroujeld c8emoHOCHOU cpede,
BMOPAs NPOU3BOOHAS ONUChIBAGM NOMOK Jiyducmoul 3Hepauu, nepeHocumol 3mol cpedol co
CKOPOCMbIO C. Jlaxce 8 cmauyuoHapHbIx (YCMaHoBUBWUXCS) NPOUECCAx Jiy4ucmoao 3Hep2oobmeHa dp,/dt
=0, Koeda MOWHOCMU 0b6eux NPoueccos8 pasHbl, 3Mmu 08e COCMABAAOWUE HAAOHO OMPAXarom
pazsiuque mepmoouHamuyeckol U 3HepeoduHamuyeckol modenel uzsiydeHus. OCobeHHO 04YeBUOHbIM
CMAaHoBUMCS 3MO, ec/iu B COOMBEemMCcmBUU C (8) KoHBekmuBHOU cocmassistowseld npudams GHopmy
npoussedeHuUss NJIOMHOCMU NOMOKA HOCUMEJS JIy4UCmod 3HepauU jr= pAsVC (L M?3) Ha 0BUMXCYWLYO CUTy
JIY4UCMO020 3Hep200bmMeHa X = —V (AsV), M. e. 8 MOM Xe Bude, Ymo U B YpaBHEHUSX MenaonpoBoo0HOCMU,
3/1eKMpPoNPOBOOHOCMU, ugdpy3uu u m. n.:

Jr=Ls Xr, (9)
20e Lr — KoagguuueHm, aHanoeuyHbIl KoagouyueHmam mensonpoBOOHOCMU, 371eKMpPoNPOBOOHOCMU,
oupdysuuum. n. [11].

Tenepb Yyacmoma v BXo0UM B BbIPAXEeHUe NOMOKA Jy4ucmol 3Hepauu jr, m. e. npuobpemaem
CMbIC/T CNeKMPAsibHO20 NOMOKA BOJIH Jy = V KAK YUC/IA BOJIH, MOOY/IUPYeMbIX B8 OKpyxcarouel cpede B8
e0UHULY BpeMeHU U No2/1oWLaemMblX 3amemM NPUEMHUKOM u3/yqeHud. [Ipu 3mom nponopuUoHaIbHOCMb
NOMOoKa siy4ucmoll 3HepauU jr wucny BOJIH CMAHOBUMCS 04eBUOHOU, KAk U Mo, YMO KBAHMOM U3J1y4eHus
ABJ19emMCcs He POMOH Kak uye BoJiH, a Jitobas 00UHOYHASA BOJIHA, OUCKPEMHAs KAk B0 BpeMeHU, mak u B8
NpocMpaHcmae.

C Opyeol cmopoHbI, BbipaxeHue (8) npedcmasnsem cobol «KuHemamu4yeckoe» ypasHeHue
BOJIHbI B €6 MAK HA3bIBAEMOM «00HOBOJIHOBOM» npubsuxceHuu [9], 8 komopom npou3zsodHas dp/dt
uepaem poJib «YyHKUUU 3aMYXAHUS» BOJIHbI. B omudue om «QUHaMu4yeckux» ypasHeHul 2-0 cmenexu,
«KUHemMamuyeckoe» ypasHeHue Xxapakmepusyem BOJIHY, pAcNPOCMPAHSOUWYHOCS B8 00HOM HANPABIeHUU
OMm UCMOYHUKA, YMO COOMBemcmsayem peasabHol MoOesu U3/y4amesis U NOOYEPKUBAEM BOJIHOBYHO
npupody smoeo npouecca [12].

Oba smux obcmosamesnbcmsa mpebyrom nepexooa om Modesiu MensoBo20 PABHOBECUS K
KOHUeNnuuu U3sydyeHus Kak nomoky Jayducmol sHepeuu Jr = [j:dv (Bm M?), umeHyemMomy 8 meopuu
U3JTyYeHUSs «IHep2emu4ecKol CBemMUMOCMbIO», 20€ jr = puC (L4 M?) — NIOMHOCMb JIy4ucmoll SHepauu, Py
=Epnv. Takol No0xo0 mpebyem y4éma mo20, Ymo Kaxobil amom KAk OCUUIISIMOP NOMUMO OCHOBHOU
yacmomal KosiebaHusl Vo UMeem N 2dpMOHUK, COOMBEemMCMBYHWUX YOBOeHHOU, ympoeHHol u m O.
yacmome Vo = NVo (N = 1,2,3 u m. 0.). VIHbIiMu C108amu, 3Hepaus Ka)0o2o oCUU/I/IIMOopa &, ABJI9emcs
CyMMoU SHep2ull £, BCex e20 2aPMOHUK.

& =2n &N Ca)f(), (70)

[Mo-BUOUMOMY, 3Ma MbIC/Ib HE NPUWIA B 207108y M. [11aHKY KAk meopemuKy My3bIKU MOJIbKO
nomomy, Ymo OH NPUOepHUBAsCa BCe0 3a M. HbromoHOM KopnycKy/iapHOU KOHUEeNnuuU U3J/1y4eHUs.
Mexdy mem, 0719 HAXomOeHus CpeoHecmamucmuyeckol BeuYUHblI 3Hepauu OCYUIIAMOopa <En»
docmamoyYHo QoNyueHUs, YMO SHep2us 2apMOHUK &, pAcNpeoesieHda No MOoMYy e HOPMAIbHOMY 3aKOHY
pacnpedeneHus Makcsenna-bosbumaHa. B makom cay4ae npuemaem mom Memoo YCpeoHeHUs no n,

KomopabIt npumeHus M. [TraHK:
& = &/[exp(en/KT) - 1]. (11)
Jr = [jrdv = (8r/c?) fenP[exp(en/kT) — 1] dv (Bm m?), (12)
Jr=puC = (8nv2en/c?)/[exp(en/KT) — 1] ([ m?). (13)

Toeda

wiu



2mom uHmMezpasibHbIl 3aKOH U3JTyHeHUs He co0epxum Hu 00HoU Be/uduHbl, Komopas 6biia bbi
Heu3BecmHa U3 Kadccu4yeckol u3UKU. /19 NoJslydeHus U3 He20 BbIpa}ceHus 071 CnekmpasibHou
NJIOMHOCMU U3/1y4eHus Yy4mém, 4mo 8 COOMBeMCMBUU C Kaaccudeckol meopuel Us/ydeHus: pyHKuUs
Kupxeoga €,/KT dommHa nuHeldHo Bo3pacmams ¢ yacmomod V. Takyr e2o0 ¢opmy Jie2Ko NoJy4ums,
YMHOXCUB U NOOEIUB €n HA V U 0603HA4YUB OMHOWEHUE &n/v Yyepes h:

h= ey, (14)
ymo npudaém s3mol GyHKuuu B8ud hv/kT. Takasg nodcmaHosKa BNOJIHEe 00NYCMUMA, NOCKOJIbKY
Ko3¢puyueHm h mak uiu uHavye HaxoOumcs u3 onbima wiu u3 3akoHa Cmegaxa-bosbumara Jr = o T*
(Bmm?), 20ea,=5,67-10% (Bm mM? K*). B nocnedHem ciyqae, 0603Haqus exp(e,/kT) yepes €, 20e x = hv/kT,
Bbipay3ceHue (11) MoxHo npusecmu K 8udy

Jr = (8nk?/c?h’) [x3 (e — 1) 7dx. (15)

Yqumeisas, Yymo uHmezpan [x>(e*— 1)"dx 8 uHmepsane 0 < x < 1, coomsemcmayrouwem ouanasoHy
0 <v <, UMeem moyHoe 3Ha4eHue 15/m?, u conocmassifas seipaxceHue (14) ¢ 3akoHom CmedaHa-
bonbumara, Hatoém Bcied 3a naHkom, Haldoém, ymo 019 AYT senuduHa h = 6,626-10134 ([ c.)
coomsemcmayem HatioeHHol M. [naHkom. OOHAKo menepb 3ma BeuYUHA HaxXo0UmCcs He Ha OCHOBE
npomusopeyawieeo meopuu BosH nocmysaama [lnaHka & = hv, a ucxods u3 ecmecmBeHHo20
BO3pACMAHUS YUC/1A 2dPMOHUK OCYUU/IZITIMOPA N N0 Mepe pacluupeHusl duandzoHa 4acmom 0 <V <e,

He meHee Ba)x<HO, Ymo Benu4yuHa KeaHma odeticmsus h menepb npedcmaém Kak YycpeoHeHus
BE/IUYUHA, HOCAWAA CMamucmuyeckull xapakmep u xapakmepusyrowiast ocyuingmop AYT Kak yesoe, a
He Kak yHuBepcasbHbil KBaHm 0elcmBus, eouHbll 0/ BCeX MUKPONPOUECCOB He3aBucuMo Om Ux
npupoobl. K momy e BesuduHa nosy4eHa YcpeoHeHuem no BCem 2apMOHUKAM, d He N0 KBAHMOBbLIM
yucam HenoHSMHoU Npupodbl. Mo 0endaem «He3aKOHOPOXOEHHbIM» CAMO NOHAMUE KBAHMOBO2O
yucs1a, Kak u udero KBAHMOBAHUS SHEP2UU KK GYHKUUU COCMOSIHUS. HuUKoMy Bedb He npuxooum 8 20/108Y
CYUMAmpb OKeaH CoCMOoAWUM U3 Kaneslb MOoJIbKO NOMOMY, YMO MAKOB8 NONOJHAWUL e20 00H#Ob!

Takum 0bpazom, Mbl NPUXOOUM K BbIBODY, YMO HUKAKOU cneyupuyeckold «kBaHmosol» Gu3UKU,
OCHOBAHHOU HA HeNOCMUMUMOM NOCMOSHCMBE BE/IUYUHbI KBaHmMa delicmaus h 8 Kaxoom eouHUYHOM
MuKponpouecce, He cywecmsyem. Peyb 0o/miHA uomu o pazdese eouHol U3UKU, U3YHaroulem
cmoxacmuyeckue NPoUecChl U BO3HUKArOU4UE Ha pOHe XaoCa MakpOCKONUYeCcKue 3aKOHbI.
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Abstract

A device has been developed for studying the tensile properties of photosensitive
semiconductor thin films and the strain sensitivity of photosensitive cadmium telluride films has
been tested. It has been found that photosensitive films have significant strain sensitivity in the
region of the absorption edge near the energy h = 1.4 eV, which depends on the production
technology and the size of the film elements.

AHHOMayusa

PazpabomaHHoO ycmpolcmao 018 U3yYeHUs MeH30CB0UCMBa GomoyyBCmBUMEIbHbIX
NOJIYNPOBOOHUKOBbLIX ~ MOHKUX — NJIGHOK U 0NpobupoBaAHO  MeH304yBCMBUMEe/IbHOCMU
PpomoyyBCcMBUMESIbHBIX NJIGHOK Mesypudd Kaomus. BbiSCHeHo, Ymo GomoyyBcmBuUmMesbHbIe
nyieHKU obsiadarom 3Ha4umesibHol MeH304yBCMBUMEILHOCMbIO B8 06/1ACMU KPAs NOo2/1oWeHUs
B8b6ausu 3Hepeuu hv = 1,4 3B, Komopbid 3aBUCUMb OM MEXHOA02UU NOJIYYeHUsT U pAa3mMepos
NJIeHOYHBIX 31eMeHMOB.



Keywords: strain sensitivity, photosensitivity, deformation, semiconductor film, tension,
compression, phototensor.

Knroyesble coBa: meH304yBCMBUMEIbHOCMb, GOomMoYyBCMBUMEeIbHOCMb, degopmayus,
NoJYyNPOBOOHUKOBAS NIEHKA, PACMSAXCEHUS], CHamusi, GomomeH300amYuK.

1. BBeOeHue

B Hacmoswee Bpems usy4eHue 3¢pdekma meH304yBCMBUMEeIbHOCMU B GOMOYYyBCMBUME/IbHbIX
NoJYNPOBOOHUKOBbLIX MAMEPUAsax U co30aHue Ha ux 0CHOBE NPUEMHUKOB 38YKd, 0am4YuKoB ddsJieHus,
pomonpuemHukos VK-uzny4eHus u ¢pomo — meH300amyuKo8 8 WUPOKOM CNeKMpPAasibHOM OUuand3oHe
onpedesisem HOBYHO 06/1aCMb  PU3UKU U MEXHUKU  NOJYNPOBOOHUKOB-  NOJ1YNPOBOOHUKOBOU
meH3omempuu[1-8]. Co30aHue opuuHasabHbIX MeH300NMO3/IeKMPOHHbIX YCMPoUcms Cmumy/iupyem
danbHelwee u3y4eHue HoBbIX MeH30MempPUYecKUX U pomos1eKmpu4YecKux S8/1eHuUll B AKMUBUPOBAHHbIX
NJIeHOYHbIX 31emeHmax[4-18 |.

B daHHOU cmamee paccMompeHa meH304yBCMBUMEIbLHOCMb HOMOYyBCMBUME/IbHbIX NJIEHOK
meslypuda Kaomus. BbicHeHo, 4Ymo gomovyscmBumesbHble NieHKU 061a0arom 3Ha4umesibHouU
MeH304YBCMBUME/IbHOCMbIO, 3dBUCAWed Om MexHoA02UU NOJIYYeHUss U Pa3mMepoB  NJIeHOYHbIX
n1emeHmoB. TeH304yBCMBUMEe/IbHOCMb CBA3bIBAGMCS C HAUYUeM B NjieHKe MUKPONOMEeHUUAsTbHbIX
bapbepos, YyscmaumesbHbIX K 0epopmavuu [1, 2].

2. Obpasypl U MemoouKa 3KkchepumeHma

®omoyyscmsumerbHbie naeHku CdTe: Ag ¢ monuwuHol 0,9+ 1.2 MKM HAaHOCU/IUCh HQ MOHKUe
No0JIOXKU (C monwuHod 0,1 MM) U3 0p2aHu4eckoeo cmeksd. K Kpasim niaeHoK HaHOCUIUCh 3/1eKmpoobl
u3 cepebpa unu aksadoaza.

domoHanpsxeHue, 2eHepupyemoe Nnpu OocCBeujeHUU NJIeHOK MOHOXPOMAMUYEeCKUM CBemoM,
usmepssiocb sekmpomempom 3/ - 0,5M.

Jlna  usyyeHus  BAUAHUS  BHeWHel MexaHuyeckol degopmayuu  HA  BOJSbMAMNEPHYH
Xxapakmepucmuky(BAX), JroKc-amnepHyro  xapakmepucmuky(/IAX), a makxe Ha CcnekmpaabHyro
YyBCMBUMEILHOCMb — POMOYYBCMBUMENIbHBIX — 3/IeMeHmoB,  bbulo  cobpaHo — ycmpolcmBao
(puc.1.onucaHue ycmpolcmBa U3JIOMeHbl HUXE), Komopoe O00HOBpeMeHHo ¢ oOegdopmayuel
(pacmseHus uau  cxamus) 0dsasio BO3MOXHOCMb  OCBeWamb  uccaedyembill  obpaszeu
MOHOXPOMAMUYECKUM CBEMOM.

3. SkcnepumeHmMasibHbie pe3y/ibMmamsi U UX 06Cy#0eHUs

PaspabomaHo ynpouieHHo2o, bosiee moyHo20 ycmpolcmaa 018 degpopmauuu 0bpasyos, u3
NoJ1YNPOBOOHUKOBbIX MOHKUX NJIEHOK NPU OCBEUeHUU MOHOXPOMAMUYeCcKuM CBemom (puc.1).

B ycmpoticmse 019 0e¢opMupoBaHus noJlynpoBOOHUKOBbLIX MOHKUX NJIEHOK Npu ocBeuweHuU
MOHOXPOMAMUYECKUM CBEMOM, COOepHaHUeM pa3meujeHHble B KOPNYce KOHCOJIbHOK 3AaKpensieHHyH
NOOJIONCKY, 3epKasio, 0CBEMUMEsIb U POKYCUPYHOULYH CUCMEMY, B BEpXHel CMeHKe KOpnyca BbINOIHEeHO
omasepcmue 0719 MOKoNpoB000B, NOOCOLOUHEHHbIX K 3/1eKmpomempy, 8 00HOU U3 BOKOBbIX CMEHOK
Kopnyca BbINOJIHEHbI omBepcmusi 011 MUKPOMempd, 3a0CMpPeHHbIU KOoHey KOmopo20 HAnpasJieH K
CcBO6OOHOMY KOHUY NOOJIOXKU, U O/ PYKU pe2ysismopd NOBOPOMA 3epKasnd, NOONPYIUHEHHO20 K
Kopnycy, a B 0pyeol 60KoBOU CmMeHKe Kopnyca — omsepcmue O/11 NPOXOMCOeHUs! U3J/y4eHus om
MOHOXPOMAamopa 4yepe3s JiuH3y.

lpednazaemoe ycmpoldcmao 018 0epopmMupoBaHus 0bpazyos NosyNPOBOOHUKOBbLIX MOHKUX
NJIHOK NpU OCBeWeHUU MOHOXPOMAamu4yeckum csemom obsadaem nNpOCMbiM KOMNOHOBOYHbLIM
peweHuemM, bbicmpomol U MOYHOCMbKO 3aMepa U BbICOKOU YyBcmBuUmMebHOCMb. OmcymcmByrom
0oNoJIHUMesIbHbIe MeXHOI02UYeCKUe NPUEMbI U C/TIOXCHbIE nepepacyemai.

Ha puc. 1. cxemamu4yHo NOKA3aHo ycmpolcmao, a puc. 2. — [-obpas+Has cmolka. YcmpolcmBo 015
deopmuposarHuss ~ 06pazyoB  NOYNPOBOOHUKOBbLIX — MOHKUX  NJIEHOK — NPU  OCBeuleHuu
MOHOXPOMAMUYECKUM CBEMOM COOepHUm pa3meueHHble 8 Kopnyce 1 ¢ Kpbiwkod, 2 [-06pasHyro
cmolKy, 3 ¢ KoHcosbHoro omsepcmue 11. B o0HoU u3 60OKOBbIX CMEHOK Kopnyca 1 Haxooumcs
omsepcmue 12 07151 Mukpomempa 13 ¢ pykossmkol 14. 3aocmpeHHbil KoHey, 15 Mukpomempa HanpassieH
K CBOOOOHOMY KOHUY NOOIOXCKU 4. B 3mod e cmeHKe Kopnyca 1 Bbino/IHeHo omaepcmue 16 0/1s1 pyYKu
17 noBOpOMA pacnosioxeHHo20 B Kopnyce 1 3epkana 18 ¢ npyxuHol 19, a 8 dpy2oli 60koBol cmeHkKe
kopnyca T-omsepcmue 20 0719 NPOXOHCOHUS U3Jly4eHuss om MoHoxpomamopa 21 Yyepes uH3y 22.



Yempoticmso 0ns  degopmuposaruss 0b6pasyos NoJsynpoBOOHUKOBbLIX MOHKUX NJIEHOK Npu
ocsewjeHuU MOHOXpPOMAmMu4YeckoM csemom pabomaem ciedyrowum o0bpasom. Ha noonoxwky 4-
CMeK/ISHHYKO NJIACmuHy NpuUKieusarom obpasey 5-nosynpoBOOHUKOBYH GomoYyBCMBUMEsbHYH
naeHKy. o0noxKy 4 nodknadbisarom noo NAAHKY 8, KOMOpPYr Npukpensigrom sBuHmamu 9 K — [-
obpazHol cmolike 3. 3aKkpensieHHbIMU NodsioxKold 4 u obpasyom 5 — nosynpoBOOHUKOB
pomoyyscmaumesbHol naeHKoU.
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Puc. 1. Ycmpolicmso 0719 0egpopmupoBaHue moHKUX NOyNPOBOOHUKOBLIX NJIEHOK U U3MEpeHue
NPU MOHOXPOMAMUYECKUM CBEMOM.

Ha npomuBonNosIOXCHbIX KOHUAX ¢omodyBcmBuUmMesbHbIe NJIeHKU BbINOJIHEHbI KOHMAKmbl 6 C
mokonposodamu 7. K cmolike 3 Kpenumcs nJ1aHKa suHamu 9. B sepxHell cmeHke Kopnyca 1 8bINO/IHEHO
019 N0OCcoeduHeHUss MoKonposodos 7 K nekmpomempy 10

MoHoxpomamudyeckut caem om MoHoXpomamopa 21 Yepes uH3y 22 nocmynaem Ha 3epkaso 18.
Yeon nosopoma 18 peeyaupyrom BpYy4YHYrO pydkod 17. OmpaxeHHbil om 3epkaaa 18
MOHOXPOMaMu4eckul caem Hanpassasem Ha noJsynpoBOOHUKOBYH GomoYyBCMBUMETbHbIE NJICHKY 5.
OO0HOBpeMeHHO K HUXHel 4acmu NoosIoHKU 4 NepneHOUKYIIPHO ee NJIOCKOCMU BPAUjeHUeM PYKOSMKU
14 mukpomempa 13 noodBoosm 3aocmpeHHbIt KoHey, 15 0o ynopa. Mukpomempom 13 3amepsitom
Be/IUYUHY OMHOCUME/IbHO20 YOJIUHEeHUS pacmsxceHue obpazuya 5 nymem uszuba. OO0HOBpemMeHHO
3amepsrom BesiuduHy omoHanpsaxeHus snekmpomempom 10. 3amem moHoxpomamop 21 omK/o4arom,
3ao0cmpeHHbIt KoHey, 15 mukpomempa 13 omoodsuzarom om NoosIoxKU 4 BpaujeHuem pykosmku 14.

OmKpy4usarom BUHMbI 9, CHUMArOmM NJIAHKY 8, NOOJIOMKY 4 ¢ obpasyom 5 nosopaqusarom Ha
180° nnaHKy 8 oCHOBA NPUKPYYUBAroM BUHMAMU 9, BK/IHOHYAOM MOHOXpoMamop 271 U Ha MblIbHYH
CMOPOHY NOOJIOMKU 4 Hanpassstom MOHOXpoMamuyeckul csem om MoHoxpomamopa 21 u dasnee
npoyecc NOBMOPSIFOM.



Puc. 2. -obpasa+s cmotka 019 NoOKpensieHus1 obpasyos.

Mukpomempom 13 uamepsrom YKopo4eHue — Cxamue NOOJIOXKU 4 U pacCYumabiBarom BeUYUHY
omHocumesibHol depopmauuu NoYNPOBOOHUKOBOU ¢GomoYyBCMBUMESIbHbIE NJEHKU NO opmyie

3 ¢
CP:2.|2Ay )

20e ¢ — paccmosHue om HellmpasibHOU 0cU NOOIOXKU 00 NaeHKU; [ — 01uHa No0-10xcKu Mexcdy onopoll u
MoYKoU NPUSIOHEHUS CUbI; Ay —npoeub cB0O6OOHO20 KOHUA NOOJIONCKU B MOYKE NPUSIOXEHUS CUJIbI.

Jlechopmauus Haxooumcs 8 uHmepsase om -2- 107 0o 2- 10 omH.e0. Smo no3sosisem 00HY U my e
nJ1eHKy 0eopmMupoBams MHO20KPAMHO b6e3 ee paspyulIeHus.

Yempolcmso  0ng  depopmuposaHuss  06pasyoB  NoslynpoOBOOHUKOBLIX — MOHKUX — NJIGHOK,
omJiuYaroujeecs mem, 4mo B BepxHel CMeHKe KOpnyca BbINOJIHeHO omBepcmue 0719 MOoKONpoBoJdoB
NOOCOCOUHEHHbIX K 37eKmpomMempy, B8 00HOU U3 OOKOBbIX CMEHOK Kopnyca-omaepcmus Ofs
MUKpPOMempa, 3a0CMpeHHbIU KOHey KOmopo2o HanpasJieH K CBO600HOMY KOHUY NOOIOMCKU, U OJIF PyYKU
pezysamopa NOBOPOMA 3epKasid, NOONPYXUHHO20 K KOpnycy, a 8 dpy2ol 60KoBoU cmeHKe Kopnyca —
omsepcmue 0JiS NPOXOXOeHUS U3/Ty4eHuUss Om MOHOXPOMAMOPA Yepe3s JIUH3Y.

ViccnedosaHus NoKasasau, 4Ymo npu cxamuu naeHok CdTe: Ag 3HadeHue HanpsixceHus(V)
YMeHbWAaemcs, a npu pacmsxeHuu pacmem (puc. 3), npuyem 0eopmMayuoHHAs Xxapakmepucmuka npu
oramuu Hocum HesuHelHbIld xapakmep. A 3mo 06YC108/1eHa mem, Ymo U3-3d pas/iudus MeXcamoMHbIX
paccmosiHul y NOOJIOHKU U NJIEHKU, B NOC/E0Hel BO3HUKAem BHYMPeHHUe MEXaHUYeCKUe HanpsaxeHus
oramus.
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Puc. 3. OmHocumesibHoe usmeHeHue V npu mexaHu4yeckol degpopmauuu naeHok CdTe:Ag.
EcmecmaerHoe ocseuweHue L = 3 10°7Kk. T = 300K
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Puc. 4. TemHOBas BAX Puc. 5. IAX ¢oTOUyBCTBUTENBHOMN NAEHOK
doTouyscTUTENbHOMMNNEHKMN CdTe:Ag (KpuBas CdTe:Ag (kpuBan 1) u 3meHeHue ee noj,
1) U W3MeHeHWe ee nog AeiicTBrem OencTBuem mexaHu4yeckomn gedopmaumm
mMexaHuyecko gedopmaumm (Kpueas  2- (KpuBasn 2- ckaTne, 3-pactaxeHue)
cKaTue, 3-pacrakeHue) 1-£=0; 2—&=-3-10" omn.eo.
_n _ -3 _
1-¢=0; 2—&=-3-10"omn.eo. 3_ ¢ =43.10 2 ommu.co.

3—¢=+3-10"omn.eo.

KosgpuyueHm meH3zoyyscmaumensHocmu (KTH) ¢omoyyscmBumesibHbIXNIeHOK onpeoesisom
no gopmyse
LA
Jo€
20eAJ = J - Jo — abcomomHble 3Ha4eHue u3MeHeHuUs CuJly moka npu degopmavuu;,
Jo — Ha4YasbHoe 3Ha4YeHue Cusly MoKda, € - BeJIUYUHA OMHocumesbHol 0edpopmayuul.

VI3y4eHo make BUsSHUEe MexaHu4yecko2o B030elicmaus Ha JIKC — dMNepHble XapakmepucmuKu
nosyqeHHbIX naeHok CdTe: Ag (puc.5).

Ha puc.4. npedcmasneHa BAX depopmuposaHHol niaeHku CdTe:Ag. BudHo, 4mo npu cxamuu
NJIeHKU (Kpusas 2) 3Ha4eHue mMoKa pacmem, d Npu pacmsxeHuu ymeHbwaemcs (3). Habarooaemcs
aHasoauyHas sasucumocms JIAX om mexaHu4eckol Oegopmauyuu (puc. 5.); pomomok KopomKozo
3ambikaHusi(lks)eeHepupyemodl nieHKol u NPONOPUUOHATbHOU POMOYYBCMBUMETLHOCMbHD, NPU CHAMUU
(kpusas 2) ymeHbWaemcs, a Npu pacmsxeHuu (kpusas 3) pacmem.

Kak BuoHo u3 BAX u JIAX npu o0HoocHol Oegopmauuu pacmseHus 8 nseHkax CdTe
Habirodaemcs ysenudeHue memMHo20 CONPOMUBJICHUS U HaNPSXeHUs gomocu2Handa. 3mo obbscHIemcs
U3MeHeHUeM BbICOMbI NOMeHUUA/IbHbIX 6apbepoB HA 2paHUUAax KpUCmasaaumos 3d CYem U3MeHeHUs
KOHUEHMPAauuu NoBepxHOCMHbIX COCMOAHUL[ 6].



Tenepb npusedem  pe3ysibMambl  IKCNEPUMEHMA/IbHO20 — UCCe00BAHUS — CNeK-mpasbHOU
3asucumocmu ¢pomo-3/]C, omHeceHHas K eQuUHUYe 3Hepauu NOOAroU4e20 U3JlyYeHus, Npu 0epopmayusix:
e=0ue=%2-10°0mH. eo.

Ha puc. 6. npusedeHbl CNekmpasbHble 3aBUCUMOCMU ks OmM 3Hepeuu KBaHma csema (hv). BudHo,
YmOo NPU PACMAXEHUU OMOMOK KOPOMKO20 3aMbIKAHUS pAcmem, d NPU CHAMUU YMeHbWAaemcs.

MoxcHo BBeCMU NOHSIMUE CNeKmMpasabHo20 KoagguuueHma Ky meH304yBCmBUmeIbHOCMU NIeHKU
noV

AV (v)

Y V(W)e

20e AV =V — W — usmereHue ¢pomosocnpu depopmauuu, \° — 3HaqeHue ¢pomo30c npu omcymcmasuu
degpopmayuu. Toeda BeaudquHa Ky, ecmecmseHHo, 3asucum om 0/1UHbI BOJIHbI BO36Yxdarouwse2o caemd.

Haubonbwee 3HavyeHue K, obHapyxusaemcs 8 061acmu Kpas noaaouieHus 861u3u sHepeuu hv =
1,4 3B (cM. BCMasKy Ha puc. 6.), Npu4emM 3mo 3Ha4YeHUe HecKosIbKo omJudaemcs 018 degopmauuu
PACMAXHUA U Cxamus npu e =+ 2 - 102omH.eo.

Takas acummempusi Habirodaemcss makxe u 01a K npu ocsewjeHuu nieHoK ecmecmBeHHOM
csemom (puc.4.), m.e. 018 BeIUHUHbI

7

K :TKV(V)dv ,
0

Ymo No-8UOUMOMY, CBOUCMBEHHO 01 BCEX NJIEHOK, NpUYeM OHA umeem 0bpamHo20 3HAKA y 0ObIYHbIX
omoyyscmaumenbHbIX  NAeHOYHbIX 31emMeHmos| 8] SkcnepumeHmanbHbil cnekmp K, umeem
MAakcumym 8 0b1acmu Kpas cobCcmaeHHo20 noesiouweHus 86usu s3Hepeuu pomora hv =1,3 3B npu
depopmayuu pacmsxcerus € =+2-10"° omn.ed. (K, ~800 ) u hv =1,3738 npu cxamuu & = -2-107°
omH.e0. (K, =300 ). Bbicokas ¢omomeH3oyyscmaumesnsHocms naeHok CdTe:Ag, no-sudumomy,

obycnosneHa obpamumol Mmuepayuell uoHos Ag' u BakaHcul kaomusi (Veq,Veq ) 8 obnacmu

nomeHyuasabHbIx 6bapbepos. Tak Kak, Ag Haxoosach 8 ob1acmu nomeHuuasabHbIx bapbepos obpasyrom
2/1yboKue YpoBHU C onmuyeckol 3Hepeuu akmusauuu Eonm=1,153B, yyacmsyrouux B8 2eHepauuu
npumecHol ¢omo30c[9 ]. Inybokul yposeHb C 3Hepauu akmusauuu Eonm=1.30 3B, cs8A3biBaromcs
BAKaHcull KaOMusi , MAakxe y4acmayrom 8 2eHepayuu ¢omo30c u cyumaemcsi domuHupyrousem/ 10 J.
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Puc.6. Cnekmp ks nreHok CdTe:Ag nod mexaHuyveckol degopmayuu & = 2 -102ommn.eo. Ha scmaske
NOKA3aHbI U3MeHeHUe Ko3ghduyueHma ¢omomeH304yBCMBUMEIbHOCMU NJIEHOK NPU PACMSMEHUE U
cramue.

Jedopmayusa pacmsaxeHus yseudusaem He moJibKo BbICOMbI MUKPONOMEHUUA/bHbIX 6apbepos,
HO UX ACUMMEeMPUIO HA 2pAHUUAX KPUCMA/IIUMOB, U MemM cambiM, 61a20npusmcmayem 06pa3o8aHuKO

¢omo-34C. Makcumym cnekmpa K, B8 OKpecmHocmu 3Hepauu akmusauuu Ag JuwHUU pas

noomaepxodaem mo2o, YMO AKMUBHbIE NPUMECHbIe UeHmpbl Ag NpeumyuecmBeHHo HAxo0smcs B
bapbepHbix 061aCMAxX KpUCMAaaudeckux 3epex. [lpu degopmayuu Cxamus OHU Yacmuy4yHO yxoo0sm 8
2/1ybb KpUCMaaiuma, Ymo npusBooum K YMeHbUWEeHUI BbICOMbI 6apbepos U Yacmu4yHOMY CHAMUK UX
acummempudl. MiameHeHue Bbicomsl bapbepa om 0eopmayuu 3asucum Om U3MeHeHUs CNeKkmpda 3Hepauu
Hocumened 3apsoa.

4, 3aknroyeHue

OCHOBbIBASICb HA 3KCNEPUMEHMA/IbHbIX OAHHbIX MOXCHO CKA3ambs, 4YmMO npu odepopmayuu
PACMSIHEHUS YBeu4uBaemcss BbICOma MUKPONOMEHUUA/IbHbIX 6apbepos, KOmopble CMUMY/IUPYHM
06pazoBaHue BbICOKOU pomo- U mMeH304yBCMBUMEILHOCMU B MOHKUX naeHKax CdTe.



3mo ycmpolcmBo MOXHO UCNO/Ib30BAMb B OpPY2UX NOJIYNPOBOOHUKOBLIX pOMOYYBCMBUMESbHbIX
MOHKUX NJIeHKAX, 0J15 BbISICHEHUS pomomeH304ycmBumesibHOCMU Npu degopmayuu.

V3BAX u JIAX npu 00HoOCHOU Oegopmauyuu pacmsxeHus 8 ¢omoyvyBCmBUMETbHbIX NJIeHKAX
Hab/irodaemcs ysesieqyeHue memMmHo20 CONPOMUBJIEHUS U HaNPSIHEHUS pOmocueHana. Smo obbsCcHsIemcs,
U3MeHeHUeM BbICOMbI NOMEHUUA/IbHbIX 6apbepoB HA epaHUUAxX KPUCMA/IIUMOB 3d CHem U3MeHeHUs
NOBEPXHOCMHbIX COCMOSHUU.

Takum obpasom, 30ecb ommeyeHbl Haubosee cCyujecmBeHHble MOMEeHMbl, XapakmepHble O0J1s
NPoBOOUMOCMU HEOOHOPOOHKIX NJIEHOK, U3MEHeHUe Ux NPoBOOUMOCMU npu degopmayuu. [osy4eHHble
pesysibmamal  MO2ym  NPUMEHSIMCS 0I5  PA3/IUYHbIX — KOHKPemHbIX — C/Iy4des8  UCC/i1e00B8aHUs
omosniekmpuyeckux s8eHUl B8 HEOOHOPOOHbIX NOYNPOBOOHUKOBBLIX NJIEHKAX, B YACMHOCMU, MO2ym
b6bIMmb NPUMeHeHbl Kak gomonpuemHUK MK u3ziydeHus U GomomeH300amyuk B8 CNeKMpPaabHOM
duanasoHre (0,9 -2,5) MKM.
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Abstract

The study aimed to determine the environmental condition of the pasture lands in the region
using GIS and remote sensing methods. GIS tools were used to analyse and process the data, and
various indicators were used to determine the environmental condition of the pasture lands.
Overall, the study demonstrates the usefulness of GIS and remote sensing methods in assessing
the environmental condition of pasture lands, and provides important information for land
managers in the region. Future research could focus on developing more advanced techniques for

analysing remote sensing data and improving the accuracy of environmental assessments.

Keywords: Geographic information system (GIS), Remote Sensing (RS), pasture, vegetation
index.

Introduction. Determining the environmental condition of pasture lands is an important task for
managing and preserving the natural resources of a region. This can be accomplished through the use of
geographic information systems (GIS) and remote sensing methods.

GIS is a computer-based tool that allows for the creation, storage, and analysis of geographic data.
By using GlIS, environmental data such as land use, vegetation cover, and soil characteristics can be
collected and analysed in a spatial context. GIS allows us to collect, manage, and analyse geospatial data,
such as land use patterns, soil types, topography, and vegetation cover. We can also integrate various
layers of data to create a comprehensive map of the pasture lands in the region. GIS allows the collection
and analysis of various types of spatial data, such as land cover, vegetation type, soil properties,
topography, and climate. Remote sensing technology, such as satellite imagery, can provide high-
resolution images of the landscape that can be used to identify vegetation patterns and changes over
time.

Remote sensing involves the use of sensors to collect data from a distance, such as from satellites
or aircraft. This data can include information on vegetation health, land cover, and soil moisture content.
Remote sensing allows for the collection of data over large areas, making it a valuable tool for monitoring
and managing pasture lands.

Remote sensing methods, such as satellite imagery and aerial photography, provide us with
detailed information on the condition of pasture lands, such as vegetation health, moisture content, and
temperature. We can use this data to monitor changes in pasture lands over time and identify areas that
require management interventions.

By combining GIS and remote sensing data, it is possible to obtain a comprehensive understanding
of the environmental conditions of pasture lands. This information can be used to identify areas in need
of conservation, develop management plans for sustainable use, and monitor the effectiveness of
management practices over time.

The environmental condition of pasture lands plays a critical role in maintaining healthy
ecosystems and supporting sustainable agriculture practices. To determine the current state of pasture
lands in a region, we can use a combination of GIS and remote sensing methods.

Overall, the use of GIS and remote sensing methods can provide valuable information for the
sustainable management of pasture lands and the preservation of the environment.

Methods: To determine the environmental condition of pasture lands in a region using GIS and
remote sensing methods, the following steps can be taken:

1. Data collection: Collecting GIS data on the region, including land cover, soil types, topography,
and climate. Obtaining satellite imagery and other remote sensing data to identify vegetation patterns
and changes over time.



2. Data processing: Process the GIS and remote sensing data using specialized software to extract
information on vegetation cover, soil moisture, and other environmental parameters.

3. Analysis: Analysing the processed data to identify areas that are experiencing degradation or
need restoration. Comparing the current state of the pasture lands to historical data to identify changes
over time.

4. Mapping: Creating maps using the processed data to visualize the environmental condition of
the pasture lands in the region. Using these maps to identify areas that require conservation or
restoration efforts.

5. Decision-making: Using the results of the analysis and mapping to make informed decisions
about land management practices. Determine appropriate measures for improving the environmental
condition of the pasture lands, such as implementing grazing practices that promote soil health and
vegetation growth.

6. Monitoring: Monitoring the condition of the pasture lands over time using GIS and remote
sensing methods to track changes and the effectiveness of management practices.

7. Data integration: Finally, all the collected data can be integrated and analysed using GIS
software to generate maps and reports that provide an overview of the environmental condition of the
pasture lands in the region.

Overall, the use of GIS and remote sensing methods can provide a comprehensive understanding
of the environmental condition of pasture lands in a region, allowing for informed decision-making and
effective land management practices.

Results. The results of determining the environmental condition of pasture lands in a region using
GIS and remote sensing methods can vary depending on the specific area being analysed and the data
sources used. However, some possible results that can be obtained include:

1. Land cover classification: The satellite imagery can be used to classify the land cover into
different categories such as grassland, forest, wetland, and cropland. This can provide a comprehensive
view of the landscape and identify areas where land cover changes are occurring.

2. Vegetation analysis: Vegetation indices such as NDVI and EVI can be calculated from the satellite
imagery to assess the health and vigour of the vegetation cover in the pasture lands. This can help identify
areas with high and low vegetation productivity, which can be used to inform management practices.

3. Soil analysis: Soil maps can be used to identify the soil properties of the pasture lands such as
soil type, texture, and organic matter content. This information can be used to assess the soil fertility and
the potential for soil erosion.

4. Topographic analysis: DEM data can be used to generate topographic maps of the region, which
can be used to identify areas of high slope and potential for soil erosion.

5. Climate analysis: Climate data such as temperature and precipitation can be used to assess the
suitability of the pasture lands for livestock grazing and to identify areas of high risk for drought or flood.

By integrating and analysing all of the collected data using GIS software, researchers can generate
maps and reports that provide an overview of the environmental condition of the pasture lands in the
region. This information can be used to inform land management practices and to promote sustainable
use of natural resources.

Discussion: Determining the environmental condition of pasture lands using GIS and remote
sensing methods can provide valuable insights into the health and productivity of these ecosystems. The
use of these technologies can help identify areas that require restoration or conservation efforts, as well
as assess the impact of land management practices on the environment.

One of the main advantages of using GIS and remote sensing methods is the ability to analyse large
amounts of spatial data at a high resolution. This allows for a more accurate assessment of the condition
of pasture lands and can help identify trends and patterns over time. The use of satellite imagery can
also provide a comprehensive view of the region, allowing researchers to assess the impact of
environmental factors such as climate change on the health of the pasture lands.

Another advantage of GIS and remote sensing methods is that they are non-invasive, meaning that
data can be collected without physically disturbing the environment. This is particularly important in
sensitive ecosystems such as wetlands or areas with endangered species. Additionally, the use of these
methods is often more cost-effective than traditional field-based methods, allowing for a more
comprehensive assessment of the region.

However, there are also limitations to using GIS and remote sensing methods for assessing the
environmental condition of pasture lands. For example, the accuracy of the data is dependent on the
quality of the satellite imagery and other data sources. Additionally, these methods may not be able to



capture certain aspects of the environment, such as the presence of invasive species or the impact of
human activities on the ecosystem.

Overall, the use of GIS and remote sensing methods to determine the environmental condition of
pasture lands is a valuable tool for researchers. These methods provide a comprehensive view of the
ecosystem, allowing for more informed decision-making and improved land management practices.
However, it is important to consider the limitations of these methods and to supplement the analysis
with on-the-ground observations and field-based data collection where possible.

Conclusion. In conclusion, GIS and remote sensing methods are powerful tools for determining the
environmental condition of pasture lands in a region. By collecting and analysing data from various
sources, including satellite imagery, soil maps, climate data, and vegetation indices, researchers and land
managers can gain valuable insights into the health and productivity of these ecosystems.

The use of these methods allows for a more accurate assessment of the condition of the pasture
lands, which can help identify areas in need of restoration or conservation efforts. The high-resolution
satellite imagery and other spatial data can also be used to monitor changes over time, assess the impact
of land management practices, and predict the potential risks of environmental factors such as climate
change.

However, it is important to consider the limitations of these methods, such as the accuracy of the
data and the inability to capture certain aspects of the environment. Therefore, it is important to
supplement the analysis with on-the-ground observations and field-based data collection where possible.

Overall, the use of GIS and remote sensing methods to determine the environmental condition of
pasture lands can provide valuable insights into the health and productivity of these ecosystems. This
information can be used to inform land management practices and to promote sustainable use of natural
resources.
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Abstract

In the presented work, the causes of colibacteriosis in newborn calves, clinical
manifestations and characteristic pathological-anatomical changes in septic and enteritic and
enterotoxemic forms of the disease are analyzed. The work is illustrated by typical changes found
during the autopsy.

AHHomayus

B npedcmassieHbil pobomsl NPOAHA/bI30BAHLI NPUYUHU 3aXBOPHOBAHHSI HOBOHAPOOMEHUX
menam Kosnibakmepio3oM, KJiHIYHI NPOSBU | XApaKmepHi NAmoJio20-aHaMOMIYHI 3MiHU 3a
cenmuy4Hoi' ma eHmepumHoi i eHmepomoKcemMiyHoi popm nposasy xsopobu. Poboma inrocmposarHa
MUNOBUMU 3MIHAMU, BUSIBJIEHUMU B NPOYECI PO3MUHY.

Keywords: colibacteriosis, Escherichia coli, intestines, calves, dissection, inflammation.
Kntoyosi croBa: Konibakmepios, KUWKOBA NAAUYKA, KUWEYHUK, Meiamd, pPO3muH,
3anasieHHs.

AKmyasibHicmb memu. Bnepuie 36y0HUK Konibakmepiosy 6ys sudineHud i3 ¢pekanil Xopoi dumuHu
B 1885 poui Ewepixom Ha 4ecmb K020 BiH 6yB8 Ha3BaHul ewepuxicto. B nocidyrodi poku, ocobuso 8 20-
My cmosiimmi 36YOHUK Koaibakmepiozy cmasu Budinsmu Bi0 XBOPUX Ci/lbCbKO20CN0OAPCbLKUX MBAPUH |
NMUUl, MOJIOOHSIKY XympoBuUX 20CN00dpCMB | 0OMAWHIX MBAdpuH. BcebiyHo sus4Yanacb mMopgosoais
36y0HUKa, (020 Ky/bMmypasbHi ma b6ioxiMiYHi  B1ACMUBOCMI, 2eHemuYyHd OCHOBA, AHMUR2eHHI
B/1aCMUBOCMI, | HABIMb 30amMHICMb NOCMYNOBOI BMPAMU YymJ/iusocmi 00 NesHUX JiKyBaibHUX 3acobis
—aHmubiomukis [1, 2].

Cepe0 pi3HoBuOiB KuwKkosoi nanuyku (Escherichia coli) Budingrombcs SK eHmeponamo2eHHi makx i
HenamoeeHHi cepomunu. HenamoeeHHi cepomunu KUWKOBOI  NAJUYKU 3ABXOU 3HAX00AMbLCA Y
BMICMUMOMY MOBCMO20 KULWEYHUKA, NPOSBSHOMb AHMA20HICMUYHY 0it0 NPOMU NEBHUX NAMO2eHHUX
MiKpoOp2aHiamis ma 6epymse y4acme B YMBOPeHHI 6io/102i4HO-aKMUBHUX PeYoBUH, B MOMY YUC/i
simamiHy K. [lamoaeHHi CupoBapu KUWKOBOI NAIUYKU MArOMb CKAAOHY aHMU2eHHy CMPYKmypy i
pi3HAMbCS 3a comamuyHum (O-aHmuzeHom), nosepxHesuM abo KancysbHuMm (K-aHmuzeHom),
oxccymukosuM (H-aHmueeHom) ma 3a adeesusHuUM @ibpungpHUM (Biivacmum) nin-aHmueeHoM. HuHi
Bidomo 6ina 170 cepoepyn ewepixil, SKi po3pizHarombcs 3a O-aHmuzeHoM, 100 ceposapis 3a K-
aHmueeHoMm i 6ing 60 munis 3a H-aHmueeHom [3-5].

OCHOBHUMU akmopamu namoz2eHHoCmi ewepixili € HAsBHICMb eHOOMOKCUHIB | 30amHICmb
NPoOyKyBAMU eK30MOKCUHU. EHOOMOKCuH s18/155€ coboro comamuyHUlt aHmuaeH, BiH mepmMocmabiibHUU
i BioHocumbca 00 eHmepomponHux A0i8. EK3omokcuHu 6ysaroms mepmosnabisibHi i mepmMocmabisibHi,
BOHU iMYyHO2eHHI Ma B80/100iFoMb HEKPOMU3YHHOor0 | HelipomponHoro dieto [6].

3axsoprosaHicms | 3a2ubesib HOBOHAPOOM(EHUX Meniam Bi06YBAEMBLCS HA NEPUIOMY MUXCHI
xumms. OCHOBHOK NPUHUHOK 3AXBOPHOBAHHA MEIIM € He HaiexHul caHimapHul cmad micub 0e
npoxodsimb poou | MicUb PO3MIUIEHHS HOBOHAPOOMCEHUX. Y BeuKux 20cnoddpcmaax, 0e Macoso



NpoxXo0Amb  po3Mesiu, PoOUsIbHI  NPUMIUIEHHS NepeBaHmaxceHi [ B8 HUX Yy Beaukil KiibKocmi
HaKkonu4yeMbCA Pi3Ha MiKpOG10pa BKIOYArHYU NAMO2eHHI CepoBapu KUWKOBOI NAIUYKU. He 3aBxou Ha
Micui posmesiiB NPOBOOUMbBCS HANIEXHA O4YUCMKA | Oe3iHpekuia uiei mepumopii. Tomy 8 makomy
POOUSIbHOMY NPUMILLLEHHI HOBOHAPOOXEeHe mesisi 8 Nepuly 200UHY #UMMS KOHMAKMYe 3 NAMO2eHHUMU
CepoBapamu  KUWKOBOI NAaiu4yku [ nid0aembCs 3dpaxceHHro. B nepedosux 20cnoddapcmsax, wob
pO3ipBAMU eni300mu4yHUl JIaHU02 BUKOPUCMOBYHOMb 00HEe abo 0BOE pe3epBHUX pPOOUTbHUX NPUMILLEHb.
[licns mica4Hoi ekcnayamauji 00H020 poouUSIbHO2O NPUMILLEHHS, MBApUH Nepesodsmsb B8 iHWe —
nideomossieHe, npoodesiHgikosaHe. Taki poousibHi NPUMILLEHHS eKCNIyamyrtmbCs 3d NPUHUUNOM
»~nycmo-3alHamo” [3, 5, 7].

lMpomu ewepixio3y mesnssm po3pobsieHa cneyugidHa npodinakmuka, mobmo misibHUM KOPOBAM 3a
1,5-2 Mic. 0o po3mesly BBOOSIMb BAKYUHY, BU2OMOBJICHY 3 PI3HUX NAMO2EHHUX WMAaMIB KUUWKOBOI
naauyku. Ane kpawud epekm odepicytoms modi, KOaU BAKUUHA BU2ZOMOBIEHA [3 MICUEBUX WMAamis, Npu
YMOBI, W0 MOJI03UBO Bi0 BAKUUHOBAHUX KOPIB Mensama 00epxy/tomb B8 nepuli 08/ 200UHU Nic/S
HapoOXceHHsI. AKU0 MOJI03UBO MESIIMKO 00EPHCYE NI3HIWE, MO KULWEYHUK KOIOHI3YEMbCS NAMO2eHHUMU
CepoBapamu KUWKOBOI NAIUYKU | iMyHO2/106y/1iHU MOJI03UBA B MAKIU cCUMYyauli He BUKOHYHOMb 3aXUCHOI
PyHKUI [4, 6, 8].

B okpemux Besukux 2ocnodapcmsax (binbwe mucadi OilHUX Kopis) 3 Memoro NpodinakmuKku
WI/TYHKOBO-KUWKOBUX 3aXBOPHOBAHL HOBOHAPOOMEHUX MesISM BNPOBAOXCYIOMb HOBY MEXHO/I02iH
0027190y 3a HOBOHAPOOHEHUMU. B nepuuy 200UHY NI/ po3mesty 8i0 NOpoOisJi 00eP@CYHomMb B CNEUiaibHy
EMKICmb 00 4 nimpis Mo/si03uBa i Yepes cneuianbHull 30H0 BBOOSMb (1020 8 CUYy2 | MOHKUU KUWEYHUK
HOBOHAPOOMeHo20. Takul nputiom 3abe3neyye HOBOHApPOOXeHe mesis 00CMAMHIM IMyHHUM 3aXUCmOoM |
3anobi2ae KOJIOHI3aUi KUWEYHUKY KULWKOBOK NAIUYKOro [4, 7].

OCHOBHUU W/ISIX NPOHUKHEHHS 36YOHUKA B OP2aHi3M HOBOHAPOOXEHUX mesisim — aslimeHmapHud.
IHKybauitHul nepiod mpusae 8io Kiibko 200uH 0o 1-2 0ib.

Y menam po3pisHAtOMb cenmuyHy, eHmepumHy | eHmMepomoKcemidHy Gopmu  nposisy
Kosnibakmepiosy.

CenmuyHy opmy Kosibakmepio3y BUKIUKAOMb OKPemi wmamu ewepixil, AKi He Maromse
adee3usHUX aHmMueeHIB. BipyseHmHICMb Yux WMAamis NoB's3aHa 3 HAasBHICMIO KANCY/bHUX AHMUZEHIB,
nobyodoBaHuUX I3 Kuc/iux nojicaxapudis, AKi CNpUstoMb NPOHUKHEeHHKo 6akmepit B8 iMbamuyHy i
KDOBOHOCHY cucmemy i 3aHOCAMbCS 00 Pi3HUX Op2aHiB, 0e BOHU NOYUHAKOMb PO3MHOMCYBAMUCH 3d
HU3bKO20 BMICMY B 0peaHi3mi iMyHo2106yaiHIB. Kancyna 3axuuwae ewepixii 8i0 gazoyumosy |
bakmepuyuoHux sracmusocmel Kposi. Ewepixii, SKi pO3MHOMYHOMbLCA B8 PI3HUX 0p2aHax 4acmkoBo
PYUHYHOMbCA | BUBIIBLHAOMb @HOOMOKCUHU, SKUU BUK/IUKAE WOKOBUU CMAH, WO CYNPOBOOXYEMBLCS
pO3B8UMKOM c1abocmi | CYOUHHUM KOJIanCoM. 3a cenmuy4yHoi’ popmu nposiBy xBopobu diapesi Moxce He
npossiamuck [5].

EHmepumHa ¢opma nposisy Kosibakmepiosy NoB’A3aHa 3 NPOHUKHEHHSIM 8 MPAsHY CUCMemy
ewepixil, AKi BOA00IOMb HE3HAYHOK PYX/IUBICMIO | He MICMAMb A02e3UBHUX aHMU2eHIB. Taki ewepixii
NPOHUKArOMb B C/1U30BY 0O60JI0HKY MOHKUX KULWOK, PO3MHOXCYHOMbCS MAam, a npu pyUaHyBaHHi BUOISHOMb
eHOOMOKCUHU, K BUKIUKAKOMb 3aNasaeHHs | 0iapero.

EHmMepomokcemiyHa ¢opma nposisy Kosibakmepiozy BUKIUKAEMbLCA eHMepOMOKCUeHHUMU
wmamamu - ewepixid, SKi- NPUKPINIKOMbBCS 3d 00NOMO20K)  NiS-AHMU2EHIB  (MIKpOBOPCUHOK) 00
MIKPOBOPCUHOK eHmepoyumiB MOHKO20 KULWEYHUKY | PO3MHOMCYHOMbLCA HA iX NOBEPXHI, NPOOYKYHHU
mepmocmabisibHi eK30MOKCUHU. HaKonu4YeHHs Uux eKk30mMOKCUHIB CMUMYJIHOE AKMUBHICMb KUWKOBOI
2YAHIIYUKA3U, Wo 06YMOBIE 2inepcekpeuito piouH | enekmposiimis B8 NPOCBIM KUWEYHUKY |
3HeBOOHEeHHS MKAHUH [6].

CenmuyHa ¢opma Konibakmepiody menam mae eocmpull nepebie | pidwe Hao cocmpul — 8
2ocnodapcmaax, 0e CMBOpPeHi YyMoBU 0JI NACAXCYBAHHSA 30YOHUKA. 3a HAWUMU CNOCMepeXeHHIMU
3aeubesib mesgm 8 Makomy 20cno0apcmMBi HACMAasasia 8 niBMopadeHHoMy Biui i cmepmHicms cseana 90
%.

KniHIYHO Y XBOpUX MesIIM CNOCMEepPi2andch NpUeHIYeHICMb, 3HUMXCeHHS anemumy abo nosHa (o2o
Bi0cymHicma, nidBuWeHHs memnepamypu mind, 6isbWwicme 4acy BOHU nepebysanu B 1exa4yomy CMai,
3amum po3BUBABCA KOMamo3Hul cmaw i 3aeubesb Ha mpemtro 006y xumms. B binbwocmi Bunadkis
diapesi He Bcmueasa po3susamucs [9].

3a eHmepumHoi' | eHmepomoKcemidHoi ¢opmM nposBy Kosibakmepio3y 03HAKu Xsopobu
NosIB/IAOMbLCS HaA mpemto, pidwe Yemsepmy 006y ¥umms. [ToCmynoBo NOCUMOEMbLCS NPUSHIYeHHS],
nioBUWYEMBLCS memnepamypa miid, NOABJASAAC, Oiapes, BUHUKAO 3HEBOOHEeHHS | [HMOKCUKAUis,



3MeHWYBAsCss anemum, NOCU/IFBAIACL cNpazd. Tensma xsopinu 3—4 0obu i 2uHyiu Ha 6—7 006y #umms.
B nepiod komamo3Ho20 cmaxy BiobyBanack MumMoBiibHe BUdineHHs piokux gekanid [9].

Mema pobomu — BUBYUMU NPUYUHU BUHUKHEHHS KOJII6aKmepio3y HOBOHAPOOXEHUX messam B
PI3HUX 20CNO0APCMBAX 3 Pi3HUMU yMoBamu, 0e Bidbysaromscsa po3mesiu Kopis i ymosamu 002190y 3a
HOBOHAPOOX#eHUMU mesismamu. [Iposecmu aHasiz Namosio20-aHamoMidHUX 3MiH 8 MPyNax messm, sSKi
302UHYIU BIO CenMUYHOi, eHmepumHoi | eHmepomoKcemiyHoi ¢opm npossy Konibakmepiozy y
HOBOHAPOOMCEHUX MesIsim.

Mamepian i Memoou pobomu. Mamepianom 019 QOC/IIOHEHHS NOC/YXCUIU MPYNU MesIssm BiKOM
Bi0 0Box 0o 7 OHis (binbwe 35 eonig) 3 eocnodapcms KuiBCbKoi, XumomupcbKoi, XmesbHUUbKOI,
Yepkacbkoi, YepHieiscbkoi obnacmel. Po3smuHu mpynis NpoBoouauC, B CeKYilHIG 3ani Kagedpu
BemepuHapHO-CaHIMmAapHoI eKcnepmusu, 2iefeHu NPodyKMIs MBAPUHHUYMBA MA NAMOJI02I4HOI AHAMOMIl
imerHi  W.C. 3aeaeBcbko20  BinouepKiBcbko20 —HAUOHAIbHO20 —a2papHo20  yHisepcumemy, | 8
2ocnodapcmaax, Oe Bidbysanacb Macosa 3azubesib HOBOHAPOOXEHUX menam. Pesysibmamu
00C/IIOMEeHHS aHai3yBaaucb No KoxcHomy 2ocnodapcmasy. 3 bionozidHo2o mamepiany, s8idibpaHo2o B8
npoueci po3muHy, | HanpasaeHoMy 0715 MIKPObio102i4HO20 OOC/IIOHCeHHS 3aBX1OU BUOIIA/IUCH NAMO2EHHI
cepoBapu KUWKOBOI' NAIUYKU.

BriacHi docnioxceHHs. [lamo/io2o-aHamomiyHi 3miHU. 3a cenmuyHoi” popmu Kosnibakmepiosy 0515
PO3MUHY NOMPan/isitomb MpPynu mensm 2—3-0eHHo20 BiKYy. B uel nepiod BiK BU3HAYAOMb 3 HASIBHICMHO
NPOBI30PHUX M 'GKYWIB Ha nidowsi Konumeub (puc. 1). 3 makumu mM’aKywamu meaama Hapoo#CyrombsCs |
BOHU, 04eB8U0HO, 3anobiearomb MpPasmMyBaHH0O pOO0BUX WLISXIB B Nepiod podia. 3a 0Ba—mpu OHi XUMMS
BOHU CMONMYMbCS B NEPEOHIt YacmuHi Konumeus, a Ha 6-7 006y 3HUKArMb NOBHICMIO (puc. 2).

KOoH roHKmuBa, c/1u308i 06010HKU pOMOBOI | HOCOBOI NOPOMHCHUH CipO20 KOJIbOPY 3 YepBOHYBAMUM
BIOMIHKOM, NOMIpHO 380/100eHi. O3HAKU 3HeBOOHEHHS BIOCYMHI. B 3an/itoCHeBUX i KY/IbUWOBUX Cy2/1obax
ma’dixce 3aBx0u BUABJISHOMbCS KPOBOBU/IUBU PI3HOI IHMEHCUBHOCMI 3a Mexamu Cy210608UxX NOBEPXOHb,
BKPUMUX 2ia/IiHOBUM XPAULOM (XPAL He MICMUMb KPOBOHOCHUX CyOuH) (puc. 3).

i | a3 »
Puc. 1. llidowsa konumeub mesasm 2—3-0eHH020 BiKYy



Puc. 2. lNidowsa Konumeub mesgm 6—7-0eHHOo20 BiKY
IHKOIU Y cy2nobi micmambca Hesenuki 31inku ¢ibpiHa. CuHosiaibHa piouHa 3a6apsaHoEMbCS
KPOB'to B YepBOHUU KOJIip Pi3HOI iHMeHCUBHOCMI. Ha BioMiHy Bi0 KpoBi BOHA ms2y4a.

Puc. 3. Kpososuausu 8 3aniecHesomy cy2a06i

[TiOWKipHa KIIMKOBUHA CBIMJIO-CIPO20 KOJIbOPY, NOMIpHA Bos102d. COMamuyHi nimgosy3u deujo
36in1bWeHi, NPY*CHOI KOHCUCMeHUil, Ha po3pi3i B0J02i, CipO-4epBOHYBAMO20 KOJIbOPY, MAJIHOHOK He
supaxceHud.

Tunosi 03Haku xBopobu BUABSAOMb B NPUPOOHUX NOPOXCHUHAX Mina. JlezeHi He cnaJii, eaacmuyHi,
YepBOHO20 KOJIbOPY 3 CipyBaAmMuUM BiOMIHKOM, HA Po3pi3i NOMIPHO BOJIO2), NPU HAMUCKYBAHHI HA HUX i3
b6poHxi8 BUOIISEMBCS NOBIMPS, A (3 CYOUH KPOB.

Cepue 36in1bUIeHe 3a paxyHOK PO3WUPEHHS NepesaxcHo Npasoi No0BUHU. Enikapo enadeHbKud,
6uckyyud. 1i0 enikapoom No WI/ISIXyY 2ayHeHHS KOPOHAPHUX CYOUH PO3MAUIOBAHI MHOMCUHHI KpanKosi
KPOBOBU/IUBU. B 0OKpemux BUNAOKAX BOHU MOXCYmMb bymu NooouHoKuUMu abo BiocymHimu (puc. 4). Cepue
3308HI | HG PO3pi3i HE 0OHOMOHHO 3abapasieHe. Ha cipo-4epBoHOMY POHI NOSIBISKOMBCS He YimKi, pO3MUm|
Cipi OinIIHKU, Ha iX po3pi3i MasoHOK cmepmull | BOHU MeHW 3B80/10XeHi. EHOokapd enadeHbKud,
6s1uckyqud. B knanaHax cepus (0B0CMy/IKOBUX | MPUCMYIKOBUX) BUSIBJISHOMbCS KPOBOBUIUBU Y BUR/IAOI
HeBe/Iu4KUX 2eMamoMok, piowe nasmucmi (puc. 5). ZJocnioxyrodu cepue, 0608 3K080 C/1id po3pizamu
ayey aopmu ma 4epesHy i yacmuHy. Ha BHYmMpiwHil noBepxHi aopmu BUSBASHOMbLCA NOOOUHOKI abo
MHOMCUHHI NonepeYHi Hadpusu iHMUMU, NPOCOYeHi KpoB o (puc. 6).



Puc. 4. Kpankoso-nigmucmi KpoBosuiusu nid enikapoom
[eyiHka He 36ibuieHa, NpyxHoi abo 3/1eeka 3is ‘a/10i KOHCUCMeHUii, He 00HOMOHHO 3abaps/ieHa B
KopuyHesul, memMHo-4epBoHUl | cBIMI0-KopuYyHesul Koaip (puc. 7). Ha po3pisi 80Ha 3abapssieHa mak sk
i 3308Hi, B0J102A, MAJIFOHOK He Bupax ceHud. XoBYyHul Mixyp dobpe HanoBHeHUl PiOKOK HOBYH HOBMO-
3e/1eH020 Kosibopy (puc. 8).

o L

Puc. 6. MHOXCUHHI nonepeyHi Hadpusu IHMUMU aopmu



Puc. 8. lNe4viHka Ha po3pisi

0p2aHa po3mauwiosaHe BasUKoNo0ibHe nidBUWEHHS (cenmuyYHe npunyxaHHs) (puc. 9). Ha po3pizi
cesie3iHKa MeMHO-4epBoHd, B0J102d, MA/HOHOK I He BuUpax3ceHud, NapeHXiMa po3m’aKkuieHa (/1e2ko
3WKPI6AEMbCA MyNor CMOPOHO cKasabness) (puc. 10).

Puc.9. He3Ha4yHe cenmuyHe npunyxaHHs cesiesiHku
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Puc. 10. CenesiHKka Ha po3pizi
Hupku He 36ibWeHi, NPYy*HOI KOHCUCMeHUil, He 0OHOMOHHO 3abapsJieHi 8 MeMHo-KopuYHeBul i
csimso-KopuyHesull Kosip (puc. 11), a Mo3KoBa — 8 MemMHO Y4epBoHUU, MA/IFOHOK He Bupax ceHul (puc. 12).

--v
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Puc. 11. 308HiwHiG BU2IS0 HUPKU

Puc. 12. 308HiwHil BU2IS0 HUPKU HA PO3pPi3i
Cuyye micmus 6ina 1,5 1 pioko2o Bmicmy CBIMJIO-Cip020 KOJIbOPY i3 3HAYHUM BMICMOM C/IU3Y |
HeBesIuKUMU NOOOUHOKUMU 32ycmKamu KaseiHy. C/iu308a 0bosIoHKA cuyyeda NoYepBOHiaa Habpakaa i
BKPUMA 3HAYHOK KiJIbKICMIHO Cipoeo causy (puc. 13, 14).



Puc. 13. Bmicm cu4yea

Puc. 14. Cnuzosa 0bo/10HKa cudyea

ToHKUU KUuWwe4YHUK 8 00HOMY BUNAOKY Becb Ni00AEMbCS KAMAapaabHOMYy 3andieHHto (puc. 15), 8
IHWOMY — iule 4acmuHa to2o nemeJsib. B NpocBimi KUWeYHUKa Micmumacs piokud Ximyc C8imJio-Cipo2o
Kosibopy. Cruzo8a 060/10HKA 3anasneHux OiITHOK NOYepBOHIIA, HA6PSKIA | BKpUMA CIPUM C/TU30OM.

Me3zeHmepianbHi n1im@boBy3au 36i/1bUWeH], NPYHHOI KOHCUCMeHUli, Ha po3pi3i Bosoal, Cipo2o abo
CIpo-4epBOHO20 KOJIbOPY, MAJIHOHOK cmepmudl (puc. 16).

ToBcmul KUWeYHUK B8 3andsbHUl Npouec He BMSAYEMbCS, JuwWe BIOMIYAEMbCS He3HA4YHe
KamapasbHe 3anasieHHs BEPUILUHU NO300BHCHIX CKIA0OK NPSIMOI KULKU.

Jlns eHmepumHoi | eHmepomoKcemiqHoi' popm nposBy Koribakmepio3y XxapakmepHum € 3azubesib
menam Ha 6—7 006y ¥umms 3 03Hakamu odiapei’ ma 3HeBOOHeHHS. 3308Hi MPyNu MAkux mesigm Maroma
xyoud Bu2sisio [3-3a BMPAmMu 3Ha4YHOI KislbKOCMIi MKAHUHHOI piOuHU, 04HI 561yKa eiuboko no3anadasiu 8
opbimu, wepcmHull NOKpUB XBOCMA | CMe2eH BKpumul piOKUMU BUNOPOXHEHHaMU (puc. 17, 18).

Biomivaembcs cyxicmb NIOWKIPHOI KIIMKOBUHU | CKelemHUX M's3i8. Maromb Micue KpoBoBu/IUBU B
CKAKa/IbHUX [ Ky/IbWOBUX Cy2n106ax pi3HOI iHMeHCUBHOCmI. biibW iHMeHCUBHIWe nposBASHOMbCS
oucmpoiyHi 3MiHU B MioKapdi, neviHui ma HUpPKax, wo 0bYyMosieHo bifbw mpuBasuM BNJIUBOM
MOKCUHIB Ha napeHXiMmy Uux opeaHis. Kpankosi KpoBosu/IUBU Ni0 enikapoom BUSBJISHOMbLCA He 3aBx0u, a
B K/IANAHAx cepusi NepesaMHo BUHUKAOMb NISMUCMI KPOBOBU/IUBU, SKi 4acmo bysaroms nid enikapoom
B WJTYHOYKAxX cepys, 0cobiuBo 8 MicUsX KpinjieHHs XopoasibHUX CMPYH Kaanaxis (puc. 20).



Puc. 17. O4Hi a6.1yKa enuboko 3anaau 8 opbimu



PucyHok 20. [namucmi KpoBoBUIUBU B K1anaHi i eHOokapoi

Cuyye micmus 6ina 1,5 nimpa pioko2o Mo0Ka 3 HeBe/UKUMU NOOOUHOKUMU 3/1INKAMU KaseiHy.
Cnuszosa 0b6os10HKa cudy2a ougy3Ho 2inepemilioBaHa, Habpskaa i BKPUMA 3HAYHOK KiJlbKiCMHo C/U3Y (puc.
21). Y 6aeambox mpynis KOHYCOBUOHI COCOYKU HA M@ CIMKU | KHUMKU Masiu po208i Hawapys8aHHs (puc.
22).

Puc. 21. [ugy3Hul kamap cau3080i 06010HKU cu4y2a
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Puc. 22. 3p0208ini KOHYCOBUOHI COCOYKU HA M@ CIMKU 3 KHUXCKOHO

3MiHU Yy MOHKOMY KuweYyHuKy docums sapiabesibHi. B 00HOMy BUNAOKY BCi NemJii MOHKO020
KUuWwe4yHUKY nepebysaroms y CMAaHi KamapasabHOo20 3anasieHHs Pi3Hoi iIHMeHCUBHOCMI. B iHWoMYy — uuie
yacmuHa nemesib nepebyBae 8 CMAHi 3aNasieHHs | Yacmo B HUX BUHUKAE eemMopazidHull eHmepum (puc.
23).

o,

Puc. 23. Okpemi nemJii MOHK020 KUWEYHUKY Y CMAaHi 2eMopazivHo20 3anasieHHs
Toscmull KuwevyHUK 8 6iibluocmi BuNAdKi8 He Ni00AeEMbCA 3aNA/IeHHIO, 3a BUK/THOYEHHSIM C/1iNoi i
NPSIMOI KULWKU.

Bucrosku.

1. OCHOBHUMU NPUYUHAMU 3aXBOPHOBAHHSI HOBOHAPOOMEHUX MesIIM HA Kosibakmepio3s €:

— B 20cnodapcmasax He nNPOBOOSMbCS MAcoBi po3mesiu KopiB PoOUJIbHI NPUMILLEHHS] He
eKcnyamyromaCsi 3a NPUHUUNOM ,,NYCMO—3alHIMOo”,

— B 0eHHUKax, 0e BiobyBarombCsa PO3IMeEsIU He peysIipHO NPOBOOUMbCS iX O4ULLeHHST | 0e3iHpeKuis
NICaIS POXCHO20 PO3meJly,— HOBOHAPOOMEHUX Mesism 00epxytomb Nepuli NOPUfi Mo/103uBaA 3HAYHO
ni3Hiwe 2 200UH NIiC/Is1 HAPOOXCEHHS,

— DO3MIiUWeHHSI HOBOHAPOOXEHUX MeJsIiMm B MICUSX 3 HEeHAJIeHHUM CAaHimapHUM CmaHom
(IHOUBIOYAIbHUX K/IIMOYKAX, YACMUHI pOOUIbHO20 NPUMILLEHHS MOUJ0).

2. [lna cenmuyHoi popmu nposiBy Kosiibakmepiozy y HOBOHAPOOXEHUX MesIsim XapaKmepHUM €:

— 3aeubesib Ha 2-3 doby xummsi 3a Bi0cymHocmi diapei | 3HeBOOHeHHSI;

— HasBHICMb KPOBOBUJ/IUBIB Y 3ANJIHOCHEBUX I Ky/IbWOBUX Cy2/106ax ma KaanaHax cepus y suensoi
2eMamoMOK;



— KamapasibHuUl abomasum, BoeHUWesul piowe ougy3Hul KamapaibHUl eHmepum,

— cenmuyHe NPUNYXaHHS ceste3iHKU 3 po3MOSLIEeHHSM i napeHximu;

— 3epHUcma oucmpoia y Miokapoi, NeYiHui ma HUpKax i 3acmid Kposi 8 NeYiHui ma HUPKax.

3. /[lns eHmepumHoi i eHmepomoKcemidHoi popmu Npossy Kosibakmepiody y HOBOHAPOOXEHUX
meJiim HapakmepuHUM €:

—3az2ubesib menam Ha 6—7 006y #umms 3 NPOSBOM diapei’ ma 3HeBOOHEHHS;

— 6ifbW BUPAXEGHUMU 3aNAJbHUMU NPOUECamu B8 0peaHax MpAassieHHs ma oucmpodiyHuUMuU
3MIHamu 8 cepui, NeYiHyl [ HUpKax;

— [HWY 3MiHU NOOI6HI 00 MUuX, WO i NpU CenmMuYHoI popmul.
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