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Introduction

One of the issues of adopting effective
administrative, legal, foreign policy and economic
measures of state policy to ensure macroeconomic
equilibrium is directly related to the breadth (amount
of data) and depth (time series) of statistical data in
national statistics, as well as the presence of
methodological —approaches to analysis and
forecasting in scientific research and higher education
institutions in the country.

It is worth noting that statistical modeling and
forecasting of supply and demand are important tools
for determining macroeconomic equilibrium and
developing  effective  government  regulation
measures.

Therefore, the structure of macro models and
forecasting supply and demand at any period of
economic development becomes important for
determining the factors of sustainable development
and the level of macroeconomic equilibrium of the
country.

It should be emphasized that in the conditions of
unstable development of the world economy, in order
to determine the level of balance of the national

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2023.11.127.38

economy, it is necessary to develop new approaches
to constructing macro models of macroeconomic
equilibrium and improve forecasting tools taking into
account new external and internal challenges, as well
as political risks.

Moreover, this requires improvement of existing
methodological recommendations for the structure of
macro models and the development of new alternative
approaches to modeling and forecasting indicators of
macroeconomic equilibrium.

Without  detracting from the practical
significance of other approaches, it should be noted
that improving the modeling and forecasting of the
country's macroeconomic equilibrium based on macro
proportions and SNA indicators is relevant and
becomes important due to the need to introduce
mathematical and econometric tools in the practical
activities of national statistics, which is indicated in
the National Development Strategy statistics of the
Republic of Uzbekistan for 2020 — 2025 [11], as well
as in the Resolution of the Cabinet of Ministers of the
Republic of Uzbekistan No. 691 “On the
implementation of a modern system of national
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accounts in the Republic of Uzbekistan” dated August
19, 2019 [12].

In this regard, this article explores the issue of
econometric modeling of the final supply and its
component segments, as a macro model of the
production capabilities of the national economy and
the main macro indicator of the macroeconomic
equilibrium of Uzbekistan.

Analysis of literature.

The study of applied econometric models for
analyzing supply and demand in the CIS countries,
chosen by us as the closest in terms of development
level and economic structure, showed that there are
enough studies covered by forecasting the supply of
goods and services.

Uzbek scientist S.V. Chepel, predicting the
volume of supply “in the range of input indicators of
the model on the supply side,” included “indicators of
industry output and investment (supply from domestic
producers), as well as imports (supply from the world
economy)” [20].

Russian scientists led by S.M. Drobyshevsky [3],
S.G. Sinelnikov-Murylev [13] and 1.V. Filimonenko
[18] formed econometric models for forecasting GDP
by supply factors.

A group of scientists led by S.M. Drobyshevsky,
when forecasting the index of physical volume of
GDP, as variable supply factors included the share of
the public sector in GDP, the economically active
population, the number of employed, the share of
those employed in the public sector in the total number
of employed population, the unemployment rate, the
average monthly nominal wage, the index of physical
volume and the share of public sector in terms of fixed
assets.

Also, a number of scientists have built applied
econometric models for analyzing and forecasting
segments of supply components, in particular, gross
added value of industry (V.V. Matveev [10], E.
Astafieva (2015) [1], N.N. Shinkevich [23] ), GVA of
agriculture (A.S. Truba, A.K. Markov, E.E. Mozhaev
[16], L.M. Osinevich [9]) GVA of construction (A.B.
Zhadigerova [4]), GVA transport (I.A. Toymentseva
[14]) GVA of trade (P.I. Kuzmin, V.V. Mishchenko,
Yu.A. Sultanyan, S.Yu. Baeva [7], A.G. Zinoviev, P.1.
Kuzmin, O.V. Isaeva [6], the volume of the service
sector (D.M. Dalgatova [3]) and others.

Generalized applied econometric models for
analyzing and forecasting supply and segments of its
components (GVA and industrial output) by scientists
from the CIS countries are presented in Table 1.

Table 1. Applied econometric models for analysis and forecasting of supply and segments of its
components

Resulting indicator

Factor

Research

- industrial products;

- Agriculture;

- investments;

- import;

- production of consumer goods;
- paid services to the population.

Supply
volume

Chepel S.V. (2019), [20]

GDP physical
volume index

- share of the public sector in GDP;
- economically active population;
- number of employees;

- unemployment rate;
- average monthly nominal wage;
- index of physical volume of fixed assets;

- the share of people employed in the public sector in the total employed population;

- share of the public sector in the volume of public funds.

Drobyshevsky S.M,
Idrisov G.l., Kaukin A.S.,
Miller E.M., Pavlov P.N.,
Sinelnikov-Murylev ~ S.G.
(2019) [3]

GDP volume — investments in fixed capital;

Filimonenko LV. (2011)

— government spending on applied scientific research;
— internal expenditures on research and development;
—number of people employed in the economy with higher professional education;

— number of people employed in the economy with secondary vocational education;

—number of people employed in the economy with primary vocational education;
— the number of working-age population without vocational education.

[18]

GDP volume

- labor;
- capital,
- aggregate productivity factors.

Sinelnikov-Murylev S.
Drobyshevsky S,
Kazakova M., Alekseev M.
(2015), [13]

GVA industry

- employment;

- hours worked,;

- material reserves;

- fixed assets;

- intensity of capacity utilization;
- age of capital;

- quality of capital.

Matveev V.V. (2011) [8]

GVA industry

- labor;
- capital,
- aggregate productivity factors.

E. Astafieva (2015) [1]
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GVA industry - cost of fixed assets in the industry; Shinkevich N.N. (2010)

- consumption of fuel and energy resources in the republic;
- number of employees in the industry;

[19]

GVA of agriculture

— investments in fixed capital for the type of activity “Agriculture, forestry, hunting,
fishing and fish farming”;

— sown areas;

— average annual number of employees.

Truba A.S., Markov A K.,
Mozhaev E.E. (2020) [16]

GVA of agriculture

- investments;
- population.

Osinevich L.M. (2013) [9]

Gross  Agricultural
Production

Production potential:

- number of employees;

- feed consumption;

- cost of fixed capital;

- area of land;

- number of computers for agricultural organizations;
- conditional livestock.

Cheremukhin A.D. (2020)
[21]

Gross  Agricultural
Production

- level of production intensification, use of fertilizers, new technology and other
factors;

- increasing subsidies from the budget, weakening the disparity in prices for industrial
and agricultural products;

- reduction of costs for material resources.

Trutneva N..Yu.
[17]

(2003)

Gross  Agricultural
Production

- state support;

- land resources;

- natural and climatic conditions;

- state of science and technology;

- healthy competitive environment.

Panin A.V. (2016) [10]

Gross  Agricultural
Production

- level of development of social infrastructure.

Evdokhina O.S., Falaleeva
E.V., Pogrebtsova E.A.,
Leushkina V.V. (2016) [5]

Profit of an
agricultural
organization

- subsidies for 100 hectares of agricultural land;

- working capital per 100 hectares of agricultural land;

- fixed assets in the form of depreciation per 100 hectares of agricultural land;
- wages per 100 hectares of agricultural land.

Cherdantseva E.A. (2011)
[22]

GVA of construction

- fixed assets;
- number of employees.

Zhadigerova A.B.) [4]

The volume of | XS1 - investments in fixed capital, million rubles; https://bstudy.net/905072/e
housing XS2 - cost of fixed assets, million rubles; konomika/regionalnyy zhi
commissioning XS3 - investments in fixed capital by types of activities related to housing and | lischno_stroitelnyy kompl
depending on | communal services and consumer services, million rubles; eks_infrastrukturnyy elem
changes in supply | XS4 - research and development of new products, services and methods of their | ent sotsialno_ekonomiche
factors production (transfer), new production processes, million rubles. skoy_sistemy?ysclid=Igc6
XS5 - acquisition of machinery and equipment related to technological innovation, | 79yr3x720314355 [24]
million rubles.
XS6 - marketing research, million rubles.
GVA of transport - volume of passenger transport services; Toymentseva I.A. (2011)

- cost of transporting passengers;
- natural volume of services;

- passenger mobility;

- number of passengers;

- level of motorization;

- population size.

[14]

Freight turnover

- volume of work performed by type of economic activity “Construction”;

- retail trade turnover;

- agricultural products;

- rate of growth (decrease) of investments in vehicles, machinery and equipment;-
tariff index for freight transportation.

https://infopedia.su/13xela
1.html [25]

Passenger turnover

- number of public buses per 100,000 population;

- number of own passenger cars per 1000 people;

- rate of growth (decrease) of investments in vehicles, machinery and equipment;
- growth rate of average monthly nominal accrued wages of employees;

- population below working age;

- population size at working age;

- population over working age.

https://infopedia.su/13xela
1.html [25]

Volume of services
in the cellular
communications
market

External factors:

- financial policy of the state;

- prices for resources;

- stability and perfection of the banking system;
- investment attractiveness of the industry.
Internal factors:

- information transmission technology;

- capacity of data transmission channels;

- availability of qualified workers;

- software.

Tregub 1.V. (2009) [15]
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GVA of trade - growth rate of change in the physical volume of fixed production assets; Kuzmin P.l., Mishchenko
- investments in fixed assets; V.V., Sultanyan Yu.A.,
- average monthly nominal wages of workers. Baeva S.Yu.(2017) [7]
GVA of trade - availability of fixed production assets; Zinoviev A.G. Kuzmin P.1.,

- volume of investments in fixed capital;
- number of industry employees;

products.

- volume of retail trade turnover in food products, including drinks, and tobacco

Isaeva 0.V., (2022) [6]

Volume of service
sector

- population size and density;

- solvency of the enterprise;
- real income per capita;
- pricing policy in the services market;

- state regulation of the normal functioning of all economic entities;
- level of innovative development, individuality and creativity of the entrepreneur;
- the pace of development of the national economy;

- competitiveness and quality of services provided.

Dalgatova D.M. (2010) [2]

Volume of gross
turnover  of  the
service sector

- changes in prices for goods.

- change in labor productivity of one employee due to labor intensification;

- change in labor productivity of one employee due to changes in prices for goods;
- change in the average number of employees;

- change in labor productivity of one employee;

Chikin ~ S.N., Vostrikov
N.l., Kozlov A.N. (2012)
[23]

Source: compiled by the authors.

Research methodology.

In the methodological aspect of constructing an
econometric macromodel for analyzing and
forecasting the final supply of Uzbekistan, it is
necessary to develop them sequentially and separately
in the following order:

- modeling of individual factors (segments
influencing it) of the final offer;

- formation of a macromodel of the final
proposal;

- assessment of econometric models of the final
supply and its constituent segments using statistical
data from Uzbekistan.

We use the SNA equation as the basis for the
macromodel of final supply, according to which GDP
(on the supply side) is calculated by the production
method (as a set of newly created added values in
sectors of the national economy).

Thus, the entire forecast value of the growth rate
of final supply will be determined by adding the
multiplied growth rates of industries (industry,
agriculture, construction, transport and
communications, trade and public catering and
procurement, as well as other service sectors) and their
shares in the country’s GDP and will take the
following form of a mathematical formula:

AS _gr(GDPs) = IND VA_gr * Ind_va_d)+ (AGR_VA_gr + Agr_ va_d) + (CONST_VA_gr
* Const_VA_d) + (TRANS & COM_VA_gr * Trans &Com_va_d) + (TRADE VA_gr
* Trade_VA_d) + (SERV_VA_gr * Serv_va_d)

Where,

AS_gr(GDPs) - growth rate of final supply;

IND_VA _gr - growth rate of industry GVA,;

Ind_va_d - the share of industry in the final supply
in GDP (calculated by the production method);

AGR_GR - growth rate of GVA in agriculture;

Agr_va_d - share of agriculture in GDP;

CONST_VA gr - growth rate of construction
GVA;

Const_VA_d - share of construction GVA,

TRANS&COM_VA_gr — growth rate of GVA of
transport and communications;

Trans&Com_va_d - share of GVA of transport and
communications;

TRADE_VA_gr - growth rate of GVA of trade and
public catering and procurement;

Trade_VA_d) - share of GVA of trade and public
catering and procurement;

SERV_VA gr - growth rate of GVA other service
sectors;

Serv_va_d) - share of GVA in other service
sectors.

Results of simulation.

When constructing an econometric model of
final supply based on theoretical and applied
approaches, the growth rate of industry GVA
(IND_VAGgr) (growth rate of employment in industry
(Empl IND), growth rate of labor productivity in
industry (Empl_prod IND), investment in industry,
from two annual lag (INV_2YM), growth rate of
producer price index of industrial goods (PPI), export
of goods and services (EXP), import of goods and
services (IMP), total income per capita (GREV_PC)),
growth rate of GVA of agriculture (AGR_GR )
(consumer price index (CPI_FP), agricultural
productivity (Prod_AGR), changes in world prices for
agricultural products (FAO_Pindex), population
growth rate (Pop_gr)), construction GVA growth rate
(Const_GVAGgr) (gross output growth rate (QUTPUT
), growth rate of investment in fixed capital
(INV_grFC), growth rate of GVA of industry
(IND_VAgr), household expenses (HCONS_2),
growth rate of population (Pop_gr)), growth rate of
GVA of transport and  communications
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(Trans&Com_gr) (growth rate of gross output
(OUTPUT), import of goods and services (IMP),
growth  rate  of  passenger  transportation
(Pass_traffic_gr), growth rate of cargo transportation
(Trans_goods_gr), rate of change in tariffs for
communication services (ComServ_tariffs), rate of
change in tariffs for transportation services
(TransServ_tariffs)), rate growth of GVA of trade and
public catering and procurement (GVA_trade)
(growth rate of GDP per capita (GDP_PC_gr), import
of goods and services (IMP), household expenditure
(HCONS_2), growth rate of investment in fixed
capital (INV_grFC), growth rate of total income per
capita (GREV_PC)), GVA growth rate other service
sectors (Serv_gr) (gross output growth rate
(OUTPUT), consumer price index (CPI), GVA
growth rate of transport and communications
(Trans&Com_gr), population growth rate (Pop_gr)) a
wide range of indicators were taken into account.

However, not all of the above factors of
econometric  supply models showed a close
relationship with the resulting indicators.

Econometric supply models analyzed on
statistical data of Uzbekistan and assessed as
satisfactory, in particular, the growth rate of GVA of
industry (Annex 1.), the growth rate of GVA of
agriculture (Annex 2.), the growth rate of GVA of
construction (Annex 3.), the growth rate of GVA of
transport and communications (Annex 4.), the growth
rate of GVA of trade and public catering and
procurement (Annex 5.), the growth rate of GVA of
the service sector (Annex 6.) had statistically
significant indicators p-values of t-statistics (within
0.1, presented in parentheses under the coefficients of
the equations).

The system of econometric supply models
assessed using statistical data from Uzbekistan is
presented in Table 2.

Table 2. A system of econometric supply models assessed using statistical data from Uzbekistan

Econometric
models

Variables
indicators

Temn pocra BJIC npomsbiuiennoct Industry GVA growth rate

IND_VAgr =-1,093 + 1,047*Empl IND + 0,999* empl_prod IND +
(0,000) (0,000) (0,000)

+0,047*INV_2YM
(0,1215)

IND_VAgr -Growth rate of industry GVA,
Empl IND - Growth rate of employed in industry;
Empl_prod IND - Productivity growth rate
labor in industry;
INV_2YM - Investments in industry, smoothing two annual values.

Growth rate of GVA in agriculture

AGR_VA _gr=0,120+0,339 * Prod_AGR+0,572 * GDP PC_gr

(0,0019) (0,0159) GDP PC_gr — GDP growth rate per capita;
+0,057 * DEF_GDP - 0,076 * PPI DEF_GDP - inflation growth rate (GDP deflator);
(0,0517) (0,0595) PPI — producer price index for industrial goods.

AGR_GR - growth rate of GVA in agriculture;
Prod_AGR - productivity in agriculture;

Construction GVA growth rate

Const_VA_gr=(-0,307) + 2,191 * OUTPUT + 0,362 *SAV_2YM
(0,0280) (0,022)
-0,154 *IMP - 0,084 * PPI_1YL
(0,0208)  (0,0193)

Const_VAgr - growth rate of construction GVA;

OUTPUT - growth rate of gross output;

SAV_2YM - GFCF growth rate, smoothing two annual values;
IMP - import of goods and services;

PPI — producer price index for industrial goods.

Growth rate of GVA of transport and communications

Trans&Com VA_gr = (-0,270) - (0,080 * CPI) + 0,117 * Imp
(0,0999) (0,0145)
+1,264 * GDP PC_gr
(0,0082)

Trans&Com_gr — growth
communications;

CPI — consumer price index (CPI);

IMP — import of goods and services%

GDP PC_gr — GDP growth rate per capita (annual).

rate of GVA of transport and

Growth rate of GVA of trade and

ublic catering and procurement

Trade_VA_gr=-1,032 + 1,432 * GDP_PC_gr + 0,128 * IMP +
(0,0000) (0,0599)
+ 0,480 * HCONS
(0,0016)

Trade_VA_gr - growth rate of GVA of trade and public catering and
procurement;

GDP_PC_gr - GDP growth rate per capita;

IMP - import of goods and services;

HCONS - household expenditures.

Growth rate of GVA in the service sector

Serv_VA_gr = (-0,505) +1,390 * OUTPUT + 0,011* EXCH_R +
(0,000) (0,0647)

0,106 * CPI - 0,031* PPI

(0,0021)  (0,0156)

Serv_VA_gr - growth rate of GVA other service sectors;
OUTPUT - growth rate of gross output;

EXCH_R - rate of change of the national exchange rate.
currencies (US dollars per sum);

CPI1 — consumer price index (CPI);

PPI — producer price index for industrial goods.

Source: compiled by the authors.
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The economic interpretation of the equations
included in the macro model of supply is as follows:

- The growth rate of employment in industry
(Empl IND), the growth rate of labor productivity in
industry (Empl_prod IND), the growth rate of
investment in industry, with a two-year lag
(INV_2YM) by 1% leads to an increase in GVA of
industry (IND_VAgr) by 1.047%, 0.999% and
0.047% respectively.

- Growth in agricultural  productivity
(Prod_AGR), growth rate of GDP per capita (GDP
PC_gr) and GDP deflator (DEF_GDP) by 1% leads to
an increase in agricultural GVA (AGR_GR) by
0.339%, 0.572% and 0.057%, respectively, in while
an increase in the industrial goods producer price
index (PPI) leads to a decrease in the growth rate of
added value in the agricultural sector by 0.076%.

- The growth rate of construction GVA
(Const_GVAgr) is mainly determined by the volume
of gross output (OUTPUT), which is reflected in the
elasticity coefficient, which in the equation is equal to
2.191. The growth rate of gross fixed capital
formation (SAV) is less decisive for the growth of
construction GVA (Const_GVAgr) than the volume
of gross output (OUTPUT), which is confirmed by the
elasticity coefficient (0.362) in the model. The growth
of imports of goods and services (IMP) and the
producer price index of industrial goods (PPI)
negatively affect the growth rate of construction GVA
(Const_GVAg).

- The growth rate of GDP per capita (GDP
PC_gr) and import of goods and services (IMP) have
a positive impact on the volume of added value in the
transport and communications sectors
(Trans&Com_gr). An increase in GDP per capita

(GDP PC_gr) and imports of goods and services
(IMP) by 1% leads to an increase in the GVA of
transport and communications (Trans&Com_gr) by
1.264% and 0.128%, respectively, while an increase
in the consumer price index (CPI) - to a decrease in
the growth rate of added value of the industry by
0.0809%.

- The growth rate of GDP per capita
(GDP_PC_gr), import of goods and services (IMP)
and household expenditure (HCONS_2) by 1% leads
to an increase in GVA of trade and catering and
procurement (GVA _trade) by 1.432% 0.128% and
0.480% respectively.

- The greatest impact on the growth rate of GVA
of other service sectors (Serv_gr) is exerted by the
growth of gross output (OUTPUT), which is
confirmed by the relatively high elasticity coefficient,
which in the equation is equal to 1.390. Less
influential factors in the growth rate of GVA of other
service sectors (Serv_gr) are the growth of consumer
prices (CPI) and the rate of change in the exchange
rate of the national currency to foreign currency
(EXCH_R). Their growth by 1% causes an increase in
the growth rate of GVA of other service sectors
(Serv_gr) by 0.106% and 0.011%, respectively.

Conclusion.

Summarizing the results of the above presented
research, we can conclude that the constructed
econometric macro model of the final supply is
scientifically sound from the point of view of
economic theory and applied econometrics, and can
be used to predict the values of macroeconomic
equilibrium and in drawing up programs for the socio-
economic development of the Republic of Uzbekistan.

Annex 1. Regression statistical characteristics of an econometric model of industry

CONCLUSION OF RESULTS

Regression statistics

Multiple R 0,952
R-squared 0,906
Squarel(\jlormallzed R 0,894
Standard error 0,014
Observations 29

Analysis of variance

df s MS F Significanc
eF
Regression 3 0,048 0,016 79,989 0,000
Balance 25 0,005 0,000
Total 28 0,053
Coefficients Efrtg?dard t-statistic P-Value Lower 95% Upper 95%
Y- IND_VAgr -1,093 0,154 -7,108 0,000 -1,410 -0,776
X1 - Empl IND 1,047 0,116 9,031 0,000 0,808 1,286
X2 i IND 0,999 0,086 11,576 0,000 0,821 1,177
emp_prod
*
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X3-INV_2YM 0,047 0,029 1,603 0,121 -0,013 0,107

Annex 2. Regression statistical characteristics of an econometric model of agriculture

CONCLUSION OF RESULTS

Regression statistics

Multiple R 0,804
R-squared 0,647
Squarelzjlormal|zed R 0,586
Standard error 0,018
Observations 28
Analysis of variance
df s MS F S;g;ificanc
Regression 4 0,014 0,003 10,543 0,000
Balance 23 0,007 0,000
Total 27 0,021
Coefficients E?:g:ldard t-statistic P-Value Lower 95% Upper 95%
Y-AGR_GR 0,120 0,228 0,528 0,603 -0,351 0,591
X1 -Prod_AGR 0,339 0,097 3,510 0,002 0,139 0,538
X2-GDP PC gr 0,572 0,220 2,603 0,016 0,117 1,027
X 3-DEF_GDP 0,057 0,028 2,053 0,052 0,000 0,115
X 4-PPI -0,076 0,038 -1,983 0,059 -0,155 0,003

Annex 3. Regression statistical characteristics of the econometric model of construction

CONCLUSION OF RESULTS

Regression statistics

Multiple R 0,884
R-squared 0,782
Normalized R- 0,744
squared
Standard error 0,050
Observations 28
Analysis of variance
of ss MS F Sl?:nlflcance
Regression 4 0,206 0,052 20,626 0,000
Balance 23 0,057 0,002
Total 27 0,263
Coefficients E?rtgrdard t-statistic P-Value Lower 95% Upper 95%
Y-Const_VA_gr -0,307 0,606 -0,507 0,617 -1,561 0,946
X 1-OUTPUT 1,215 0,518 2,345 0,028 0,143 2,287
X 2-SAV_2YM 0,362 0,105 3,451 0,002 0,145 0,578
X 3-IMP -0,154 0,062 -2,482 0,021 -0,281 -0,026
X 4-PPI_1YL -0,084 0,034 -2,516 0,019 -0,154 -0,015

Annex 4. Regression statistical characteristics of the econometric model of transport and communications

CONCLUSION OF RESULTS

Regression statistics

Multiple R
R-squared

0,817
0,667
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Normalized R-
squared 0,626
Standard error 0,033
Observations 28
Analysis of variance
df sS MS = S;g'?ificanc
Regression 3 0,052 0,017 16,045 0,000
Balance 24 0,026 0,001
Total 27 0,078
Coefficients Efrtgpdard t-statistic P-Value Lower 95% Upper 95%
VA g:('Tra”S&COm 20,270 0,492 -0,548 0,589 1,285 0,745
- X 1- CPI -0,080 0,047 -1,711 0,100 -0,177 0,016
X 2-Imp 0,117 0,045 2,636 0,014 0,025 0,209
X 3-GDP PC_gr 1,264 0,439 2,879 0,008 0,358 2,169

Annex 5. Regression statistical characteristics of the econometric model of trade, public catering and procurement

CONCLUSION OF RESULTS

Regression statistics

Multiple R 0,845
R-squared 0,713
square’(\jlorma“ZEd R 0,679
Standard error 0,046
Observations 29
Analysis of variance
df ss MS E Séglglflcanc
Regression 3 0,131 0,044 20,748 0,000
Balance 25 0,053 0,002
Total 28 0,184
Coefficients E?:grdard t-statistic P-Value Lower 95% Upper 95%
Y-Trade_VA_gr -1,032 0,278 -3,711 0,001 -1,604 -0,459
X 1-GDP PC_gr 1,432 0,291 4,922 0,000 0,833 2,031
X 2-lmp 0,128 0,065 1,970 0,060 -0,006 0,261
X 3-HCONS 0,480 0,135 3,545 0,002 0,201 0,759

Annex 6. Regression statistical characteristics of the econometric model of other service industries

CONCLUSION OF RESULTS

Regression statistics

Multiple R 0,928
R-squared 0,861
Normalized R-

squared 0,837
Standard error 0,010
Observations 28

Analysis of variance

df sS MS = S;glgificanc

Regression 4 0,016 0,004 35,703 0,000

Balance 23 0,003 0,000

Total 27 0,018

Coefficients Efrtg?dard t-statistic P-Value Lower 95% Upper 95%
Y-Serv_VA_gr -0,505 0,174 -2,901 0,0080 -0,866 -0,145
[ ]
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UCCJIEJOBAHME U INIAHUPOBAHUE PASPABOTKH ABTOMATHYECKOMN CUCTEMBI 1151
®OPMHUPOBAHUS MOJEJEN PEJISIUOHHBIX BA3 JAHHBIX HA OCHOBE TEKCTA 3AJJAHUSA
HA ECTECTBEHHOM S3bIKE

Annomayusn: B dannoii cmamve paccmampugaemcsi 803MONCHOCIb CO30AHUS ABMOMAMUYECKOU CUCmeMbl OJisl
nocmpoenus mooenell pelsyuoOHHbIX 0a3 OAHHLIX HA OCHO8e MEKCMA 3A0anusi HA eCMmeCcmBeHHOM S3blKe.
Onucvlgaemcs cymov npobremamuKy, 0OOCHOBbIBAEMC AKMYANIbHOCMb NOO00OHOU pa3pabomku, a makKice
00BSCHAIOMCSL OCHOBONOAA2AIOUUE NPODIeMIble MOMeHmbl. Takdice paccmampusaromes pasiudnbie no0xXoobl K
AHANU3Y MEKCMO8 HA eCMeCmEeHHOM s3blKe, ux Kiaccugurkayuu. [Ipednazaemcsi nepsuuHblil anreopumm Ois
peanuzayuy makou CUCmeMbl, d MaKdice ee NepeuUtHasi apxXumeKmypd.

Knrwouesvie cnoea. Obpabomka ecmecmeeHH020 A3bIKd, pelayuoHHble 6a3bl OAHHBIX, NOCMpOeHUe Mooderell,
ananus mexcma, SQL, knaccupurayus mexcma.

BBenenue JMAHHBIX M CIIOCOOOB OMEPUPOBAHUS HUMH, KOTOPHIC
Hu OHa l/IHq)OpMaI_ll/IOHHaﬂ CUCTEMa Ha HpeﬂOCTaBHH}OTCH MEXaHU3MaMHu TaKHuX
CeFO[[HﬂIHHI/Iﬁ JCHb HEC 06X0[[I/ITC$I 0e3 XpaHuiniia HWHCTPYMCHTOB KakK 0a3bl JAHHBIX. HpI/I pa3pa60T1<e
2 Clari
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COBPEMEHHBIX MH()OPMALIMOHHBIX CHCTEM  OTall — €CTh JIM CIOCO0 YIPOCTUTh U YCKOPUTH XOTs Obl
TPOCKTUPOBAHUS SIBISICTCA OJHMM W3 Hamboiee 9acTh TpoIecca MpoeKTupoBanus 6a3 manubix? U Ha
Ba>XHbIX, cClIn HC CaMbIM Ba’XHbIM, n 3TOT BOHpOC MOXHO HaﬁTH OTBCT.

MIPOCKTHPOBaHNE 0a3 JaHHBIX B HEM WUIPACT OIHY U3
KJIFOYEBBIX POJICH.

MHOXECTBO HWH(POPMAITUOHHBIX CHCTEM JJIs
WHTETPAIlUK B MMOBCEIHEBHYIO KHU3Hb OOINECTBA, UM
JKe OM3HEC-TIPOIECCHI, Pa3padaThIBAIOTCS KPYITHBIMHU
KOMITaHUSIMH, KaK, K npumepy, CBEP, Sunnekc, BTH,
VK u 1. 1. [Togo6HsIe ipeacTaButenu [T-uaIyCTpHHN
MOTYT TIO3BOJHTH ceO¢ HAaWTH MPOodhecCHOHATBHBIX
CHETHAINCTOB B pa3paboTKe W aIMUHHUCTPUPOBAHIH
0a3 JaHHBIX.

Ho crout yd4ecTp, 4TO PETYISAPHO MOSBISIETCS
OTPOMHOE KOJMYECTBO CTapTaloB, aKaJIEMUYECKUX
MPOEKTOB, WU € MPOCTO HEOONBIIUX MPOEKTOB.
OOBeAMHSACT 3TH KATCrOPHHM HAIWYHE 3a4acTYIO
JIOCTATOYHO CKPOMHOTO Orojpkera. EcTh Takke
y4eOHBIC TMPOCKThI, KOTOPhIE M BOBCE JIMIICHBI
no00ro (pMHAHCHPOBaHUS (Pedb UIET HE O MPOEKTax
HA TPAHTHI U T. M., @ IMEHHO O MPOEKTaX B paMKaxX
y4eOHOll  gesTenpHOCTH). [lpm  3TOM  cpemHss
3apIuiaTa CIICIIHANMCTOB B OONacTH pa3paboTku 6a3
nmanubix Ha 2023 rop coctaBmsier 150.000 py6uneit [1].
DTO MOXET 0Ka3aTbCs 3HAYMTEIBLHON MO3UIIMEN I
HeOospImoro OromkeTa. B TO ke BpeMsi BBICOKas
CTOMMOCTh  OIUIATHl TpPyHda NPOQEeCcCHOHATHHOTO
CIIEIUAIACTA MOXET CTaTh HE OCHOBHOM MPOOJIeMOit
B (opMuUpOBaHMHM KOMaHIbI, B OTJIHYHE OT TOrO
(hakTta, YTO MHOTUM CICIMAJIMCTAM MPOCTO HE
BBIFOJIHA  MMOMO0OHAasi  BpeMEHHas MIPOEKTHAsI
JIeATENbHOCTh, €CIM K TOMY € OHHM HE CMOTYT
3apaboTaTh OOJBINE, UeM Ha TIOCTOSHHOMN MTO3UIUH.

Takum 00pa3oM BCEe CBOIUTCS K TOMY, HTO,
CKOpee BCEro, BMECTO HaiiMa MpPOQEeCCHOHAILHOTO
CIeTHaINCTa B pa3padoTKe/aIMUHICTpUpOBaHUH bJ]
HeoOxomuMo OynmeT WCKaTh ajubTepHATHUBEL Yarie
BCET0 3aHMMAThCA IUIAHUPOBAHUEM U pa3pabOTKOM
Bl B mpoekre mpuumercs JuO0  APYrHM
pa3paboT4YrKaM, ¢ OTIIMYHBIM OCHOBHBIM IPOQHIIEM,
100 Ke, KaK HePeIKO OBIBACT, U BOBCE YCIOBEKY, HE
MMEIOIIEMY JTaKe CMEKHOU creruanu3anuu. B atom
cly4yae HE TOJBKO CTpajJaeT KaueCTBO MTOTOBOI
MH(OPMAIIMOHHOI CHCTEMBI, B CHJIy HEKaueCTBEHHOM
peanu3anyu padoThl ¢ JaHHBIMH, HO M CYIICCTBCHHO
BO3pAcTalOT BPEMEHHBbIC 3aTpaThl M KOTHHUTHUBHAS
Harpy3ka, TaK KaK OTBETCTBEHHOMY pPaOOTHUKY
MIPUXOJUTCS YCBAMBATH OOJBIIOE KOJMIECTBO HOBOM
nHpOPMALINH, BKIIOYAs HEMPOCTYIO TEOPETHIECKYIO
COCTABIIIONIYIO, a 3aT€M YYHUTHCS NPUMEHSTH 3TH
3HAHMS HA TTPAKTHKE.

OpmHako, Jaxe €ciad OLEHWBaTh IPOIECC
npoekTupoBanus b/l crnenuanucroM, OH BCE PaBHO
noTpedyeT 3HAYMTENILHBIX BPEMEHHBIX 3aTpaT H
MPHUBEJET K BHICOKOW KOTHUTUBHOM Harpy3Ke, Tak Kak
BO MHOTHX CIIy4asX HEOOXOIMMO MPUAYMATh, KAKHM
00pa3oM TIPaBIIIEHO M ONTUMAIEHO (DOPMAIIN30BATh
cnenudukanuio TpedyeMoir 6a3bl B BUAC OMMCAHUS
TEXHUYECKOTO 3a/1aHus. B pe3ynbpTare BCTaeT BOMpOC

B pamkax paHHOW cTaTbu paccMaTpUBaeTcs
BO3MOXKHOCTh ~ CO3[aHHS  CHCTEMBI,  KOTOpas
M03BOJIMIIA OBl ABTOMATHYECKU T€HEPUPOBATH MOJIEITh
0a3bl JaHHBIX (K IpuMepy, B popmare DDL ckpunra)
Ha OCHOBE HEKOTOPOTO TEKCTOBOTO OIMCAaHHS Ha
€CTECTBEHHOM  s3bIKe.  lIcmosb3oBaHWEe — Takoit
CHCTEMbI B OyayIieM MOrjo Obl TO3BOJIUTH CHU3UTH
TpeOOBaHMS K CHENUaTNCcTaM JUIi  HEKOTOPBIX
MIPOEKTOB, a TAKXKE CHU3UTh KOTHUTHBHYIO Harpy3Ky
Ha JTOM OJTale IPOSKTHPOBAaHHS M YMCHBIINTH
3aTpavynuBacMOE Ha HETO BPEM.

Recent works on automated NLP systems

Jlyist JTydiiero npencTaBieHUsl O MOCTaBJICHHON
3aja4e M BO3MOXHBIX METOAAX €€ pEeLICHUs
palMOHAIBHBIM OKa)XETCS PacCMOTPETh HEKOTOphIE
mocieHue pabOThl CXOXKEH TeMaTWku. BapuaHThr
Pa3IMYHBIX 3aIyMaHHBIX AapPXUTCKTYp CHCTEM, a
TaKXKe MOIXOA0B K UX Peai3alliy IS TOCTHKCHUS
CXO0KHX, OJHAKO OTIMYAIOUINXCS IPYr OT Apyra B
CHIIy CICIU(PHUKA KaXIOTO KOHKPETHOTO CIIydas,
pe3yIBTaTOB TMO3BOJAT 3aJ0KHATH OCHOBY IS
peanu3aniy 3aJyMaHHOH CHCTEMEI.

B pabore [2] ocBemaercs mOAX0A K peaTn3anuu
KOTHUTHBHOU CUCTEMBI ABTOMAaTU3UPOBAHHOM
CITy>KOBI TIOIEPIKH, KOTOPask MOTJIa Obl «IIOHUMAThY
COJICP’)KUMOE 3aIIPOCOB OT IMOJIb30BaTENeH, BEPHO HX
KJaccUpUIMPOBaTh, pacIpeneNsisi 10 KaTeropHsm,
aHaJIM3UPOBATh U NPEJIaraTh MOIXO0ISIIee PEIICHHE.

[TpuBoaMTCS ClEAYIOUIYI0 MOJEIb KHU3HEHHOTO
UKJIa 00paboOTKH 3ampoca ¢ IpoOJIeMOi cHcTeMOM
(puc. 1) [2]. Ha mepBom stame (Problem Diagnostics)

W3BJICKAETCA  JIOTMYECKash  CTPYKTypa  TEKCTa
pOoOIIEMEI, TIPOUCXOIUT UICHTUDUKAIHS
pasfeneHHs Ha OCHOBE KOHTEKCTa, a TaKxke

kiaccuukaius mpodnemsl. [Ipu 3ToM nconb3yercs
aHajW3 HAa OCHOBE IATTEPHOB (CM. pasmen S5) ¢
npeaABaprUTCIbHBIM pa3aciICHuEM BO3MOX>XHBIX
KOMITOHEHT TEKCTa Ha OOJBIIOE KOIUUYECTBO Tpy1il,
KaK KOHTCKCTHO-3aBUCHUMBIX, TaK 1 MHBAPUAHTHLIX K
KoHTekcTy.  [locie 3TOro BBINOJHSAETCS aHAIU3
nepBonpuurH (Root Cause Analysis — RCA), mns
Yero UCIOJb3YIOTCS COOpaHHBIE JaHHBIE 10
OPOUUIBIM 3ampocaM M HMX PEIICHUSIM, a TaKke
MIPOM3BOANTCS MPenoOpaboTKa eCTECTBEHHOTO S3bIKa
JUIE BBIWJICHEHHMS KOHKPETHBIX CMBICIOBBIX (pa3
(31ech ¥ TOKEHU3AIHS, U OTIPECICHUE YacTeil pedn 1
npouee). Ha nocneHeM 3tare BBIMOIHICTCS aHAIN3
CEeMaHTUYECKOTO COBIAJICHUS W3BJICYCHHOM
nHQOpMAlMU C HAKOIUIGHHOH, B TOM 4YHCIE C
MPUMEHCHHUEM OJHOI'0 M3 AOCTATOYHO MPOCTBIX, HO
BIOJIHE 3()(hEKTHBHBIX METOJIOB MALIIMHHOTO aHAIIM3a
— Support Vector Machine (SVM) (cm. paszaen 5), o
KOTOpOW HMEIOTCSl PEKOMEHIAIMH, KOTOphlE H
dopMupyrorcss B HTOreé M OTIIPABIIAIOTCS
MIOJIb30BATENI0 B KAa4eCTBE pa3pelIeHHs IPOOIeMBI
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(3r0 MoryT OBITP COBETHI 1O HEOOXOIMMBIM
JICHCTBUSAM, CKPUIITHI U T. 11.)
Problem Resolution
Diagnosis RCA Recommendation
Extracting Linkage Extracting
Logical N Feature iy Action
Ticket Structure (Problem “|| Identification (Problem Phrases (Problem
Description Category) Category, Category,
Contextual Building Root Cause, Semantic Root Cause,
Disjointness Historical Resolution Text) Similarity Resolution
Identification Model Computation || Actions)
Classification Root Cause Summarizing
Prediction Actions

1r

NLP

Latent Semantic
Indexing

Data Mining
[ Tokenization ] [

Pucynok 1 — Mojeab ;KM3HEHHOT0 IIMKJIA 00padoTKH 3anpoca B padore [2]

Kernel

Phrase ]
SVM

POS
Tagging Identification

B pabote [3] ocBemaercst moaxon Kk 00paboTKe
3alpOCOB K  PELMOHHOW  0a3ze  JaHHBIX,
COCTaBIICHHBIX HA €CTECTBEHHOM SI3bIKE, U MEPEBOJ
ux B SQL 3ampockl [ HENOCPEACTBEHHOTO

MPOU3BOAUTCS JIEMMATH3AIIUs 3TOrO crucka. [locie
9TOTO CJI0BA PA3AENISIOTCS HA IPYIIIIBI [0 YaCTSIM PeUH
(POS-tagging).  3areM  TIPOUCXOJUT  aHAIM3
MPETI0KEHHIA TPY MOMOIIH PETYIISIPHBIX BBIPAXKECHU N

W3BIICUCHUS UH(POPMAIIHH.

ABTopamu TIpeuIaracTcs Clenayromas MOJIENb
cucreMsl (puc. 2) [3]. Ha Bxox momaetcs 3ampoc Ha
€CTECTBEHHOM aHIJIMHCKOM s3blke. B mogyne
00paboTku €CTECTBEHHOTO SI3BIKA crepBa
MIPOU3BOIUTCS TOKCHU3AIMS U1 (POPMHUPOBAHUS U3
BXOJHOTO  3ampoca  cmucka — cioB.  Jlamee

IS BBIAENEHUS pa3iuuHbiX cBodcTB 11t SQL
3ampocoB. [locie Toro, kak BCE KIIOYECBBIC CIIOBA
BEIJICIICHBI TIPOMCXOJUT X COOTHECCHHE C SI3BIKO-
cnenupUIHBIMH TepPMUHAMHA SQL JUTS
(hopMHIpPOBaHUS KOHEYHOTO 3a1poca.

NATURAL LANGUAGE PROCESSING

TOKENIZATION

PARTS OF
SPEECH
TAGGING

SYNTACTIC
ANALYSIS

v

MAPPING

SOL QUERY
FORMATION

RESULT

> ook
QUERY]|

~
PARSING/
CHUNKING
»

SEMANTIC
ANALYSIS

Pucynok 2 - Mogens npeajiaraemoii cucreMmsl B padore [3]

B manHO# paboTe aBTOp HE UCIIONB3YET METOIBI
MAIIHHHOTO OOyUYeHMsS, a IPUMEHSIET JIHIIb TOAXO/,
OCHOBAHHBIM Ha MAaTTEPHAX, BBINENSAA aTpUOYTHI U3
npeso0paboTaHHOr0 TEKCTa C  HCHOJIb30BaHUEM
PEryISpHBIX BEIpAXEHUH (TI0 CyTH NATTEPHBI).

B eme omHoit  pabore [4]  Takke
paccMaTpuBaeTCAd alroOpUTM U1 aBTOMAaTHYECKOIo
TPAHCIMPOBAHUS 3alIPOCOB Ha €CTECTBEHHOM $I3bIKE B
SQL 3anpocsl. [lpu omucaHuu 3TOro aaropurMa
aBTOp OOJbBIIE BHHMAHUS YICIMWI BOIPOCY O
paznenenun SQL  3ampocoB Ha Trpymmel 1o
(hYHKIIMOHATBHOCTH, a TAKXKE MOMEHTY COOTHECCHHS
BEIICICHHBIX aTPUOYTOB W3 3alpoca pealbHBIM
aTpuOyTaM U TabmuaM cxemsl. s 3Toro TpedyeTcs

COCTaBISATh «KapTy» CXEMBbl 0a3bl ITAHHBIX, YTOOBI
MONYyYUTh TpeACTaBIeHus 000 BcexX TaONMMIax, ux
aTpuOytax W coeaWHeHUsX. /s pemeHus 3Toi
3a7la4y aBTOP MpEyIaracT UCIOIb30BaTh MAIINHHbIE
METOJIbI, 4YTOOBI HE COCTABISATH «KaPTy» CXEMBI
KaXk/Iblil pa3 BPyUHYIO, TEM CaMbIM CIKOHOMHB BpeMs
U aBTOMAaTHU3UPOBAB MPOIIECC.

System Architecture

OcCHOBBIBasgCh Ha NPUBEACHHBIA B MPOILIOM
paszene KpaTkhii 0030p HEKOTOpBIX paboT o
COBPEMCHHBIX CHCTEMax M JITOPUTMAaX, CXOXKHX C
3alyMaHHOW CHUCTEMOM, YIIOMSHYTON BO BBEJEHUH K
JTAaHHOW CTaThe, MOXHO OOO3HAYUTH MEPBUUHYIO
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
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ApXUTEKTYpy TaKOW CHUCTEMbI, a TaKkXe BBIICIUTD
HEKOTOPBIC JTalbl €€ pPCATU3aldd H BO3MOYKHBIC
HHCTPYMEHTEHI.
App _Components and
. " Services NLP
«interface» Scripts
WebAPI < ||
Actor
DB
Pucynok 3 — IlepBuuHasi apXuTeKTypa 3alyMaHHO# CHCTEMBbI
Ha pucynke 3 m3o0OpakeHa MepBUYHAs CXema Habopa DDL ckpuntoB [uis CO3IaHHsI  BCEX

BO3MOXXHOH apXUTEKTYpbl 3aJyMAHHOH CHCTEMBI.
[Monmp3oBatens  OymeT  B3aMMOJCHCTBOBATH ¢
HEKOTOPbIM HHTepdeiicom, Hanpumep, ¢ Be6-API —
3TO MOBBICUT JIOCTYITHOCTh 3a cyer
MyJbTUIIaTGOpMEeHHOCTH. Yepe3 3TOoT mHTEpdeiic
Oymer mNpoHcXoanuTh COOOIIEHHE C OCHOBHBIMU
KOMITOHEHTaMH M CEPBHCaMH IPHIIOKEHUS (BKITIOUas
nmoctym kK B/l mprioskeHus uepe3 CepBUCHBIN CIIOH).
Taxke  OTAENBHO  BBIIENEH  MOAYNIb  JUId
HerocpencTBeHHON paboTsr ¢ NLP, Tak kxak, ckopee
BCETO, MIPUIIOKEHHE U CKPHIITHI OynmyT
pean30BbIBATHCS Ha pasHBIX A3BIKAX
IIpOTrpaMMHUpOBaHUs (Hanbosiee MOy SIPHBIM U 4acTo
UCTONB3yeMbIM si3bIKoM Juist NLP sensiercst Python).
ITpu ostoMm, yuuThiBas crenuduKy periaeMoii
npoOsiemMbl, moTpedyercsi, 4ToObl chopMHUpOBaHHAS
cucreMoil Mozens BJ] Oblta MakCMManbHO IT0JIe3HA
MOJIb30BATENI0, a 3TO 3HAYUT, YTO IPOCTOrO OMUCAHUS
WIH BU3YaJlbHOTO NPEACTaBIECHUS TAaKOH MOAEIH
Oyzmer HenOCTaTOYHO, - MOTPeOyeTCs] MPaKTHYECKUI
pe3ynbTar, KOTOpbIH  MOXHO  OyzeTr  cpasy
ucrons3oBaTh. Hambomee akTyanbHBIM B TaKOM
Cllydae OKa3bIBAETCs NMPEICTABIEHUE MOJIEIN B BUIC

KOMIIOHCHTOB MOZACIN W CBA3BIBAHUA HUX MCEKIAY
c000i1 BOBMOXXHBIMHU OrpaHuYeHHUsAMH. Takoil ckpunt
BO3MOXKHO OyneT cpasy 3arpy3uts B IDE mis CYB/] u
MOJYYUTh TPAKTUYECKHH pe3yibTaT — TOTOBYIO K
rcnosb3oBanuio b1,

TakuM 00pa3oM, MOKHO TIpPEICTaBUTH Oosiee
MOJAPOOHO TIPOIIECCH], HPOUCXOISAIINE B MOIYJE
«NLP Scripts» Ha pucynke 3. Ha pucynke 4 npuBenex
TIEPBUYHBIN aNTOPUTM 00pabOTKH MCXOJHOTO TEKCTa
Ha  ©CTECTBEHHOM  SI3bIKE ISl  TIOJMY9EHUS
pesynbrupytomeid moaenu bBJ[. McxomHslil TekcT
Oyner mpeaobpaboran (npuBeACHUE K HHOUHUTHBY,
yJaleHHe TPEUIOroB U T. 1.), 3aTeM MNpPU ITOMOIIU
ITOPUTMOB MAIIMHHOTO 00yUeHHs1 OyIyT BBIIICIICHBI
OCHOBHBIE KOMITOHEHTBI U CBSI3H, MOCNIE 4ero Oyner
BBIITOJTHEHO COOTHECCHUE HAMJEHHBIX KOMIIOHEHT C
TpeOyeMbIMH Ui TocTpoeHust Moxenu  BbJ]
anemenTamu. [locine asroro Oyzer cdopmupoBaHa
MOJIETIb CIIEpPBa B CYIIHOCTSX BBIOPAHHOTO SI3bIKa
MpOrpaMMHUPOBaHU, a 3aTeM Oyzaer moctpoeH DDL
CKPHIIT.

Natural Task Text H Preprocessing H Classification

¥
DDL script H Model building H Extracted mapping

Pucynok 4 — [lepBu4HbBIii aJropuT™M 00pad0TKH HCXOTHOTO TeKCTa U (POPMHUPOBAHUS MOT TN

Hdus xnaccubukallid W COMOCTABJICHUS
M3BJICYEHHOW  WH(OpPMaUKd  BO3MOXKHO  OyneT
BOCIIOJIB30BaThCsl  KaK  aHalM30M Ha  OCHOBE

maTrepHoB (CM. pazmen 5), Tak W METOJaMH
MalMHHOTO 00yueHnus (cMm. pasmen 5). Cama 3amaua
KJacCu(UKAIUN CTaBUTCS 3JeCh JJI TOTO, YTOOBI
BBIJICJIUTH OCHOBHBIC CYIIIHOCTH, JJISl TOCJIEYOIIETO
COIIOCTaBJICHUS CO CHenu(UKauei PeIuOHHBIX

B/ (1. e. Tabnumpl, MX aTpUOYTHI, OTPAHUICHUS, THITHI
JaHHBIX U T. 11.).

Iloctpoerne Monenu B paMKax CyIIHOCTEH
BBHIOpAaHHOTO  sI3BIKa  IPOTPaAaMMHUPOBAaHHUS U
¢dbopmupoBanne DDL ckpunta Ha OCHOBE 3THX
CYILITHOCTEH SIBJII€TCS HE CaMOM TPUBUAIIBHOMN, HO YXKe
peLIeHHOH 3aja4dell B paMKax OakajaBpcKOil paboThI
aBTOpa JaHHOM CTaThH [5].

Philadelphia, USA

314

2 Clarivate
Analytics /e
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[Ipenmonaraercst pa3pabaTbIBaTh CUCTEMY IS
paboThI CriepBa TOJIBKO C TEKCTaMH Ha aHTIIMHCKOM
SI3BIKE, TaK KaK 3TO TI03BOJIMT BOCIIONB30BAThCs Ooee
OOIIMPHBIM HAa0OPOM HMHCTPYMEHTOB (OMOIHOTEKH,
CJIOBApH U T. [1.), @ TAKIKE U30aBHUT OT HEOOXOTUMOCTH
COOTHECEHHS PYCCKOS3BIYHBIX W  aHTJIOSN3BIYHBIX
TEPMHHOB, 4YTO YHpPOCTHT pabory. OnHako B
OyaymieM, Ipy yCTICITHOM peal3aliy CHCTEMBI JUIs
paboTHl C AHTIIMICKAM S3BIKOM, BO3MOXKHO Oyzaer
paciupeHne (QpyHKIHOHAIBHOCTH JUIA paboThl U C
PYCCKHUM.

Problem of semantics
OcHoBHas Tipob6sieMa, KOTopasi OSIBIIAETCS MTPH
IIOIIBITKE TPpaHCINPOBATH n}o6me BBIpAXCHUA,

Ideas

Human symbols

KOHLICMIIUN WM TOHATHSI C €CTECTBEHHOTO S3bIKa B
MOHSITHYIO KOMITBIOTEPY dopmy —  93TO
HEOIHO3HAYHOCTH [6]. IIprueM HEOTHO3HAYHOCTH KAk
B OTCBUIKAX K OINpPEICIICHHBIM OOBEKTaM, YTO
MPOWLIIOCTPUPOBAHO HA PHCYHKE 5, Tak U B
kouIenusax. K npumepy, «/>KOH JCKUT HA TUBAHE)
u «Ha JI)KOHE JIexKHUT OOJbIIas OTBETCTBEHHOCTHY. B
9TOM Ciydae HEOOXOIMMO, YTOOBI OBLIO XOTS OBI
MUHUMAaJbHOC IMOHMMaHHEe oO0JacTH (JAOMEHa), B
KOTOPOU HCMOJBb3YETCs KOHIEMIUS B KOHKPETHOM
ciyuae.

Computer symbols

| mouse1

| mouse2

| bank 1

N
| bank 2

Pucynok 5 - IIpumep HeoZHO3HAYHOCTH 0003HAYEHUIT

IIpumep Ha pucyHKe 5 IOKa3bIBA€T, UTO B HALLIEM
€CTCCTBCHHOM SI3BIKE MHOT'O HOHHTHﬁ, JJIs1
0003HaUCHHS KOTOPBIX HCIIOIB3YCTCS OJUH U TOT XKE
TEPMHUH, OJHO W TO ke cioBo. OOHAKO €cThb U
oOpaTHas CHUTyalus — y MHOTHX ITOHATHI OYCHB YacTo
BCTPEYAETCS HECKOJIBKO PA3IUYHBIX 0003HAYCHUI
(puc. 6). [Ipu 3TOM HeKoTOphIe 0003HAUCHHUS MOTYT
nepecekaTbesl Ui Pa3sHBIX MOHSATHH, KaK B MEPBOM

x|
—_————
©® olojks

puMepe, 3aMbIKas 3TOT Kpyr. YUemoBek crocoOeH
[MOHATh PA3JIMYUs OCHOBBIBASACh Ha COOCTBEHHOM
JKM3HEHHOM OIIBITE U MHOXKECTBE HAKOIUIEHHBIX B
CO3HAaHUU KOHTEKCTHBIX acconuanuii. KommperoTep xe
He oOiajaer  MOAOOHBIMU BO3MOYKHOCTSIMU
W3HAYaIbHO, M HEOOXOAMMO KaKUM-TO 00pa3oM
MTO3BOJIUTH €My 4eTKO Au(PepeHINPOBATh TOHATHS 1
KOHIIETIIIH.

motor car
autocar
automobile |

car

OJORY

Pucynok 6 - Ilpumep MHOKeCTBEHHOCTH 0003HAYEHUIT

OO0pIYHO, KOTHa pedb HAET O MpodiemMax
CeMaHTHKH, 3aTPAaruBaloT TAKKe BOMPOC O MPUHIIUIIE
OTKPBITOCTH peansHoro mupa [6]. CyTs 3akimrodaeTcs
B TOM, YTO OKpYXarOIIMi Hac MHUpP HE SBISAETCS

OmHAapHBIM. B MaTremaTnke M KIacCHYECKO# JOTHKE
MBI TIPUBBIKJIM HCIOJIB30BATh 3aKOH HCKJIIOYEHHOTO
TPEThETO, CMBICT KOTOPOTO CBOAMTCS K TOMY, UYTO
nr000€ BBICKA3bIBAaHHWE OJHO3HAYHO SBIIAETCS JIMOO
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HUCTUHHBIM, 1100 JIOXKHBIM. B ocHOBe KOMIIBIOTEPOB
JICKUT HMMCHHO KJIaCCUYCCKasA JIOTHKa, ITO3BOJIAIOIIas
000CHOBBIBATh BCE ornepanvuu B MaIIMHHOM KOZC,

1atax, (GU3NYECKH peaTn30BAHHBIX HA MPUHIIMIIAX
KJIACCHYECKOH JIOTHKH, 3TO YETKO JAaeT MOHATH, YTO
KOMIIBIOTEPH HE MOTYT OIEPHPOBAaTh MHQOpPMAIIUEH

COCTOSIINM U3 eAUHUI] (MCTUHA) U HyJei (Joxks). Tak B YCIOBUAX OTKDBITOIO MHpa HamNpsIMylo, KOrja
Kak C JIF0OOro BEpXHETO YPOBHsI BCET1a BCE CBOAUTCS KJIaccHUecKasi JIOTMKa He IPUMEHHMa.
K HWCIOJIHEHUIO MHCTPYKLIMI MaIlMHHOTO KOAa Ha
Ta0nuna 1. Paznu4unst 0OTKPLITOro U 3aKPLITOr0 MHPOB
OTKpBITHII MUp | 3aKphITHII MUP

BxonHble 1aHHBIE Tuscany and Calabria are regions of Italy. Champagne is not a region of Italy.

Bomnpoc 1 Is Tuscany an Italy region?

Ortser 1 Yes | Yes

Bomnpoc 2 Is Champagne an Italy region?

Ortser 2 No | No

Bonpoc 3 Is Catalonia an Italy region?

Otser 3 Unknown | No

B 1908 romy JI. 3. . Bbpaysp BbICTYymnui1 c Hpeaeaamy, SIBJISIFOTCSL METOJIbI aHanusa

KPUTHKOH KITACCHIECKON JJOTUKH, OTMETHB, YTO 3aKOH
WCKJIFOYEHHOTO TPETBETO MPHMEHHM JIMIIb K
KOHeuHbIM obmactsimM [7]. Hamr okpy»aromuii Mup
CIpaBEeJIMBO MOXHO CUUTAaTh OOJAcTei0  HE
KoHeyHOH. TakuMm o00pa3oM, TpH PacCMOTPEHHH
Mpo0JIeM CEMaHTHKH B 00IIIEM BHI€ MOKHO TOBOPUTH
0 TOM, YTO IPUHILMII OTKPBITOCTH MHUpA, 110 CYTH, HE
yAacTCsl peajn30BaTh B MAIIMHHOM BHJE, TaK Kak
TPEeTbE, HEU3BECTHOE COCTOSIHUE YTBEpXKAEHUS,
MIOMHUMO «HCTHHA» U «JI0XKb» (Tadi. 1) Hepeanusyemo
B KJIaCCUYECKOM JIOTHKE.

OfHako CTOMT OTMETUTh, YTO IPHU PELICHUU
0003HAUEHHOW BO BBEACHHUHM MNPOOIEMBI  JUIA
peann3anyiy CHCTEMBl aBTOMATHYECKOH TIeHepannu
Mozenu b/l Ha ocHOBe TeKCcTa Ha €CTECTBEHHOM SA3BIKE
HET HeOOXOIMMOCTH CTPOUTH MOZIETh MHPA, B CIIydac
4yero mpodieMa OTKPBITOCTH MHpa Urpaja Obl poiib,
TaK KaK y CHCTEMBbI HET LIeJIM OTBEYATh HA BOIPOCHI, &
€e OCHOBHOM 3ajauei, 10 CyTH, AOJDKHA SIBISTHCS
knaccuukanyMs W ONpenelieHHe  HEKOTOPBIX
OTHOILIIEHUH MEXKIAY KOMIIOHEHTaMH TEKCTa, NpUICM
TEKCTBl 3TH PEATU3YIOT HEKOTOPYI alCTpaKLuio

eCTeCTBEHHOTO s13bIKa [9, 10].

Natural language analysis methods

1 Pattern-matching

AHanmm3 Ha OCHOBE MaTTEPHOB (IIPABHIT), HITH JKE
rule-based anann3, IPOM3BOAUTCSI C UCHOIB30BAHUEM
3apaHCC NOATOTOBJICHHBIX JIMHI'BUCTUYCCKUX ITPABUJI,
M0 KOTOPBIM OyIeT KIacCU(PHUIUPOBATHCS TEKCT.
[Ipruem npaBuiia 3TH COCTABISIOTCA BpyuHY0. Takue
IpaBuiia MOTYT, K IPUMEPY, COCTOSITh JIMIIb U3 CJIOB-
MapKepoB, HAJIWYHE KOTOPHIX OTHECET (parMeHT
TEKCTa MM K€ BECh TEKCT K ONPE/ICIIEHHOMY Kilaccy
[10, 11].

Takolf TOAXOA WCHONB30BAICS e€me 10
MOSIBJICHUSI TPAIUINOHHBIX CTATUCTUYECKUX METO/IOB
KIacCH(UKaIUK, ¥ BO MHOTOM CUHTAETCSI HECKOJIBKO
yCTapeBIINM, a TaK)Ke IMPOUTPHIBAIONINM B TOUHOCTH
U CTaOMIBHOCTH CTAaTHUCTHYECKUM METOJaM Ha
cerogusamHuA JeHb [12]. OnHako B onpeaeneHHBIX
CUTyallusIX OTOT MNOAXO0H BCE CIIC MOXKET OBITh
aktyaseH. K mpumepy, eciam paccMaTpuBaemas
IpeAMeTHas: 00J1acTh SBJSIETCSI JOCTATOYHO y3KOW U

KOHEUHOH 001acTu MPUIIOKCHUSA peHHHHOHHOﬁ CHCHI/I(bPI‘ICCKOfI, JJide HEC BO3MOXKHO IOCTPOUTH

EU'II‘€6pBI. YCTKHC IIpaBujia, IMPU ITOM HX KOJIUYECTBO 6yﬂeT
Ha CCFOHHHHIHI/Iﬁ JCHb HpO6J’I€My ITIOHUMAaHUA BIIOJIHC aJICKBATHO.

CEMaHTHUKHN KOMIIbIOTECpaMUu peuaroT ABYyMsA Tem HE MeHee B IH000M Cllydac TaKOH METO

OCHOBHEIMU CIIOCO0AMHU: MNOCTPOCHUEC CECMAHTUYCCKUX HOTpe6y€T J0CTaTO4YHO FJ'Iy6OKOFO IIOHUMaHUWA

cereil u OHTOHOFHﬁ, B KOTOPBIX OIMUCBIBAIOTCH KJIACChI HpeHMCTHOﬁ obnactu u 0OJIBIIIOTO o0beMa

CYIIIHOCTEH, OTHOLICHHUSI MEXIy HHUMH, W KOTOpPBIC

MpeIBapuTEIFHON PabOTHl IO MOATOTOBKE HaOOpOB

peamn3yioT TOSCHEHHE CEMAaHTHYECKHX  CBs3ei mpaBun  [13]. Takum oOpa3oM MJaHHBIA METOX
MEXIy 00beKTaMH KJIAcCOB i MamuH [8]. OgHaKo OTJINYAETCS BHICOKOU TPYJ03aTPATHOCTHIO.

TaKoOH moaxon sSBJIACTCA HE FI/I6KI/IM, a TaKxXe

JIOCTaTOYHO CJIOKHBIM B pealiu3allid, TaK Kak 2 Statistical methods

TpeOyeT, Mo CyTH, PYy4YHOI GopManu3anuu O0JILIIOro
KOJMYeCTBa TMOHITHM M KoHLeNnuud. BropbiM
BapHaHTOM, KOTOPBIM ceiyac B Pa3MYHbIX (opmax
aKTUBHO MIPUMEHSETCS B WHTyCTPHH
WH(POPMAIIMOHHBIX TEXHOJOTHHA, a TaKKe W 3a ce

Hauenbiii BaiiecoBckuii Kitaccudukarop (NB)
peanusyet Teopemy baiieca ¥ MIMPOKO MPUMEHSAETCS
JUTSL pelieHus Tpo0IieM Kiaccu(UKAIUK TEKCTa BBUILY
cBoeld poctoThl [12]. BaitecoBckmii knaccupukaTop
SIBIISICTCS CTaTUCTHYCCKHU ONTUMAITEHBIM
KITaccu(hUKaToOpOM, YYUTHIBAS HE TOIIEKO
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BEPOSTHOCTh TOTO, YTO 00pa3 OyaeT OTHOCHTHCS K
HEKOTOPOMY KJIacCy, HO TakXe U BEPOSTHOCTbH

nmosiBJieHWst obOpa3a W3 dToro kimacca [14].
CyIIecTBYIOT TakXe pas3juyHble MOIU(GUKAIHH
cragaaptHoro NB, KoTOpsle MOIYyT IIOKa3bIBaTh

Jy4IIHue pe3ybTaThl B 3aBUCHMOCTH OT KOHKPETHOTO
Ha0bopa JaHHBIX.

Meron  k-Ommxaiimux coceneit  (K-Nearest
Neighbors, KNN) oTHOCHT Heomo3HaHHBII (hparMeHT
K KaKOMY-TTHOO KJacCy OCHOBEIBAasCh Ha M3BECTHBIX
(parmeHTax-cocensx. s WCIONB30BaHUS 3TOTO
anroput™Ma He TpeOyeTcss COCTaBISATh MOIEIb.
MoxHO B34Th K TpEHHPOBOYHBIX TEKCTOB U
OIIEHUBATh TPeOyEeMBIil Ha OCHOBE OIM30CTH COCENIeH.
CyliecTBYeT MOJOXHUTEIbHAS KOPPEIALUS MEXIy
00bEMOM JIaHHBIX M BpeMEHEM paboThl, TaK 4TO MPH
00paboTke OOJBIIMX HAOOPOB JAaHHBIX AITOPUTM
Oyzner paboTath onryTumo jaouro [12].

Support Vector Machine (SVM) — monynsipHblit
METOJl KJIacCU(MKALMK, B KOTOPOM JIOOOH TEKCT
npenacrasisercss BekropoM [12]. B manHom ciyuae
pemaercs mpodiieMa OMHAPHOTO pa3AeIeHus 00pa3oB
Ha nBe Kateropud. CTPOHUTCSA IUIOCKOCTB, KOTOpPAs
JTOJDKHA HAXOIUTHCS MEXKAY ABYMS KaTETOPHSIMH U Ha
MaKCUMAaIbHOM PACCTOSHUM OT KaxkIoWh. Taxum
0o0pa3oM KaxAblii BeKTOp JHOO  OJHO3HAYHO
HAXOJUTCS C OHOM CTOPOHBI OT INTIOCKOCTH, TNOO €To
GosbImas 4acTs.

Decision Trees (DT) — mnpunmmn pabGoThl
ITOPUTMa TIOXO0K Ha MPUHIUI paboThl HEHPOHHBIX
ceTei, HO BMECTO CHCTEMBI BECOB HCIIONb3YETCs
KOHLICTTLUS COOTBETCTBHS OIpeeTICHHBIM
noruyeckuM mpasuiaMm [15]. JepeBo cTpouTcs Ha
CTaJM{ POCTa, pacrpeessisi TPEHUPOBOYHBINH Habop
JMAHHBIX HA YacTH, a 3aTeM Ha (a3e COKpaIleHUSI
W3HaYaJIbHBIC JaHHBIE 0000IAOTCS 10 TIOCTPOCHHBIX
kareropuii. OTHAKO TaKOW METO]] TOKA3hIBACT IJIOXHE
Pe3yIBTATHl MO0 CKOPOCTH TPH YBEIWYCHHN O0BeMa
MaHHBIX [15], a Takke mydimme pe3yabTaThl MOTYT
JIOCTUTATHCS JINIIb MPH TEePeoOyIeHUN MOJEIN MO
KaKJpIid HOBBIA HAO0OP MaHHBIX [12].

CTOUT OTMETHTb, YTO Ha CETOIHSIIHHUN JICHb
cragaapTHelidi DT ajroputM no4ru He UCHOJB3YETCs,
BMecTo Hero oObidHO npumensiercsi Random Forest
(RF), cMBICIT KOTOPOTO B MCIIOIb30BaHUU MHOXKECTBA
DT-nepeBbeB, KOTOpbIE OOy4YaroTCs Ha CIy4alHBIX
(parmMenTax HaOOpa NAaHHBIX, & UTOIOBOE pEILICHUE
MIPUHUMAETCS Ha OCHOBE HECKOJIBKHUX PE3yIbTAaTOB I10
DT. Takum o6pazom RF oxassiBacTcs TouHee, a
TakKe W30aBIsIET OT TpoOJIeM TepeToTHEHUS
nepeBbeB. K Tomy ke OH okasbiBaeTcs emie Ooiee
YCTOIYMBBIM K IITyMaM U HETOYHOCTSIM B JJAHHBIX, YeM
cragaaptHeiii DT anroputm [16].

3 Deep learning

Meroapl TiryOOKOro oOy4yeHusl 3aBsi3aHbl Ha
WCIOJIb30BaHNE HEUPOHHBIX CETEH, CUMYIUPYIOMINX
paboTy YENOBEYECKOT0 MO3ra TMpH TMPHHITHU
petienuid. Takoil moaxoH MO3BOJISET U3BIEKAThH AaXKe

CBOHCTBa BBICOKOTO YPOBHS M3 HAOOPOB IAHHBIX U
MOKa3bIBAIOT  JIyYIIME  PE3yJIbTaThl,  HEXKEIH
TPaJMIUOHHBIC CTATUCTUYECKUE METO/IbI B PEIICHUN
3amaq pacrno3HaBaHus peun, 00paboTku
n300pakeHUH MM NOHUMaHus TekcTa [12].
Convolutional Neural Network (CNN) -
CBEpPTOUHBIE HEHPOHHBIE cer, 00BIYHO
UCTIONIB3YIOTCS JUIsl KJIAcCU(HUKALUK N300pakeHHH,
TaK Kak ux paboTa OCHOBaHa Ha OTKJIMKE (UIBTPOB
(cBepTke ¢ QuIbTpamMu) C pPa3TUYHBIMA SAPAMH
(kernel) [17]. OnHako, BO3MOKHO HCTOB30BaTh CNN
n g pemreHus 3amadw NLP (Natural Language
Processing). Ecau mpeacTtaBUTh 3JIEMEHTHI TEKCT B
BEKTOPHOM BH/JE, 1 OOBbEANHUTE BEKTOPHI B MATPHILY,
4TOOBI oOmee MpeICTaBICHHE TEKCTa
COOTBETCTBOBAJIO ¢dbopmary MPEeACTaBICHHUS
n3zo0paxkeHus, TO OyJeT BO3MOXKHO IPHUMEHEHUE
(GUIBTPOB M IMOJYYEHHE MX OTKJIMKA aHAIOTHYHBIM
00pa3oM ¢ TeM, KaK 3TOT MPOLECC MPOUCXOAUT JUIS

n300pakeHHH.

Recurrent  Neural Network (RNN) -
PEKyppeHTHbIE HEHpOHHBIE ceTH. Takue ceTu
CIIOCOOHBI XOpo1o CIIPABJIATHCA C 3agadyaMu

nporHo3upoBanus. B RNN ucnonw3zyercs Tpu tuna
CJIOEB: BXOJHOMU, CKPBITHI M BBIXOTHOHN. 3a Ka)IbIi
BpEeMEHHOW IIEpPHOA Ha BXOJ TOHAIOTCA BEKTOPHI
TOKEHOB (PUKCHPOBAHHOTO pa3Mepa, KOTOpBIE 3aTeM
[IOCTIEIOBATENbHO TEPEJaloTCd B PEKYPPEHTHYIO
enuuuny [17]. Takum o0pa3oB opraHuzyercs
HEKOTOpasi «IMaMsAThY» CETH, KOTOpas Kak pa3 H|
MPEJCTABJICHA 3THM CKPBITBIM CJIOEM, W KaXJIbIi
CJICIYIONIMIA BPEMCHHOW JTal HCIOJIb3yeT B TOM
YHCIIC 3TY HAKOIUICHHYIO0 UH(POPMAITUIO JUTSI JTYYIIEeTO
MIPUHATHUS PEIICHUH.

CymecTBYIOT Takke  HEKOTOpBIE  JIpyrue
BapHalliyl aJITOPUTMOB HEHPOHHBIX ceTei, Bpoze
ReNN (Recursive Neural Network) wmeTomoB,
Attention-based metomoB u ap. Takxke CyIIECTBYIOT
METOBI, OCHOBaHHBIE Ha TIPEAO0OYyIECHUH, IPUMEpaMH
kotopeix siBisitorcst OpenAl ChatGPT u Google
BERT. Takue HelpoHHBIE ceTH ceddyac YacTo
Ha3bIBAIOT «A3BIKOBBIMH MOJCISIMU)). CyTI: HUX B TOM,
4TO OHU CHOCOOHBI HOATOTABIMBATH «OOYYAIOIIUIA
Marepuan» jisl IMOHUMAaHUA MAaIllMHOM CEeMaHTHKHU
ecTecTBEeHHOro si3bika [12]. Peanuzyercs 310 3a cuet
aHamu3a OOJBIIOTO KOJMYECTBA HEOOpaOOTaHHOM
nH(pOpPMAIMK Ha ECTECTBCHHOM SI3BIKE, 33 CUCT YEro
HAKaIUIMBaeTCI W TIOCTOSHHO TIEPEAacTCsl MEXKIy
CJIOSIMH MHO>KECTBO KOHTEKCTYallbHBIX 3HAHHUH, UTO, B
COOTBETCTBHM C  OCOOCHHOCTSMH  CEMaHTHKH,
ONMHMCAaHHBIMU B TIPEABIIYIIEM pa3lele, IMO3BOJSET
MPUONH3UTECS K HOBOMY KaueCTBEHHOMY YPOBHIO B
ITOHVMAaHHUH TEKCTOB HAa ECTECTBEHHOM S3BIKE.

4 Hybrid analysis

I'uGpuanbIi MoaX0A MpeanosaraeT COBMECTHOE
UCIIONIb30BaHHE METOJa aHalNW3a, OCHOBAaHHOIO Ha
narrepHax (MpaBWiax), W METOAOB MAaIIMHHOTO
oOydenust [10]. B HEKOTOpBIX CiIydasx 3TO MOXKET
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oKazaTbcsa Xxopouled npaktuko. K mpumepy, ecnau
AJITOPUTMBI MAllTMHHOT' O O6y‘IeHI/IH, HCIIOJIB3yEMBIC B
CHCTEME aHajHu3a eCTECTBEHHOTO $3bIKa, ObLIH
06yquH Ha KOHKPETHBIX KJraccax TCKCTA,
pa3AeneHHbIX, JOITyCTUM, IO CMBICTY. B 3TOM cityuae
MOJKHO CIIEpBa pa3/ieisiTh BXOAHOW HAOOp TaHHBIX HA
9TU KJIACChl OCHOBBIBASCH HA 33/IaHHBIX IpaBUIIAX
COOTBETCTBUS.

Subject area knowledge systematization

BonbIIMHCTBO ~ COBPEMEHHBIX — IOAXOIBI K
00pabOTKe €CTECTBEHHOTO S3bIKa MPEIIoIararoT
HajJM4ye OIpeleNeHHoro Habopa 3HaHMH O

MPEAMETHONH 00IacTH, B COOTBETCTBHH C KOTOPBIMH
OynyT co3maBaThCid JIMHTBUCTHYECKHE TIpaBHiIa
(marTepHsI), 3a/1aBaThCs KJIACChI 00pa3zos,

COCTaBIATBCS MOJENb A OOYy4YeHUs MAIIMHHBIX
AJITOPUTMOB. I/ICXOJIS[ U3 JTOro " jid pCHICHUA
0003Ha4YEHHO BO BBEJICHUH MPOOJIEMBI TOTpeOyeTCs

HEKOTOpoe  (OpMaTbHOE  CHCTEMaTH3UPOBAHHOE
OIMCaHue paccMaTPUBAEMOH ITPEAMETHOM 001acTH, a
HMEHHO — JOMEHa 3HaHMH O MOJEIUPOBAHUH

PEISILMOHHBIX 0a3 JaHHBIX.

OObIYHO, KOTZAa pPeYb HICT O PEJSIHOHHBIX
0a3ax  JaHHBIX, OCHOBHOW  paccMaTpHBacMbIH
9IIEMEHT, - OTHOIIICHHE, HPeNCTaBISCTCS
cienyromM oopazoM (puc. 7). OTHOIIEHHE COCTOUT
U3 MHOXECTBa aTPHOYTOB M AacCOLMHUPOBAHHBIX C
HUMH MHOXXECTB 3HAUCHHUIl, KOTOpbIE B pe3yibTaTe
BBIP)KAIOTCSI KOHKPETHBIMI HAaOOpaMH 3HAUSHUH, TaK
Ha3bIBAEMBIMHU CTPOKaMU, WiH tuple’amu [18].

RELATION

TUPLE

ATTRIBUTE

Pncyﬂmc 7 — Kak npeacTaB/aseTCd OTHOIICHUE B TEOPUH PEJIAMOHHBIX 0a3 JaHHBIX

OTO TpenCTaBICHUE COOTHOCUTCS C TEM, 4TO
W3BECTHO W3 TEOPUHM PENSIIMOHHOW anreOpsl. A
HMCHHO — 4YTO HNPHUMHUTUBHAsA PCIIAIMOHHAsA CXeMa
MPE/ACTaBISIET TPUILIET BUAA:

PRS = (2,4,dom), 1)
rae () — KOHeYHbIH Ha0op aTpuOyTOB, 4 — KOHCUHBIH
Ha0bOp MHOXKECTB BO3MOXKHBIX 3HaueHuit, dom — 4 —
()  QyHKIUA, KOTOpas acCOIMMHPYET C KaKABIM
aTpuOyTOM  HEKOTOPOE MHOXKECTBO  3HAYCHMH,
cooTBeTcTByMOIIee emy [19]. Taxke u3BeCTHO, UTO
TMoJjiHasA peIAIMOHHAsA CXEMa TAKXKE IMPCACTABIACT U3
co0Oil TpUIUIEeT, COCTOAUIMH W3 HPUMHTUBHOM

RS = (PRS,M, SC), 2

Onwupasice Ha GopMyIbl 1 1 2 MOXKHO BBLIEIUTD
CJIEIYIOIIIIE OCHOBHBIE KOMITOHEHTBI:

1) CymHocTH — TO €CTh HEMOCPEACTBEHHO
KJIacCchl OOBEKTOB pEaJbHOTO MHpa, KOTOpPHIE
HeoOXoanMo (HOpMaNTHM30BaTh B pPaMKax TEOPHUH
PEIIINOHHBIX 0a3 TaHHBIX, OPTaHU3Ys TaOJHILy;

2) ATpuOyTBI  CYIIHOCTEH —  HEKOTOPHIC
CBOMCTBa M IPHU3HAKH KIJIACCOB OOBEKTOB PEabHOTO
MHpa, KOTOpbIE MOTYT TIPHHUMATh pa3lIH4HbIE
3Ha4YeHHs U3 CBOMCTBEHHBIX UM MHOXKECTB;

3) OrHomieHUsT MeXAy KiaccaMd OOBEKTOB

pemsiunoHHoM  cxembl  PRS,  HedopmanbHOro peaNbHOr0 MUpa W/MIM MEXIy aTpuOyTaMH OJHOTO
ONUCaHUs PETSALUOHHOM CXeMbl Ha E€CTECTBEHHOM KJacca 0OBEKTOB; HEKOTOpbIE rpaBua,
s3pike M m Habopa ycnoBuii (orpanuyenuit) SC Ha OTpaHUYEHUS, CBA3U MEXTY
OTHOUIEHHSI CXEMBI, ITPEJCTaBISIOIUX cOO0H OYIIeBHI CYIIHOCTSMU/aTpuOyTaMu.
(hYHKIIMH COOTBETCTBHSI YCIOBHIO (2).
. ':
ATpUEYT o CyLWHOCTL " Mpaewno
(CTonGew) 7 (Tafmua) N (OrpaHu4eHne)
A
Tun faHHkX
arpubyTa

Pl/lcyHOK 8 — Cxema oTHOIIEHNH BbIJI€J€HHBIX KOMIIOHEHT
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISl (Dubai, UAE) =1.582  PHHII (Russia) =3.939  PIF (India) =1.940
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Ha pucyske 8 m300pakeHO cxemMaTHdeckoe 00pabOTKE €CTEeCTBEHHOTO S3BIKAa  3ayMaHHYIO
MpEACTABIICHUC OTHOIIIEHUH MCXKIY BBIICIICHHBIMU CUCTEMY, ONHMCAHHYIO BO BBCJICHHU, PCATIN30BATH

OCHOBHBIMH KOMIIOHEHTaMH TIpEIMETHON 00JacTH.
Tak kak Teopusi peNsIIMOHHOW anreOpbl OMHCHIBAET
OTHOIICHUS, TO TJAaBHOM KOMIIOHEHTOM MOXHO
CIpPaBeAJIMBO CYUTATh CYIIHOCTb (B IOCIEICTBHU
tabnuiy). Jns cyniHocTH ornpenenstorcs: arpuOyTh
(B mocnecTBUY CTOJIOIBI TAOIHUIIBI), €€ CBOHCTBA, IS
Ka)XXJIOTO M3 KOTOPBIX TaKKe Ba)KHO ONPENEIUTH THII
JTAaHHBIX, OTPaKAIOUIUH JJOMEH NMPHUCYIIUX aTpuoyTy
3HaueHHH. Takke Ha CXeMe OTpaKeHbl IpaBHiIa
(ycmoBusi/orpaHUYEHNS) UISI PEISIIIMOHHON CXEMBI,
KOTOpBIE MOTYT ONpEAeNATh OTHOIICHHH MEXIy
CYIIHOCTSIMHU, O YEM CBUCTEILCTBYET HEIPEPBIBHAS
CTpenka OT KOMIOHEHTHl [IpaBmio, HO TaKxke
NpaBuiia BO3MOYKHO IPUMEHSTD U K aTpuOyTaM, 0 ueM
CBUJIETEIIBCTBYET BTOpAsk CTpEIIKa.

OpHaxo, eciii Mbl 00paTHMCS K criennpUKanusIm
peanuzanyii peNsMOHHONW TEOpPUH Ha IpaKTHKE, a
UMEHHO — K Pa3IM4YHBIM PEJILHMOHHBIM CHCTEMaM
ynpasnenusi 6azamu nanusix (CYBJI) (x mpumepy,
CVYB/J] Oracle [20]), MBI yBUIMM, YTO TpPaBHiIA, UIH
OTpaHWYCHUS, MIPUMEHSIOTCA BCe Takke K Tabimie
(cymHOCTH), TONBKO ONHMCHIBAIOT HE BHEIIHHUE
OTHOWICHHs, a BHyTpeHHHME. Takum o0Opa3oM, HeT
HEOOXOAMMOCTH HANpsIMyIO CBS3bIBaTh IPaBHIIA C
aTpuOyTaMu, BeIb 3TO MOXET OBITh CHENaHO uYepes3
IpaBUia IJIsl CYyLIIHOCTH, O YeM M CBHJETEIbCTBYET
NMYHKTHpHas CTpelka OT KoMmoHeHThl Rule.
®opManIbHO CBSI3b €CTh, HO Ha IMPAKTHKE OHa
peanuzyercsi yepe3 CyIIHOCTb, KOTOPOW aTpuOyThI
MpPUHAJIEXKAT.

Conclusion and future plans

MO)KHO OJHO3HAYHO CKa3aThb, qTO C
HCITIOJIB30BAHUEM COBPEMCHHHX moaAXoOd0B K
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Introduction process until it can finally realize its planned goals.
Background The success of industry in realizing its goals is not
The development of an industry requires a long easy, competition is one of the things that must be
[ ]
Philadelphia, USA 391 l; Clarivate

Ana lytics indexed


http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:susi.hendriani@lecturer.unri.ac.id
http://s-o-i.org/1.1/TAS-11-127-40
https://dx.doi.org/10.15863/TAS.2023.11.127.40

ISRA (India)  =6.317  SIS(USA)  =0912 ICV (Poland) = 6.630

. ISI (Dubai, UAE) = 1582  PHHII (Russia) =3.939  PIF (India) = 1.940

Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

faced and strategic steps are needed in responding to
it. Every business actor always wants to be superior to
his competitors. There are many ways that business
actors can win
Competitive Advantage can be obtained by offering
consumers greater value, such as offering lower prices

the competition

in  business.

2022.

or by providing more benefits in consumer services at
higher prices. According to the Department of
Cooperatives and Small and Medium Enterprises of
the Republic of Indonesia, there are 50 tofu and
tempeh industries that have developed from 2009 to

Table 1. Data on Tofu and Tempeh Industry Players in Pekanbaru City

No Name of MSME Address Subdistrict MSME ID
SELLING TEMPE TOfu
1 <NASWIN> JL. H. AGUSSALIM Tampan 1.47101E+14
<IWAN>'S TEMPE TOfu PASAR KAGET JL.
2 | BUSINESS MELATI GANG ESEMKA Tampan 147101E+14
3 SELLING TEMPE TOfu <SUKRI> JL. UKA Tampan 1.47101E+14
4 | TEMPE TOFU <YATI> PASAR KAGET JL. UKA Tampan 1.47101E+14
TEMPE KNOWN TRADERS | JL. ROWOBENING PRUM
5 <AGUN> ASABRI Tampan 1.47101E+14
6 | SELLING TEMPE TOfu<ADLI> | & C'PTAK'Z%FEYFA PASAR Tampan 1.47101E+14
SELLING TEMPE TOfu
7 <SUWAR> JL. CIPTA KARYA Tampan 1.47101E+14
8 TEMPE KNOWN TRADERS PASAR BARU PANAM Tampan 1.47101E+14
9 | TEMPE KNOWN TRADERS PASAR BARU PANAM Tampan 1.47101E+14
SELLING TEMPE TOfu PASAR KAGET AIR .
10 <SOBIRAN> DINGIN Bukit Raya 1.47102E+14
SELLING TEMPE TOfu JL. SULTAN SYARIF .
11 <WASNITA> QASYIM Lima Puluh 1.47103E+14
12 | SELLING TEMPE TOFU JL. HANG JEBAT | Sail 1.47104E+14
13 | SELLING TEMPE TOfu <ERNI> JL. KESUMA Sukajadi 1.47106E+14
JL. TUANKU TAMBUSAI
14 Lilg[\i\llkllgDONA> TEMPE PASAR CIK PUAN Sukajadi 1.47106E+14
PEKANBARU
JL. TUANKU TAMBUSAI
15 LE(X.?:i TOFU TRADING PASAR CIK PUAN Sukajadi 1.47106E+14
PEKANBARU
SELLING TEMPE TOfu
16 <TUMIRAH> JL. SEROJA Senapelan 1.47107E+14
K5 TEMPE KNOWLEDGE JL. TERATAI GANG
17 <ISWAHYUNI> ANGGREK Senapelan 1.47107E+14
18 | Tahu TEMPE SHOP
<MUKHITUN> PADANG BULAN Senapelan 1.47107E+14
TEMPE TOfu SHOP <NUR
19 HAYATI> JL. TERATAI Senapelan 1.47107E+14
20 | TEMPE TOfu <JUFRIANDI> K5 JL. TERATAI Senapelan 1.47107E+14
TEMPE TOfu TRADER JL. CEMPAKA GG
21 <ARDIANSYAH> ISTIQOMAH Senapelan 1.47107E+14
TEMPE KNOWN TRADERS
22 <HAL IMAH> JL. TERATAI Senapelan 1.47107E+14
JL. AHMAD YANI GG.
23 | TEMPE KNOWN TRADERS ISTIQOMAH Senapelan 1.47107E+14
24 | SELLING TEMPE TOfu <FENDI> JL. KARTIKA SARI Rumbai 1.47108E+14
25 | SELLING <ASMI> TEMPE TOFU JL. KARTIKA SARI Rumbai 1.47108E+14
SELLING TEMPE TOfu JL. TENGKU KASIM .
26 | CANTONI PURNOMO> PERKASA Rumbai 147108E+14
[ ]
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27 | SELLING TEMPE TOFU <DIDI> JL. KARTIKA SARI Rumbai 1.47108E+14
SELLING  TEMPE _ TOfu )
28 | ZCUMARWIS JL. KARTIKA SARI Rumbai 1.47108E+14
SALES OF TEMPE TOfu )
29 | 2CEFRIANDIS JL. GOTONG ROYONG Rumbai 1.47108E+14
TEMPE TOUGH FACTORY | JL. SOEKARNO HATTA Marpoyan
30 | BUSINESS GG ANSOR Damai 1.47109E+14
TEMPE KNOWN TRADERS Marpoyan
31 | CEKA SANDIS JL. HANDAYANI e 1.47109E+14
TEMPE  TOfu  <ANGGUN | JL. SOEKARNO HATTA Marpoyan
32 | wiBowo> <PASAR ARENGKA> Damai 1.47109E+14
33 | SELLING TEMPE TOfu <ATUN> JALAN SIMPATI MS;%’Z?” 1.47109E+14
SELLING TEMPE TOfu Marpoyan
34 | ZqUSNITAS JL. CENDRAWASIH o 1.47109E+14
MAKING  TEMPE  TOfu
35 | CARIANTOS JL. INDRAPURI Tenayan Raya | 14711E+14
MAKING  TEMPE _ TOfu
36 | CTAMBASS JL. INDRAPURI Tenayan Raya | 14711E+14
37 | SELLING NELI TEMPE TOFU TANGKERANG TIMUR | TenayanRaya | 1.4711E+14
38 | SELLING TEMPE TOFU TANGKERANG TIMUR | TenayanRaya | 14711E+14
KNOW  TEMPE  AROUND JL. GARUDA GG. .
39 <NGADIRAN> PRIBADI Payung Sekaki 1.47111E+14
LOS TAU TEMPE TOGE .
20 | rlIRAS PASAR PAGI PALAPA | Payung Sekaki | 1.47111E+14
LOS Tahu TEMPE, BEAUT .
4| CoANTIS PASAR PAGI PALAPA | Payung Sekaki | 1.47111E+14
42 | SALE OF TEMPE TOfu<RUS> JL. DARMA BAKTI Payung Sekaki | 1.47111E+14
43 IE'\G"S'; TOFU  FACTORY | 5 LIARAPAN JAYA Payung Sekaki | 1.47111E+14
JL. SIDORUKUN GANG )
44 | SELLING AN TEMPE TOFU MUSHOLA Payung Sekaki | 1.47111E+14
SALE OF TEMPE )
45 TOfU<WAHYUDI> JL. HANDAYANI Payung Sekaki 1.47111E+14
SELLING  TEMPE  TOFU .
46 <DILLA> JL. JAMBU Payung Sekaki 1.47111E+14
47 | TEMPE TOfu BUSINESS <sRI> | & KHA;SKIA%:T PASAR | pumbai Pesisir | 1.47112E+14
TEMPE  TOfu  BUSINESS | JL. KHAYANGAN PASAR —
48 <HASANAH> RUMBAI Rumbai Pesisir 1.47112E+14
TEMPE  TOfu  BUSINESS | JL. KHAYANGAN PASAR .
49 <LENA> RUMBAI Rumbai Pesisir 1.47112E+14
50 | TEMPE TOfu BUSINESS <ART> | & KHAEC’R'A%Q'I\' PASAR | pumbai Pesisir | 1.47112E+14

Source: http://umkm.depkop.go.id/

In the food sector, soybeans are one of the
commodities produced by the IKM (Small and
Medium Industry) sector which operates in the food
industry. Soybeans are a staple commodity with high
nutritional value and are good for health because they
contain high protein equivalent to meat, milk and eggs
(Bolla, 2015). According to the Directorate General of
Small and Medium Industries, Ministry of Industry, in
2013, SMEs specifically for soybeans numbered
+139,842 business units and were dominated by tofu

and tempeh SMEs. (Styawan, et al., 2016).

Several factors that must be considered in terms
of improving the performance of tofu and tempeh
industry business actors in Pekanbaru City are
learning, commitment of  business actors,
entrepreneurial motives and entrepreneurial spirit.
These factors are thought to influence the
performance of business actors based on the pre-
survey conducted. This allegation needs to be proven
by conducting this research. The low performance of
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business actors reflects the inability of business actors
to manage their business. Business actors need to
learn knowledge in managing a business.

Based on the results of previous research on
small and medium industries in Pekanbaru City, it was
concluded that many factors cause the low
performance of business actors, such as training,
entrepreneurial motives and entrepreneurial spirit
(Hendriani et al., 2020). One way to improve human
resource skills and knowledge apart from formal
education is learning which can be done in various
ways. Learning activities are one strategy that can be
carried out through learning communities to improve
the entrepreneurial spirit. Learning strategies must be
able to encourage the growth of an entrepreneurial
spirit for business people, especially in tofu and
tempeh.

A high entrepreneurial motive can encourage
entrepreneurs to study harder, accept input as
improvement, be long-term oriented and want to
achieve  competitive  advantage. = Competitive
advantage can only be created through creativity and
innovation in creating superior value that customers
need. For example, micro businesses that develop in
society, the success of the business is determined by
the performance of the business owner who also plays
the role of worker, owner and leader of the business
organization. A business owner must influence
business performance so that it remains able to
compete with sustainable excellence.

A business actor must have an entrepreneurial
spirit and commitment to running a business with the
determination to devote all his attention to the
business he is running. In running this business, a
successful entrepreneur must have determination (a
strong spirit) in developing the business, not be half-
hearted in trying, dare to take risks, work hard, and not
be afraid to face the opportunities that exist. Without
serious effort towards work, no matter how great an
entrepreneur is, he or she will definitely fail in
managing the business. Therefore, an entrepreneur
must have a commitment to the business and work he
is doing. Success in making quality products in a
different way, more effectively and efficiently and
having higher value in the eyes of customers, is a step
towards success in managing a business.

Based on the description above, the author
conducted research with the title The Influence of
Learning, Commitment of Business Actors,
Entrepreneurial Motives, and Entrepreneurial Spirit
on the Performance of Business Actors in the Tofu &
Tempe Industry in Pekanbaru City.

Formulation of the problem
Based on the background above, the author
formulates the problem as follows:
1. Does learning influence the performance of
tofu & tempeh industry business actors in Pekanbaru
City?

2. Does the Commitment of Business Actors
influence the Performance of Tofu & Tempeh
Industry Business Actors in Pekanbaru City?

3. Does the Entrepreneurial Motive influence
the Performance of Tofu & Tempeh Industry Business
Actors in Pekanbaru City?

4. Does the Entrepreneurial Spirit influence the
Performance of Tofu & Tempeh Industry Business
Actors in Pekanbaru City?

Research Aims and Objectives

Based on the problem formulation above, the
author formulates the objectives as follows:

1. To determine the effect of learning on the
performance of tofu & tempeh industry business
actors in Pekanbaru City.

2. To determine the influence of Business
Actors' Commitment on the Performance of Tofu &
Tempeh Industry Business Actors in Pekanbaru City.

3. Todetermine the influence of entrepreneurial
motives on the performance of tofu & tempeh industry
business actors in Pekanbaru City.

4. To determine the influence of the
Entrepreneurial Spirit on the Performance of Tofu &
Tempeh Industry Business Actors in Pekanbaru City.

LITERATURE REVIEW

Business Performance

Understanding Business Performance

According to Robbins and Dessler in Prahartanto
(2014: 11), states: "Performance is work achievement,
namely the comparison between work results and
established standards."

Business Performance Indicators

To measure business performance, Rahayu
(2018) explains using 3 indicators, namely increased
sales, increased profits and satisfactory growth. Here's
the explanation:

1. Increase in sales Increase in sales can be
measured according to the assessment of business
actors by the average level of sales over the last three
years.

2. Increase in profit. Profit or profit
measurement is assessed from the average level of
company profits over the last 3 years.

3. Satisfactory growth assessing how satisfied
the entrepreneur is with business growth during
business growth over a period of 3 years.

Learning
Understanding Learning

According to Mathis and Jackson (2003),
training is a process where people gain capabilities to
help achieve organizational goals.

Indicators that Influence Learning.

There are several measurements that
organizational learning must have according to
Mangkunegara (2007), namely:

1. Training Objectives
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Material

Method used

Training Participants

Trainer (instructor) Qualifications

agrwn

Commitment of Business Actors

Understanding the Commitment of Business
Actors

Currie & Brian (2006) suggest that.
Entrepreneurial commitment is a concept that
explains consistency based on attitudes, beliefs and
behavior based on the choice to accept or refuse to
carry out a goal.

Indicators of Commitment of Business Actors

According to (Hendro 2011), the measurement
indicators of business actors' commitment are:

1. Skills and skills

2. Courage is related to emotions

3. Determination and self-motivation

4. Creativity and inspiration.

Entrepreneurial Motives

Understanding Entrepreneurial Motivation

Sarosa in (Rosmiati et al,. 2015). Baum, Frese,
and Baron (2007) in (Rosmiati et al., 2015) explain
that motives in entrepreneurship include motivation
aimed at achieving entrepreneurial goals, such as
goals that include the implementation and use of
business opportunities.

Entrepreneurial Motivation Indicators

According to (Sardiman, 2007: 73) it is an
indicatorEntrepreneurial Motivation Is

1) Persevere in facing tasks

Learning

Commitment of
Business Actors

Entrepreneurial
Motives

Entrepreneuri
al Spirit

2) Resilient in facing difficulties (not giving up
easily)

3) Shows interest in a variety of issues

4) Prefer to work in groups

5) Don't get bored quickly with routine tasks
(things that are mechanical, repetitive, so less
creative)

6) Can defend his opinion (if he is sure about
something)

7) It's not easy to let go of what you believe in.
Enjoys finding and solving problems.

Entrepreneurial Spirit

Understanding the Entrepreneurial Spirit

The entrepreneurial spirit is the lifeblood of
entrepreneurship, which in  principle is an
entrepreneurial attitude and behavior demonstrated
through the nature, character and disposition of a
person who has the will to creatively realize
innovative ideas into the real world (Hartanti 2008).

The Entrepreneurial Spirit Indicators according
to (Hartanti 2008). (Nasution 2007: 42-44; Suryana
2006: 3).

1) Confident Optimism
2) Discipline,

3) Commitment,

4) Initiative,

5) Have a leadership spirit,
6) Have responsibility

Research Framework
In this research the author puts forward the
research variables that will be studied as follows:

Performance of

Business Actors

Figure 1. Research Framework

Philadelphia, USA

2 Clarivate
Analytics oo



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISl (Dubai, UAE) =1.582  PHHII (Russia) =3.939  PIF (India) =1.940
Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) =7.184  OAJI (USA) =0.350
Hypothesis obtained are relatively consistent, then the measuring
Based on the framework above, the author instrument is reliable. The reliability test aims to

formulates the problem as follows:

1. Learning influences the performance of tofu &
tempeh industry business actors in Pekanbaru
City.

2. The Commitment of Business Actors influences
the Performance of Tofu & Tempeh Industry
Business Actors in Pekanbaru City?

3. Entrepreneurial ~ Motives  influence  the
Performance of Tofu & Tempe Industry
Business Actors in Pekanbaru City?

4. Entrepreneurial Spirit influences the
Performance of Tofu & Tempeh Industry
Business Actors in Pekanbaru City?

RESEARCH METHODS

Research sites

This research was conducted at the Tofu &
Tempe Industry in Pekanbaru City, totaling 50
business actors.

Data Types and Sources

According to Umar (2009:42), there are two
types of data used in this research, namely:

a Primary data, namely data obtained directly
from the first source, either from individuals or
individuals, such as the results of filling out
questionnaires carried out by researchers and
interviewing related parties, as well as other data that
is related to the research.

b Secondary Data, namely data that has been
processed and presented and documented. Where the
data is in the form of other relevant data. (Robbins,
2012).

Population and Sample
The population in this study were 50 Tofu and
Tempeh Industry Entrepreneurs in Pekanbaru City.

Data testing
Testing research instruments
1. Validity
Validityis evidence that the instrument,
technique, or process used to measure a concept
actually measures the intended concept. The validity
test aims to measure whether a statement system is
valid or not.
a. If r count > r table, it means the question item is
valid
b. If r count <r table, it means the question item is
invalid
2. Reliability test
Reliability is an index that shows the extent to
which a measuring instrument can be trusted or relied
upon. If a measuring instrument is used twice or more
to measure the same phenomenon and the results

measure the consistency of a person's answers to the
statement items in the questionnaire. Now (2006:248).

Data Analysis Methods

Descriptive Statistical Analysis

This research was carried out using an approach
Structural Equation Model (SEM) using Partial Least
Square (PLS) software, namely WarpPLS software
version 7.0. PLS is often called soft modeling because
it eliminates OLS (Ordinary Least Square) regression
assumptions such as data must be multicollinearity
between independent (exogenous) variables. PLS is a
linear technique that is used as a predictive technique,
not as an interpretative (explanation) (Latan and
Ghozali; 2014: 5).

Inferential Statistics
Inferential statistics is a data analysis technique
used to determine the extent of similarity between the
results obtained from a sample and the results that
would be obtained in the population as a whole. So,
inferential statistics helps researchers to find out
whether the results obtained from a sample can be
generalized to the population (Abdillah & Jogiyanto,
2015: 91).
Evaluation of Model
Measurements
Evaluation of the measurement model (outer
model) was carried out to assess the reliability and
validity of the indicators forming the latent construct
(Ghozali & Latan, 2014: 91).
1. Convergent Validity
Validity testing is intended to test whether the
items/indicators that represent latent constructs are
valid or not in the sense that they can explain the latent
construct to be measured.
2. Discriminant Validity
Discriminant validity (discriminant) aims to test
items/indicators of two constructs that should not be
highly correlated (Ghozali & Latan, 2014: 91) where
if the correlation of the construct with the
measurement item is greater than the size of the other
construct
3. Reability Test
There are 2 (two) criteria for measuring or
evaluating reliability, namely indicator reliability and
internal consistency reliability. Indicator reliability is
the amount of variance of the indicator/item to explain
the latent construct. The parameter used to test the
reliability of the reliability indicator criteria is
Cronbach’s alpha.

or Outer Model

Evaluation of the Structural Model or Inner
Model

The structural model (inner model) is a structural
model to predict causal relationships between latent
variables (Ghozali & Latan, 2012: 77). PLS-SEM is
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only able to estimate recursive models, namely
structural equation models that only have one causal
relationship, while for non-recrusive models you must
use a covariance-based SEM program (Ghozali &
Latan, 2012: 151).

Coefficient of Determination

The coefficient of determination uses R-squared
or adjusted R2 which shows what percentage of
variation in the endogenous construct/criterion can be
explained by the construct that is hypothesized to
influence it (exogenous/predictor). R-squared only
exists for endogenous variables (Sholihin & Ratmono,
2013:62).

Model Fit and Quality Indexes
To evaluate model fit, several fit indicators can
be determined, namely:

e Average Path Coefficient (APC), Average R-
squared (ARS), Average Adjusted R-squared
(AARS), namely measuring the average path
coefficient, R-square and adjusted R-square
values produced in the model.

e Average Variance Inflation Factor (AVIF) and
Average Full Collinearity Variance Inflation
Factor (AFVIF) are two model fit measures used
to test collinearity problems in the PLS fit model.

e For overall fit index or quality indies, you can
use the Goodness Of Tit criteria which can be
seen from the Tenenhaus GoF valuewhich was
introduced by Tenenhaus, et al (2004) as the GoF
index.

e Symson's Paradox Ratio (SPR) is an index
measure that indicates causality problems, so it

is recommended to reverse the hypothesis (Pearl,
2009:174 in Ghozali & Latan, 2014:104).

e R-squared Contribution Ratio (RSCR) is an
index to measure expansion where a model is
free from negative R-squared contributions.

e Statistical Suppression Ratio (SSR) is an index
that measures the extent to which a model is free
from the problem of statistical suppression
effects.

Nonlinear Bivariate Causality Direction Ratio
(NLBCDR) is an index to measure the extent of the
bivariate non-linear coefficient of the relationship
supported for the hypothesis of the causal relationship
in the model.

Hypothesis test

Hypothesis testing is used to explain the
direction of the relationship between the independent
variable and the dependent variable. This test was
carried out using SEM technique analysis. The SEM
technique can simultaneously test complex structural
models, so that the path analysis results can be seen in
one regression analysis. The correlation results
between constructs are measured by looking at the
path coefficients and their level of significance which
are then compared with the research hypothesis.

ANALYSIS AND DISCUSSION RESULTS

SEM-PLS Analysis Test Results

Evaluation Results of the Measurement
Model (Outer Model)

Convergent Validity

Table 2. Construct Convergent Validity Test Results (Indicator Loading and Cross Loading)

. Loading and Cross Loading Indicators Information P value
Indicator
X1 X2 X3 X4 Y

X1.1 0.893 0.097 0.238 -0.335 -0.104 Valid <0.001
X1.2 0.901 0.058 0.034 0.002 -0.361 Valid <0.001
X1.3 0.720 -0.254 -0.424 0.162 0.613 Valid <0.001
X1.4 0.852 0.052 0.073 0.211 -0.028 Valid <0.001
X2.1 -0.031 0.841 -0.027 0.123 -0.137 Valid <0.001
X2.2 0.250 0.814 -0.295 0.054 0.134 Valid <0.001
X2.3 -0.136 0.910 0.198 -0.027 -0.131 Valid <0.001
X2.4 -0.060 0.889 0.092 -0.139 0.141 Valid <0.001
X3.1_ 0.001 0.040 0.912 -0.240 -0.065 Valid <0.001
X3.2 -0.227 0.053 0.872 0.291 0.175 Valid <0.001
X3.3 0.029 0.036 0.909 -0.015 0.027 Valid <0.001
X3.4 0.205 -0.139 0.833 -0.025 -0.142 Valid <0.001
X4.1 0.120 -0.003 0.012 0.851 0.019 Valid <0.001
X4.2 0.060 -0.021 0.178 0.876 -0.067 Valid <0.001

Philadelphia, USA 397 D Clarivate

Ana lytics indexed




ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630

impact Factor: SO A9 T 152 TG 9 P 2L

JIF =1.500  SJIF (Morocco) =7.184  OAJI (USA) =0.350
. Loading and Cross Loading Indicators Information P value

Indicator
X1 X2 X3 X4 Y

X4.3 0.083 -0.080 0.043 0.824 -0.085 Valid <0.001
X4.4 -0.091 -0.058 -0.006 0.876 -0.218 Valid <0.001
X4.5 -0.167 0.160 -0.230 0.855 0.355 Valid <0.001
Y.l 0.515 -0.180 0.496 -0.203 0.721 Valid <0.001
Y.2 -0.077 -0.012 -0.087 0.106 0.856 Valid <0.001
Y.3 -0.118 -0.072 0.064 -0.165 0.816 Valid <0.001
Y.4 -0.630 0.091 -0.203 0.125 0.692 Valid <0.001
Y.5 0.276 0.165 -0.237 0.126 0.821 Valid <0.001

Source: Processed Data, 2023

In accordance with the SEM-PLS testing
procedure, evaluating the convergent validity of the
construct using indicators in the form of loading
factors in Table 2 shows that the variable learning has
a loading factor of 0.720 - 0.901 which is greater than
the critical limit of 0.50, the business actor
commitment variable has a loading factor of 0.814 -
0.910 which is greater than the critical limit of 0.50,
the Entrepreneurial Motive variable has a loading
factor of 0.833 - 0.912 which is greater than the

critical limit of 0. .50, the entrepreneurial spirit
variable has a loading factor of 0.824 - 0.876 which is
greater than the critical limit of 0.50 and the business
actor performance variable has a loading factor of
0.692 - 0.856 which is greater than the critical limit of
0.50. So it can be concluded that statistically each
indicator statement for all variables is valid and
suitable for use as research data. Whereas for average
variance extracted (AVE) as shown in the latent
variable coefficients table which shows the following:

Table 3. Latent Variable Coefficients

Latent Variable Variables
Coefficients Y X1 X2 X3 X4
R-Square 0.665
Adj. R-Square 0.636
Avg. Var. Extract 0.614 0.713 0.747 0.778 0.734
Full Collin. VIF 2,984 3,413 1,628 2,650 3,769
Q-Square 0.704

Source: Processed Data, 2023

Based on Table 3, it can be analyzed that the
AVE value of the business actor performance variable
(Y) is 0.614, the learning variable (X1) 0.713, the
business actor commitment variable (X2) 0.747, the
Entrepreneurial Motive variable (X3) 0.778, and the
entrepreneurial spirit variable (X4) 0.734, so it can be
concluded that the AVE value of all variables is >
0.50, thus meeting the convergent validity criteria.

Discriminant Validity

The criteria used are square roots, average
variance extracted (AVE), namely diagonal columns
and given bold letters, the value must be higher than
the correlation between latent variables in the same
column (above or below). Discriminant validity
resultseach variable can be seen in the table below:

Table 4. Discriminant Validity Test Results

X1 X2 X3 X4 Y
X1 | 0844 0.516 0.680 0.813 0.739
X2 | 0516 0.864 0.556 0.504 0.584
X3 | 0.680 0.556 0.882 0.736 0.711
X4 | 0813 0.504 0.736 0.856 0.738
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| Y | o739 | os4 | o071 | o078 | o784 |

Source: Processed Data, 2023

Based on Table 4, it can be seen that each of the
constructs such asbusiness actor performance variable
(Y), learning wvariable (X1), business actor
commitment variable (X2), Entrepreneurial Motive

variable (X3), and entrepreneurial spirit variable
(X4)in the measurement of the item/indicator itself it
is greater than other indicators.

Reability Test

Table 5. Reability Test Results

. Composite Cronbach's
Variable Reliability Alpha
Business Actor Performance (YY) 0.888 0.841
Learning (X1) 0.908 0.863
Commitment of Business Actors (X2) 0.922 0.886
MotiveEntrepreneurship (X3) 0.933 0.904
Entrepreneurial Spirit (X4) 0.932 0.909

Source: Processed Data, 2023

Composite Reliability tests the reliability value
of indicators on a variable. A variable is said to meet
the rule of thumb composite reliability if it has a
composite reliability value > 0.70 and a Cronbach's

alpha value > 0.60. The table proves that the
measurements in this research meet the reliability
requirements.

Structural Model Evaluation Test (Inner Model)

Learning
(R)Mi

Commitment

(R}

Motive
(R4

=

Model Fit and Quality Indexes

To evaluate model fit, several fit indicators can
be determined, the results of which can be seen in
Table 6.

o8-
P=0.08—
. B Performance
p=024 —> (G]
rﬂ”"(m.oa;/
p=0
/wégco

29

R%=0.66

Table 6. Model Fit Test Results and Quality Indexes

Fit Models Index p-values Criteria Information
Average Path Coefficient (APC) 0.237 0.017 p<0.05 Accepted
Average R-squared (ARS) 0.665 0.001 p<0.05 Accepted
Average Adjusted R-squared (AARS) 0.636 0.001 p<0.05 Accepted
*
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Average Block Variance Inflation Factor | 2.693, acceptable if <5 and | AVIF <5 Accepted
(AVIF) ideally <3.3
Average Full Collinearity VIF (AFVIF) 2.889, acceptable if <5 and | AFVIF <5 Accepted
ideally <3.3
Tenenhaus GoF (GoF) 0.691 Small >0.1; Medium | Gof > = 0.36 Large
>0.25; Large >0.36

Source: Processed Data, 2023

Rule of thumbthe average path coefficient
(APC), average R-squared (ARS), average adjustedR-
squared (AARS) value is P<0.05. From Table 4.11 it
is known that the average path coefficient (APC) value
is 0.237 with p-value < 0.017, average R-squared
(ARS) is 0.665 with p-value < 0.001, average adjusted
R-squared (AARS) is 0.636 with p-value < 0.001, this
means that this research model has good fit.

Furthermore, the rule of thumb for the Average
Variance Inflation Factor (AVIF) and Average Full
Collinearity Variance Inflation Factor (AFVIF) values
is < 5 and ideally < 3.3. The Average Variance
Inflation Factor (AVIF) value is 2.693 and the
Average Full Collinearity Variance Inflation Factor
(AFVIF) is 2.889 < 5, this can be interpreted as
meaning that there is no multicollinearity problem
between indicators and between exogenous variables.

Tenenhaus goodness of fit values have a rule of
thumb of >1.00 (small effect size), >0.25 (medium

effect size), and >0.36 (large effect size) (Ghozali,
2014: 101-102). The Tenenhaus goodness of fit value
is 0.691> 0.36, this shows that the predictive power of
the model is large or the fit is very good, which means
the model used in this research matches the data
obtained. (Ghozali, 2014: 101-102).

Path Coefficients and P Value Test Results

Changes in the R-square value can be used to
assess the influence of certain independent latent
variables on the dependent latent variable which has a
substantive influence. In hypothesis testing, to test the
proposed hypothesis, in the SEM PLS program
WrapPLS 7.0 the results can be found by assessing the
output of the Path coefficient table (mean, STDEV, P-
values). Based on the output results of WarpPLS 7.0 it
is found that the results of the Path Coeffients table
and the P Value table as follows:

Table 7. Path Coefficients Test Results

X1 X2 X3 X4
Y 0.295 0.184 0.238 0.231
Source: Processed Data, 2023
Table 8. P Value Test Results
X1 X2 X3 X4
Y 0.011 0.081 0.033 0.037

Source: Processed Data, 2023

From the test results above it can be concluded
that:

1. The learning variable influences the
performance of business actors with a beta value of
0.295 with a significance of P = 0.011 < o = 0.05.

2. The commitment variable of business actors
has no effect on the performance of business actors
with a beta value of 0.184 with a significance of P=
0.081< o = 0.05,

3. Variable Entrepreneurial motives influence
the performance of business actors with a beta value
of 0.238 with a significance of P=0.033< o = 0.05,

4. The entrepreneurial spirit variable influences
the performance of business actors with a beta value
of 0.231 with a significance of P=0.037< a = 0.05,

Results and Discussion

Learning variables on the performance of
business actors.

The results of statistical tests explain that
learning has an effect on the performance of business
actors with a beta value of 0.295 with a significance
of P= 0.011 < a = 0.05. This is in line with research
conducted by Scelin Karolin R. Sowang and Nur
Hidayah (2023) who conducted research on the Effect
of Learning. Organization and Entrepreneurial
Orientation on the Performance of Culinary MSMEs.

In the tofu and tempeh industry, learning seen
from the recapitulation of respondents’ answers is still
low on average. Only two business actors who
responded had learned how to run this business. In
order for a business to progress and develop, learning
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is an important thing that must be done. Learning in
business is not just knowing how to produce (learning
about processes only). Input-Process-Output are three
things that must be studied seriously. Business actors
must learn about the raw materials that are the main
input for the products they will produce. The goal is
to ensure product quality is as planned. In terms of
processes, even though we can carry out them as
usual, it is still possible to continue learning how to
process more effectively and efficiently. Evaluate the
usual production process. If errors or discrepancies are
found in the calculation of how long the soybeans
must be boiled, how long they must be fermented, how
much yeast is used to make tempeh. Business actors
need to learn for better results. Output is the result of
the production process. Regarding output, business
actors are still required to learn. Currently they only
sell to small traders and traditional markets. They have
to learn how to penetrate the modern market, how to
expand market share through online business which is
currently in great demand by business people. How to
convince consumers that the products we offer are
durable and safe to consume within a certain period of
time, this all needs to be studied by business actors.

Variable commitment to the performance of
business actors

The statistical test results explain that the
commitment variable of business actors has no effect
on the performance of business actors with a beta
value of 0.184 and a significance of P = 0.081 < a. =
0.05. These results are in contrast to research
conducted by Utami Tunjung Sari, Bhenu Artha, Sinta
Manggal (2022) who said that this research aims to
analyze internal factors in the form of entrepreneurial
characteristics and entrepreneurial commitment as the
key to successful MSME performance. The sample in
this research was MSME business actors in
Yogyakarta. The difference between the results of
previous research and the results of this research
shows that the commitment of business actors is still
low in running their business. As a businessman, even
though this is a small business, you must still maintain
your commitment to running the business. Continuous
production, improving the quality of production
results, business development efforts, expanding
market share need to always be thought about and
implemented. The statistical results which explain that
the commitment of business actors has no effect on the
performance of business actors, can also be seen from
the respondents' answers, where not all respondents
responded very well to all the indicators asked. Even
though more than 50% responded that they were
committed to running this business, this was not
demonstrated by actual committed behavior in terms
of increasing expertise and skills, readiness to take
risks and seriousness in managing the business.

Entrepreneurial Motive Variables on the
performance of business actors

The statistical test results explain that the
entrepreneurial motive variable influences the
performance of business actors with a beta value of
0.238 with a significance of P = 0.033 < .= 0.05. This
is different from research conducted by the author,
namely Hendriani Susi, et al (2021) which shows that
Entrepreneurial Motives do not have a significant
effect on Business Performance where the sig value is
> 0.05 (0.890> 0.05) meaning that Ho is accepted and
Ha is rejected. So it can be concluded that the
hypothesis is not proven. The results of hypothesis
testing 2, entrepreneurial motives influence business
performance but are not significant, meaning that
entrepreneurial motives are not strong enough to
encourage increased business performance. It appears
that there are differences in the results of the two
studies that the author conducted. In 2020, research
conducted on creative industries made from rattan raw
materials turned out that entrepreneurial motives did
not have a significant effect on business performance.
In fact, rattan industry entrepreneurs still have a side
business in the form of a daily stall to meet their living
needs. This is different from business actors in the tofu
and tempeh industry, who really depend only on the
proceeds from sales of tofu and tempeh products.
Thus, the higher the entrepreneurial motive, the
greater the ability to improve the performance of
business actors.

Entrepreneurial spirit variable
performance of business actors

The statistical test results explain that the
entrepreneurial ~ spirit  variable influences the
performance of business actors with a beta value of
0.231 with a significance of P = 0.037 < .= 0.05. This
is in accordance with research conducted by Dedeng
Abdul Gani Amruloh (2012) who said that the
research results show that business characteristics and
entrepreneurial  spirit  influence  simultaneously
(simultaneously) on business performance. Partially,
each variable also contributes to business
performance. This research was only conducted on
Plered Purwakarta ceramic micro and small
businesses (UMK) with factors that can influence
business performance only from within (internally)
limited to two variables, while other variables include
factors that can influence business performance from
outside the business such as government policy. ,
economic conditions, industrial environment and
others. In the tofu and tempeh industry, the
entrepreneurial spirit influences the performance of
business actors. Based on the recapitulation of
respondents’ answers, it turns out that not all business
people in the tofu and tempeh industry in Pekanbaru
city have a high entrepreneurial spirit. The lowest
response from respondents was on the innovation
indicator, this indicates that as a business actor he is
unable to create products that are much better and

on the
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tastier than his competitors. Innovation can also be
carried out in business management and product
marketing. If innovation is not carried out due to a low
entrepreneurial spirit, it is feared that the business will
run in a place where ultimately the business actor will
experience losses and the business may close.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion

1. The results of hypothesis 1 testing prove that
learning influences the performance of business
actors. The assumption is that if learning has been
carried out correctly it will lead to increased
performance of business actors. Based on the
recapitulation of respondents’ answers regarding
learning whose indicators consist of training,
materials, methods, the quality of trainers is still low
on average. Business people need to be educated about
the various learning they need in this business.

2. The results of hypothesis 2 testing prove that
the commitment of business actors has no effect on the
performance of business actors. This means that even
if the commitment of business actors is increased, it
will not improve the performance of business actors.
This statistical decision is contrary to theory, where
commitment actually influences the performance of
business actors. Of course, this difference can be
assumed to mean that tofu and tempe business actors
do not have a high commitment to the business they
run, which is indicated by their lack of commitment to
production, attention to quality, business development
efforts and expansion of market share. However, as a
businessman you must have a high level of
commitment and be oriented towards customer
satisfaction.

3. The results of hypothesis 3 testing prove that
entrepreneurial motives influence the performance of
business actors. The assumption is that high
entrepreneurial motives will have an impact on
increasing the performance of business actors.
Business actors 66 with high entrepreneurial motives
can be seen from their perseverance, tenacity,
consistent cooperation and solutions to business
management. From the respondents’ answers to these
5 indicators, on average, they are still below the high
criteria.

4. The results of hypothesis 4 prove that the
entrepreneurial spirit influences the performance of
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Introduction more potential than other parts (Mayuni, 2022) .

The plant that produces Litsea oil in Indonesia is Apart from being influenced by climate, soil
Litseaindica. In West Java this oil is called trawas oil type, material handling, distillation and storage
and in Central Java it is called krangean but in Riau it methods, the quality of essential oils is also influenced
is called kilemo oil. This type of oil contains relatively by the type and variety of plants. Qil quality is
the same chemical components but different levels determined in the form of physicochemical and
(Rusli et al., 2022). So far, Litseaindica oil has been organoleptic properties. The physical constants are
used for the pharmaceutical industry, fragrances, food specific gravity, refractive index, optical rotation and
and beverage additives, soap ingredients, and solubility in ethanol. The observed specification
ingredients for mixing fat-soluble vitamins, including chemical constants depend on the type of oil.
vitamins A and K (Lehninger, 2022). Generally, essential oil specifications include acid

Litsea is a plant belonging to the Lauraceae number, ester number, saponification number and the
family and grows widely on the island of Java on main components of the oil. The main component that
mountain slopes (Anggraeni et al., 2022). This plant is nutritious in the body of this plant, both the leaves
can produce relatively a lot of essential oil because all and the bark, is cineol. This component is the main
parts of the tree such as roots, bark, leaves, flowers medicinal constituent of Litsea oil. So far, it is usually
and fruit contain essential oil, but in this study only used as a stain and color remover, besides cineol there
the leaves and bark were taken because they have is also relatively large portions of citronellal,

[ ]
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especially in the stem bark. Litsea oil is known to be
antiseptic and inhibits the action of staphylococcus sp.
(Leider, 2022 and Schreiber, 2022) which explains the
cholikinetic action due to the presence of camphene
compounds in the leaves.

Research on the main components of Litsea
essential oil has been carried out by several experts
including Dieterle and Emperor (2013) and Guenther
(2013) who analyzed the oil components using thin
layer chromatography and gas chromatography.

Winkler  (2020), Malingre (2020), and
Purseglove et al. (2013) have also identified chemical
components in Litsea oil. Each of these studies shows
different results in terms of the type and amount of the
main components contained in the oil.

In relation to this problem, this research aims to
describe the physicochemical properties of Litsea oil,
identify the main components, and apply their benefits
in order to explore the possibility of substituting
imported ingredients and developing types of
essential oils that can be exported by Indonesia.

Plant determinations were carried out at the
Biology Department Laboratory, Andalas University,
Padang and at the Bogoriensis Laboratory at LIPI
Bogor. The laboratory results of this plant include
division: Spermatophyta, subdivision: Angiospermae,
class: Dicotyledone, order: Ebenales, family:
Lauraceae, genus: Litsea, species: Litseaindica.
Isolation of Litsea oil samples was carried out at the
Research Institute for Spices and Medicinal Plants,
Cimanggu, Bogor.

Gas chromatography (Hitachi 263-70) with the
following conditions: flame ionization detector, graph
paper speed 0.5 cm/min; capillary column 25 m X
0.25 mm(L x diameter) carbowax 20 M; nitrogen
carrier gas with air pressures of 40, 30, and 300
ml/min, respectively; injector temperature 2200C
program column temperature 60-1800C. The tool is
programmed with a temperature increase speed of
30C/minute: volume up to 0.2 micron liter;
identification of chemical components; components
of Litsea oil by adding 20% standard components to
the oil sample.

METHODOLOGY STUDY
Steam and water distillation (steamed)

The principle of distillation using this method is
to use low steam pressure. This method causes the
distilled material to not be in direct contact with water.
The ingredients are placed on a plate. The plate is
made from a stainless steel plate with holes (like a
sieve), and is located several cm above the water
surface in the kettle. After the water boils, water vapor
comes out through the disc holes and continues to
flow between the ingredients. Together with this
water vapor, the Litsea oil contained in the ingredients
will also be distilled. The water vapor that arises is
channeled through the pipe and then enters the cooling
device(concensor). In a cooling device, water vapor
condenses into water and oil. The mixture of oil and
water is collected in an oil separator vessel. Due to the
difference in specific gravity, the water will be
separated from the oil and then collected in a special
vessel.

Direct steam distillation

Distillation with a steam system basically
involves flowing high pressure steam. The water
steam boiler is separated from the distillation boiler,
namely the boiler containing the material. The water
vapor produced in the steam boiler flows through a
pipe into the distilling boiler. The distilled material is
placed on a perforated disc in the boiler. There can be
more than one plate and can be used in stages. To
facilitate the movement of water vapor to a higher
level, empty space is provided between the material
located on the disk below it and the disk above it.
Between the plate located at the bottom and the base
of the boiler there is an empty space as a reservoir for
steam from the boiler. The clear steam produced at a
pressure of approximately 1 atm is channeled into the
distilling Kkettle. Together with the water vapor, the
Litsea oil will also be distilled, which is channeled
through the condenser. After undergoing a
condensation process, oil and water can separate due
to differences in specific gravity.

RESULTS AND DISCUSSION

PHYSICAL PROPERTIES

The physical properties observed in this research
include specific gravity, refractive index, and optical
rotation.The physical properties of Litsea oil can be
seen in Table 1.

Table 1. Physical Properties of Litsea Bark and Leaf Oil

STEAM STEAM
Physical Properties Leaf Bark Leaf Bark
X elementary X elementary X elementary X elementary
school school school school
Specific Gravity 0.8786 | 0.0029 0.8786 0.0012 0.8785 0.0002 | 0.8785 | 0.00014
Refractive Index 1,458 0.0003 1.4582 0.0002 1.4579 0.0002 1.4583 0.0003
Optical Rotation (0) | (-)6.70 0.008 (-) 6.70 0.0141 (-)6.75 0.0216 | (-)6.72 0.0216
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Information: X = Average of three replications
SD = Standard Deviation

Specific Gravity

Based on the research results, the specific
gravity of Litsea oil treated with two steam and steam
distillation methods from the bark and leaves is almost
the same, namely an average of 0.878 (Table 1), thus
it can be said that Litsea from the stem bark and leaves
distilled in this study hasthe same level of purity.
Furthermore, Gunther (2022) explained that the
specific gravity value of essential oils for plants from
the Lauraceae family is generally 0.696-1.0888. This
is said to be included in the specific gravity group of
relatively good quality essential oils.

According to national and international quality
standards (EOA No. 24). The specific gravity of
essential oils from the Litsea genus, including the
Lauraceae family, ranges from 0.696-0.993. The
results of this research mean that the specific gravity
of Litsea is 0.878, which means it meets these quality
requirements. The size of the steam pressure used in
the distillation process can affect the specific gravity
of the Litsea produced in addition to environmental
factors also influencing it.

Refractive Index

The index determines the purity of the
oilessential. Deviations in the refractive index of the
oil obtained from distillation are an indication that the
oil is getting dirtier or of lower quality. The let index
results from research on Litsea oil from stem bark and
leaves using two distillation methods (steam and
steam) are almost the same, namely an average of
1.458 (Table 1).

The lethal index for Litsea oil from stem bark
and leaves is almost the same because the purity level
is almost the same. This is in accordance with the
opinion of previous researchers, Jhun (2022), who
explained that the purity level of essential oils is
almost the same, meaning that all their physical
properties are relatively almost the same, especially in
parts of trees of the same species.

The refractive index in the quality standard
provisions of the Indonesian Ministry of Trade is

1.454-1.473 from the Essential Oil Association of
USA (EOA No. 24) is 1.456-1.478. This means that
the refractive index of Litsea oil from leaves and stem
bark as a result of the research meets the quality
requirements.

Optical Rotation

The research results showed that the Litsea
optical rotation was (-) 6.70 (Table 1). Both from the
bark and leaves. The quality standard provisions from
the Indonesian Ministry of Trade are (0o0)-(-60) and
from the Essential Oil Association of USA (EOA No.
24) are (00)-(-6.90) thus meaning that the optical
rotation of Litsea oil is a research result slightly
different from the national quality standard
provisions, however, this is compared with the optical
rotation of Litsea from ordinary distillation which is
generally carried out on the flower parts, the result
will be the same, namely positive, meaning that the
Litsea oil from the flower does have the ability to
rotate light polymerization to the right (dextro-
rotation) (Endah, 2014).

In general, the greater the steam pressure used in
the distillation process, the smaller the optical rotation
of the Litsea oil produced. This means that with high
steam pressure, the oil components which have the
ability to rotate light polymerization to the right will
change or decompose a lot so that as a result the
rotation of Litsea oil resulting from distillation using
high steam will be smaller than the optical rotation of
oil resulting from distillation. by using low steam
pressure (Gunther, 2022). The results of research on
Litsea oil from stem bark and leaves show that the size
of the steam pressure used in the distillation process
will affect the quality of the oil produced. So
deviations from quality standards that occur during
optical rotation mean that the oil can be said to be
relatively low quality (Yulia, 2022).

CHEMICAL COMPONENTS

The differences in the chemical components of
the essential oils of the two parts of the tree can be
seen in Table 2.

Table 2. Chemical Properties of Litsea Bark and Leaf Qil

Steam Steam
Component (%)

Leaf Bark Leaf Bark
Citral 1.43 3.20 1.43 5.20
Cineole 57.50 48.50 45.70 40.70
Citrionelal 0.90 25.50 0.76 21.40
Linalol - 5.58 - 2.36
Geraniol 10.60 6.70 15.60 4.20
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o — Pinene 1.50 1.04 5,10 1.90
B — Pinene 3.61 1.12 3.67 154
Camphene 4.90 - 4.96 -
Description: - Not detected
The results of gas chromatography analysis can graniol.
be seen that the highest component is cineol, both Quality  standard  provisions  from  the

from stem bark and leaves. This may be caused by
species, where the plant grows and other factors such
as soil type, age, variety and treatment during the
distillation process (distillation method and time).

Napis (2022) explains that the essential oil
compounds of Litsea plants that grow in the highlands
generally tend to contain more cineol compounds than
other compounds. In the world of trade, things that are
similar to Litsea oil are krangean oil, trawas oil and
May Chang oil. These three types of oil
predominantly contain 40-70% cineol compounds
known as cineol oil (Rusli, 2022). Sineol is soluble in
alcohol, ether, benzyl benzoate, diethyl phalate, and
slightly soluble in mineral oil and insoluble in
glycerin.

The results of this research, apart from cineol,
Litsea oil still contains other compounds, namely
citronellal (C10H180), citral (C10H160), linaloon
(C10H18) in the bark, camphene (C10H16) in the
leaves, graneol, o and P Pinene. All of these
compounds are relatively low except for citronellal
and graniol in the leaves which is quite high, namely
more than 10%. This is in accordance with the opinion
of Lumberg (2022) who explainsif the essential oil
content is less than 10%, it can be said to be relatively
low and does not have a pleasant smell because the
main things that cause it to smell are citronellal and
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YCTPAHEHME IOTEPb METO/IOM «IIECTh CUT'M» ITPH IPOM3BO/ICTBE HIBEHHBIX
W3EJINI

Annomayus: B cmamve npedcmasiienvi 0CHOGHbIE IMANbL MEMOOA KUECMb CUM» OJis COBEPULCHCMEOBAHUSL
npoYyecco8 npou3600CmMea Weelnblx usoenutl. Paccmompen npumep ucnoavb308anusi Memooa «ulecms Cuem» npu
npogedenul 1a6opamopHsix pabom no oucyuniuxe masucmpamypsi « AHHOSAYUY 6 NO020MOGKEe NPOU3EO0CHEA»
npu uzyuenuu npoyecca «Mzeomosnenue npopesno2o Kapmawa ¢ 0gyms obmauxamu u kianavomy. Ioxazana
aghexmusHocme npumMeHerUs OAHH020 Memood.

Knrouesvie cnosa: bepesicnusoe npouzeoocmeo, uiecms Cuem, weelHoe npou3eo00Ccmeo.

Beenenue MIPOIIECCOB Ha BBHITYCK KAUYECTBEHHOW MPOIYKIHH C

Ilepen poCCUiiCKUMH LIBEHHBIMH HCIOJb30BAHUEM CUCTEMBI, T.€. HCIIOJIB30BaHHUE
MPEANIPUATHAME B HACTOSILEE BPEMSI CTOHUT CIIOKHAS METOJIa «IIEeCTh CUrM» [6].
3aJada yIOBJICTBOPEHHS IOTPEOHOCTEI HACEICHHS B OcHOBHas! NAES CUCTEMBI «ILIECTh CUTM» — €CITH
KaueCTBEHHOM oxexIe pa3HooOpa3HOTO CYILECTBYIOIINI IPOU3BOICTBEHHBIM NIPOLIECC MOKET
accopTHMeEHTa. [[nsi ee pemieHus] NpeAnpusTUIO B MIPOU3BOAUTH HEKOTOPOE KOJIMYECTBO Ka4EeCTBEHHOM
COBPEMEHHBIX YCIIOBHAX HYXXHO HAy4dUThCS OBITH MIPOAYKIIUH, TO €70 MOKHO HACTPOUTH Ha PETYJISIPHOE
3¢ GEeKTHBHBIM, TIOHUMATh CBOM MPOU3BOICTBCHHBIH U CTaOWIIBHOE MPOU3BOJICTBO OOJIBIIETO KOJUYCCTBA
noteHIan [1], HempepsIBHO HCKAaTh U YCTPaHSATH KayecTBEHHON MpoIyKIuH [6].
norepyd. Bompoc MoBBIIEHUS KadyecTBa MPOLYKIHH Eciu B cymecTByromeM Ipolrecce ecTb
SBISIETCSL OJIHUM M3 BaXXHEHIIUX IS 00ecHedeHUs ONpele/icHHble  TIpOOJIeMBbl,  MPUBOJSNIME K
KOHKypeHTocrocoOHoctd. [Ipu 3TOoM HeoOXxoaumo CHIDKEHHIO KauecTBa IPONYKIHMH, TO MOXKHO
PYKOBOJACTBOBAaThCS TPEOOBAaHMAMH HOPMAaTHUBHBIX HacCTPOWTH IIPOLECC Ha M3TOTOBJIEHHE Ooiee
JIOKyMEHTOB [2-4], HCHOJB30BaTh COBPEMEHHBIE KaueCTBEHHOW MPOIYKIUH.
KOHLEMIUK /ISl OPraHW3allid HPOU3BOJICTBEHHOTO Jlnist IUBEHHOTO MpEeANpUsITHS, HCIONB3YIOIETO
mporecca, B TOM 4YHCIIE OepeXIMBOE MPOU3BOJICTBO WHCTPYMEHTBI OCpEXIMBOTO MPOMU3BOJACTBA IPH
onekAbl [5], a TakkKe HCHOIb30BaTh CKPBITHIC W3TOTOBJICHUN MIBEHHBIX HW3/AENUH, HCIONb30BAHUE
BO3MOXXHOCTH TNPENNPUSATUS 32 CYET HACTPOHKH METOJIa ILIECTh CUTM)» SIBIISETCS JIOTHYHBIM U JIETKO
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BCTpanBA€MbIM B CI/ICTeMy praBHeHI/IH nacaJIbHOM C.quae OT CPpCAHET0 3HAYCHUA U3MEPCHUA
HPOM3BO/ICTBEHHBIMH MPOLIECCAMH. 10 JI0 TPaHHMIBI JOIycKa YKIaiblBaeTcs 6 6. B stom
COOTBETCTBYET cucremMe HETPEPHIBHOTO Cllydae  BEPOSTHOCTH  NPOM3BECTH  IE(PEKTHYIO
COBEPUICHCTBOBAHUSA IIpO1ECCOB «Kaﬁﬂ?:eH» nu MMPOAYKIUIO CTPEMUTCA K HYJIIO U COCTABJISICT BCETO

CIIOCOOCTBYET TOBBIIICHUIO TPOU3BOIUTEIBHOCTH
MPEIIPUATHIA U KAUECTBA TIPOTYKITHH.

B ocHOBy MeTolla «IIECTb CHUTM» TMOJIOKEHA
CUCTEMa HACTPONKH PETYIISPHBIX ousHec-
MPOIICCCOB HA CHIDKCHHUE BCEX THUIIOB IC(PEKTOB H
OTepPh c ITOMOIIIBIO MOCJIETOBATEIIEHOTO
BEITTOJTHEHNS TIPOEKTOB IO YCTPAHEHUIO KOPHEBBIX
NpUYMH JAe(PEeKTOB HAa OCHOBE KOJIMYECTBEHHBIX
HCCIIeIOBaHUN TporieccoB [6]. B Ha3Banmm meTtona
UCTIONB3YeTCSI  3HAUEHHE  CPEAHEKBAAPaTHIHOTO
OTKJIOHEHUS G (CHTMa), KOTOPOE MOKA3bIBAET CTENEHD
BapHabeIbHOCTH MPOIIECCa, TO €CTh SIBJISETCS MEPOi
pa3dpoca mapamMeTpoB Ha BBIXOJC Impolecca. B

’

/ nwkusn cpepee ' BepxHsA
rpaHuya 3HaueHue rpaHuya
Aonycka Aonycka

3,4 nedexra Ha MWIIMOH BO3MOXXHOCTEH — pHc. 1.
Jns  oueHkn  BapuabenbHOCTM — IIpoliecca  Ha
JieficTByIOIIEM HIpeaIpUATHH UCIIONB3YeTCs
MeTonuKa pacyera konumuectBa curm no I'OCT P
NCO 130531 [7]. Ilpu BHEIpEHUYN HA IPETPUATHI
CHCTEMbl «IIECTh CHTM» B TIIEPBYI0 O4Yepelb
OILICHMBACTCSl HayajbHAs CHUTyalWs IyTEeM pacdera
JTAaHHOTO TIOKa3aTels, ¥ B JabHEHIIEM, PACCIUTHIBAs
KOJIMYECTBO CHI'M IIOCIIC BHEAPEHMS OMPEICICHHBIX
MEPOIPUATHI O YJIYUIICHUIO KadeCTBa MPOAYKIINH,
MOYKHO OIIEHMBATh UX d3PPEKTUBHOCTS.

KonuyecTeo

KONWYeCcTBO AeexTon
Ha 1 MAH
o BO3MOXHOCTEH
40 6,210
30 66,800
20 308,540

Pucynok 1 — Bapua6eabHocTh npouecca

UYem BblIE BapHaOeNbHOCTh IIpolecca, TeM
6oJIbIIe BOBHUKAET ITOTEPh:

- ne()eKThI IIBEWHBIX N3/ICTUH: MOTYT BO3HHKATh
Ha pas3HBIX 3Tamax MPOM3BOACTBEHHOIO IIpoIiecca,
IIPOSABIATHCA KakK B HN3MCHCHUAX 3HAYEHU N
mapaMeTpoB, Tak M B JUHAMUYECKOM H3MEHEHHU
KOJINUEeCTBA 1e(EeKTOB;

- U3JEP>KKHU MPOU3BOACTBA IIBEHHBIX M3AETHNA:
MOTYT HPOSIBISITECS B KOJIEOaHUsX 00BEMOB 3aTpar, B
HapyIIEHHH HOPM M CTaTel OI0/pKeTa  T.1.;

- TOTepH  PECYpPCOB:  H3-3a  CHIDKCHUSA
Hed(pPEeKTHBHOW OpraHM3anuy Tpyda pabdodmux MpH
MOATOTOBKE M pAackpoe  MaTepHaloB  IpH
W3TOTOBJIEHWH INBEHHBIX U3IEIUA B IOTOKE, HM3-3a
CHIDKCHUSI TIPOM3BOJUTENILHOCTH  00OpYJOBaHUS;
HEe3()PEKTUBHOTO UCIOIH30BAHUS MATEPUAIIOR;

- [IOTEPH BPEMEHHU: HapylIeHHE CPOKOB
MOCTaBKU MaTe€pHUajoB Ha MIPOU3BOJCTBO, OTCYTCTBHE

00OCHOBAaHHBIX HOPM BPEMEHH Ha TE€XHOJIOTMYECKHE
orepaly, aBapuitHbIe U TEXHOJIOTMYECKUE ITPOCTOU.

MertoJ «IIecTh CUTM» TO3BOJISIET TPUMEHHTH
KOJINUECTBEHHBIE CTATUCTUYECKHE HCCIIEIOBAHMSI JIJIS
COBEPLIEHCTBOBAHUS POU3BOJCTBEHHOTO MpoLecca.
[Mpouecc nomken obecrieunBaTh MPOU3BOICTBO TAKOH
MPOJYKLUH, PE3YIETATOM KOTOPOTO SIBJISIOTCS TaKUE
MIOKa3aTeNl KauecTBa, KOTOphIE BO-TIEPBBIX BCETZa
HaxXoJATCS B paMKax JOIycKa (OTCYTCTBYeT Opak),
BO-BTOPBIX, WX CpEOHHE 3HAUCHUS HaXOmATCA B
cepelMHe IOMycka M Pa3dpoc XapaKTepPUCTHK TaK
MaJl, 4TO CyLIECTBYET YBEPEHHOCTb B CTAOMIBHOCTH
mpolecca  JaXe IPH CYLICCTBEHHOM BHEIIHEM
BO3JCHCTBUM Ha HETO.

MeTton «I1ecTh CUrM» MPEAIONaraeT Co3laHue
3¢ QEeKTUBHBIX cucTEM cOOpa JJ0CTOBEPHBIX JaHHBIX O
mpolecce, aHalu3 J3THX JaHHBIX C I[OMOLIBIO
CTaTUCTUYECKUX HWHCTPYMEHTOB, NpOBEJICHUE
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SKCHEPTHHIX UCCIIEOBAaHUI, pa3pabOTKy peuIeHnH Mo
MOJIepHHU3aIu Tporiecca [6].

Ha miBeifHOM mpeanpusaTHH, Kak M Ha JTI000M
JPYTOM TIPOM3BOJICTBE, OCHOBHBIMH (haKTOpaMmH,
KOTOpBIE MOTYT MOBJIMSATH Ha BBIXOJ IIpoIiecca,
SIBJISIFOTCSL JIFOJTH, 000pyIOBaHKe, CpPeaa, TEXHOIOTHUS
u ceippe. IloaToMy a1 BHEIpeHUs MeToja «ILIeCTb
CUTM»  HEoOXOAMMO  y4eCTb  HMMEHHO  OTH
COCTaBJIAIONINE MPOU3BOJACTBEHHOM cHcTeMbl. B
YaCTHOCTH, HEOOXOJMMO OIHCAaTh BCE BO3MOXKHBIC
TUTIBL  TIOTEPh, JAe(EeKTOB  M3AEpkKeK  (ITOOBI
KOHTPOJIMPOBaTh  BBIXOJA  mporecca).  HyxHo
00ecIeunTh CTAaTUCTHYECKUI KOHTPOJIb IPOLIECCOB, B
TOM  4YHCI€ C  HCIOIb30BAHMEM  CHCTEMBI
MEHeKMEHTa KadecTBa Ha mpeanpusatuu. Cremyet

MOJArOTOBUTH ITIOYBY JJISl BHEIPEHHUS METOJA ITyTeM
HOBBIX MOJXOJOB K OOYYEHHIO, CO3J]aHUIO0 HOBOM
KOPIOPaTUBHOW M TEXHOJOTMYECKOW KYJbTYPHI.
OueHb BaXXHO TPOpPabOTaTh M  arpoOUpPOBATH
TEXHOJIOTHIO BHEIPEHUs] METOJa «IIeCTh CUTM» Ha
HIBEHHOM MpPEAIpPUATHH.

B cootrsercteun ¢ 'OCT P UCO 13053-1 [7]
OCHOBY METOJAa «IIECTh CHUIM»  COCTaBISET
peanuzanys  CIAEIYIOIMX JTaloB: ONpEAEICHHUE,
HU3MEpEHUE, aHANIN3, COBEPIIEHCTBOBAHHUE, KOHTPOIb
— merononorust DMAIC (arrnuiickas abO6peBuarypa
DMAIC - define, measure, analyse, improve and
control) — puc 2.

AHANN3 )
l NEPEKTOB

BbIBOP ) BblBOP METOOA MCCNEQOBAHUE
MPOEKTOB ) BHEOPEHUWA NOTEPb
.
]L£E L
. 7
OMPEQENEHWE
)
MN3MEPEHME | 1 |
[EQEKTOB AHANN3 I'IPI/I'-II/IHl

W3MEPEHWE
MPUYMH

TC

[ COBEPLWEHCTBOBAHWE

‘

S

i{ KOHTPOIb ]

Pucynok 2 - Jransl metogosiorun DMAIC

HccnenoBanue BO3MOKHOCTH HCIIOJIL30BAHHS
METOJIa «IIECTh CUTM» Ha IIBCHHOM MPEIIpPUATHH
OBUIO TPOBEIACHO B JIA0OPATOPHBIX YCIOBHSX B
paMKax JUCIUILTUHBI MarucTpaTypsl «IHHOBaMU B
MOJICOTOBKE MPOM3BOJICTBAY TIPU U3YUEHUH MpoIiecca
«M3roToBiieHHE MPOPE3HOTO0 KapMaHa C JAByMs
o0TaukaMyd M KJIAIaHOM». B KayecTBe HCXOIHBIX
NaHHBIX OBUIM HCIOJIB30BaHBI: OCKH3 METOIA
00pabOTKH; TEXHOIOTHYECKasl IMOCIEI0BaTeIHLHOCTD;
24 egwHUIBI TPOAYKIWH (Y37IBI, W3TOTOBJICHHEIC
cTyfieHTamMu OakanaBpuarta B XOI€ HM3Y4CHHs
JUCHHTUTHHBI « TEXHOIOTHS MBEHHBIX U3ACHIN» ).

[IpenmnpoekTHbIC UCCICIOBAHUS HAYMHAIOTCS C
HCCIIC/IOBAHMS TIOTEPh. DTOT JTall SIBISETCS OYCHB
B&KHBIM, 3J€Ch HEOOXOIMMO BBISBUTHL HauOojee

3HAQUUMble TIOTEPH. YCTpaHEHHE JTHX IOTEpb
MIPUBENIET K BUANMOMY SKOHOMHUYECKOMY (P PEKTy U
o0ecIieuuT ycHemHoe BHEIPEHHE METOa «IIEeCTb
curm». BHenmpeHnem Meronma «mecTb CHIM» Ha
MIPEANPUATHN J0JDKHA 3aHUMAThCsl paboyasi Tpymra,
¢yHKIIMN KOoTOpOH onpenenensl crannaprom [OCT P
HCO 13053-1 [7].

Jis  peamuzannu  TPOLIECCHOTO TOAXOAA U
3¢ (GEeKTUBHOTO TIOMCKAa TOTEPh MEPBOCTEICHHOMN
Ba)XHOCTH HY>KHO IIOCTPOHUTH KapTy OM3HEca, a Ha e
OCHOBE KapTy moteps. [l uccnemxyemoro npoiecca
«M3roToBneHne kapmaHa ¢ JBYMsi OOTaukamMH |
KJIATTaHOM» MOCTPOCHA KapTa MOTepb,
IIpeJCTaBIeHHas Ha pUcC. 3.
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NABOPAHT

Packpoit
netanen

N30epxku Ha
dopabomky,
nepekpoll

YMIOXKY

TEXHONOr MNPEMOOABATENb
' 1 DER! ' !
Oy6nu- MaiumHHble YTIOKUNbHbIE MatumHHble aspesaHne MoHTaxHble YTIOXUNbHbIE McnonbsosaHue
poBaHume 3aroToBMUT. 3aroToBUT. MOHTaXHble BX0Aa B sakmiount. [ 3akmioumT. Xpa- B yue6HOM
onepauuu onepauuu onepauum KapmaH onepauum onepauum HeHne npouecce
Bpewmsi Ha dor. Ha Ha Ha Ha Ha J¢ Ha p: Ha
acr uenp Py P ecromozam.
6paka Mmamepuarns!
bpaka 6paka mamepuarisl 6paka Usdepiu Ha P .
Hanadka 3ampame! Ha Hanadka 3ameHy Hanadka ampams! Ha
o6opydosaHus obyqeHue o6opydosaHusi demareli yana obopydosaHusi obyyeHue
3ampamel Ha Ha Ha Ha

ecromozam.
nekana

Bampamel Ha
oby4eHue

dor. KoHMporsb

Kayecmea

Bampamel Ha
oby4eHue

oby4eHue obyyeHue

Pucynok 3 - KapTa noreps npouecca «3roropjieHue KapMaHa ¢ IBYMsl 00TAaYKaMH M KJIANIAHOM»

YUT00BI COCTaBUTH KapTy HOTEPh, HEOOXOIMMO

IPOAHAIU3NPOBATh

OTaIlbl

TIPON3BOACTBEHHOTO

MpoIIecca, BEIIBUTH BO3MOXKHBIC AC(EKThHI Ha KaXKIOM
13 OTUX 3TAIOB, MOHATH, KAKUE N3/IEPIKKH BOSHUKAIOT
BCJICJICTBHE YCTpaHCHHs ae(EeKTOB, Kakuhe MOTEPH
HeceT npennpustie. CTpyKTypa 1eQeKTOB, U3ICPKEK
U TOTEPh OMPECISICTCS] OCOOCHHOCTSMHU Tpoliecca. B
JIAaHHOM IMIpUMEpE pacCMaTpUBAETCS MPOIECC PACKPOS
JeTanei  y3nma  7a0opaHTOM, XpaHEHHE  Kpos,
M3rOTOBJIEHHE Y3Jla MOJ PYKOBOACTBOM TEXHOJOra
(mpenonaBarenb TTUCLIUILINHEI «Texnomorus
IMIBEWHBIX W3IENWN»), a TakkKe JalbHeHIee
WCTONB30BaHUE  IIONYYCHHOH TPOMYKIMH  IIPH
oOyueHnH IpYyTUX CTYICHTOB JIPYTUMHI
mpernonaBatens M. {7 BBIIBICHUS HCTOYHHKOB
oTeph pabouas rpymma OCYIIECTBIISICT
KOJUIGKTHBHOE OOCYXJEHHEe | WHAWBHUAYyaJIbHbBIE

npennoxkeHus. B wrtore w3 kapThl OuW3Heca
dbopMupyercss  Kapra IOTeph C  YKa3aHUEM
HCTOYHUKOB MOTeph. B pearbHOM OH3Hece mpajee
0053aTEILHO  OCYIICCTBIISIOTCS ~ DKOHOMHYCCKHE

PpacuCThl AJid OLICHKHW U IMPOTHO3a NOTCPb.
Ha »rame BLI60pa METOAa BHEAPCHUS «HICCTh

CUTM» OLICHUBACTCS YpOBEHb TOTOBHOCTH
npeanpusATHa. BapumaHtamMm  BHEApEHHS MeToJa
«IIECTh CUTM» HAa POCCHHCKHX HPEANPUATHAX

seisirorest «KopriopatuBHast Kynbtypay, «IIpoekTHas
cucreMay u «llaptmsanckas BoitHa» [6]. [na
UCCcIeIyeMoro Ipolecca Haubojee MOIXOIAIIUM

BappaHTOM cTana «IIpoexTHas cucTeMay,
peKOMeHayeMasi sl CPeIHEr0 YpPOBHSI TOTOBHOCTH
NIPEAIPUATHA.

JIJ1s OLIeHKH 3HAYMMOCTH 3TaroB UCCIIELyEeMOTro
mpolecca, Ha KOTOPBIX BO3HHKAaeT HamOoJIbllee
KOJIMYECTBO 1e()EKTOB, MPUMEHEH METO]T SKCIICPTHBIX
oreHOK. Hambosiee 3HAUMMBIMU 3TallaMH SBISFOTCS
STaIbl BBHITIOJTHEHUS MAIIMHHBIX 3aTOTOBUTEIBHBIX U

MOHTXHBIX OMNEpanuii, a TaKXKe 3Tall pa3pe3aHus
mepena Mo JMHWU BXOAa B KapMmaH. MMeHHO 3TOoT
Yy4acTOK mporecca OyAeT B JabHEHIIEM HACTPOEH C
HCIIOJIb30BaHHEM METO/A IIECTh CHI'M».

Ilocne BBIMONHEHUS MPECANPOCKTHBIX JSTaIllOB
BhINONHsAETC 9Ttan «OrnpejeneHue», Ha KOTOPOM
BBIMOJIHSACTCST COOp W aHaIM3 CYIIECTBYIOIICH
nHQOpPMALMK, ONpEAENSeTCS HavalbHBIH YpOBEHb
Ka4yecTBa IPOIYKINHU B IPOU3BOJICTBEHHOH cucTeMe
[6, 7].

B nmepByro ouepenb Ha JaHHOM  JTare
YCTAQHABIMBACTCS TOYHBIH IepedyeHb Ae(EeKTOB
MPOXYKIMH W TPaHUIBI UX JAOMyckoB. Ilpm sToM
HYXHO HCIIOJIb30BaTh HOPMATHBHBIE JOKYMEHTEHI
MAHHOM TMpenMeTHOW oOmacth (IS IIBEHHBIX
H3Ieuit 3TO I'OCT#r, yCTaHaBJIMBAIOIIHE
TepMuHoOJoTHIo m3aenuii u geraneit [8, 9], TOCThI,
perIaMeHTHPYIOLINe KadecTBO MIBEHHBIX U3aenuii [3,
4], a Takke HOpPMAaTHBHBIE JOKYMEHTHl B 00JIaCTH
cucTeMbl MeHe/kMeHTa kadectBa [2]). Kpome
HOPMAaTHBHBIX JIOKYMEHTOB TaK)X€ OYEHb Ba)KHO
YCIBIIATh TaK Ha3bIBAEMBIC «TOJIOC KIHEHTa» U
«rojoc mpormecca». «l'oigoc KiIMeHTa» — 3TO
LIeJICHANPABIICHHBIN cbop HHpOPMAINU 0
TpeOOBaHMAX TOTPEOUTENsT K KadecTBY TOTOBOM
MPOLYKIMH, a «rojoc Ipouecca» — TpeOoBaHUs
KaXJIOro CIEAyIOIero ydacTKa Ipolecca K
oy padpukaty u OpraHH3alUuN paboTsl
mpeaplaymiero  mpomecca.  Tak  dopMupyercs
nepedeHb KJIK — KpuTHuYeckux M KadecTBa
xapakTepucTuk npoxaykTta [6]. Ha ocroe KK
COCTaBJISIIOTCS orepanoHHbIe OIpezieIeHUs
nedeKToB, T.€.UX TOYHBIE (hopMyJITUPOBKH,
MO3BOJISIIOIIME  ONHO3HAYHO  HMJCHTU(QHULIUPOBATH
nedekT B mpousBoiacTBe. IS mccimemyemoro
mpouecca IepedeHb  ONEpalMOHHBIX  J1e(EeKTOB
IIpeacTaBieH B Tab. 1.

Tabauna 1. llepeyeHb onepanMOHHBIX 1eeKTOB y3J1a «KKAPMaH € ABYMS 00TAYKAMH U KJIANIAHOM))

Homep HaumenoBanue nedekra
1 HepaBHOMepHas mupHHA BepXHEH 00TauKu
2 HepaBHOMepHAas muprHA HIDKHEH 00TaduKn
3 WckpuBiieHHBIN Kpall KJanaHa
4 PasHOmMpPHHHOCTS BepXHEH W HIDKHEH 00Tadek
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. ISI (Dubai, UAE) =1.582  PHHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1.500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350
5 Heposnast pamka kapmaHa
6 HecThikoBKa U TepeKphIBaHNE BEpXHEH U HIDKHEH 00Tadek
7 HexkauecTBeHHOE 3aKpeIUICHHE YITIOB KapMaHa
8 VIckpuBieHNE IIBOB CTAYMBAaHMSA/IPUTAYNBAHNS TTOIKIA KN WIN OTCYTCTBHE CTPOUKU
9 HenpaBunbHoe coeqMHEHNE N10A30pa C MOAKIAIKON
10 Crnabas Wi CTSHYTas CTPOYKA
11 OTCyTCTBHE CTPOYKH CTAUWBaHU IMOAKIAIKA KapMaHa /HapyIIeHHE HEeJIOCTHOCTH CTPOIKH
12 HeszaxBaTpIBaHHe IPUITYCKa 1B
Janee cocraBmsercd Kapra Iporecca Ui Hanbomee CyIIECTBEHHBbIE (DAKTOPBI YNPABICHUS

BBUSIBIICHHS (DAaKTOPOB, BIHUSIONIMX Ha KadeCTBO
npoaykiun. Hanbomnee moaxozsmieil sBiseTcs kapTa
[IBITPK (SIPOC). Inst ee moctpoeHUs: HEOOXOJUMO
BBIOpaTh yuyacToOk mporiecca (He Oonee 15 3Tamos).
J1st kaxxaoro sTama OmpeAeNuTh «BXOI», a TaKkKe
«IOCTABIINKAY, T.C. HUCTOYHUK CBIPbs/
oy pabpukaToB, a  TaKke  YNpaBJSIOLIMX
BO3JIeHCcTBUH. [lanee /i Kaxx0ro 3ramna onpeaeauTb
«pe3yNbTaT», TO €CTh KOHEYHBIH MPOIYKT, a TaKXKe
«KJIAEHTa», T.e. TOTPEOUTENs  MPOU3BOAMMOMN
JAHHBIM y4YacTKOM MpoAyKiuu. Eciam TmiatensHO
COCTaBUTh W HM3YyYUTHh KapTy, MOXKHO YBHUJETH BCE

mpoiieccom [6].

Js nccnenyemMoro mpouecca OrpaHHYHIINCH
oTamnaMu, KOTOPLIC 6I)IJ'II/I BBIACJICHBI Ha CTaauu
aHajaM3a KapTel MOTepb, W TAE€ BO3HUKAIOT
BBISIBJICHHBIE ONEPAIIMOHHBIE JIEPEKTHI.

Kapry IIBIIPK 00bIYHO JONONHSIOT OITUCAaHNEM
mporecca, KOTopoe HeoOX0IUMO JUIs paciii(poBKH
HEKOTOPBIX KpaTKuX (opMysmpoBOK M (ukcanuu
KOJINYECTBEHHOH MH(OPMAITNH IO KaXKIOMY 3TaITy

O®parment kaptel [IBIIPK  uccnenyemoro
Iporecca IMpeICTaBIeH Ha pHC. 4.

PaboTHuk,
3ayTIOXVUBAOLLNIA
BEPXHIO 06TauKy

YTioxuneHoe
paboyee mecTo

TexHonor
TexHon. nocn. '—»

PaboTHuK,
HacTpaunBaroLnii |—
BEPXHIO0 06TauKy

KapmaHa

‘ [NocTaBLUmKM < Bxog ) ‘ Mpouecc ‘ <Pe3yanaT> ‘ KnuneHTbl ‘
o PaboTHuK,

Texwonor \ # HacTpauMBaroLLi

TexHon. nocn. '—» HXKHIOK 06TauKy
Pa6oTHuK, . Mputayatb Mepea ¢ sepxHel - Kapmata

ayénupyowmn BEPXHIO0 06Tauky —1 oBTauKOM

nepes [ Bepxrian obravka KapmaHa k nepegly > MawuHHoe

paboyee mecTo

PaboTHuk,
pa3spesatoLui
BXO/, B kapMaH

Mputauate
HVDKHIOK 06TauKy
KapmaHa K nepesly

Mepen c BepxHeit
N HWXHEN
o6Taukoit

>

™| Cton Ans pyyHbIX
pabot

Mepepn c BepxHen -

obTaukoin

-
A HuxHsas obTauka

MauumHHoe
pabouee mecto

Pa6oTHuK,
3ayTIOXUBAIOLLMIA
HUXHIOK 0BTauky

YTIOXUNbHOE
pabouee mecto
TexHonor
TexHon. nocn. }—»

PaBoTHuK,
BbIBOpaUMBaloLLNiA
obTauku

Mepen c
pa3pe

Paspesats nepen
f— M0 NHUM BXOAA B ™

PaboTHuk, ™

HacTpauvBaloLmNA [

Mepen c BepxHeit

HIDKHIOK 06 TaYKY A HIKHEI KapmaH BXOZIOM B KapmaH CTon Ans py4Hbix
KapmaHa 06TauKow pabot
MawwmHHoe
paboyee mecTo

Pucynok 4 - ®parment xaptel [IBIIPK nponecca
«M3roToBiieHHe KapMaHa ¢ ABYMs 00TaYKaMHU U KJIaaHOM»

Ha CTaguu «Ompenenenne» TaKKe HanboJee 3HAYNMBIX Je(EKTOB MOXKHO HCIIOIb30BaTh

YCTaHABIMBACTCS HAYaJbHBIA ypPOBEHB KOJIMYECTBA
curM. Jlnsg wucciaeayeMoro mpolecca HaudajdbHbIN
YPOBEHb CHTM cOCTaBWI 1,57 G, 4TO COOTBETCTBYET
3HAYNUTEIILHOMY KOJIMYECTBY Je(DEKTHOI MPOIYKIUH.

Buenpure cuCTEMy  «IIECTb CHIM»  JJIA
YCTpaHEHUs! BCEX BBIBICHHBIX JE(PEKTOB Cpasy
Helenecoo0pa3Ho, Tak KaK dTO CBS3aHO CO
3HAUMTEIbHBIM 00beMoM pabor. /[l BeiOOpa

pa3iu4yHBIE METOABl, B TOM YHCJIE OKCHEPTHBHIN
aHaJKM3, HO Hamboyiee MPOCTBIM W IPPEKTHUBHBIM
KOJIMYCCTBCHHBIM MCTOJOM ABJIACTCA Auarpamma
IMapero.  Jlns wuccnenyemoit Tpymnbl  ae)eKTOB
anHanu3 Ilapero mokasajn, 4To B IEPBYIO O4Yepeib
HYXXHO YCTPaHSTh IPYIIy U3 7 HanOosee 3HAYMMBIX
nedekroB. IMEHHO /11 3TOH IpyInnbl B JabHENHIIEM
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BBITIOJIHSIOTCS CICIYIOIINE INArd HWCCICIOBaHUS —
puc. 5.
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PucyHnok 5 - Ilnarpamma Ilapero
HGHLIO aTara <<I/I3MepeHMe» SABJIACTCA MPEACTABIIACTCA BO3ZMOKHOCTH UCCIICIOBATDH ITPOLECC
IMOJIyUCHUC OHepaTI/IBHoﬁ u HOCTOBepHOﬁ B AMHAMHUKE U MCHATH O6'beM BI)I60pKI/I, HO I
I/IH(I)OpMaHI/II/I O  KOJIMYCCTBC I[e(l)eKTOB n HuX pCajibHOT'O IMPOU3BOACTBA 00s13aTeNILHO
JUHaAMHUKC. Ha sTom aTame paspa6aTLIBaeTcs[ cucreMa MNpOU3BOAUTCA OTOT MOHUTOPUHI Ui  OLICHKU

MU3MEpEeHUs] KaXJIOro KOHKPETHOro paedexTa B
JuHamuKke. IIpg 3TOM IMIMPOKO HCHOJB3YIOTCS
CTATUCTHYCCKUE METOIBI KOHTPOJS KadecTBa, B
YaCTHOCTHM KOHTpoibHas kapra [10, 11]. Jna
M3MEpeHusT KaXIoro w3 Hamboiee 3HAYMMBIX
nedexToB pa3paboTaHa METOAWKA, B KOTOPOH
YKa3bIBAIOTCS: HAMMEHOBaHUE e(eKTa; TUI JaHHBIX
(HeTmpephIBHBIE WJIM  JTUCKPETHBIC); BO3MOXKHBIN
pa3max; ycraHaBiuMBaeTcsi TpeOyemas TOYHOCTh
n3MmepeHusi (00bIYHO OoT 2 10 5%); onpenensoTcs
WHCTPYMEHTBI Ui WU3MEPEHUs, a TaKkKe JETaJIbHO
TIPOTINCHIBAETCS rporeaypa N3MEpeHus "
TpeboBaHus K  KOHTpolepy. llemecooOpasHo
COCTaBUTh WHCTPYKIHMIO IO TPOLENype M3MEpPEHUSI.
[anee BbimonHsieTcst pacyer oObeMa BBIOOPKH IO
Meronuke, uznoxennoir 8 'OCT P UCO 13053-2
[10]. Jlst HCCIIEAYEMOTO mporiecca HE

CTaOMIIBHOCTH TIpoIIecca.

Ha stane «AHanu3» HE0OXOIMMO ONpENeTUTh
NPUYMHBl BO3HMKHOBEHHA JedektoB. [l 3Toro
UCTIONIB3YIOTCS Pa3HOOOPa3HbIE METOBI, B TOM YHCIIE
BU3YaJIbHBIA, KOPPEISLUOHHBIM M PErpecCUOHHBII
aHaIW3 JAHHBIX, CTATUCTUYECKHE METOJbl aHAIN3a
JAHHBIX, IUIAHUPOBaHME OJKclepuMmeHTa. Yacto
HCIOJB3YIOTCS  3KCIEPTHBIE METONbI, Haubojee
HHTEPECHBIMM M3 KOTOPBIX SIBIISIOTCS JHarpamma
VcukaBel (IPUYMHHO-CIEACTBEHHAs Juarpamma) |
MeToA «5 ITouemy?». CyTb 3TUX METOIOB U3JI0XKEHA B
I'OCT P CO 13053-2 [10], a Taxkke B AUTEPATYPHBIX
HCTOYHUKAX MO CTATUCTUYECKUM METOJaM KOHTPOIL
kauectBa [11]. Ha puc. 6 npencrasieHa auarpamma

VcukaBel IS TMOWCKa TPUYAH BO3IHUKHOBCHHS
nedexkra  «HepaBHOMepHass — UIMpUHA  BEpXHEH
o0TauKm».
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Yenosek Marepuan
O6yueHne HenpasunbHoe xpaHeHune
Paspap
OnbIT KayecTtso Kpos aetaneit
3p0poBbe U3mepeHusa
JlnyHble npobaemb! Pasmep Tebexr
Motusaumna A‘ o «HEpaBHOMEpHAs
o IIMpHHA BEpXHeit
Temnepatypa MouHocTb NHpopmaTnBHOCT OB TauKIY
Yxon MpasunbHOCTb 0bopMneHus
Wym
HeocraTouHoe ocseljeHme U3Hoc TexHonoruuyeckas
OcHacTka nocnes0BaTeNbHOCTD
Becnopaaok Ha pabouem mecte HecoespenerHoe Obpaseu
TexHuKa 6esonacHocTn 06C/YKUBAHNE 1 PEMOHT
OTCcyTCTBME KOHTPONA
OxkpyxeHue (cpena) MaruHst Meroast
|1
IMpuanHbI Crencrsue

Pucynok 6 - iluarpamma Ucukasel 1011 geexta «HepaBHoMepHasi INMPHHA BepXHeil 00TauKm

PesynbraTom sTama  «AHaNM3»  SBISAETCA
nepeveHb MEpOIPHATHI UL yCTpaHeHHs
BBISIBJICHHBIX IPUYMH BO3HUKHOBEHHS Je()EKTOB. DTY
THIIOTE3y  MOXXHO M HYXHO TpOBEpSATH B
7Ta0OpaTOPHBIX  YCIIOBUSIX, HO CaMbIM IJIaBHBIM
JEeHCTBHEM SBIACTCS BHEIPEHHE pPa3pabOTaHHBIX
MEpONpPHATHI. DTO BBITONHAETCS B XOIE OJTama
«CoBepiieHcTBoBanuey». Llenpto  3toro  srama
ABJSIETCSL  peajM3alsl — pelmeHuid | 3aja4
COBEPILECHCTBOBAHUS NIPOU3BOJICTBEHHOIO IIPOLECCa.
BHenpenune npeanoXeHHbIX H3MEHEHHI BO3MOKHO
TpeMs criocobaMu: HacTpoiika MpoLeccoB, JIOKanbHas
MOJIEpHU3alUsl U PEUHXKUHUPUHT MpoIreccoB [6].
Haubonee Msrkum u TpeOyrOIMM MHHUMAaJIbHBIX
3aTpar SBISIETCS METOJA HACTPOWKH mpoueccoB. s
HCCIIeyeMoro mpolecca OH sBIeTcs Hamboiee
noaxomamuM.  OyeHb  BaXHO  CINIAHUPOBATH

OpraHu3anuro pa60T 0 BHCAPCHUIO MCTOJld «IICCTh

CUI'M», CBECTU K MHHHUMYMY PUCKH BO3MOXHBIX
HETaTUBHBIX HOCHCHCTBHﬁ, OCYIIECTBJIATH
ITOCTOSAHHOC I/IH(I)OPMI/IPOBEIHI/IC Y4aCTHHUKOB

Tporiecca, T0BECTH 0 CBEACHUS BCeX padOTaIOMKUX (B
HaIlleM ciydae NpernojgaBaTelst W O0yJarommxcs)
mpeuIaraeMblil IIaH u3MeHeHnd. OYeHb MOJIe3HBIM

SABIIAETCA COCTaBJICHHE u BHEJIpEHHE
HHCTPYKIIMOHHBIX JIOKYMEHTOB. Tax JUISL
HCCIIEyeMOr0o porecca IPENJIOKEH pan

MEpONPHUATHHA 10 COBEPIICHCTBOBAHMIO IIpoliecca

W3rOTOBJICHHST y3/1a JIsl  ycTpaHeHus Jedekra
«HepaBHOMepHass mMpHHA BepXHEW OOTauKm».
CocraBnena HWHCTPYKIMOHHAS KapTa U1t

TEXHOJIOTHYECKON omepanyn «lIpurayaTs BEepXHIOO
0o0Tauky KapMaHa K Tepeay», HpEICTaBICHHAs Ha
puc. 7.

1. Ha4epT NUHWUIO NPOKNagbIBaHUA CTPOYKKM, paBHoR 10 MM OT criBa oBTaqukn

HaMeYEHHON MMHUK, KaK YKa3aHo Ha pucyHKe 1

2. ¥CTaHOBW Nanky ¢ BbIHOCHON OrpaHnyMTENEHON NMMHERKON, BEICTABNAA €€ Mo

HUHCTPYMEHTBI

3. Mpono#u CTPOYKY HACTPaYMBaHNA

4_TIpoBeOu 3 KOHTPOMEHEIX 3aMEpa NPONOKEHHOM CTPOYKM, COTNACcHO PUCYHKY 2

JI HKa MeTa LIH

5. B criy4ae HecoBnaAaeHUA XOTA Gbl OAHOrO 3aMEPEHHOr0 3HaYeHWUA M3 Tpex
PacnopoTh NPOMOXKEHHYK CTPOUKY M BEPHYTLCA B MYHKT 1!
Pucynok 7 — UHCTpYyKIIMOHHAsI KapTa BHINOJHEHUS TeXHOJorn4eckoi onepanun «Ilpurtayars BepxHiow0
00TauKy KapMaHa K mepeay»
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OCHOBHBIM pe3yIbTaToOM JTamna nedexToB. ITOroBeIif ypoBeHs CHI'M cOCTaBMII 2,760,
«CoBepIICHCTBOBaHME)  SIBISCTCA  IIPAKTHYECKOE YTO  IOKa3bIBACT  3HAYMUTENBHOE  yIYYIICHHUE
yCTpaHeHHWE TPUYUH BO3HUKHOBEHHUS Je(EKTOB, mporiecca. OgHAKo 70 YpOBHS 6G JaHHBIN MpoIece He
MOBBILIEHUE KauyecTBa MPOU3BOJUMON MPOAYKIIHH. HaCTpPOEH, CJIE/IOBATEIIBHO, LUKJT DMAIC
[Monyuennsiii 3¢ deKT HEOOXOIUMO 3aKPENUTh. JTO HEOOXOAMMO IOBTOPSTH, CHOBA BBISBISSL Hamboliee
BeImoHsAeTcss Ha craguu  «KonTtponb». llenbio 3HauuMble  Ae(EeKTHI,  M3MEpsid,  aHaIU3UpYs,

JIAaHHOT'O JTara sBJIIeTCs 3aKpeluieHHe IPEeMYIEeCTB
OT COBEPILCHCTBOBAHMS IpoIiecca Ha JOJTHH CPOK.
ITocne BHEJIPEHUS MEpOTIpUATHN o
COBEPILICHCTBOBAHUIO nporuecca OXKHAACTCS
YMCHBIIICHHE KOJNMYECTBa JS(PEKTHOW MPOAYKLHUH.
CrnenoBarenbHO, IIEIECOO00pa3HO OILEHUTH YPOBECHb
curM Ha stoi cragnu B coorBerctBun ¢ 'OCT 13053-
1[7].

Jns  uccrnepyeMoro mpoiecca  OMpesieieHo
KOJIMYECTBO CHUIM IIOCJ€ BHEIPEHHS W3MEHEHHH,
UTOroM KOTOpOIro SABIIACTCA YCTpaHCHUEC Ui
3HAYNTENILHOE CHIDKEHHWE Hamboyiee  3HaYMMBIX
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Abstract: In this work, based on the complete Navier-Stokes equations, numerical simulation of a compressible
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the temperature, velocity and pressure of the wake jets, which in the initial sections of the channel are observed (not
observed) the recirculation zone.
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Introduction velocities and geometries, as well as other parameters
The advent of modern high-speed computing tools in channels of constant and variable cross-sections, are
make it possible to consider the numerical simulation in many cases difficult and analytical solutions are not
of complex jet flows by solving exact equations always possible, therefore, to solve such problems,
expressing conservation laws. mathematical modeling methods using numerical
Of great practical interest is the study of the methods.
influence of the initial data and the geometry of coaxial Such flows in the channels can be accompanied
jets on mixing and propagation in a limited flat by separations, motion of waves in the jet contact zone,
channel, since such flows are used in the creation of recirculation zones and other complex processes that
mixing and furnace devices, internal combustion cannot be solved by the parabolized Navier-Stokes
engines, chemical and oil-gas industries. equations, although the solution of which is much
Field experimental studies of the mixing of simpler than integrating the original Navier-Stokes
coaxial gas jets with different pressures, temperatures, equations. Numerical modeling of viscous gas flows
[ ]
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based on the complete Navier-Stokes equations is av,(U,U,) awy(U,U,) 0W,(U,U,)
difficult, however, it gives exact solutions to the above Y T ay + 3y €Y)

flow cases [1-3].

The purpose of the work is to investigate the
effepts of the non-dgsigp of cocurrent flows on t-heir and kinetic energy:
mixing and propagation in flat channels on the basis of E= T+ 102 2 )
an effective computational algorithm for solving the B p Lol + zp(u +9%). ©)
complete Navier-Stokes equations for a viscous gas, State equation:
and the little-studied region of parameters is of p=pT. (3)
particular interest, when a recirculation flow zone is Expression for effective viscosity:
formed as a result of the interaction of jets. Few W=+ e, 4)
experimental studies of turbulent mixing of gas jets
with different densities were studied in [4-8], where p;-laminar, p.-turbulent viscosity, U-vector of
concurrent flows in a channel of constant cross section conservative variables; F,G,Vy,V,,Wy,W, are flow
in the presence of recirculation zones and the vectors that look like:
conditions for the formation of recirculation zones Px
were studied in a number of works [9-12], but the Oy
relations areas (heights) of the cross section and U= O
pressure of flows at the inlet to the channel.

Numerous works are devoted to modeling and . ’m

numerical studies of internal flows and mixing of flows m2
in channels based on approximate and complete —+p n
Navier-Stokes equations [1,2,13-17]. It is known that a 1 n Qm
complete picture of the flow can be obtained with F=—1 — [G6= [an+p
complex internal flows, the numerical solution of the p Q,(E +p)
complete Navier-Stokes equations when modeling m(E +p)
two-dimensional flows of a viscous compressible fluid. )
A more detailed review of methods and schemes for
solving the Navier-Stokes equations is given in [18- 0
21], and for calculating internal flows, an excellent Ny
systematic review is given in [1, 17]. 1 2

Below, we describe the results of a numerical wy(U,U,) = “Rel _§Mx ,
study of the influence of the non-design of coaxial (mN _2.M )
flows on the mixing and propagation parameters of * 3 %
flows in a channel of constant cross section based on L p
the full Navier-Stokes equations, with the cross- [ 0
sectional areas of the flows at the inlet having different M,
finite ratios. O 4

Problem statements. Given a flat channel of w,(U,U,) = ReF 3
length L height 2f 0. The flow diagram is shown in fig. Y AN + (m + )M

H y
1. Suppose the channel and the flow are symmetrical E +P;T,
about the OX axis, the OY axis coincides with the inlet L p
section of the channel, and the origin of coordinates is
located on the axis of symmetry. At the entrance to the
channel there are two jets | - near-wall and II - central —M,
(main), re_sp_ectlvely, with their physical and geometric V,(U,U,) =
characteristics. RelL

It was said above that the main goal of this work
is the numerical study of the mixing and flow of L p 3
turbulent gas jets in a channel of constant cross section, [ 0
in the presence of specific factors, such as the z
occurrence of recirculation zones and shock waves in 1 3
particular. In these cases, it is necessary to use the full Vz(U' Uy) ~ RelL M
ypaBHenuii HaBbe — CToKca.

To describe the flow, two-dimensional complete
non-stationary Navier-Stokes equations are used, in a
vector-conservative form [22-23]

U | F(U) " 6W) _ avy(u,uy)
at ox ady ox

Relationship of total specific energy with internal

SR R

o
—

<
W

N

Px
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0 t > to:
M, x =0:
4 u=uy,9=0FE=E,,u=Uyp=p,0 =Dy
(p = 2 2 2 2 2
W,(U,Uy) = o 3Ny : when0 <y <R, (6)
g i7’L1Vy+(m+n)My u=u,9=0,E=E,u=p,p=p,p0=0ps
3 + P T, when R, <y <1, (7)
p - u=0,9=0,E=E,, U= Uyp =PwDP =DPwm

#(myp—pym)

wheny =1. (8)

whereszw, M, = = 0<x<1: )
=0,9=0FE=E
_ulnep —pyn) - p(nyp = pyn) { u w
Ny =———"= N, = —>———>—, _ 0P N ~ ¢ wheny=1
p c p P p=pw.@=0.#=#w,T=Tw,
n u
PT=L#"Q‘1:_IR62M au aE
Prr p Uz —=19=—=0,} wheny = 0. (10)
dy dy
The system of equations (1-4), for the convenience x =1
of the numerical solution, is written in a dimensionless ou_99 _90E_ (. 0%u_9%9 _9°E
form for the channel in a reduced square form, and by ox dx oOx dxz  dx2  9x%)’

introducing the function F(y) it allows to condense the
design points near the wall in the physical plane while
maintaining a constant step in the design plane and the
function ¢(x) crowding calculated points in the inlet
part of the channel [22].

Dimensionless quantities are associated with
dimensional relationships in the form

x u 9 E

_ V 3 =
fo fo 2 2 p2uU;

_ L
=_R ;L =—;Re = pyfou, /u, . (5)
m 0

Index 2 denotes the values of the parameters of the
central jet at the channel inlet. The transition from a
rectangular channel to a square one was carried out by
transforming the coordinates: &= x/L , n=y.

Boundary and initial conditions. The solution of
the problem posed is found for stationary boundary
conditions and, starting from the problem statement,
can have the following form:
t= to;
x=0:

u = u2,19 = O,E = EZl,u = l’lzlp = p2'p = pZI
when0 <y <R,,
u = u1,19 = O,E = El,# = U, p=P1,P = P11,
when R, <y <1,
u=09=0E=Eyu=Uyp=pPwP =Dw
wheny = 1.
0<x<1:
u= 0!19 = O'E = EO'.u = Uop, P = Po,P = Po,
when0 <y <1,
u=09=0E=E,1=lypP=pwP = Puw
wheny = 1.

when0 <y <1. (11)

Conditions (5-11) subscripts 1, 2, w-respectively
refers to the parameters of the near-wall, central jet and
on the wall, p4, Ey, 1y and p,, E,, i, respectively, are
calculated for a given temperature T;, T, and pressure
p1, P, Of the wall and central jet. The numerical values
Pw»Ew, Pw, Eo, i, are calculated by setting the
boundary conditions on the wall in terms of
u,9, T, P,and uy, Ey, po, to, Ty are some initial values
of the required parameters. All of the above notation is
generally accepted [3,22], and as usual, the x, y
coordinates, as well as dimensionless variables, are
written without an overline.

The given boundary conditions at the inlet
( x = 0) correspond to the stepwise assignment of
homogeneous gas flows in the inlet section of the
channel. The flow is symmetrical with respect to the x
axis, therefore, for the values y = 0and 0 < x < 1 the
flow symmetry conditions are set. As the boundary
conditions at the channel output at x = 1 relations are
used that correspond to linear extrapolation of the
desired u, 9, E variables over the internal nodes of the
computational grid. The boundary conditions on the
wall at t = tyand t > tyin terms of velocities were set
to stationary conditions of sticking u=0 and
impermeability 9 = 0, and at t = ¢, in the case of
setting T, of the wall temperature, p,, are found from
the equation of state.

Solution method. For the numerical solution of
the system of equations (1-4) with boundary conditions
(5-11), an effective implicit Beam-Warming finite-
difference scheme was used for the numerical
integration of the Navier-Stokes equations in the form
of conservation laws for a compressible gas [23]. This
scheme and algorithm is non-interactive and retains a
conservative form, which is important for studying
internal flows with a recirculation zone. In addition, the
results of calculations [22, 23] show that the scheme
has sufficient computational stability and accuracy for
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Courant numbers greater than one. When solving
equation (1), a one-step finite-difference scheme was
used in the form [23]

calculation results are presented in the form of graphs
in Figs. 2.
The results of options Ne. 1 and Ne. 2, i.e. at the

AU = bat o At EU same temperatures of the jet and cocurrent T, =T, =
T 1+0,0t 1+6,0t " 300K (¢, = 1) aswell asat T; =300 K and T, = 700
0 K (¢, = 2.333) with the rest constant parameters,
+—2—AU"? : i irculati
1+0, shows that in the second variant there are recirculation

+0 [(e - % - ez> At? + At3], (12)

where AU™ =U™1—yU"and U"= U(nhAt) are
solutions of the partial differential equation (1). The
calculations were carried out at 6=1 and 8,=0.5 , which
means that scheme (12) will be three-layer of the
second order of accuracy. In addition, the delta form
retains the advantageous property of a stationary state,
if it exists, to be independent of the time step size [23].

To obtain a numerical solution, it is necessary to
set the initial time t = t, of the gas-dynamic quantities,
for example, as from condition (5). At the beginning of
the calculation, at the boundaries and in all internal
nodes, the viscosity was set depending on temperature
inthe form u = const. T%6472, On the wall at pressure

. . a .
t > t,, a much less stringent condition £ = 0 is set,

since the constancy of P is assumed only across the
sublayer adjacent to the wall with a thickness equal to
Ay.

As a method for numerically solving the problem,
we used the algorithm described in [22] , where the
spatial derivatives were approximated by the second
order of accuracy O( Ax?, Ay?).

The effective turbulent viscosity is calculated
using an algebraic model in the form

1 = const T%*72 + ypb?(x) [—|, (13)

here y is the empirical turbulence constant, b(x) = is the
conditional width of the mixing region;

Steady-state solutions are considered obtained if
the conditions are met at all grid points

ou
dy

n

AUy
n

uflat

max
1]

<eg (14)

where ¢ is a small number, taken as options, equal to
0.0001.

Results of a numerical study. To study the
patterns of propagation of cocurrent flows with
different pressures in a channel of constant cross
section, a channel was chosen, as in [11]. with
geometric data: D= 188 mm (f,= 0.94 mm - half-
height), L= 1.4 m. Calculations assumed that both air
flows, heat capacity at constant pressure and heat
capacity at constant volume are constant, Pr;= Pr=0,7.
The main calculations were carried out under the
condition on the wall along T in the form aT/dy = 0

The calculations performed for various initial
data and their variants are shown in the table. The main

zones (reverse currents) in the initial sections of the
channel. At the same temperatures of the jet and
concurrent, this is not observed. Increasing the
temperature of the jet promotes the development of the
flow. In both cases, in the initial sections of the
channel, the axial value of the longitudinal velocity
first increases, and decreases with distance from the
channel exit. This can be explained by the fact that an
increase in temperature leads to an acceleration of the
flow and a decrease in pressure in the initial sections.

Options Ne. 3 and Ne. 4 differ from the previous
ones by the pressure of the jet and daily flow, which
are respectively equal to 4 atm and 1 atm. In these
options, similar flow patterns are also observed, an
increase in the initial values of temperature and
pressure to a jet of 4 atm leads to a sharp increase in
the axial values of the longitudinal velocity in the
initial sections of the channel, and when moving away
from the channel exit, to its rapid drop. Such patterns
were not observed in [11, 12].

On fig. 2 shows the transverse distributions of
temperature and pressure at various distances from the
channel exit ( - option Ne 3, ------- - option
No. 4). It can be noted here that, as the temperature and
pressure move away from the inlet section of the
channel, they equalize along the cross section and tend
to a uniform value. The axial value of temperature and
pressure is also given here. It can be seen from the
graph that the axial value near the mouth of the slot first
falls, in the recirculation zone it increases, and as the
distance from the nozzle exit, the temperature
decreases and tends to a constant value.

On fig. 3-6 show the results of the calculation for
the case when the flow velocity is set to essentially
subsonic along the central slot, and along the peripheral
slot - sonic and supersonic. On fig. Figures 3-4 show
the transverse and axial distributions of the
longitudinal velocity and pressure , respectively, for
options Ne 5 and Ne 6 . Figure 3 shows the transverse
distributions of the longitudinal velocity at different
distances of the channel, as well as the axial change in
the longitudinal velocity at R, /f, = 0.5 (solid line),
R, /f, =0,26 (dotted line). As follows from the graphs,
as we move away from the channel exit, the velocity
profile gradually smoothest out, the maximum velocity
value tends to the jet axis, while taking on a parabolic
form, the axial velocity value in the initial sections
increases, and decreases as we move away from the
beginning of the section.

On fig. 4 shows the transverse distribution and
axial pressure change at slot ratios R,/f,= 0,5 and
R, /fo=0,26 (solid and dotted lines, respectively). As
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can be seen from the graphs, with a small slot ratio, the
transverse pressure distribution equalizes faster, and
the axial value drops rapidly. This is obvious, since the
flow flowing out of the smaller slot loses its
momentum faster and equalizes with the flow flowing
out of the larger slot. On fig. 5 and fig. Figure 6 shows
the transverse distributions of the longitudinal velocity,
pressure, as well as the axial change in velocity,
temperature and pressure at the slot ratio R, /f,= 0,26,
while the more heated gas is supplied through the
central slot (option Ne. 7).

Here it can be noted that the transverse
distributions of the velocity and pressure profiles are
similar to other cases, when the axial change in velocity
in the initial sections increases rapidly, and with
distance from the beginning it gradually decreases and
tends to a constant value. This is explained by the fact
that when mixing two viscous flows, where the speed
of the larger one involves a flow with a lower speed, it
thereby leads to an acceleration of the flow with a
lower speed at the initial sections of the channel. The
axial value of pressure increases in the initial sections,
while the temperature decreases. This is due to the fact
that, at the mixing boundary, the deceleration of the
flow at a high speed leads to an increase in the pressure
value, and the temperature drops, transferring heat
from a more to a less heated flow.

Variants Ne. 8 and Ne. 9, at a heated temperature
of the central jet and low pressure ratios of the jet and
cocurrent flow ( P, /P, =1), as well as two values of ¢,
in the mixing region, abrupt changes in the velocity and
temperature profiles are not observed, and also in both
cases the core and high temperature are maintained
until the end of the channel.

The results of variant Ne.. 10 showed that
noticeable flow recirculation zones are traced in the
initial sections, and when moving away, the transverse
distribution of the longitudinal velocity passes to a
parabolic profile. At x=0.03, 0.07, 0.2, 0.4, the height
of the recirculation zone occupies, respectively, 0.64f,,
0.48f, , 0.35f, 0,10f, of the channel section, and
reaches half the channel length.

On fig. 7 shows the transverse distributions of the
longitudinal velocity

(— - — option Nel1; ----- - option Ne.12; -
option Ne.13), as well as the axial value of the
longitudinal velocity with different values of
temperature and pressure. In all three variants, a
recirculation zone is observed in the initial sections of
the channels; reverse currents. At constant parameters
©1, P2, P3, Ps, an increase in the temperature of the
main jet, respectively, leads to an expansion of the
reverse flow region, and in these zones the transverse
pressure change is harmonious. This phenomenon can

be explained by the fact that in the reverse flow zones,
i.e. at the boundary of the mixing of two jets, the jet
moving at a speed of about - and supersonic involves a
jet moving at subsonic speed. In this case, a jet with a
high speed loses part of its inertia due to deceleration,
and a subsonic jet accelerates, naturally, in the mixing
region, a decrease in the value of the jet velocity
occurs, due to which a decrease in speed leads to an
increase in pressure, and an increase in speed vice
versa, which thereby leads to to a harmonious change
in transverse pressure.

Numerical results showed that even at pressure
ratio P, /P,=1, but at high temperature ratios (T,/ T;
=2.3333), a recirculation zone is also observed in the
initial sections (option . 14, Fig. 8). On fig. Figure 8
shows the axial changes in the longitudinal velocity
along the channel, as well as its transverse distributions
in different sections of the channel. As follows from
the graph, the axial value of the longitudinal velocity
in the initial sections decreases, and as it moves away,
it increases and tends to its constant value.

From the profiles of the transverse distributions of
the longitudinal velocity, given in different sections of
the channel, it follows that in the inlet sections near the
channel wall, reverse current lines are traced, and as
they move away, they extend and pass to a fully
developed flow.

Conclusion.

The paper presents the results of a numerical study
of the influence of the non-design of coaxial jets on
mixing and propagation in a limited flat channel
obtained by numerical solution of the non-stationary
full Navier-Stokes equations by the method of implicit
finite-spaced schemes. In particular, the following
regularities were revealed:

- at different initial pressures and large ratios of
jet velocities and temperatures, a recirculation zone is
observed in the initial sections of the channel;

- at high ratios of initial pressure (4:1) and jet
temperature, it leads to a sharp increase in the axial
values of the longitudinal velocity in the initial sections
of the channel;

- if the central jet is essentially subsonic and wall-
mounted sonic or supersonic, in the initial sections
there is no recirculation zone, and with a small ratio of
slots, the pressure distribution levels out faster, and the
axial value drops rapidly;

- at small ratios of velocity and heated temperature
of the central jet and at small ratios of pressure of the
jet and concurrent ( P,/P;=1), no sharp changes in the
velocity and temperature profiles are observed, and the
core and high temperature persist until the end of this
channel.
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Fig 1. Scheme of the flow.
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Fig. 2. Transverse changes in temperature and pressure at different distances from the inlet section of the

channel, as well as their axial changes along the channel: —— -option Ne 3; — - — option Ne 4.
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Fig 3. Transverse and axial distributions of longitudinal velocity:
— — —option Ne. 5; option Ne. 6.
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Fig 4. Transverse and axial pressure distributions:
— — —option Ne. 5; option Ne. 6.
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Fig 5. Transverse and axial distributions of longitudinal velocity: option Ne. 7.
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Fig 6. Transverse and axial change in temperature and pressure: option Ne. 7.
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Fig 7. Transverse and axial change in longitudinal speed:
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- option Ne. 13.

Fig 8. Transverse profiles of the longitudinal velocity in different sections of the channel, as well as its axial
change along the channel: option Ne. 14.

Table 1.

N P1 = Uy /1y P2 = Ry/fo p3 =L/fg o= To/ Ty ps = P/P;
1 72.4636 0,5 14.8936 1 2
2 72.4636 0,5 14.8936 2.3333 2
3 72.4636 0,5 14.8936 1 4
4 72.4636 0,5 14.8936 2.3333 4
5 0.02222 0,26 14.8936 1 2
6 0.02222 0,5 14.8936 1 2
7 0.02222 0,26 14.8936 1,6666 2
8 0.02222 0,26 14.8936 2,3333 1
9 0.02222 0,5 14.8936 2.3333 1
10 45,0725 0,26 14.8936 1 2
11 45,0725 0.5 14.8936 1 2
12 45,0725 0.5 14.8936 0.4286 2
13 45,0725 0.5 14.8936 1.6666 2
14 45,0725 0.5 14.8936 2.3333 1
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Introduction In exploring the research topic, secondary data
Methodology from periodicals preserved in the state archives and
the library of the Parliament of Georgia, as well as
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electronic media, were systematically searched,
processed, and studied. The qualitative research
method was employed, proven to be the most effective
for delving into historical contexts, especially during
critical periods. Content and thematic analysis of
textual materials were utilized to interpret patterns and
meanings. The materials underwent detailed analysis
using discourse analysis, focusing on propaganda
and political debates found in the press pages of
leading political parties during the pre-election
period of the founding assembly of Georgia in
1919. Qualitative data, such as the Republic of
Georgia, unity, public affairs, Georgia, and work,
formed the basis for processing and highlighting the
propaganda and political debates. Publications were
systematically grouped according to their content,
genre, and type, yielding valuable insights into the
attitudes toward political processes, the state, and the
prevalence of narrow-party or populist approaches
within the party press.

Introduction

The reshuffling of social and political forces in
Georgia at the dawn of the 20th century, coupled with
the emergence of distinct groups in the public sphere,
laid the groundwork for the establishment of political
parties. These parties, each with its unique ideologies
and beliefs, engaged in fervent debates about the
future development of Georgia.

While more than a dozen political parties
existed, four emerged as leaders, attracting renowned
political and public figures, active supporters, and
wielding influential party print organs—newspapers.
Our research centers on these political unions: Social-
Democrats, Social-Federalists, National-Democrats,
and Socialist-Revolutionaries.

Following liberation from the Russian Empire,
the newly independent republic faced numerous
challenges, focusing on the establishment of
democratic governance and the European model of
political arrangement. The National Council of
Georgia and the Parliament worked on these key
issues, directing efforts toward the creation of the
Constituent Assembly, the highest legislative body of
the Demaocratic Republic of Georgia.

The convocation of the Constituent Assembly,
mandated by the Declaration of Independence on May
26, 1918, emphasized the importance of universal and
equal elections. These elections were seen as a vital
confirmation of the Georgian people's will.

Throughout the election campaign, party-printed
editions played a crucial role. Newspapers such as
"Government Moambe,"” “Ertoba,” "Georgia,"
"People’s Affairs,” and "Shroma" served as the
primary platforms for political expression and
propaganda.

Despite ongoing controversies and verbal
clashes between parties, the press became the
battleground for political debates and struggles.

Parties sought to popularize their ideologies, gain
public support, and discredit rival parties through the
dissemination of programs and promises.

For our research, party periodicals serve as the
primary  source. We thoroughly  examined
publications from five newspapers dedicated to the
formation of the Constituent Assembly in the pre-
election period. Before delving into our presentation,
we find it essential to outline the historical context and
state environment that influenced the media climate,
drawing upon contextual knowledge.

Proto-Experience of Research

Studies of the period of independence
predominantly assume historiographical or political
dimensions. However, delving into the press and
media landscape poses a considerable challenge due
to its multi-profile nature, each facet warranting an
extensive examination. This article narrows its focus
to explore propaganda methods, given their pivotal
role in addressing various state-important issues.
Collectively, these methods contribute to shaping a
media environment grounded in independent and
liberal values, an area largely unexplored at this stage.

The Constituent Assembly, convened through
democratic elections, emerges as a paramount
component for the political development of the
country. Upon studying the materials, it becomes
evident that the positioning of one's own opinion on
this crucial event, coupled with discrediting opposing
views on the press pages, stood out as one of the
primary methods employed by participating parties
during the elections. According to young researcher
Sh. Kezherashvili, controversies and political debates
during the pre-election period of the legislative body,
the Constituent Assembly in the years of Georgia's
independence, were indeed democratic.
(Kezherashvili, 2019)

It was also intriguing for us to note that Georgia
was embroiled in war conflicts during the mentioned
period. However, this did not hinder the pre-election
campaign from unfolding in a highly democratic
setting. The question of how democratic and
pluralistic the environment was becomes significant.
Based on media texts, we assert that freedom of
speech, election meetings, free movement, rallies, and
the display of portraits of politicians, posters, and
campaign slogans were unrestricted.

In the theoretical analysis of the conducted
election campaign by T. Nikvashvili and Ts.
Jananashvili, authors express the opinion that
Georgia, undergoing significant changes, exhibited a
profound emotional backdrop to the elections, a
characteristic that remains sharp even in modern
times. Conversely, the global pre-election agitation
adopted an aggressive and rather uncivilized
appearance. Thus, we comprehend that the elections
of the Constituent Assembly a century ago adhered to
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all  principles of democracy. (Nikvashvili & majority in the temporary parliament and did not

Jananashvili, 2018)

The election campaign of the Constituent
Assembly receives a high democratic index in nearly
all studies dedicated to this issue. Iremadze directs
attention to the diverse content within print media.
Starting from mid-January, periodicals of the leading
political parties have extensively featured articles on
their  programs, ideologies, highlighting the
shortcomings of others, and showcasing their own
superiority. (Iremadze, 2018)

Each party endeavored to showcase its merits in
the attainment of Georgia's independence, outlining
its distinctive role in various matters of state
importance. Moreover, each party presented its
program on newspaper pages. Historian Otar
Janelidze, a researcher of the First Republic, views
party promises as notably generous. The author's
documentary materials are intriguing, referencing the
content of pre-election campaign materials. He
highlights an instance where the Social-Democrats,
aiming to discredit their political opponents, issued a
poster featuring a Georgian prince, urging voters to
tarnish candidates from the National-Democratic
Party as ‘exploiters of the peasantry' and 'defenders of
landlord interests." 'l have become!" (Janelidze, 2018)

The mentioned parties and their programs
garnered additional strength through public support.

Before delving into our main topic, we deemed
it fitting to provide a brief overview of the ideologies
embraced by the four political parties within our field
of interest.

The Political Spectrum in the Pre-election

Campaign of the Constituent Assembly

In November 1919, following several months of
deliberation, the parliament ratified the law titled
‘Regulations on Constituent Assembly Elections,’
wherein every aspect governing the elections was
meticulously formulated. The complete text of the
regulation was published in the official newspaper
'‘Republic of Georgia," which also provided detailed
explanations regarding the election system.

In January, the party participating in the
elections commenced its election campaign. The
Central Election Commission ultimately approved the
list of candidates from 15 political entities. (Iremadze,
‘The Greatest Event in the Life of the Nation -
Constituent Assembly Elections,' 2018)

Nel was awarded to the main leading party - the
Social Democratic Party of Georgia. Ne2 is the
National Democratic Party of Georgia, Ne3 is the
Party of Socialist-Revolutionaries of Georgia, Ne5 is
the Socialist-Federalist Party of Georgia. (Here, we
have listed only the political unions chosen as the
object of our research).

As we know from officially confirmed
documents, the Social Democrats of Georgia had 130
candidates nominated because they represented the

intend to give up their positions in the Constituent
Assembly.

It is necessary to mention the leaders of the
mentioned party who created and propagated the
ideology of their party. These are famous writers and
figures in Georgia: Egnate Ninoshvili, Noah Jordania,
Silibistro Jibladze, Grigol Lortkifanidze, Irakli
Tsereteli, Akaki Chkhenkeli, Viktor Nozadze.

The Social-Democrats had developed a rather
interesting action program. They considered the
economic revival of the country as their primary task.
They intended to eliminate social and political
contradictions between the classes, and they planned
it by following democratic principles. The society was
promised protection of the interests of the working
masses.

The social democrats named the people as the
main leaders of the central government: "The central
government has no way to be organized separately,
and it gradually approaches the people, becoming a
people's government.'(Bendianishvili, 2001)

One of the crucial aspects of economic progress
for the Social Democrats was the land issue, i.e.,
agrarian reform. They also emphasized the necessity
for reforms in the field of education. The foreign
researcher Steven Jones, in his work 'Socialism in
Georgian Colors,’ highlights the international
perspectives of this party alongside the national ones.

The second position on the list was occupied by
the National Democratic Party of Georgia. It is
essential to note that the origins of this party trace
back to the associations of Ilia Chavchavadze and his
allies. Consequently, it is not surprising that the party's
primary political demand, its foremost concern, is the
national freedom of Georgia. In the vision of the
national democrats, a peaceful Georgia prioritized the
citizens' free will as the most significant value.

In the pledges of the National Democratic Party,
significant emphasis was placed on the blueprint for
the advancement of entrepreneurship and trade. The
land issue and the welfare of the working class were
acknowledged as vital and challenging matters.

Although only 8 MPs from the party list secured
a place in the Constituent Assembly, they made a
substantial contribution to formulating numerous
program laws, and the provisions they created were
adopted by both the Parliament and the subsequent
Constituent Assembly.

The sources indicate that the National
Democratic Party was established as the right-wing
opposition to the majority Social Democrats in the
founding assembly.

We reviewed the programs of each party and
observed that the National Democrats' program stood
out for its diversity and a well-structured legislative
system. The party impressively emphasized key areas
such as citizens' rights, education, and economic
growth through land reform regulation.
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It is a documented fact that the National
Democratic Party viewed political freedom as integral
to the creation of the nation's property, spiritual well-
being, and physical strength. Upon reviewing the
party's program and comparing it with those of other
parties, it becomes evident that they held distinct
perspectives on various issues. Notably, the party's
leaders, in a departure from social paths, prioritized
the development of private property, highlighting
their differences with the Social Democrats on
numerous fronts.

The third position was allocated to the party of
Social Revolutionaries, commonly known as CP.

The CP organization that emerged in Georgia at
the beginning of the 20th century had Russian roots,
initially being part of the Russian CP party. The
program was adapted from the Party of Social
Revolutionaries of Russia. Although modifications
were introduced to the program over time, the core
remained unchanged, leading to clashes with
opposing leading parties on multiple occasions.

We find it essential to highlight that the
socialization of land was a pivotal issue in the program
of the Socialist-Revolutionaries, as our article focuses
on the primary object of the political media struggle
being the aforementioned issue.

The Socialist-Federalist Party of Georgia was
registered as number five. The primary objective of
the Federalists was to liberate the working people and
foster prosperity centered around them.

From the outset, the party opposed all bourgeois
initiatives and viewed a socialist political arrangement
as the correct form for the country. It was this party
that resisted the agrarian bill devised by the sword-
wielding Social-Democrats.

Having briefly explored the election programs of
all four parties, it was evident that the most significant
discord arose regarding agrarian reform. Each party
held a distinct position in this regard, with some points
of agreement, but the ruling power failed to reach a
consensus with the opposition parties. Further details
on this matter will be discussed below.

Agrarian Reform: The Central Topic of Political
Debates and Intense Confrontations

Modern Perspectives on Agrarian Reform:
Assessing a Progressive Move in the Democratic
Republic of Georgia Despite a Century-Old Political
Controversy. The complexity arises from the fact that
this reform was developed and adopted during the
constituent assembly elections, turning it into a
frequent point of contention among the leading
parties.

We must consider the plight of the Georgian
peasantry and working class during that era. Over 80
percent of the population resided in rural areas, with
65 percent of peasants leasing land. The nobility
possessed vast land holdings, and the initial stage of
the reform—confiscation of land from owners,

initiated in 1918—was effectively executed and, by
1919, essentially concluded.

The peasantry, and society at large, expressed
significant concern about the distribution of
confiscated lands. The program presented by the
Social Democrats to the Parliament proposed the
municipalization of lands, transferring them to
peasants who privately worked on the land. The state
retained control over forests, waters, pastures, natural
resources, and certain farms.

The legislation governed the transfer and
redistribution of lands, sparking contentious debates
among political factions. According to the Social
Democrats' plan, the land would be allocated to the
new owner at a discounted price rather than for free.
However, the extent of affordability for everyone
during that period was a subject of ongoing discussion
among opposition parties throughout the pre-election
campaign.

‘Ertoba’ newspaper extensively covers the
agrarian reform in the majority of its issues, providing
a detailed analysis to the public. The publication
asserts that the legalization of land as private property
is highly advantageous for both the peasants and the
economic progress of the state.

At the start of January, Ertoba dedicated a series
of articles to this issue. The article, initiated in No. 11
under the title 'Agrarian Project,’ continues in
subsequent issues of the newspaper. 'Agrarian reform
is geared towards the peasant, addressing the matter of
agriculture. A preferential price will be set to cover the
necessary expenses involved in the implementation of
the land reform.' (Ertoba, 1919)

In the following article, the Social Democrats
elucidate why land cannot be distributed for free.
Owing to the bank's debts and the state's financial
constraints, they establish prices for the lands.

The newspaper 'Georgia’ articulates the stance of
the National Democratic Party, which opposes free
land confiscation. This represents a distinct position:
'Our conscience cannot align with the idea of free land
confiscation. Such confiscation without compensation
is deemed as tyranny and robbery.'(Georgia, 1919)
The National-Democratic Party asserts that it does not
oppose compulsory land confiscation but condemns
the social-democratic approach to this confiscation,
deeming it primitive. In an article published just
before the constituent assembly elections, it openly
accuses the ruling power of disunity and questions the
viability of its project: 'This is the state creation of our
social democracy. There are many tears, much blood,
and chaos in the national economy.' (Ertoba, 1919)

As observed, the leaders of the National
Democratic Party found common ground with the
ruling party on several matters. However, the Social-
Federalist Party engaged in a radical conflict over the
agrarian issue.

The newspaper 'People’s Affairs' extensively and
sharply addressed this matter, advocating for the free
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distribution of land to farmers with the slogan ‘Land
to the tiller, free of charge and free of charge!" Public
Affairs overtly pledges to its supporters that it will
eliminate private land ownership, transforming it into
public property.

Samson Firtskhalava eloquently addresses the
land issue with his customary intelligence and a
composed, healthy tone. In the January 23 edition, he
dedicates a special article to this problem.
Firtskhalava delicately articulates his own position
and chastises the Social-Demaocrats for hasty decision-
making.

Unlike Firtskhalava, the publicist of 'People’s
Affairs' and advocate for the social-federalists, Tedo
Ghlonti, publishes sharply critical articles. He directly
accuses the ruling party of impoverishing the working
class and establishing a bourgeois state.

On January 14, 'People's Affairs' fully presented
the draft agrarian law, scrutinizing it article by article.
For example, it pointed out inconsistencies and
flagged flaws.

Concerning the agrarian project, we did not
encounter insulting or obscene words directed at
opponents. However, during our review of relevant
literature on the issue, we unfortunately came across
such instances, reflecting a flaw in the political ethics
of the period.

The 'Shroma’ newspaper aligns with the social-
federalists on the agrarian issue. Its pages feature the
program of the social revolutionaries (ESRs). The
ESRs urge the ruling party to postpone the adoption of
such a crucial project until the Constituent Assembly
elections. According to the SRs, the land issue should
be addressed by the newly convened democratic
Constituent Assembly, which enjoys the trust of the
people.

In the January and February issues, the 'Shroma’
newspaper publishes extensive articles whose authors
contend that the Social-Democrats' project will once
again favor the rich, leaving the working class and
peasantry disillusioned. The Socialist-Revolutionaries
advocate the slogan 'Land should not become an
object of trade.'

Finally, we can confidently assert that before the
election of the Constituent Assembly, there existed an
‘agrarian issue front,' and each party engaged in this
battle with its own ideology and methods, fully
aligning with the pre-election propaganda struggle.

Conclusion

Before concluding our paper, it is essential to
reiterate that the pre-election campaign unfolded
under equal conditions among the parties. It stands as
the epitome of democracy, with no restrictions on the
expression of opinions, freedom of speech,
organization of rallies, pre-election meetings, and,
certainly, the articles we scrutinized published in the
press pages serve as a clear confirmation of this.

With the materials we presented, we ascertained
that opposition and criticism in the information
domain were highly intense.

Our objective was to illustrate the characteristics
of propaganda and debates during the pre-election
period. Consequently, we selected the agitation
surrounding the agrarian reform as a focal point, yet
we could not sidestep other vital problematic issues
where strategies of promoting one's activities and the
mutual struggle of opponents were distinctly visible.

Within the framework of the research, we
deemed it necessary to highlight one more detail.
During the analysis of the materials we studied, it was
found that the situation quite familiar today, involving
the polarization of the media and, therefore, public
opinion, was not unusual even a century ago. In one
of the issues of "People's Affairs,” a response was
given to the article published in the ‘Georgia’
newspaper, which discussed the division of the
Georgian political spectrum into two camps, socialist
and non-socialist.

All middle groups are disappearing and should
disappear. The Social-Federalists, as a middle group,
will be wiped out, leaving two forces on the
battlefield: the National-Democrats and the Social-
Democracy.(People's Affairs, 1919)

While recounting the cases of discrediting, we
came across an article by the Social-Federalists, in
which the ruling power was directly exposed to
violence and blackmail. The publication, authored by
Sanganidze, describes the Social Democrats' violent
and threatening intimidation and pressure on the
public. 'If you don't have the label of Social
Democrats, you won't be able to boldly go to the ballot
box. Violence, threats, and injustice reign where there
should be justice, non-violence, and
directness.'(Sanganidze, 1919)

Of course, 'Ertoba’ newspaper did not remain in
debt, and on January 16, it published a rather hot and
embarrassing publication. Federalists are referred to
as gossips and slanderers in the mentioned article. "We
will not engage in polemics with them on this basis. It
would be humiliating for our dignity. We don't think
that posting such headlines and articles will add
anything to the capital of Social-Federalists, except
garbage.

As we can see, the parties did not shy away from
belittling each other in public, and we considered this
to be a way of avoiding politics; however, there are
not many such examples, and offensive and obscene
words are not often found.

Finally, we should note that all four parties
reviewed by us, through their printed organs,
articulate their own ideological lines, focus on
problematic points, and offer their own versions of
solving the problems to the electorate.

Each newspaper actively opposes multiple rival
parties, emphasizing key issues and prominent
political figures. Employing a variety of means to
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discredit opponents, these actions are categorized
within the realm of political agitation by our
theoreticians.

Every newspaper typically features one or two
leading publicists considered the primary agitators.
Our study reveals a diverse range of article genres,
including appeals, interviews, conversations,
criticisms, and portraits.

Historians and political scientists assert that the
1919 Constituent Assembly elections were conducted
with a high level of democratic quality and adherence
to democratic principles. We concur, recognizing the
outstanding significance of the debates and
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CMBbICJIOBBIE MEPEMEHHBIE C HEAOMUHUWPYIOIIUMUA JUCITEPCUAMU

Annomayusn:. Paspabomana Koenumusenas mooensb (UHAHCOBLIX 3a00/dceHHoCmen myHuyunaiumemos 20
2opooos CIIA.  Mooenv e6viasuia (0OHApydCULA) HOBbIE CMBIBNLOBbIE U KOJAUYECBEHHbIE NPOSAGIeHUs
MHO20YUCIEHHBIX NOOMUNO8 OISl U3BECMHBIX 2-X MuUnog 3adonxceHHocmeil. Mooensb ucnonvzyem 6ce KOMNOHEHMbl
8cex CcOOCMBEHHbIX 8eKMOPO8 U3 mampuysl coocmeennvix 6ekmopos Cgs. FICXOOHBIM CMBICIOBbIM PABEHCINEOM
CILYHCUM  CMBICII080€ MAMPUYHOE PABEHCMBO 6uda: cmolci(Yme)=cmorci(ZmeCes). Hatioenovl 6 cemanmuueckux
PEUEHUL CMbICII0B020 MHO2OMEPHO20 YPAasHeHUs. cmblci(y1)®@... Bemoica(ye)= cmbici(ZmeC1) @... Bemuvlen(ZmeCs),
Cj:(Clj,CZj...,Cﬁj) T, Vi =(ylj,...,ymj) T, Zme:{Zi}, Zj :(le,sz,...,ij) T,j=],...,6.

Paspabomana cucmema uz 6 cmvlciosbix ypagHenuu ¢ 6 HeuzgecmuuimMu y-cmuviciamu. Haiioenvr 6
CEMAHMUYECKUX PeUeHUtl. CMbLCI(Y1), CMBLCA(Y2), CMBLCA(V3), ..., CMBLCA(VE), CYUECMBEHHO OONONHAIOUUE UCXOOHBLE
suans. Kaoicooe pewenue nonyueno uz c6oezo cmvicio8ozo ypasuenus. Mooenb nozeonsem u3gieyb HOGble 3HAHUS.
no CMpPYKmMypam 0eOUumopcKol u Kpeoumopckol 3a004CEHHOCMel U3 MHO2OMEPHBIX OAHHBIX O MYHUYUNATbHBIX
3a0ondcennocmsax 20 eopooos CLIA. B mooenu KOZHUMUBHO MOOENUPYIOMCSL CMbICIOBblE NEPEMEHHbLE, YUCTEHHO
MOOENUPYIOMCsL KOTUYeCmBeHHble C8:A3U NPOssLeHUll N008U008 3a00dcenHocmell. Peanuzo8anvl, 000CHO8AHbL UX
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Gopmynvuble, pazeonozuueckue 6udbl, GUIYAIUZUPOBAHbL HA 2PAQUKAX ONUCAHUS —G3AUMHBIX — CGS3ell

3a0ondicennocmeti 20 20po0oa.

Knwuesvile cnosa. cmvicnosvie nepemernHole c He()OMuHupyiomuMu Oucnepcuu, MampudHoe Cmblcllosoe

paeencmeo, MUMHO2O0CMbBLCIIOB60€ ypasHerue Cc

U36eCnHbIMU u

Heu3eeCcnHviMu cemanmudecKkumu

nepemMeHHbIMU, KOZHUMUBHASL MOOEb (DUHAHCOBbIX 3a00icenHocmett mynuyunanumemos 20 eopooos CILIA.

Brenenne

ManoMy  KOJIMYECTBY £ CMBICIOBBIX
MEpeMEHHbIX C JIOMHUHHUPYIOIMIMMH JHCIEPCUSIMH
HCCIIeIOBATeN YACSUTH  OoJblloe BHUMaHHE. B
nmuccepranui [ 1] mpuBenens! 13 npuMepoB pearbHBIX
MAHHBIX W3 pa3HBIX MPEeJMETHBIX o0lacTted, Tae
BBIICJICHBl  TOMHHHUPYIOIIAE IUCHEPCHH TIaBHBIX
KOMIIOHEHT ¥ HaWIeHBl WX CoOJepXKaTelbHbIC
MHTEpIIpeTalun - cMbIchbl. K HacToseMy BpeMeHH
KOJINYECTBO TaKUX MyOIMKaIWi BO3POCIO B JIECSITKH
pa3. ['1aBHbIE KOMITOHEHTHI C HEAOMHHUPYIOUIMMU
JUCTIEPCUSIMHU HE PacCMaTPUBAIUCh COBCEM, TaK Kak
ux gpons U/n Obuia wmama. Paspaborumk MeTona
TJIaBHBIX KOMITIOHEHT [2] 11eJIbi0 CBOEH 3a1auu CTaBUI
BEIJICIICHUC TJIABHBIX KOMIIOHCHT C HAaWOOJIBIIUMHU
mucniepcussMi. HamOonpIiass 1 MakCHMU3HPOBaHHAS
l-as gucmepcuss MaTeMaTHYeCKHW BEBIIEISIIACH U3
MaTPHIIBI TTAPHBIX KOPPEJLIIHA, HO ¢ TUCTIepCHS He
Oputa  moctatoyHOH st ucuepmanus — 100-
MIPOIICHTHON M3MEHYUBOCTH. Joms (n-€)/n
HeIOMHUHHpYIOIMX N- { jgucmepcwit Mama, a
KonmndecTBO N-{  HENMPUMEHSEMBIX COOCTBEHHBIX
BEKTOPOB HAMHOTO TIPEBBIMIAET KOIU4ecTBO [
JOMUHHUPYIOMIMX aucniepcuid — (=2,3 unu 4, OHO
3aBUCHT OT KOJMYECTBa N  aHAJIM3HPYEMBIX
MEPEeMEHHBIX U OT MAaTpHUIbl MapHBIX KOPPEISIHH.
KonnyecTBo IOMMHUPYIOMIMX JAWCIEPCHIl Majo, a
WUTHOPMPOBAHNE HEJIOMHUHHPYIOMINX Jycnepcui
CYIIECTBEHHO YMCHBIIACT KOJIMYECTBO
HCTIOIB3YEMBIX KOMIIOHEHT COOCTBEHHBIX BEKTOPOB
(MHIUMKATOPOB MPUCYTCTBHUSA W3BIIEKACMbIX 3HAHUH
[3]) — y wuccnemoBateneil TPOUCXOMAT CTyardH
«YIYLIEHHBIX BO3MOXXHOCTEW. binskoe k HymtO
3HAYCHHUE HEJOMHUHHUPYIOMEH IUCIIEPCHHU YKa3BIBAaeT
Ha MpPaKTHYECKOe OTCYTCTBUE HW3MEHYMBOCTH Y-
MepPEeMEHHO (CMBICIIOBON TEepeMEeHHO# ), M 3HauYeHHUH
ee (BblunMceHHBIE 10 (opmynam) Ha rpaduke He
M3MEHSIIOTCS (MEHSFOTCS TOJIBKO 1M (PHI YKCIIa T1ocie
3ansToil). CraOwibHas 1O W3MEHYHUBOCTH y-
nepeMeHHasi  COJIEep)XXUT B cBoed  Qopmyie
MOCTOSIHHBIE BEJINYMHBI — 3aMETHBIE 110 a0COJIIOTHOM
BEJIMYNHE KOMIIOHEHTHl COOCTBEHHBIX BEKTODPOB,
COOTBETCTBYIOIIINX 3HAYCHUIO HEIOMUHHPYIOMICH
mucniepcud. KommyectBo N-{ Takux COOCTBEHHBIX
BEKTOPOB 0OJIbIIE, YeM KOIH4ecTBO { COOCTBEHHBIX
BEKTOPOB, UMEIOIINX JOMHUHHUPYIOIIIE COOCTBCHHBIC
yrcina. Hanuure N-K HyJIeBBIX JUCHIEPCHI TIPU PaHre
KOPPEISIIHOHHON MAaTpuipl, paBHoM K, n>k>{>1,
TOYHO YKa3plBaeT Ha HaJM4YMe HEU3MEHUYMBBIX

CMBICIIOBBIX IIEPEMEHHBIX. Teopus
MHOT'OCMBICJIOBBIX ypaBHEHUH I103BOJISIET
HCIOJIb30BATh  CMBICIIOBBIE (cemaHTHUECKHE)

nepeMeHHble (r1aBHble kommoHeHTsl H. Hotelling-a)

¢ moObMu qucnepcusiMi. Ho coOCTBEHHBIE BEKTOPEI
UMEIOT KOMIIOHEHTBI, BXOJfIIMe B  (opMyIbl
CMBICIIOBBIX TIepeMEHHBIX u JIOJDKHEI
HCIIOJIB30BAThCSA, HO HE HCHONB3YIOTCSA. TepMuH
«KOMITOHEHTBI» OylleM NPHMEHATh K KOMIIOHEHTaM
coOCTBeHHBIX  BekTopoB (3 Marpumbsl  Ceg),
CMBICITIOBBIE TJIaBHBIC IIEPEMEHHBIE OyZIeM Ha3bIBaTh
«CMBICIIOBBIE  Y-TIEPEMEHHBIE» (C 3HAYCHUSIMH B
CTONOIax MaTpUIbl Y mn). TEPMUH «CEMaHTUUYECKHEY
MNPUMEHAECM IMOTOMY, YTO CMBICJIIOBBIE TICPEMCHHBIC
ABJIAKOTCA CEMAHTUYCCKUMHU PCIICHUAMUN CUCTCMbI
MHOTOCMBICIIOBBIX YpaBHeHHi [4-9].

Pa3zpaboTaeM Mopenb, HCIONB3YIOUIYIO BCE
KOMITOHEHTBl BCEX COOCTBEHHBIX BEKTOPOB M3
Marpunsl Ces. MoJenb MO3BONISICT M3BJICYb HOBBIC
3HaHMA 10  CTPYKTypaM  JeOMTOpCKOH |
KPEIUTOPCKON 3aJ0JDKEHHOCTEH M3 MHOTOMEPHBIX
JaHHBIX O MYHHUIMIAIBHBIX 3aJ0JDKEHHOCTSIX 20
ropogos CIIIA [10-11]. Kpenuropckas
3aJJ0JDKEHHOCTD MYHHIOUTIAIATETA SBIISIETCS
oOs3aTenscTBaMH ~ cyOBekTa  (pupmBI)  Tepen
KOHTPAareHTaMH  3a  IIOCTAaBICHHBIE  TOBapHO-
MaTC€pHUaIbHBIC [ICHHOCTHU, BBIIIOJHCHHBIC paGOTI)I u
YCIYTH, a TAaKXC 110 HAJIOraM U IpyTr'UM HAYHUCJICHUAM.
OOsizaTenbcTBa  MOAPA3ACISIOTCS: IO CPOKaM,
pacyeTsl C IIEpCOHAJIOM [0 oOIUlate TpyJAa,
3aJJ0JDKEHHOCTD JIOJDKHOCTHBIM JIMIAM, HPOLEHTHI K
oIulaTe, HAUYMCICHHAs 3a/I0JDKCHHOCTh II0 OTIIyCKaM
paOOTHHUKOB, IpoYast KPEAUTOPCKAs 3a70JKEHHOCTb.
Jeburopckass  330DKEHHOCTh  MYHHITHIIAINTETA
(TpeboBaHMs K KiIMEHTaMm), oOpa3yeMas B XOe

XO3SIMCTBEHHOH  JesTenbHOCTH  cyOBekTa  (T.e.
¢upMbI) ToOApazfenseTca Ha  HOPMAIbHYIO H
HeompaBianHyto. Omata 0T HOKymaresned ¥

3aKa34YMKOB ITOCTYMAET IO CYeTaM, BEKCEIsIM U B
IPYTUX BHIAX, B 3aBHCHMOCTH OT YCJIOBHU IO
JOroBopy (KOHTpakTy). JleOuTopckast (HaMm JTOJIXKHBI)
U KpeauTopckas (Mbl JOJDKHBI) 3370JDKEHHOCTH

¢upmbl  nensitcss  Ha  cocraBiomme.  HoBoe
paszjeneHue  Ha  TMOIBUJABI  3aJOJDKCHHOCTEH
MIPHUBE/ICHO HUXKE.

HcxoaHbie JaHHDBIE

Hcxonuple  maHHBIE O  MYHHIMIAIbHBIX

3amoimkeHHOCTsIX 20 ropomoB CIIIA JlaHb! 3HAUEHUS
6 MOKa3aTese, OTpaKaIOIINX CTPYKTYPBI
MYHHIMITATBHBIX 3a10pKeHHocTel 20 Topoaos CIITA
(Tabnuma 1). B Mogenu mepeMeHHBIMU SIBIISIIOTCS Z-
IIEPEMEHHEIE, BIIAAIOLINE Ha CTPYKTYPBI
MYHULMIIAJIBHBIX  33J0JDKEHHOCTEH un 6 y-
TICPEMCHHBIC, BEIUUCIIICMbBIC, HCXO/IS U3 3HAYCHUH 6
Z-TIepEeMEHHBIX W W3 MaTpHIbl  COOCTBEHHBIX
BeKTOpOB Ces.
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1. ImMeHa-cMbICIN Z-TIEpEMEHHBIX

1) cromMoOCTh 3eMIId TIOJ 3aCTPOMKY (B UHMCIIE
1000-monmapoBsix aknuit, K3) ;

2) cpok TmaTtexxed mo BekcensiM (B COTHAX
Mecstes, K3) ;

3) npupocrt Hacenenusi(B 100000 uen., K3+/3) ;

4) uncteiit obomuit monr (K3-113);

5) OTHOLICHHE YHCIA YYALIUXCS KOJUISIKEH KO
BCEMY HACEJICHUIO;

6) BesmunHa 3agomkenHoctn (K3).

KorauTuBHast MojAedb  (PMHAHCOBBIX
3a10/KeHHOCTeli MyHunIunaauTeros 20 ropoaos
CIIIA

CrnoBecHas MO/JIeNb (UHAHCOBBIX
3aI0JDKEHHOCTEH MyHHIUNAIUTeTOB 20 TOpoIOoB
CHIA  wm3moxena B [10-11].  Cnenuduka

YOPABISIOMIMX [apaMeTpoB MOJAEIH OTJIMYHA OT
cnenuuk MoieNel B IPYrUX MPEAMETHBIX 00JacTIX
4-9]. nsa wznaraemoit Hke KOrHUTHUBHOW MOJEIH
(hMHAHCOBBIX 33J0JDKEHHOCTEH MYHHIIUTIATUTCTOB
20 ropomoB CHIA BXOAHBIMM NEPEMEHHBIMHU
SIBJISTFOTCSI:

1. U3BecTHBIE YHCIOBBIC 3HAYCHHS H
CMBICITOBBIE TIEPEMEHHBIE Z-TIEPEMEHHBIX: CMBICII(Z1),

CMBICI(Z2), ..., CMBICI(Zg).
2. BplunciieHHas ¢ BBICOKOH TOYHOCTBIO IIO
KOPpEJSIIMOHHON  Matpurie Res mapa wmarpuig

(Ce6,A66), MaTpuIia Rgs BBIUHCISETCS MO PEATbHBIM
JIaHHBIM: €€ MaTpulla COOCTBEHHBIX uucel Aes U
MaTpuIa COOCTBEHHBIX BEKTOPOB Cgp YIOBICTBOPSIFOT
YCJIOBUAM: Ree:(llm)ZTmezms, RsaCse:CeeAee,
Ce6C66=l6s, C'66Ce6=lss, Ass=diag(2.2728, 1.9596,
0.9124, 0.4525, 0.3894), tr(Ass)= At...tAs=6.

3. CMBICIOBOE MaTpPUYHOE PABEHCTBO BHUAA:

cMBICTI(Y mg)=CMbBICI(ZmsCe6)  CIYKHUT — HCXOIHBIM
ycnoBueM.  Miercss  CeMaHTHYECKOe — pelleHUe
CMBICIIOBOTO MHOTOMEPHOTO YpaBHEHHUsI

eMBIci(Y1)®. .. @cMbici(Ys)=cMbIcT(ZmsC1)D. .. D
eMBICIT(Zm6Cs), TE CT=(C1j,C2j,C3j,Cei)s Y i =(Vajs- - -»Ymi)s
Zme={z}, 2"i=(24),22,23),Zmj), j=1,.. ..,6.

4. Haxomiarcs 6 CEeMaHTHYECKHX PEIICHHA:
cMbIca(Y1), cMmbici(Yz2), cmbica(ys),  cMmbIci(Ys),
CYIIIECTBEHHO JIOTIOJHSONIAE WCXOIHBIE CMBICIIH.
Pemraercst cucrema 3 6 CMBICIOBBIX YPaBHEHHIL:
embici(y1)=(21)*(-0.5101)@cmbicin(z,)*(-0.2618)®
cMBICI(Z3)*0.1066@cMbicii(z24)*0.3356@cMmbici(Zs)*
(-0.7395)@cmbicn(z6)*0.0193;
cMbIci(Y2)=(z21)0.2655@cmbici(z2)*(-0.0520)®
cMbIci(23)0.9503@cmbicit(z4)*0.1491@cmbici(Zs)*
0.0399®cmrici(zs )*(-0.0025);
cMbIci(Y3)=(21)0.3820@cmbici(Z2)*(-0.5719)®
cmbici(z3)*(-0.1372)@cmbici(Z4)*0.0088+
cMBICT(Z5)*(-0.0953)® cmbici(zs)*(-0.7064);
cMbIci(Ya)=(21)0.3918@cmbicn(z2)*(-0.5645)D
cMbIci(Z3)*(-0.1239)@cmbici(Z4)*(-0.0665)®
cmbici(zs)(-0.100)@cembicn(z6)*0.7057;
cmbici(Ys)=(21)*(-0.4447)®Dcmbicn(Z2)*(-0.3311)®D

cMBICI(Z3)*0.2266@cmbicn(zs)*(-0.7942)®
cMbIci(Z5)*0.0951@cmeici(z)*(-0.0392);
embici(Ys)=(21)0.4149@cmpbicn(Z2)*020.4164®
cMbIci(Z3)*0.0093@cmpicn(z4)*(-0.4795)®
embici(Zs)*(-0.6507)@cmbicn(z6)*(-0.0328).

5. Droii cucteMe CMBICIOBBIX YpaBHEHHH C
HEM3BECTHBIMU IIPaBbIMH YacCTSIMH COOTBETCTBYET
CHCTeMa YHCIIOBBIX aNreOpanyeckuX YpPaBHEHHUI C
HCU3BECTHBIMH YHCIOBBIMH [IEPEMEHHBIMH (Y1,. . .,Ys),
(21,22,...,26):
ylzzl(-0.5101)+22(-0.2618)+230.1066+z40.3356+25(—
0.7395) +2¢0.0193;
y>=210.2655+7,(-0.0520)+250.9503+2,40.1491+
250.0399+2¢(-0.0025);
y3=210.3820+2,(-0.5719)+2z3+21(-0.1372)+
240.0088+25(-0.0953)+2¢(-0.7064);
y4=210.3918+7,(-0.5645)+23(-0.1239)+24(-0.0665) +
z5(-0.1000) +2z¢0.7057;
Y5=21(-0.4447)+25(-0.3311)+230.2266+24(-0.7942) +
250.0951+2¢(-0.0392);
Y6=210.4149+2,0.4164+230.0093+24(-0.4795)+
25(-0.6507) +2z¢(-0.0328);

6. M1 HMCXOIHOTO CMBICIOBOTO PaBEHCTBA
BBIUHCIIETCS (TOTIOIHUTENIBFHO K CTAHAAPTU30BAHHOMN
MaTtpunle Zme) ICHTPUPOBAHHAS MaTpHUIa Xms H
matpuiia Y me=XmeCes 151 TOOBIYH TOMOJTHUTEIBHBIX
3HaHUH 00 B3aWMHBIX IHHAMHUKAX X-OTKJIOHEHUI
(DMHAHCOBBIX 33JJOJDKEHHOCTEH MYHHIUITAJIUTETOB
20 roponos CIIA.

7. Ulectp y-riepeMeHHBIX Y1, ...,Y6 (MOTy4UBILNE
HOBBIE CMBICIBI) M 6 Z-TIEpEeMEHHBIX (MMEIoIIne
MIPEeXKHUE CMBICIBI W THUIBl 33J0JDKEHHOCTEH) H3
CUCTEMBI aNTeOpanvecKuX ypaBHCHHU (M3 MyHKTA 5)
MEHSIOT CTaTyC Ha «OTKJIOHEHHE OT CPEOHUX»
(mmenyrotcss  x-oTkinoHenme). lllects BHOOB Y—
OTKJIOHEHHH TaKKe HE KOPPENIMPOBAHBI JAPYT C
apyrom: covar(yi,yz2)=covar(ya,ys)=...=covar(y1,ys)=
covar(y1,Ys)=0, ¥ BBIIOIHAIOTCS PABEHCTBA A12=A23=
...=A14=0. DTH paBeHCTBa — CJIEICTBHE HCXOTHOI
THIIOTE3bI U3 CIIOBECHON MOJAENN: OHU HE BIIUSIOT 110
CMBICTIaM JIpyT Ha JpyTa.

B Mopeinu periieHa 3a1aua: pa3padoTarh CUCTEMY

u 6 CMBICIIOBBIX  YPaBHEHUM c 12=6+6
CEeMaHTUYECKHUMHU NepeMEHHBIMU cmbic(Y1),
embicn(y2), cmbicn(ys), cmbica(Yes), cMmbIci(Zi), ...,
CMBICT(Zs), YIOBJIETBOPSIIOIINX MaTpUYHOMY
CMBICTIOBOMY paBeHCTBY BUja
cMBICII('Y me =CMBICI(Zm6Cos), rae

CMBICI(Zmg)=cMBICI(Y1)D. .. cMbIci(Ys),

cMBICT(ZmeCe6)=CMBICT(ZmsC1)D. .. DCMBICI(Zm6Cs)- |-
piif cronben; Cj martpuibl Ces (j-bIii COOCTBEHHBIN
BEKTOP) HWMeeT BHI: Cj=(Cij,Coj,...,Cq) T, i=1,...,6.
Marpuaaomy CMBICTIOBOMY PaBEHCTBY
COOTBETCTBYET MaTeMaTHIECKOE MaTpUYHOE

paBeHCTBO IJIST  9YUCIIOBBIX HepeMeHHHX BHUOA.
Ym6=Zm6C66.
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Ta6auna 1. Jannbie 0 MyHu 3ago/keHHOCTAX 20 ropogos CIIIA

Ne FOpOIL X0 1 on X03 XO4 X05 Xoe
1 | Bupmunrem 30 |1.81] 3.61| 0.28 | 1.03] 335.00
2 | OkcHapa 10 | 193 0.29| 0.01] 0.00 | 365.00
3 | Canunac 30 | 279 ] 0.24 | 0.02 ] 4.29 | 315.00
4 | Naunbepu 15 [ 181 0.40] 0.04| 2.38 | 325.00
5 | Hero-XeiiBen 15 [187] 165| 0.19 | 6.54 | 283.00
6 | Hopyonk 40 | 217{ 059 | 0.15] 0.15 ] 300.00
7 | Hoewiii Opnean | 15 [ 2.34 | 6.40| 0.71 | 1.91] 327.00
8 | Bantumop 10 [185]| 9.74| 183 2.24] 290.00
9 [ Hderpoiit 10 [2.09]19.25| 170 1.81 ] 317.00
10 | Cenr-Jlync 55 1203f 873| 053] 3.09| 273.00
11 | Knudron 5 237 | 081 0.09] 0.00 | 356.00
12 | Hero-Hopx 5 2.33 [ 82.00 | 20.72 | 2.25 | 314.00
13 | Hopr-Xemncren | 35 | 1.93 ] 2.05]| 0.08 [ 2.10 | 345.00
14 | Tanca 25 1253 | 254 | 0.19| 257 | 315.00
15 | ®unanensdus 80 [214(2200]| 3.86| 2.36| 305.00
16 | Memoduc 90 | 193 | 453 | 045]| 1.55 | 285.00
17 | Xomyamn 15 [216]| 0.22| 0.02  0.00 | 350.00
18 | Hopdok 10 1190 ]| 299 0.36 ] 0.47 | 320.00
19 | Magucon 100 {193 | 1.17| 0.21 [ 21.09 | 270.00
20 | YOxxu.Munyokn |25 |1.81 ] 0.17 | 0.03 | 0.00 | 305.00

Tabuuna 2. Berunciaennas MaTpuna Ces COOCTBEHHBIX BEKTOPOB
Ass=diag(2.2728,1.9596,0.9124,0.4525,0.3894)

C1 C2 C3 C4 Cs Cé
1|-05101 | -0.2618 | 0.1066 | 0.3356 | -0.7395 | 0.0193 | 1.0000
2 | 0.2655 | -0.0520 | 0.9503 | 0.1491 | 0.0399 | -0.0025 | 1.0001
3| 0.3820 | -0.5719 | -0.1372 | 0.0088 | -0.0953 | -0.7064 | 1.0000
4| 0.3918 | -0.5645 | -0.1239 | -0.0665 | -0.1000 | 0.7057 | 1.0000
5] -0.4447 | -0.3311 | 0.2266 | -0.7942 | 0.0951 | -0.0392 | 1.0001
6 | 04149 | 0.4164 | 0.0093 | -0.4795 | -0.6507 | -0.0328 | 1.0000

1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

Ta6umnna 3. Berunciennas matpuna Res
ROW 1 1.0000 -0.1775 -0.1343 -0.1579 0.5594 -0.5791
ROW 2 -0.1775 1.0000 0.1689 0.1805 -0.0902 0.1735
ROW 3 -0.1343 0.1689 1.0000 0.9853 -0.0498 -0.0851
ROW 4 -0.1579 0.1805 0.9853 1.0000 -0.0357 -0.0528
ROW 5 0.5594 -0.0902 -0.0498 -0.0357 1.0000 -0.5393
ROW 6 -0.5791 0.1735 -0.0851 -0.0528 -0.5393 1.0000
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Kiaaccudukanus CMBICIOB Z-IIOKa3aTeIei Mo
THNaM (PMHAHCOBBIX 32/10/ZKEHHOCTENH

B OyxramtepckoM  ydeTe BCE  CTaThH
3a/I0JDKEHHOCTEH JenATcs Ha 2 TUIA: KpeAUTOpCKast
3anomkeHHocTh (K3) u 1edutopekas 3a10/KeHHOCTh
(A3). IlosTomy mnepemeHHass zi, 23, Za, Zs, Zs
MPOMHTEPIIPETUPYEM B TEPMHHAX 2-X HPUBEIECHHBIX
crareit (BK3\BA3 [11]). Torma mnepemeHHas Z3
(cronmocTp 3emun moj, 3actpoiky (B umcie 1000-
JTOJUTAPOBBIX aKIWii)) Kak cocraBHas 4dactb «1000-
JIOJUTAPOBBIX akmuit» Oyzet umeth tuil K3. [Togemy?
Nmetorcst B Bumy 1000-monmapoBble  aKnuw,
BEIITYIICHHBIE MYHUIMITHAIGHBIMHA  BIACTSIMH  CO
CPOKOM TIOTAIIeHUs X JIET, Il TTOIy9IeHUs OBICTPBIX
JICHET, C YCIIOBHEM BBIKYIIA 3TUX aKI1ii 00paTHO Yy TeX
nokymnatenei, kotopsle ux kynwi (FOJI umm @JI,
KOTOPBIM JajJM KpEeIuThl B OyMaxkHOH Qopme, dTH
akuuu Biaaenbiel (FOJI wmu ®JI) moryT mponath ¢
BBITOZIOM W MOTYT KyNUTh IO YacTSM MJIM IOJHbIE
MaKeThI aKLHUH) C IMCKOHTOM, C YCIIOBUEM BEPHYTH HX
yepe3 X JIET WM TOJNYYNTh HOMHHAIBHBIC IIEHBI
MyHUIUNHAIbHEIE. [lo3TOMY A7l MYHUITUIATBHBIX
opraHoB (0alaHCOB) CTOMMOCTb 3EMJIH IO
3acTpOHKy (sBmsromasicss dactbio 1000-mommapoBrx
aKOui) SBIAETCS KPEIUTOPCKOH 3a0DKEHHOCTHIO
(K3). CMBICIBI «CPOK TIIATEeXKEH IO BEKCEIsIM» H
«KPEIUTOPCKas 33J0JDKCHHOCTD TI0 IPYTHM I[CHHBIM
Oymaram» MPOIOPIHOHAIBHBI, OITOMY CMBICI(Z2)
nmeer THn K3. Temeps nmeem s —TIepeMeHHBIX
WHYIO CMBICIIOBYIO Mopenb. IlepemeHHas — Z3=
«rpupoct HaceneHus(B 100000 yern)» coOTBETCTBYET
TeKymel kpeauropckoit 3anomkenHoctn (K3), n6o
WHHULUMPYET BbIAdy JICHEr HACeNCHUI0 B BHJIE
mocoOWii Ha HOBOPOXICHHOTO, HE O00JaracMpIX
COLIMANBEHBIM HaJoroM. [lepeMeHHasT Z4 = «YUCTHIA
o0mmii MONT» TO OIPENeNCHUI0 PaBeH pPa3sHOCTH
JIOJITOCPOYHBIX  (A\cp) M KpaTKocpouHbIX (Kp\cp)
KPEAUTHBIX 3aJ0JDKCHHOCTEH W CYMMBI A\Cp U Kp\cp
neburopckux 3agomkenHocter: K3-/13. Ilepemennas
Z5 = «OTHOIICHHWE YHCJA YYaIIUXCS KOJUIEIKEH KO
BCEMY HACEJICHUIO», MOJS YYaIIMXCS KOJUICIKEH
NMopoxaaeT (uHAHCOBBIE TIOTOKM B Tropojax
bupmunrem, OkcHapp, ... U T.JA. B BUJAE TEKyIIUX
KPEAUTOPCKUX 3aJ]0JKEHHOCTEHN CTUIICHIUN
MmecTHbIM ctyaeHTaMm (K3 ¢usnunam). Ilepemennas
Zg=«BEJIMYMHA 3a/I0JDKEHHOCTH»  I0/Ipa3yMeBaeT
KpeauTopcKylo 3anoipkeHHocTs (K3). Otn u npyrue
CMBICITIBI HIDKE OymyT pa3OMTBI Ha ITOJCMBICIBI Y
CMBICIIOB 6 Y-TIepEMCHHBIX.

Tut(Z1)=K3 - CTOMMOCTD 3eMJIH TIOJ 3aCTPOHUKY
(B gucne 1000-mommapoBeIX akIuii);

TUTI(Z2)=CPOK IIIATEXKEH 10 BEKCEIM (B COTHSIX
MECSIIEB);

tun(z3)=K3+/13 - npupoct nacenenusi(s 100000
qen);

tun(z4)=K3-JI3 - uncTelii 001muii nour;

Tun(zs)=K3- oOTHOIIEHHE 4YHCia —Yy4Yalluxcs
KOJUTEKEeW KO BCEMY HaCEJICHHIO;

TuI(Zs)=K3 - BelmunHa 33/10JDKEHHOCTH.

KoncrpynpoBanue cMbIciioB 6 y-pakTopoB
(pMHAHCOBBIX 3210/ ZKEHHOCTEH

AHanorn4Heie CMBICJIOBBIE ~ MaTpUYHBIC
paBEeHCTBA MMEIOT CllaraeMble, KOJIMYECTBO KOTOPBIX
paBHO KOJHMYECTBY Z-TIEpEMEHHBIX. MBI HHXKe
paccmarpuBaeM JTOT Cilydald KOT/Ia HCXOJHBIM
CMBICJIOBBIM ~ PaBEHCTBOM  CIYXHT  MaTpU4YHOE
paBeHcTBO BUia: CMBICT( Y me)= CMBICI(Zm6Coes).

PaccMoTpuM  cMBICIIOBOE  PaBEHCTBO  BHJA
eMbIc(Y1)®. .. BceMbici(Ye)=cMbICT(ZmsC1)D. .. D
embIci(ZmeCs), C'j=(Cj,C2j,C3i,Ce), Y Ti=(Yais- - -»Ymi),
Zme={zi}, 7"i=(21j,22},23,Zmj), j=1,...,6. B Hamem
CMBICTIOBOM paBeHCTBe BBIUHCIIACTCS
CTaHJapTU30BaHHas  matpuia  Zms, a  HE
LEHTPUPOBaHHAsE MaTpuna Xms C Pa3IAIHBIMU
IUCTIEPCHAMH  X-TIepeMeHHbIX. CMBICTBI  (pa3z w3
[PaBOM 4aCTH JIOJDKHBI PABHATHCSI CMbIciaaM (pa3 u3
JIEBOM 4YacTH paBeHCTBA. Tak Kak B KOTHUTHBHOM
KOMITBIOTMHIE  CMBICIIOBBIE  paBeHCTBa  Ooliee
3HAYMMbI, YE€M 4YHCJIOBblE U (YHKIHOHAJIbHbIE
paBEeHCTBa, TO  INPHOPUTETHOMY  CMBICIIOBOMY
PaBEHCTBY cMBICT('Y mg)=CMBICTT(ZmsCés)
COOTBETCTBYET MaTeMaTH4yecKass MOJEib BHJA:
Ym6=ZmsCes. CMBICIIOBOC MATPUYHOE PABEHCTBO
cMBICIT('Y me)=CMBICI(ZmeCs6) Mk cMbIC(Y1)D... D
cMBICT(Y6)=CMBICT(ZmsC1)®D. .. DcMbIC(ZmeCs),
Yi=ZmeCi, Yi=(Y1js..-,Ymj)| — j- Bl cTONGEI MaTpHIIBI
Y m6=ZmsCes, Ci=(Ctj,...,Cej)" - j-BIi CTOIOEL MATPHUILHI
coOcTBeHHBIX BEKTOpOB Cgg, MO3BOJSET (C y4ETOM
OTCYTCTBYIOIIMX CMBICIIOBBIX CIIaracMbIX W3 MPaBOi
YacTH) CKOHCTPYHPOBAaTh 6 HOBBIC CEMAaHTHUYECKHUE
mepeMeHHbIe: CMBICI(Y1)=«...» ,..., CMBICII(Y6)= «...».
CMBICTIOBBIE ~ paBEHCTBa  OONAaOT  JAPYTHMH
CBOMCTBaMH [2-7], qeM YUCJIOBBIC u
(yHKIIMOHATEHEIE paBeHCTBA. OTnnuus
0OyCIIOBJICHBI ~ HEPaBEHCTBOM  KOJIMYECTB Y-
MEPEMEHHBIX C KOJHYECTBOM Z- MEpeMEeHHbBIX [2-7].
CMBICIIOBOE MaTpUYHOE PABEHCTBO (HANpHMeEp, M3
KOTHUTUBHOM Monenu [3]), neicTBylomiee mpH
npumeHennn  OM  AT'K  [12], wumeer Bum:
eMBICI(Zmg)=cMBICT(Y maC Tga), rae [4]
CMBICI(Zmg)=cMbIC(Z1)D. .. DcMbIc(Zs),
eMbICT(Y maCTea)=cMbIcT(Y maC 1) Bembica(Y mac2)®
...@cmbicn(YmaCTs). 3mech 4 - KOJMYECTBO Y-
MEPEMEHHBIX, 8-KOJIMYECTBO Z-TIepEMEHHBIX.
AHaNnoruvHbie CMBICIIOBBIE MATPUYHBIC PABEHCTBA
HMEIOT Cllaraemble, KOJIMYECTBO KOTOPBIX PaBHO
KOJIMYEeCTBY  Z-TIepeMEHHBIX [4]. MBI HmKe
paccMarpuBaéM MHOM Ciy4yail KOIrzJa MCXOJHBIM
CMBICJIOBBIM ~ PaBEHCTBOM  CIYXHT  MaTpPUYHOE
paBeHCcTBO BUAa: CMBICI( Y me)= CMBICIT(ZmsCos).

Paccmorpum CMBICIIOBOE PaBEeHCTBO
eMbIci(Y1)®. .. DcMbIc(Ys)=cMbICT(ZmsC1)D. .. D
embIc(ZmeCe),  CTj=(C1j,C2i,Ci,Ce)s  Yi=(Yaiy- - --Ymi),
Zne={zi}, zi=(24j,22,Z3),...,Zmj), j=1,...,6. B Hamem
CMBICJIOBOM  paBeHcTBe  (aHamoruuno  [13-15])
BBIYMCIISICTCS CTaHJAapTU30BaHHAs MaTpuua Zms, a
COOTBETCTBHE CMBICIIaM CTOJIOLIOB IIEHTPHPOBAHHOM
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MaTpuiel Xme C PA3IMYHBIMUA JUCIEPCHUSIMU  X-
NepeMeHHbIX OyneT mokasano Humxe. CMmbichbl (pas
W3 MPaBOW YacTH JIOJDKHBI PAaBHITHCS CMbICaM (pa3
U3 JIEBOW YaCTH PaBEHCTBA. TaK KaKk B KOTHUTUBHOM
KOMITBIOTHHTE  CMBICIIOBBIE ~ paBeHCTBa  Oouiee
3HAYMMBl, YE€M YHCIOBBIE W (YHKIHOHAIbHBIE
paBeHCTBAa, TO  IPUOPUTETHOMY  CMBICIOBOMY
pPaBEHCTBY eMBICII('Y me )=CMBICI(ZmeCes)
COOTBETCTBYET MaTeMaTH4eckas MOJEIb BHJA:
Yme=ZmsCes. Matpuma Ces (Tabmuma 1) sBrseTcs
MaTpuLeH COOCTBEHHBIX BEKTOPOB  Cl, ...,C6,
BBIYHMCIICHHOU u3 MaTpHLIbI —KOoppensiuuit
Res=(1/M)Z meZms:  ResCes=CosAes,  Ces' Cos=lss,
CesCTe6=l66
Ass=diag(2.2728,1.9596,0.9124,0.4525,0.3894).
Crenyst pe3yabTataM u3 padboT [16-18] KOMIOHEHTHI
3TUX  BEKTOPOB  Ha3biBaeM  Kod(dduimpeHTamu
KOMOMHAIIMOHHOW  TIPONOPLUOHAIBHOCTH WM
WHJIMKaTOpaMU IIPUCYTCTBUS 3HAHUM.

Haiinem MIpUCYIIUE BCEM TOPOJCKUM
AJIMUHHCTPALUSIM ~ TIOCTOSIHHO — TIPHCYTCTBYIOIIHE
TUNBl (PUHAHCOBBIX 3aJ0JDKEHHOCTeW. bimskas
HYJTIO JUCTIEPCHsl Y-TIEPEMEHHOH yKaXeT HaM
MPUOIN3UTENFHYI0 OAWHAKOBOCTh 20 3HaYeHHWU Y-
nepeMeHHON. TakuMu  JUCHEPCUSIMU  SIBIISIFOTCS
0.9124,0.4525,0.3894. Y8 Ha3bIBacM Ux
HEIOMUHHPYIOIIMMY, W00  HMMEIOT  3HAuYCHUS,
MEHbIIIHE, 4eM | - aucnepcus Z-nepeMeHHoi. Haunem
KOHCTPYHPOBaHHE CMBICIIOB 6 y-daxTopoB
(bMHAHCOBBIX 3310JKEHHOCTEH C Y-TIepEMEHHOH Y.

Paccmorpum  ee  dopmyny  Ye=x3(-0.7064)+
X4(0.7057), comepxaliyto TOJIBKO 3aMETHBIE «BECay.
Koabdunuenr koppensuuu r34=Corr(zs,z4)=0.9853
MIOKa3bIBaET HA TECHYIO CBSI3b Z-TIEPEMEHHBIX Z3,Z4,
OHM CWJIBHO CBSI3aHBI Jpyr C JAPYroM, HO Ha Y-
MepeMEHHYI0 ye=X3C36+XaCa6=X3(-0.7064)+X4(0.7057)
BIMAIOT C OJMHAKOBOH cuiol (c3s?=(-0.7064)%

X4(0.7057)%) B NPOTUBONONOKHBIX HAMPABJIEHUSIX
(Pucynok 1). CymMMBI dYHCTOTO OOIIEro Joira
(mebutopckass  3alOHKEHHOCTB,  Z4)  HAMHOTO

MPEBBIIAIOT MPUPOCT HACEJCHUS, 3TO — MNPU3HAK
OTTOKa HACENICHHWsT U3 TOPOJIOB, €CJIM YYHUTHIBATH
cmbIci(X3)=«mpupocT Hacenenus(s 100000 gem)». Ho
Hamra Qopmyna Ye=x3(-0.7064)+x4(0.7057) momxua
COOTBETCTBOBATh CMBICJIOBOMY paBeHCTBY
cMbIci(Ye)=cMbICT(Z3)DcMbICT(Z4). Bennuuns!
«IPUPOCT HACEJIEHHs» M «IPUPOCT HAJOIrOB JUIs
HaCeJIeHHs» MPOTOPIMOHAIBHBI, M03TOMY
cMbIcity(Z3)=«npupoct HaceneHusi(B 100000 yem)»
COOTBETCTBYET CMBICI(X3)=«aednTopcKas
33J0JDKEHHOCTh 110  HajoraM C  HaceJeHUs».
[IpomopIHOHATBHOCTh 2-X BEIUYHMH M CMBICIOBOE

PaBEHCTBO cMeIci(Ys)=cMbIci(Z3)DeMbICi(Z4)
MOMOTaeT  TPOSCHUTh  HPUYUHBI  MOCTOSHHO
JercTByromero  (crabmibHOrO) ¢akropa Ys €O
CMBICTIOM cmbici(Ye)=«J136»=«aedutopckas

3aJ0JDKCHHOCTS 110 HaJIoraM C HaceleHUs» D «UMCThIN

eMbICI(ys)=cMbIci)*(z1)*(-0.7395)+cmbicn) *(z4) *(-
0.1000)+cmpbici)*(zs)*(-0.6507).
y5=X1(-0.7395)+x4(-0.1000)+X¢(-0.6507).

Ilepemennsle z; (tunm 3amomxeHHoctd K3),
Zg(tun  3amomkeHHocTH K3)c pasHbIMH  cuiamu
(C152=(-0.7395)2 ¢0652=(-0.6507) 2) B OJIHOM
HAMPABICHUH BIHUSIOT Ha y- TIEPEMEHHYIO Ys5=Z1(-
0.7395) +z4(-0.1000)+z6(-0.6507) ¥ HMEIOT CMBICT
THIA «KPEIUTOPCKAs 3aJ0JKCHHOCTHY». JIMHaMHKa
«BEIMYMHBI  3aJ0/DKEHHOCTH  MYHHUIIUIATHUTETA
(PucyHOK 2) CHIIBHO MEHSIETCSI OTHOCUTEIBHO APYTUX
2-x  mokazarenedt.  Jlons KpEIUTOPCKOMN
33I0JDKEHHOCTH MYHUIIATIATATETA paBHa
6,44%>0.220%. Tak KaK cMbICT*(Z1)*(-
0.7395)=K315, cMbIci(z6)*(-0.6507)=K365,
cienoBaTiIbHO cMBICH(Ys)=K31® K365 = K35. K345-
J345.

Paccmotpum ee hopmyity
eMbICI(ya)=cMbici(Z1)*(0.3356)Dcmbic(Z2)*
(0.1491)®cmbici(zs)*(-0.7942)Dcmbic(zs)* (-
0.4795).

Ha y- mepemeHHyr Y4=210.3356)+2,(0.1491+
75(-0.7942)+26(-0.4795) BAMSIOT C PA3HBIMH CHJIAMH
(c1420.3356)%2c54°=(-0.7942)%)-c64?=(-0.4795)?) B
MPOTHUBOIOJIOKHBIX ~ HAMpPAaBJICHUSX.  BenuuuHbI:
«IOJSL  YyYalIUMCsl KOJUIGKEH» M «KpEeIUTOpCKast

3aI0JDKEHHOCTh 0 IUIaTeXaM  YYaIluMcs»
MIPOMOPLIMOHATBHBI, MO3TOMY
CMBICITY(Z5)=«KPETUTOPCKas  3aJ0JKCHHOCTh 10

aTexam ydammmces». CMbICH(Zs)=«KpeauTopcKas
3a/I0JDKEHHOCTh M0 TuIaTexaMm ydamuMmcsain=K354.
Torma cmbicn(ys)=cmbicn(z1)*(0.3356)Dcmbici(zs)*
(-0.7942)®z6(-0.4795) paBeH cymme 4-4 -CMBICIIOB.
CMBICI(Z1)=«CTOMMOCTb 3€MJIM T0Jl 3acTpOHKY(B
yucne 1000-monnapoBbix akimitn=K314, cMbici(Z2)=
«CpPOK  IIIaTexed To BekcemsM (B COTHSX
MecsaneB)»=K324, cMBICH(XS)=«IOTOKH ILIaTexei
YYaImuMest (ot MyHHAIUNHAIATETa)»=K354,
CMBICTI(Z6)= «BEIIMYMHA 3aJI0JDKEHHOCTH
myHununanuretan=K364. Jlons  «KpeaguTopcKux
3aI0JDKeHHOCTe  4-X  BHIOB» paBHa 7,5495%.
(Pucynok 4) JluHamuKa OTKJIOHEHMH ITOKa3aTelel
x1,X6 CHUIBPHO H3MEHUMBA TMPH MEIJICHHOM POCTE

(Pucynoxk 3) OTKJIOHEHUH «KPEIUTOPCKUX
3a/10JKEHHOCTEH 4-x BU/JIOB.
Cwmbicn(ys)=K314+K324+K354+K364=

CKPEIUTOPCKUE  3aJ0JDKEHHOCTH  4-X  BHJIOBY.
Junamuka OTKJIOHEHUH «KPEIUTOPCKUE

3aJJOJDKEHHOCTH 4-X BHIOB» (Ys4) CHIIBHO M3MEHYMBA
mpu MemneHHoM pocte (PucyHok 3) OTKIIOHEHU
«CpoKa miaTexxel 1o Bekcensim». Ha y-nepemeHHyro
Y4221C14+Z4C54+26064221(0.3356)+22(0.1491)+Zs(-

0.7942)+76(-0.4795) BIMAIOT C pa3sHBIMH  CHIAMH
(C1420.3356)2¢0542:(-0.7942)2)¢Ce42:(-0.4795)2) B
MPOTUBOMOJIOKHOM  HalpaBleHUH.  BeJuduHBL:
«IONIS  yJalIuMcsa KOJUIeDKEH» U «KpeauTopcKas

" 3aI0JUKEHHOCTh MO IUIATEXKaM  YYaIluMCsa»
obmmit gonr». Jons 136 pasra 0,220%. IPOIOPLHOHATBHSL o9TOMY
Paccmotpum ee thopmyy
[ ]
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CMBICITY(Z4)=«KpEeOIUTOpCKas  3aJ0JDKCHHOCTh IO CTaOMIIBHBIX TAKETOB OI0HkeTOB 20 TOPOAOB pPaBEH

mIarexam yqaumcsy. CMBICT(Zs5)= «KpeauTopcKast
3/I0JDKEHHOCTS 10 TIaTeXaM ydarmmumcsin=K354.
Paccmotpum ee hpopmyity cMbICi(Y3)=CMBICI(Z2)
*(0.9503)+cmbici(z5)*0.2266. CMBICI(Z2)=«CPOK
IIaTeXel Mo BEKCeNsAM (B COTHSAX MECSIIER)».
Bennuunnl «IOJISL  YYAIIMMCSl  KOJUISJDKEH» U
«KpEMUTOPCKasl ~ 3aJ0JDKCHHOCTh [0  IJIaTeKaM
YUAIUMCS» MPOTOPIIHOHATBHBI, MO3TOMY
CMBICTTY(Z5)=«KpeIUTOpCKasi  3a[0/DKEHHOCTh 10
[UIATeXKAM y4al[uMCs». BETUUUHbI «CPOK TUIaTexeit
MO BEKCEISIM» M «KPEAUTOPCKAs 3a[J0JDKSHHOCTD 110
JPYyTUM IIEHHBIM OyMaram» MpPOMOPIHOHANBHbI,
MTO3TOMY CMBICTI(Z2) =«KpEAUTOPCKas 3aJOKEHHOCTD

mo ImeHHbIM  Oymaram». Torma  cmbici(Ys)=
eMbIc(Z2)@embicity(Zs)=K32Ne+K353. Tons
«KPEIUTOPCKHMX  3aJ0JDKEHHOCTEH 10  IIEHHBIM

Oymaram paBHa 15,298%. /luHaMMKHM OTKIOHEHHUH
HoKaszarenel Zz, Zs IO PasHOMY HM3MEHYMBHI IIpH
cwibHOM Konebanun (PucyHok 5) oTkioHEHUIt
«KPEIUTOPCKHE 38I0JDKCHHOCTH 4-X BUIOBY (Y3).
Paccmotpum dopmyny  cMbici(Y2)=cMbIci(Z1)*
(-0.2618)@cmbicn(z3)*(-0.5719)@Dcmbicn(z4)*(-
0.5645)@cmbici(zs)*(-0.3311)@cmbici(ze)*0.4164.
Eii cooTBercTBYeT uncnoBas popmyna Y,=23(-0.5719)
+24(-0.5645)+25(-0.3311)+260.4164. Benuuunsl
«IIPUPOCT HACEJIEHHS» M «IPUPOCT HAJOTrOB JUIs
HaCEeJIEeHHs» MPOTIOPIIMOHAIEHBI, MI03TOMY
cMblciy(Zs)=«npupoct HaceneHus (B 100000 wem)»
COOTBETCTBYET CMBICITY(Z3)=«1ednuTopcKas
3aJI0JDKCHHOCTh 1o HaJioram c
HaceneHus»=J1332/1332. JIpyrue 2 BeMUYUHBI «TOJIS

y9aImmMest KOJIJIe[KE» " «KpEOUTOpCKast
3aI0JDKEHHOCTh [0 IUIaTeXaM  yYaIlIuMCs
MPOIOPIMOHAIBHEI, MO3TOMY
CMBICTTY(Z5)=«KpEeaUTOpCKas  3aJ0JDKEHHOCTh IO

IarexaM yqaummMces»=K352. cMBICI(Z4)=«4UUCTHIH
obmmii gonr»=K342-71342. cMmbici(Zs)= «BeaMuUHA
3aJJOJDKEHHOCTH MyHUIMnanurera»=)=K362. Tenepb
cymmapHbiid cMbicn(Y2)=/1332+(K342-/1342)+K352+
K362.

CMEBICTIOBOE PaBEHCTBO
embici(y2)=/1332+(K342-/1342)+K352+K362
TCHEPHPYET CIOKHBIA CMBICT  33/I0JDKCHHOCTEH,
KOTOPOMY COOTBETCTBYEeT Y—TIepeMeHHas Y» ¢
HeOospImoi muctepcueit A2= 1,9645. stor maker
3a/I0JDKEHHOCTEH (C CII0KHBIM CMBICIIOM) SIBIISIETCS
CcTaOMIBHBIM A7 OF0/KETOB TopoaoB. Jlomnst maketa 2
paBHa A2/6=1.9596/6=32,74%.

[epBerii HECTAOMIBHBIA IS OIOIKETOB
TOpPOJIOB MakeT 3aJ0JDKCHHOCTEH (Takke co
CJIO’)KHBIM CMBIC.]'IOM) BBIABIIACTCA, cCIIn
COOTBETCTBYET y-TICPEMCHHAs y1 C OOJIBINOWH
mucniepcued  A1=2.2728 npons makera | paBHa
A1/6=2.2728/6=37,75%.

Bcero o06beM 2-X TaKeTOB 3aJ0JDKECHHOCTEH,
HecTaOWIIBHBIX JJIsi  OFOJDKETOB TOpOJAOB, paBeH
37,75%+32,74%=70,49%. CymmapHbiii 00beM 4-X

100%-70,49%.=29,51%, T.e. 1/3-1 yacTtp Oromxera.
ITepemeHHast y1 3aBUCHT OT TeX K€ O6X-TIepeMEHHBIX,
HO C pa3HBIMH «BECaMH», IpPU OSTOM JIUCIEPCHS
Onm3Ka K Hy 110 JIMHaMUKW OTKJIOHEHHH MoKa3arelei
21,22, 23,24,75,Z6 TIO PA3HOMY W3MEHYHBBI ITPY CHIILHOM
konebannu (Pucynku 8,9,10) oTknoHeHmid makera 1
(Y1). Cmbicny(Zs)= «KpeIUTOpCKas 3aJ0DKCHHOCTb
no ruarexaMm yvamumces» =K351.  cmbicn(zs)=
«umcthit  00mmit  gonr»=K341-71341. cmbici(zs)=
«BENMMYMHA  3a[JOJDKCHHOCTH  MYHHIUIAIUTETAN=
K361. Torma cymmapnsni cmbici(y1)=K311+K321+
J331+( K341-A341)+K351+ K361 — maker Nel u3 6
BUJIOB 33/I0JDKEHHOCTEH pa3HbIX 00BEMOB, C Pa3HBIMU
«BecaMU» BOIIEAMINX B makeT. Kak mokasaHo BbIIIe,
CMBICI(X3)=«1e0UTOpCKas  3aJ0JDKEHHOCTh  T10
Hajoram ¢ HaceneHusi»= [[331. JIBe  BenHUUHBI
107 ydalIuMcs KOJUIeDKEH» U «KpeauTopcKas
3aJI0JDKEHHOCTh MO IUIaTexaM ydamuMmcsin=K351.
CwmbiciioBoe  paBeHCTBO — cMbIci(Y2)=/1332+(K342-
[1342)+K352+K362 reHepupyeT CIOXHBIH CMBICT
33JJOJDKEHHOCTEH, KOTOPOMY COOTBETCTBYEeT Y—
nepeMeHHasi Yo ¢ OonbIION Jucniepcued A,=2.2649.
STOT MaKeT 3aJ0JDKEHHCTEH (C CIIOKHBIM CMBICIOM)
SIBIISIETCS] HECTAaOMIIBHBIM M ONIACHBIM ISl OFOJDKETOB
roponoB. Jloms makera | (y-mepeMmeHHass yi C

0opIION JUcTiepcueit A1=2.2649) paBHa
A/6=2,2649/6=37,75%. Bcero o00beM MakeToB
3aJJOJDKCHHCTEH, HECTaOMJIBbHBIX Ul  OIOKETOB

roponos, paseH 65,48%. OObeM cTaOWIBHOTO U
MOJIE3HOr0 Takera Oro/keTroB 20 ropoloB  paBeH
34.52%., T.e. 1/3 or Omomkera. JIMHAMHKH
OTKJIOHEHUH IOKa3aTeinedl Xi1,X2,X3 IO PasHOMY
M3MEHYMBHI TpU CHIIbHOM Konebanuu (PucyHok 6)
oTkiaoHeHuit makera 1 (y1).

BoIyuciieHHbIE M0 peajibHbIM [JAHHBIM
YHCI0BbIE MATPULBI Y- U X-OTKJIOHEHHI

BbIUHCIEHHBIE 110 PEATbHBIM JaHHBIM YHUCIIOBAs
Marpuna Zme Z-OTKIOHEHH MEHee MOHATHA, YeM
Matpula Xmes X-OTKJIIOHEHHUH OT cpeAHuX. [t Hammx
MEPEMEHHBIX BEPHO CMBICIIOBOE PABEHCTBO BHJA
CMBICT(Zij)=CcMBICI(Zij*Sj)=cMbIc(Xjj). Brraucmenusie
0 PEeaNbHBIM JJAHHBIM YUCIIOBbIE MATPHUIIBI Y me, Zms,
Xme Y-, Z- 1 X-OTKIIOHEHUH [ 19-22] cOOTBETCTBYIOT 6
MHOTOCMBICJIOBBIM yPaBHEHHSIM:
embIci(Y1)=(z1)*(-0.5101)@cmbici(z2)*(-0.2618)®
cMbIci(Z3)*0.1066@cMmbicin(z4)*0.3356 @ cmbici(Zs)*(
-0.7395) @cmbici(z6)*0.0193;
cmbicin(Y2)=210.2655@cmeici(z2)*(-0.0520)®
cMbIci(Z3)0.9503@cmbicin(Z4)*0.1491®@cmbIci(Zs)*
0.0399@®cmpicn(zs)*(-0.0025);
cMbIci(Y3)=210.3820@cMbici(Z2)*(-0.5719)®
embici(z3)*(-0.1372)@cmpbicn(z4)*0.0088+
cmbIci(Zs)*(-0.0953)@ cmeici(zs)*(-0.7064);
embici(Ys)=210.3918@cmbicn)*(22)*(-0.5645)®
embici(Z3)*(-0.1239)@cmpbicn(z4)*(-0.0665)D
embici(zs)(-0.100)@cmbicin(z6)*0.7057;
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eMbIci(Ys)=(21)*(-0.4447)@cmbicn(z2)*(-0.3311)®
cMBICT(Z3)*0.2266@cMmbici(z4)*(-0.7942)®
cmbici(Zs)* 0.0951@cmbici(zs)*(-0.0392);
cMbIci(Ys)=210.4149@cmpicn(z2)*020.41640
cMbIci(23)*0.0093@cmbic(z4)*(-0.4795)®
cMbICi(Z5)*(-0.6507)@cmbici(ze)*(-0.0328).

Tak kaxk cMBICH(Z{j)=CMBICI(Zij*Sj), TO cUcTeMa
MHOTOCMBICIIOBBIX ~YpaBHEHHI ImpeoOpasyercs B

cucTeMy MHOTOCMBICITOBBIX ypaBHEHHIA c
CEMAaHTHYECKUMH  MEPEeMEHHBIMH  CMBIC(X1),.. .,
cMmbIc(Xe). HoBoW cuctemMe 6-TH  CMBICIOBBIM

YpaBHEHHI COOTBETCTBYET CBOS MaTeMaTHYeCKas
Mozenb BuAA Yme=XmsCess, TZIC BHOBB IMOJTyYCHHAS
JUIS  BU3YyaJM3alliM B3aUMHBIX JTUHAMUHK X- H
3aBHCAIINX OT HUX HOBBIX Y—TICPEMEHHBIX MaTpPHIA
Yme=XmsCss OTIIHUACTCS OT MATPHUIBI Yme= ZmeCes
[19], npumeHsBIIelicS MpU KOTHUTUBHOM DPELICHUU
CMEICJIOBOTO ypaBHCHHS BHIA cMBICT(Y me)
=cMBICT(ZmsCs6) C HEM3BECTHBIMH CEMAHTHICCKUMH
MEePEMEHHBIMA  CMBICI(Y1),...,cMBICI(Ye). Ommcanue

KOHCTpyHpoBaHus ¢pa3 it 6 IepeMEeHHBIX:
cMbIc(Y1), cMmbici(Y2), cMbICA(Y3), ..., CMBICT(Ys)
naHo Beime. OHH CYILECTBCHHO JIOIOJHSIOT

WCXOJIHbIC CMBICIIBI Z-TIepEeMEHHBIX. Hust
BU3yalM3allMd  X-OTKJIIOHEHMH Hy)KHa Marpuia
Xme=ZmeSes, Tae Matpuiia Sge=diag(27.8657,0.2626,
17.9091,4.4853,4.4868,26.2124) conep XUt 3HaYCHUS
CTaHIapTHBIX OTKJIOHEHHI X-TIEPEMEHHBIX.
IMokaxkem: mpu mepexone K Marpuue Xme=ZmeSes
COXPAHSIOTCS KaK CMBICIIOBOE MaTPUIHOE PABEHCTBO,
tak 1 Marpuna C66 coOCTBEHHBIX BEKTOPOB.
Matpuna Ces (Tabnuma 2) sBisseTcst MaTpuien
COOCTBEHHBIX BEKTOPOB €1, ...,C6, BHIYMCICHHON W3
matpuupl  (Z,z)-koppensuuit  Ree=(1/M)Z " msZms:
Re6Ce6=CesAs6, Ces' Cos=lss, CesCTe6=l66=
diag(2.2728,1.9596,0.9124,0.4525,0.3894). Marpwura
Xme nMmeer KOBapHAOHHYO MaTpHILy
Woes=(1/m)XTX u 115 Hee HA3HAYMM Ty K€ MATPHUILY
coOCTBeHHBIX BEKTOPOB Ces: Re6=S 166 We6S 266Co6=
Ces/\ss, TOrma umeeM  WesS 66Ce6=SesCos/\66.
®opmyna WeeSes M3 3TOro paBeHCTBA O3HAYAET:
JHaroHalbHbIE 21eMenThl  MaTpuisl Wes=(1/m)XTX
paBHbl 1, a ee BHEQMArOHAJbHBIE AIIEMEHTHI
YMHOXKHITH 3HaUeHHe KO3 PUIUEHTa KOPPETSAIUH Ha
pasubie uwmcna. Ilepexonq OT  z-M3MEHYUBOCTEH
(MaTpuibl Zme) K X-OTKJIOHEHHSM (K MaTpuie Xms)
0e3 MoTepu CKOHCTPYHUPOBAHHBIX HOBBIX CMBICIIOB Y—
MEePEeMEHHBIX Npd  HAa3HAYCHHOH  Matpuile
cobcTBeHHBIX  BEKTOpoB  Cgs  JUISI  MAaTpPHIIBI
Wes=(1/m)XTX, xoropas Oyaer HMeTb MaTpHILy
COOCTBEHHBIX YHCEI, BBIICISIEMYIO U3 IPOU3BEACHHS
MaTpuIl SesCes/\66. Bhraucinm MaTpuiy Xme=ZmeSes.
Ha rpagukax B3auMHBIX JMHAMUK KPUBBIX HOBBIE Y-

nepeMeHHbIe ¢ HOBbIME juctiepcusMu disp(y1)=SiAi,
disp(y2)=s2A2,...,disp(ys)=Se\s, ux 3HAYEHMS:
$1=27.8657, $,=0.2626, $3=17.909, $4=4.4853,
$5=4.4868, $6=26.2124. «Beca» u3 marpuiisl Ces IpH
Z-U3MEHYMBOCTSX y4YacTBYIOT IIPU BBIYMCICHUU
3HaYCHUH 6 X-OTKIOHEHUH X1,X2,X3,. . .,X6, IPH TOM X-
OTKJIOHEHHSI X1,X2,X3, . . .,X6 IMEIOT T€ K€ CMBICIIBI, 4TO

U Z-U3MEHYUBOCTU, T.€. CMBICIHU X-OTKJIOHCHUI
SABJIAIOTCA HpeO6paSOBaHHLIM peUICHUCM
CMBICJIOBOT'O MaTpu4HOro YpaBHCHUSA BUIa

cMBICI(Y me)=cMbICT(XmsCes). Haxoxxnenue perieHus
MPOBOAMWIOCH TIPH AHAIN3E JPYyroro MaTPHYHOTO
ypaBHeHHS BHIA  CMBICT(Y me)=CMBICT(ZmsCes) M
KOHCTPYyHpYIoTCsl ~ (Gpassl Ul CeMAaHTHYECKUX
MIePEMEHHBIX CMBICTI(Y1)=«...»,..., CMBICT(Y6)=«...».
[Tocne aToro, TaK Kak CMBICI(Zjj)= CMBICT(Z;j*Sj), TO

cucrema MHOTOCMBICJIOBBIX YpaBHEHUI
npeobpasyercss B CHCTEMY  MHOTOCMBICIOBBIX
ypaBHeHI/Iﬁ C CEMaHTUYCCKNUMHU MEPEMECHHBIMU
CMBICT(X1),...,cMBICII(Xg). A COOTBETCTBYIOIIAS

yucoBas MOACTb Y me=XmeCo CTAHOBUTCS YIOOHOM
IS BU3YaM3alii X-0TKIoHeHUH (Zij*Si=x%j-Xm%) ot
cpenHux. Marpuna Zyme Hy)XHa Uit HaXOXKACHHS
HOBBIX CMBICJIOB, MatpuIia Xme — VISl BU3yaJIH3aIHH.

Busyanuszauusi 3HaHuii 00 X-, Y-OTKJIOHEHUSIX
¢axTopoB ¢ «BecamMu» B NO3HAKOLIEH MoAeId O
TUNAaX (UHAHCOBBIX 3210 KeHHOCTSAX 20 ropoaos
CIIA

Brrre MBI mosryumiin S 0OHOBJIEHHBIE CMBICITH,
reHEPUPYIOLIHE Toukd  (Yit,...,Yie), (Xit,...,Xie),
i=1,...,m. Ha Pucynkax 1-11 mnoka3aHbl pa3HbIe
TpynIibl B3aUMHBIX IWHAMUK X-, y-KpI/IBI)IX, JarIIux
JOIIOJIHUTCIIbHBIC 3HAaHUsA 06 X-, y'OTKHOHeHI/IHX
(haxTOpOB C «BecaMmu» B MO3HAIOIIEH MOJEIH O THUIAX
¢uHaHCOBBIX 3amomkeHHOCcTaX 20 roponos CIIA.
KonnuecTBo z-maroB (JuimHa OIHOTO 1Iara paBHO Sj -
OTHOMY CTaHAAPTHOMY OTKIIOHCHHIO), MPHCYIIUX
(akTopy C HOMEpPOM | B I—OM TOpOJE, PaBHO Zjj
(Tabawma 5), a abcomroTHAS BETMYNHA OTKJIOHEHUS OT
cpennero 3HaueHus pasHo X% -xM%=x;j=z;js; (Tabauua
6). CpaBHEHHE Z-11ar0B TIO3BOJISICT Y3HATH CKOJBKO
pa3 (ziSj) nenarot mwaru Gpakropsl (B 00€ CTOPOHBI OT
0), ecu BBIACICHHBIN (hakTOp Aenaet 1 mar JIHHO
Sj. KonnuecTBo Z-1maroB zij=X;j/Sj sBISIETCS OJHUM H3
I/ISMepI/ITeHeﬁ U3MCHYUBOCTH. A BCJIIMYHUHBI
OTKJIOHEHUH OT CpemHUX 3HaueHHH  (Xi=ZiSj)
MOKa3bIBaIOT HA CKOJIBKO OTIIMYAIOTCS JPYT OT Apyra
00BEeMBI 33/I0JDKEHHOCTEH, KOTOpbIE OTINYAIOTCS OT
CBOMX CpPEITHUX 3HAYECHHH.

Ta6aumna 4. Marpuna Zme Z-H3MEeHYNBOCTEH (KOJIHYECTBA Z-1IATOB)

Ne | T'opon Z1 22 73 Z4 Zs5 Z6
1 | Bupmunrem -0,035886 | -1,05114068 | -0,271314 | -0,28816 | -0,3926 | 0,77253649
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2 | OkcHapn -0,753613 | -0,59412299 -0,456694 | -0,34791 | -0,62216 1,917035

3 | Canunac -0,035886 | 2,681170428 -0,459486 | -0,34546 | 0,333982 | 0,00953749

4 | NanOepu -0,574182 | -1,05114068 -0,450552 | -0,34256 | -0,09171 | 0,39103699

5 | Hero-XeiiBen -0,574182 | -0,82263184 -0,380755 | -0,30912 | 0,835456 | -1,2112609

6 | Hopyonk 0,3229771 | 0,319912381 -0,439943 | -0,31826 | -0,58873 | -0,5627118

7 | Hosblit Opiean -0,574182 | 0,967354103 -0,115528 | -0,19229 | -0,19647 | 0,46733689

8 | bantumop -0,753613 | -0,89880145 0,070969 | 0,056747 | -0,12292 | -0,9442113

9 | Herpoit -0,753613 | 0,015233923 0,601983 | 0,029101 | -0,21875 | 0,08583739

10 | Cenr-Jlync 0,8612724 | -0,21327492 0,014574 | -0,23175 | 0,066529 | -1,5927604

11 | Knugron -0,933045 | 1,081608525 -0,427659 | -0,33097 | -0,62216 | 1,57368545

12 | Hero-Mopx -0,933045 | 0,929269296 4,105781 | 4,268971 | -0,12069 | -0,0286125

13 | Hopr-Xemmcren 0,1435454 | -0,59412299 -0,35842 | -0,33386 | -0,15412 1,154036

14 | Tanca -0,215318 | 1,690965441 -0,33106 | -0,30756 | -0,04937 | 0,00953749

15 | dunanenpdus 1,7584311 | 0,205657959 0,755536 | 0,51023 | -0,09617 -0,371962

16 | Memduc 2,1172946 | -0,59412299 -0,219944 | -0,25104 | -0,2767 -1,134961

17 | Xomyama -0,574182 | 0,281827573 -0,460603 | -0,34546 | -0,62216 | 1,34478575

18 | Hopdomk -0,753613 | -0,70837741 -0,305933 | -0,27122 | -0,51741 | 0,20028724

19 | Maaucon 2,476158 | -0,59412299 -0,407557 | -0,30488 | 4,078322 | -1,7072103

20 | OxH.Muinyoku -0,215318 | -1,05114068 -0,463395 | -0,34457 | -0,62216 -0,371962

mtans 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

dispersions 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000

standart deviates 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000

Ta6auma 5. Marpuna Yms =ZmeCess Y—M3MeHYHBOCTEl (KOJI-BO Y-IIAr0OB OTKJIOHEHHIT)

Ne | T'opon Y1 N Y3 Y4 Y5 Y6
1 | bupmunTreM 0.017799 | 0.83355835 -1.01158 -0.21062 -0.50076 -0.0197119
2 | OkcHapn 0.987963 | 1.69002047 -0.66232 -0.74748 -0.69468 0.025539
3 | Camunac 0.274718 | 0.22115531 | 2.725703 0.13683 0.23741 0.0599909
4 | Nanbepu -0.089487 | 0.84921997 -0.97299 -0.44527 0.19669 0.058841
5 | Hero-XeiiBen -1.066159 -0.1956405 -0.57437 -0.38086 1.3266 0.0487762
6 | Hopyonk -0.344226 | 0.29068459 | 0.299595 0.91077 0.15784 0.13315
7 | Hossrit Opiiean 0.711518 | 0.53428547 | 0.857571 -0.10475 0.17066 -0.0752177
8 | bantumop -0.141962 -0.1810591 -0.98787 0.1603 1.11171 0.0134042
9 | Herpo#it 0.762716 -0.0560255 -0.20083 -0.1147 0.42097 -0.4135276
10 | Cent-Jlync -1.271615 -0.7771542 -0.08389 0.98367 0.4191 -0.1070522
11 | Kimudron 1.399673 | 1.48071646 | 0.901725 -0.39408 -0.27617 0.0205955
12 | Hero-Mopx 4.005457 -4.5339354 | -0.33623 -0.31276 -0.08397 0.097628
13 | Hopr-Xemncren 0.04866 0.9183309 -0.48294 -0.45232 -0.8279 -0.0099752
14 | Tanca 0.33773 | 0.35170568 | 1.656401 0.23204 0.2781 0.0100577
15 | dunanensdus -0.46541 -1.3142101 | 0.190757 0.84825 -1.18229 -0.1242473
16 | Memduc -1.767993 -0.6368983 -0.35087 1.40071 -0.83118 0.0686332
17 | Xomyamn 0.891042 | 1.36006214 | 0.184134 -0.28246 -0.41993 0.0500737
18 | Hopdomk 0.286407 | 0.81690967 -0.79331 -0.0283 0.40578 0.025654
19 | Magucon -4.217918 -2.2733913 | 0.701326 -1.66129 -0.28677 0.0181456
20 | FOxu.Musyoku -0.358913 | 0.62166551 -1.06002 0.46233 0.37877 0.119243
mtans 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
dispersions 2.2649 1.9645 0.9179 0.4530 0.3866 0.0132
standart deviates 1.5049 1.4016 0.9581 0.6730 0.6218 0.1150
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ISRA (India)  =6317 SIS(USA)  =0912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PWHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

Taéauna 6. MaTtpuna Xms X—OTKJIOHEHHII OT CpeTHUX

No FOpO,II X1 Xz X3 X4 X5 Xe
1 | BupmuHremMm -1.0000 -0.2760 -4.8590 -1.2925 -1.7615 20.2500
2 | OkcHapn -21.0000 -0.1560 -8.1790 -1.5605 -2.7915 50.2500
3 | Canunac -1.0000 0.7040 -8.2290 -1.5495 1.4985 0.2500
4 | Taubepu -16.0000 -0.2760 -8.0690 -1.5365 -0.4115 10.2500
5 | Hero-XeiiBen -16.0000 -0.2160 -6.8190 -1.3865 3.7485 -31.7500
6 | Hopyouik 9.0000 0.0840 -7.8790 -1.4275 -2.6415 -14.7500
7 | Hossiit Opiean -16.0000 0.2540 -2.0690 -0.8625 -0.8815 12.2500
8 | Bantumop -21.0000 -0.2360 1.2710 0.2545 -0.5515 -24.7500
9 | Herpout -21.0000 0.0040 10.7810 0.1305 -0.9815 2.2500
10 | Cenr-Jlyuc 24.0000 -0.0560 0.2610 -1.0395 0.2985 -41.7500
11 | Knudron -26.0000 0.2840 -7.6590 -1.4845 -2.7915 41.2500
12 | Hero-Hopk -26.0000 0.2440 73.5310 19.1475 -0.5415 -0.7500
13 | Hopr-Xemmcrenq 4.0000 -0.1560 -6.4190 -1.4975 -0.6915 30.2500
14 | Tanca -6.0000 0.4440 -5.9290 -1.3795 -0.2215 0.2500
15 | ®unagenpdus 49.0000 0.0540 13.5310 2.2885 -0.4315 -9.7500
16 | Memduc 59.0000 -0.1560 -3.9390 -1.1260 -1.2415 -29.7500
17 | Xomyaimn -16.0000 0.0740 -8.2490 -1.5495 -2.7915 35.2500
18 | Hopdoaxk -21.0000 -0.1860 -5.4790 -1.2165 -2.3215 5.2500
19 | Magucon 69.0000 -0.1560 -7.2990 -1.3675 | 18.2985 -44.7500
20 | KOxu.Munyoku -6.0000 -0.2760 -8.2990 -1.5455 -2.7915 -9.7500
mtans 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
dispersions 776.5000 0.0689 320.7373 20.1177 | 20.1311 687.0875
standart deviates 27.8657 0.2626 17.9091 4.4853 4.4868 26.2124
Ta6muna 7. Matpuna Yme=XmeCess Y—OTKIOHEHHIT OT HYJIS
Ne FOpO}I Yl Yz Y3 Y4 Y5 Ye.

1 | Bupmunrem 7.2594 12.7999 0.2471 -8.6445 -12.0234 1.9065
2 | OkcHapn 29.0250 32.9127 -1.2366 -28.9169 -16.5044 2.7327
3 | Canunac -3.6162 5.4140 2.2253 -1.5100 1.6866 4.6315
4 | Naubepu 8.8397 14.0895 -0.6684 -9.9676 6.0348 3.9875
5 | Hero-XeiiBen -9.8839 -5.5793 -0.2494 6.8775 33.6281 4.4247
6 | Hopyouik -13.0828 -2.3161 1.5613 12.2290 3.5881 5.3192
7 | Hogsiit Opsiean 12.5753 11.2385 -1.1593 -10.4664 4.0707 0.1762
8 | baxrumop 1.2112 -5.4838 -3.0239 5.2171 31.4259 -0.2895
9 | Herpoitt 16.2526 0.5201 -3.9316 -7.2602 12.9318 -7.9642
10 | Cenr-Jlyuc -30.0197 -23.3263 2.2775 27.8995 9.5240 0.9031
11 | Knmudron 28.1867 30.1110 -1.5159 -26.2143 -6.9902 2.6166
12 | Hero-Hopk 48.8479 -46.2001 -15.1302 -8.5258 10.7510 -38.8865
13 | Hopr-Xemrmcren 7.7376 16.3023 1.4690 -12.5935 -21.9522 2.5901
14 | Tanca 0.5754 5.8947 0.7188 -1.8518 4.9740 3.0983
15 | ®unanenpdus -22.7685 -25.7783 2.9463 21.4372 -31.4484 -6.6610
16 | Memdbuc -43.8744 -24.5266 6.2631 35.0685 -23.9085 4.1515
17 | Xonyamn 20.2896 25.3796 -0.6163 -20.0135 -10.4266 3.3779
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

impact Factor: SO A9 T 152 TG 9 P 2L
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350

18 | Hopdoax 11.3037 12.2824 -1.9901 -7.7163 12.5289 2.5259
19 | Maaucon -65.2664 -37.8024 12.1083 30.0848 -19.3404 6.2736
20 | Oxu.Munyoku -3.56923 4.0681 -0.2950 4.8671 11.4503 5.0859
mtans 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
dispersions 653.8184 453.0210 23.6731 308.8686 293.2293 92.0308
standart deviates 25.5699 21.2843 4.8655 17.5747 17.1239 9.5933
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Pucynok 1. B3aumHasi fTMHAMAKA OTKJIOHEHHI Z-TiepeMeHHbIX 23,74, BJUSIONINX HA
««1eOuTOpPCKAst 32/10J)KEHHOCTh MYHUITUNIAJIMTETA 110 HAJIOraM C HACEJIEHUS U YUCThIH 001mii 10Jr»» (Ys)
y6=210.4149+220.4164+230.0093+24(-0.4795) +25(-0.6507) +z6(-0.0328)
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-60,00
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PucyHox 2. B3aumHasi JTHHAMHKA OTKJIOHEHHUH X-TlepeMeHHbIX X3,X4, BIHAIONIAX Ha
««1eOUTOPCKAst 320 KEHHOCTh MYHHIIUIIAJINTETA 10 HAJIOTaM ¢ HAceJIeHNUsI M YUCTBIH o61mii 10ar»» (Ys)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynoxk 3. B3anMHasi THHAMHKA OTKJIOHEHU# Z-nmepeMeHHbIX 21,76,
BJIHMSIIOLINX HA «KKPEAUTOPCKAs 3210/ KEHHOCTh MYHHIUIIAJIUTETa» (Vs5)
ys=21(-0.4447) +z2(-0.3311) +z30.2266+24(-0.7942) +250.0951 +z6(-0.0392)
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Pucynok 4. B3auMHast TMHAMHKA OTKJIOHEHHU X-niepeMeHHbIX X1,X6,
BJIUAIOINX HA «KKKPEeAUTOPCKas 3aJ0/IKEHHOCTb MYHULIIUIIAJIUTETA» (y5)
L]
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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PucyHok 5. JIluHaMHKa OTKJIOHEHUH «KPEIHTOPCKHE 3a10/KEHHOCTH (V1)
NPH PocCTe Z-0TKJIOHEHHIl «CPOK IUIaTeKeil Mo Bekceassm» (Z2)
cmbicia(Ys)= K314+K324+ K354+ K364= «kpeauTopckue 3a10/5KeHHOCTH 4-X BUAOBY.
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PucyHok 6. lunaMuKa OTKJIOHEHHUil «KpeAuTOpcKue 3a10/keHHOCTH (Y4)
NPH PoOcTe X-0TKJIOHEHHUH «CPOKa MJIaTe:Kell Mo Bekceassm» (X2)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynox 7. B3anumHasi TMHAMHKA OTKJIOHEHHUI Z-niepeMeHHbIX 21,25,76,
BJIMSIIONINX HA «KPEIUTOPCKHUE 3210 KEHHOCTH 4-X BUIOBY (Y4)
y4=21(0.3918)+22(-0.5645) +z3(-0.1239) +z4(-0.0665)+z5(-0.1000) +z6(0.7057)
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) A\ / \
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PucyHnok 8. BzaumHasi THHAMUKA OTKJIOHEHU# X-nmepeMeHHbIX X1,X5,X6,
BJMSIIOIINX HA «KKPETUTOPCKHUE 3a10J3KEHHOCTH 4-X BUAOBY (V1)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) =1.582  PHUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynok 9. B3aumHasi fTMHAMAKA OTKJIOHEHHI Z-TIepeMeHHbIX 22,75,
BJIHMSIIOIIAX HA «KKPEIUTOPCKHE 3210J3KEHHOCTH 4-X BUAOBY (V3)
y3=21(0.3820)+22(-0.5719) +z3+21(-0.1372) +24(0.0088)+25(-0.0953)+26(-0.7064)
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15,00
10,00
5,00
0,00
-5,00 -
-10,00
-15,00
-20,00
X2 X5 Y3
Pucynok 10. B3anuMuass 1uHaMHKa OTKJIOHEHUH X-TiepeMeHHbIX X2,X5,
BJIMSIIOLIAX HA «KPEIHTOPCKHE 32J0JKEHHOCTH 4-X BUIOBY (Y3)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

Impact Factor: SO A9Z158 PG 3 )10
JIF =1.500 SJIF (Morocco) =7.184  OAJI (USA)  =0.350
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Pucynok 11. B3aumuasi fMHaMHKa OTKJIOHEHHIi Z-nlepeMeHHbIX 21,722,723,
BJIMSIIOLINX Ha makeT Ne2 3a10JiKeHHOCTE (Y2)
y2=21(0.2655) +z2(-0.0520) +23(0.9503)+24(0.1491)+25(0.0399)+2z6 (-0.0025)
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Pucynok 12. B3aumHasi JTMHAMMKA OTKJIOHEHMH X-lepeMeHHbIX x1,x2,x3,
BJIMSIONIMX HA maKeT Ne2 3a/10/1:KeHHOCTEi (Y2)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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PucyHnok 13. BzaumMHasi JHHAMHKA OTKJIOHEeHMIi Z-mepeMeHHbIX 21,73, 74,75,76,
BJIMSIONIMX HA maKeT Ne2 3a10/KeHHOCTEMH (Y2)
y2=21(0.2655) +22(-0.0520) +23(0.9503)+24(0.1491)+25(0.0399)+26(-0.0025)
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Pucynok 14. BzanMuasi THHAMHUKA OTKJIOHEHHI X-mepeMeHHbIX X1,X3,x4,X5,X6,
BJHMSIONIMX HA maKeT Ne2 3a10/:keHHOCTE (Y2)
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. ISl (Dubai, UAE) = 1.582 PHHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynok 15. BzanMuas THHAMHNKA OTKJIOHEHU Z-nepeMeHHbIx 21,22, 73, 74,775,76,
BJAMSIONMX HA makeT Nel 3ago/kenHocTeit (Y1)
y1=21(-0.5101)+22(-0.2618)+23(0.1066)+24(0.3356)+25(-0.7395) +26(0.0193)
75,00 A A
60,00 \ I\
45,00 A\ / \ I \
A\ [N
15,00 7 A /\
0,00
7 7
15,00 1 \‘/ 4 / \1 12/13 14 \ \V/ 7 \19 0
-30,00 \\ \
-45,00
-60,00 X1 (2 X3 X4 X5 X6 Y1 /

Pucynok 16. B3anmuas fTMHAMHKA OTKJIOHeHU X-iepeMeHHBIX X1 X2, X3, X4,x5,X6,
BJIMSIOLINX HAa makeT Nel 3ago/KeHHocTeid (Y1)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

) I1S1 (Dubai, UAE) = 1.582 PHHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynok 17. B3anMuas THHAMHMKA OTKJIOHEHUI Z-iepeMeHHbIX z1, 73,
BJIHMSIIOUINX Ha makeT Nel 3agokeHHOCTEH (Y1)
y1=21(-0.5101)+z2(-0.2618)+23(0.1066)+z4(0.3356)+25(-0.7395) +z6(0.0193)
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Pucynok 18. B3aumnasi fTMHAMHKA OTKJIOHEHHH X-TlepeMeHHbIX X1, X3,
BAMSIONIMX HA makeT Nel 3ago/kenHocTeit (Y1)
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ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
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Pucynok 19. B3aumHasi JMHAMHKA OTKJIOHEHHI X-TlepeMeHHbIX X4, X0,
BJIHMSIIONINX Ha maket Nel 3ago/keHHOCTEH (Y1)
y1=21(-0.5101)+z2(-0.2618)+23(0.1066)+z4(0.3356)+25(-0.7395) +z6(0.0193)

55,00

sz A A
R7A\ \ |
00 A/ \ |
s L WAL AS -
15,00 5\%? 3 \Q/l \sf 1 13 4 ﬂs\\ \.)//1 )
-25,00 \, \\V/ k
-35,00

45,00 N v/
55,00 \l/
-65,00

=
©
=
[}
=
o
=

=
=

_—
N
N

X4 X6 Y1

Pucynok 20. B3aumnasi ATMHAMHMKA OTKJIOHEHHUH X-TlepeMeHHbIX x4, X0,
BJIMSIIOLINX Ha makeT Nel 3ago/KkeHHoCTeid (Y1)
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3aki04ueHHe

Beime paspaborana KorHutuBHas —Mojenb
(PMHAHCOBBIX 3a[JOJDKEHHOCTEH MYHHIUIIAJIUTETOB
20 ropomoB CIIA 006 BBIABICHHBIX CMBICTIOBBIX H
KOJIMYECTBEHHBIX MPOSIBICHUSX MHOTOYHCICHHBIX
IMOATHUIIOB 2-X THIIOB 3aJ0JDKEHHOCTEH. Y Haaoch
peanm3oBath, 00OCHOBaTh HX QopmynbHoe [22],
(dbpazeonornueckoe [22], BU3yalM3WpOBaHHOE Ha
rpadukax OIMCaHUs MOBEICHUN KPHBBIX.
Pazpaborana cucrema 13 6 CMBICIIOBBIX YPAaBHEHUH C
12=6+6 CEMaHTUYECKUMHU [IEPEMEHHBIMU:
cMbIci(Y1),eMbICT(Y2),cMbICT(Y3),cMBICI(Y4),
CMBICII(Z1),. . .,CMBICTI(Zs), YAOBJIETBOPSIOIINX
MaTpu4HOMY  CMBICIIOBOMY  paBEHCTBY  BHJa
cMBICI( Y mg)=cMBICT(ZmsCe6). DTOMY MaTpHIHOMY
CMBICIIOBOMY PaBEHCTBY COOTBETCTBYET MaTpPHYHOE
pPaBEHCTBO  JUIA YHCIOBBIX Z-, Y- TEPEMEHHBIX,
CMOJICIIMPOBAHHBIX B BuAe MATPUIl: Yms=ZmsCes.
[Ilects ceMaHTHYECKHE pELICHUS—3HAHUS (HOBBIC
W3BJICUCHHBIC 3HAHMWSA), MMO3HAIOT CMBICHBI, MapHbIC
CBSA3M, CHJIBl TpOSIBIEHHH 12 CeMaHTHYECKUX
nepeMeHHbIX. Bu3yanuzanusi B3auMHBIX JUHAMHUK
KpUBBIX  (3HaueHUM  u3MeHUumBOCTEH  z-, Y-
MEPEMEHHBIX, X-OTKJIOHEHUH u3 MaTpHIl (Zms,Yms),
(Xme, Y me=XmeCes) BBenennrnie B MOJIENb
NepeMeHHbIe  HajeleHbl  MaTeMaTHYeCKUMH H
CTaTHCTUYECKMMH  CBOMCTBaMH, a  IapaMeTpsl
MOCTOSTHHBI.

B craree BHepBble NpemIaraeTcsi ONpPEACNIATh
KOJINYECTBO " MIPUMEHSTH BEJINYMHBI
HEJIOMHHHPYIOIINX COOCTBEHHBIX UHCEN M3 CHEKTpa
KOppesIMMOHHOM  Marpuusl.  Jlo  Hacrosiero
BPEMEHU IIPUMEHSIINCH BETMUUHBI { JOMUHUPYIOMINX
coOcTBeHHBIX yncen. KomudecTBo { yIoBIETBOPSIIO
OJTHOMY U3 4 KPUTEPHEB, 3aBUCAIINX OT IIETH aHAIU3a
JIAaHHBIX U OT COCTaBa 3HAYCHMUH 3IE€MEHTOB CHEKTpA.
ABTOp  Hacto omnpenensn  JOMUHHUPYOIUE
COOCTBEHHBIE YHCJIA W3 CHEKTpa M KOHCTPYHPOBAI
COJIepIKaTeNIbHbIE CMBICIIBI COOTBETCTBYIOIIMX UM

TJIABHBIX KOMITOHEHT (Y-TIepeMeHHBIX). B
muccepraui  [9] Obutn coOpanbl 20 mpuMepoB
CIIEKTPOB Ann KOPPESILIUOHHOM MaTpHLIbI,

TMIPUMEHABIINXCSA HWCCICAOBATCISIMU  IIPU  aHAJIN3€
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Introduction pressure in the annular space, the pressure in drill

The telemetry system - STE TP-190UHLS5 is pipes, the difference between the in-pipe and annular
designed to measure the axial load of the bit, the pressure during drilling of vertical and directional
reactive moment of the body of the deep device, the wells with electric drills [1, 2, 3, 4] (Figure 1).

Figure 1. Telemetry system STE TP-190UHL5
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The technical data of the system correspond to

those given in Table 1.

The deep measuring device (DMD) is operated:

- when the temperature of the air or other agent

is from 0 to 110 °C;

- relative humidity up to 80 (at 20 °C). [5, 6, 7].

Table 1. Technical data of the system

The limit of the permissible value of the basic
Name of parameters Measurement limits error
by digital output by analog output

from minus 50

Axial load to minus 10 +18 +0,25
from 10 to 350

Reactive torque ?Tfthe DMD body, Erom 0 to 5000 +250 40,25

Pressure in the annular space, MPa from 20 to 110 3.3 +0,15

Pressure in drill pipes, MPa from 20 to 110 +3,3 +0,15

The difference between the in-pipe - from minus 5 40,23 0,75
and annular preassure, MPa up to plusl5s

The ground measuring device (GMD) is
operated in an air environment at a temperature from
5 to 40 °C, relative humidity up to 80 (at 20 °C) and at

a supply voltage (220 + 40) V, frequency (50 + 2) Hz
[8, 9, 10].

Continuation of Table 1

The limit of the permissible value of the basic error of the electrical resistivity of the +0,015
drilling mud, Ohms.m

The limit of the permissible value of the basic error of temperature, drilling mud, °C +0,55
The limit of the permissible value of the basic error on the analog output, V +0,55
Power consumption, max., no more, W 20

Notes:

1. Additional reduced error of ground control (GC) from changes in ambient temperature (for every 10 seconds)

from the nominal value +0.2% [11, 12, 13].

2. Additional reduced error of GC when the supply voltage changes (by +40V from the nominal value of 220 V)
+0,1% [14, 15, 16]. The design parameters of the system must meet the requirements of Table No. 2.

Table 2. Design parameters of the system

Name of parameters Parameter value
Device for monitoring the isolation (DM1):
Length, mm 4087+300
Diameter, mm 190 minus 10
Weight, kg 574+25
GC:
Dimensions, mm no more, 500 x 490 x 178
Weight, kg

The deep device is operated:

— in the medium of drilling mud, which is an
alkaline medium with a hydrogen index (pH) from 7
to 12 and containing hydrocarbons with a gas-liquid
factor of 0.5 m3/m3;

— at a hydraulic pressure of no more than 110
MPa;

—at an upper environment temperature of 110 °C
[17, 18, 19].

The ground-based device is operated in an air
environment in accordance with the climatic design of
the UHL and placement categories 3 according to
GOST 15150-69 at a supply voltage (220 +40)V, 50
Hz.

The reverse resistance measured between the
large ring of the cable coupling and the housing must
be at a temperature of (20 +5) C - at least 10 ohms [20-
23].
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The layout scheme of the bottom hole assembly
(BHA) using these telesystems.

Table 3. Characteristics of the layout of the bottom hole assembly (BHA)

Name of parameters Norms
DMD GMD

Device layout of the telemetry system

Length, mm 4779+400

Diameter, mm 190 minutes 10

Weight, kg 600+30

Dimensions, mm, no more 500x490x178

Weight, kg no more 15

Connecting filter-2

Dimensions, mm, no more 320x230x100

Weight, kg, no more 5

The telemetry system STE GP-190UHLS5 is insulation resistance and winding of the electric drill
designed to measure the electrical resistivity and and power supply during the descent and lifting
temperature of the drilling fluid in the annulus during operations [24-28]. The technical data of the system
the drilling of wells with electric drills, as well as the must correspond to Table 4.
Table 4. Technical data of the system
Name of parameters Norms
The operating current of the DMI, A from 0 to 150

The measurement limit:

Electrical resistivity

of drilling mud in annular space annular space, Ohms.m
The temperature of the drilling fluid in

from 0.1 to 3.0 from

2010 110
the annular space, deg.C
The limit of the permissible value of the basic error:
electrical resistivity
of drilling mud, Ohms.m *0,15+28
A list of special structures for guidance in device (UZEB-80U2) is given in Tables 5-8, as well
electric drilling, installation of electric drill relays, a as the set of the device (UZEB-80U2) is shown in

list of fishing tools and technical data of the complete Fig.2.

Table 5. The list of special structures that should be guided by electric drilling

No Designation Organization
n/a{ Title ear of n?anufacture who issuied
Y the instruction
A complex method of classification of rocks of geological
1 section, dlyldmg .them into character|§t|c bundles of_ rocks RD 39_2_52_78 VNIIBT
and selecting rational types and designs of ball bits for
effective drilling of oil and gas fields
2 \(l)vgﬁgatlng instructions for roller bits when drilling oil and gas RD39_2_51_78 VNIIBT
3. | Instructions for drilling oil and gas wells, diamond drilling tools RD 39-2-77-78 VNIIBT
4. | Instructions for drilling directional wells RD 39-2-810-83 VNIIBT
. - . OTSCH.410.010. SKTBPE VNPO
5. | Manual for the repair of electric drilling equipment 1970 year "Potential”
6. Instructlons for the preparation and operation of drill pipes and cable OTSCH.466.010. The same
sections of the electric drill current supply
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A device for monitoring the isolation and position of the diverter.
Technical description and operating instructions

OTSCH.140.025T0O. 1977
year

The same

The device is a deep measuring telemetry system of the electric drill
of the STE-185 UZ series. Technical descriptions and operating
instructions

ZTSCH.789.030-02T0

SKTBPE VNPO
"Potential ™

Instructions for the care and operation of the current collector of the
TZ series

OTSCH 140.026, 1981
year

The same

10

The mechanism of curvature of electric drills. Brief description and
installation and operation instructions

OTSCH.466.039,
OTSCH 466.036,
1975 year

11.

Technical description and operating instructions of the complete
control and protection device for electric drills UZEB-65MU2
(UZEB80-39A2U2)

46x606.014T0,
1974 year.

12.

Technical description and operating instructions for gearboxes-
inserts (GI)

OTSCH.466.063, 1978
year

13.

Instructions for the device and operation of the grounding of the
installation of an electric cord powered by the system *two wires-

pipe”

1Z—4 1981 year

SKTBPE
VNIITB

14.

Electric drills. General technical conditions.

GOST 15880 —
76SKTBPE

15.

Electric drills with a capacity of up to 210 KW. Technical conditions

GOST 17287 -77

The same

16.

Rules of technical operation of electrical installations of consumers
and safety rules for the operation of electrical installations of
consumers

1971 year

Gosenergonadzor

Table 6. Installation of electric drill relays

Electric drill

Rated data of the electric
drill

Types of protection, settings of the electric

circuit protection relay

Drilling

current depth. m.

power

short circuit protection (instantaneous),
Relay (1IRM 2RZHRT40/20)

voltage | strength

kw

installation

current A coils

connection of

cut-off
current, A

E240 - 8

210 0-1000

6,6 parallel

530

E240 - 8

210 1700 144 1000-2000

E240 -8R

2000-3000

parallel

530

6.0 parallel

480

E185-8
(E190)

E185 -85 PB
(E190 - 8R)

3000-4000

5,5 parallel

440

GI=2,
GI=3)

125 1300 125 0-3000

47 series

380

(E 185 - 8P
with a double
Gl =2x2)

125 1300 125 0-3000

3,1 series

250

Continuation of table 6. Installation of electric drill relays

Electric drill

Types of protection, settings of the electric circuit protection relay

from jamming (time exposure
2c) RMZ(RT 40/10)

overload protection (time delay-12 s>-Relay

RMP (RT 40/6)

Installation
current,
A

cut-off
current, A

connection
of coils

Installation
current,

connection of

coils
A

cut-off current,
A

E240 - 8

3,2 parallel 252

2,2 parallel

174
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E240-8 3,16 parallel 252 2,2 parallel 174
E240 -8R
E185-8
(E190)
E185-8sPB
(E190 - 8R)
GI=2, 25 series 200 1,8 series 150
GI=3) ’ '
(E 185-8P
with a double GI 1,7 series 240 1,7 series 140
=2x2)
Table 7. List of fishing tools for electric drilling
r’:l/(; Name Appointment D'aer:Itlir of Note
To capture the body 212891;6%59
1. Bell-cutter of the electric drill 3164, 3190, ; "~
3240, 3290 2953
' 394,3
To capture the electric drill by
the nipple of the upper and
lower cgﬁnecting hopu?sing and 188,190,5
2 Bell-gauge- for catching an electric drill 215,9 269,9;
' milling machine g . 295,3
together with a spindle for 3943
diameters 3164, 3190, 3240, '
3290
Tap with To capture the spindle shaft of 211858é 12%%3 The tap must have a set of heads,
3. . . electric drills 3164, 3190, 3240, ; "~ directions and funnels for the
centering devices 295,3 " L
3290 394 3 specified electric drills and wells
188:190.5 Including the reducer—inso_art_s in
To capture the body of the 2i5 9’ the presence of the remaining
4, Tap-gauge electric drill 3164, 3190, 3240, 269.9: é95 3 crown of the gear coupling RF
3290 A 164, G185, RF 190, Gl 240, GI
394,3
290
188;190,5
5 Bell-gauge- To capture the bodies of the 215,9
' milling machine STE-164 telemetry system 269,9; 295,3
394,3
188;190,5
. . 215,9
6 Tap-calibrator- To capture the bodies of the 269.9: 295 3
' milling machine STE-164 telemetry system é9’4 3 '
7. Bell-gauge To Ca?:;il?retmggs H140 269,9;295,3 Connecting thread Z-161 nipple
8 Bell-gauge To capture the drill pipes H140 | 269,9;295,3 Connecting thread Z-140
annular thread
To capture the HI40 drill pipes 269.9:295 3
9. Bell-gauge by the ZU-185 lock housing e Connecting thread Z-161 nipple
followed by a lapel
To capture drill pipes 243;269,9
Tap-gauge with -N 140 annule_lr thread of the Connecting thread 3-161 nipple
10. centering device lock coupling ZU-185
—N114, B127 - annular thread Z-133, nipples
of the lock coupling ZU-155 190,5;215,9
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Figure 2. Complete device (UZEB-80 U2)
Table 8. Technical data of the complete device (UZEB-80 U2)
Main circuit Overall .
. . . Control . - Weight,
Designation Name of the object Ul U circuit dlmts:rsrllons, kg
A Electric drill controland | 555, | 599 330 | 2100x2050x800 | 1000
protection station
B Control cabinet with 100 5 220 612x462x290 25
measuring instruments
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Introduction

Drilling with electric drills requires slightly more
labor costs and a more qualified approach than with
other drilling methods. Therefore, drilling crews have
an additional number of workers - one electrician in
each watch.

When transported on a pipe carrier, the electric
drill is placed by the spindle on the front support and the
stator housing on the rear support of the pipe carrier.

In order to avoid excessive stresses in the threaded
connections, the electric drill is laid on the support beam
of the trailer of the pipe so that the departure from the
support beam to the end of the electric drill is 1/4 of its
length. In order to prevent longitudinal and transverse
movements during transportation, the electric drill is
fixed with special clamps or cables in the places of the

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2023.11.127.47

supports. Electric drills with a diameter of 164 mm are
allowed to be transported only in a special transport
case. It is strictly forbidden to dump an electric drill
from a pipe carrier [1, 2]. When unloading the electric
drill on the racks, the pipe carrier must drive sideways
to the racks so that the elevator translator is directed
towards the entrance to the drilling.

When transporting an electric drill on a tractor
sled, it is allowed to unload it on the ground right in
front of the receiving bridge of the drilling rig. In this
case, in order to prevent its damage, it is mandatory to
use special rolls with a length of at least 3 m.

When loading drill pipes onto a pipe carrier and
unloading them onto the receiving bridge of the drilling
rig, the safety of protective cups in the nipples of locks
and cable sections mounted in the pipes must be
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ensured. When transported on a pipe carrier, drill pipes
are laid with a lock nipple on the trailer.

When dragging drill pipes to the receiving bridge
of the drilling rig and to the rotor, a protective cap must
be screwed onto the lock spindle. It is forbidden to use
the eye of the protective cap to pull the drill pipe.

Each electric drill entering the drilling rig must be
provided with a trip passport. The passport is an
acceptance document for both drilling and rolling and
repair facilities. It is inserted into a sealed cartridge
attached to the contact rod of the cable entry.

The electrician is obliged to fulfill all the points of
the trip passport after each one way. The operating time
of the electric drill is recorded based on the readings of
the diagrams of the hydraulic weight indicator or a
special electric clock that turns on when the "Start the
electric drill" button is pressed. At the end of the work
of the electric drill, the trip passport signed by the
drilling foreman is sent together with the electric drill to
the rolling and repair base [3, 4, 5].

Before screwing the bit onto the electric drill shaft,
the axial lift of the spindle shaft is checked. To do this,
the suspended electric drill is placed on the rotary table
and at the time of setting, the mixing value of the shaft
relative to the spindle body is measured.

The displacement of the shaft should not exceed
1.5 mm. The presence of oil in the compensators of the
motor and spindle and the condition of the threaded
connections are also checked. The threaded connections
are checked by an external inspection, the tightness of
the connections between the motor housings, spindle,
compensator, as well as in the places of plug
installations is checked. In case of detection of oil leaks
and mobility of threaded connections, if it is impossible
to correct defects on the spot, the electric drill must be
sent to the workshop.

The oil pressure inside the electric drill is
measured by a device that is a pressure gauge with a
scale of 51:10 kgf / cm? and a tip with a thread M10 x 1
and a needle. The tip with a nanometer is screwed into
the valve thread, the needle squeezes the ball and the
pressure gauge shows the oil pressure, which should
correspond to the values specified in the electric drill's
trip passport [6, 7].

Pumping transformer oil into the engine on the
drilling rig is carried out through the calapans in the
upper part of the engine by a special oil tanker, which is
a small manual piston pump with an oil capacity. At the
same time, it is recommended to use a device for
pumping oil, which allows you to simultaneously
monitor its pressure inside the electric drill. It is a tee to
which the hose tip from the oil tanker is connected, one
of the fittings with the M10 x 1 thread is screwed into
the engine valve, and a pressure gauge is screwed into
the other. Before pumping transformer oil into the
engine, it is necessary to visually check the purity of the
oil in it, the absence of impurities of clay solution [8, 9,
10].

Transformer oil is transported and stored on the
drilling rig only in an oil tanker with constant heating
for winter conditions and a selikogel filter. Regardless
of the oil consumption from the oil tank, it must be
replaced with a new one every 3 days.

The presence of oil in the spindle compensators,
gearboxes and other mechanisms mounted between the
engine and the spindle is determined by measuring the
oil pressure through check valves.

Air oil is pumped through valves located in the
upper part of the spindle and other mechanisms using a
manual oil tanker.

It is recommended to pump oil into the engine and
spindle after each one way.

Before each descent of the electric drill into the
well, it is necessary to check the value of the insulation
resistance of the motor winding relative to the housing.
In this case, it is necessary to pre-rinse and clean the
contact rod with castor oil. The insulation resistance is
measured by a magnetometer (at a voltage of 500 or
1000 V). The engine delivered from the workshop must
have at least 50 mOhm at a temperature of +20 -25 C,
the one lifted from the well must have at least 30 mOhm
at a body temperature of +50 C . With a sharp decrease
in the insulation resistance of the electric motor, the
electric drill must be sent for repair [11].

Drill pipes with cable sections delivered to the
drilling site must be subjected to (on the drilling site)
preventive inspection, checking of cable section
fasteners in drill pipes and checking the insulation
resistance with a magnetometer for a voltage not lower
than 500 V.

The measured insulation resistance between the
phases and each phase relative to the ground should be
at least 2000 mOhm.

Pipes with defects in cable sections, as well as
pipes with sections attached without spring washers, are
not allowed to be drilled.

Data on insulation resistance, oil pressure in the
engine, spindle and gearbox, and on the oil pumps
produced must be recorded in the trip passport and the
electrician’s log.

Before lowering the electric drill into the well, it is
necessary to check the direction of rotation of its shaft.
This is done every time there are circumstances in
which it is possible to change the direction of rotation
of the shaft.

The direction of rotation of the shaft is checked
before the electric drill is lowered into the newly drilled
well. The inspection is performed over the wellhead
visually. The rotation should be clockwise when viewed
from above [12, 13, 14].

It is allowed to check the direction of rotation of
the shaft of the electric drill lowered into the wellhead
in the direction of the action of the reactive moment.
The driving rod at the moment of switching on the
electric cord should move in the direction of reverse
rotation of the shaft.
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It is forbidden to check the direction of rotation of
the shaft of an electric drill with an unfastened translator
and a bit at the wellhead and above the open rotary
shaft.

After building up the next pipe, when turning on
the electric drill, you should also make sure that the
direction of rotation of the electric drill is correct. At the
same time, the direction of rotation is judged only by
the action of the reactive moment [15].

At a significant depth of the well, when the action
of the reactive moment on the working rod is no longer
transmitted, it is necessary to check the phasing of the
cable sections of all drill pipes, without exception,
prepared for the build-up.

Upon completion of electrical installation work at
substations, electric lines, cables and high-voltage
switchgears feeding the transformer of the electric drill,
it is also necessary to check the direction of rotation of
the electric drill. At the same time, it is recommended
to pay attention to the direction of rotation of the ground
engines installed on the drilling rig.

When changing the current collector and the
current supply cable, before switching on the electric
cord, it is necessary to check the phasing of the current
supply, starting from the contact coupling of the drive
rod to the control station tires, and make sure that the
phasing has not changed.

The contact rod and coupling, before screwing the
drill pipes into the column, should be cleaned with
brushes and lubricated with heated castor oil. Dust or
dried dirt from the working surfaces of the contact joints
must be removed before cleaning with castor oil.

It is forbidden to use unheated, contaminated and
moistened castor oil, as this leads to an electrical
breakdown of the insulation (overlap) between the
contact rings and the failure of the contact connection
[16, 17].

Castor oil should be heated in a special tank for
heating castor oil.

When lowering the drill pipe string after screwing
each plug, it is necessary to control the insulation
resistance of the current supply circuit and the motor
winding of the electric drill relative to the "ground". The
insulation resistance of the "current supply-electric
drill" system relative to the "ground" is controlled by a
lamp megometer supplied complete with an electric
drill control device. To do this, the noise of the tube
megohmmeter is applied to one of the contact rings of
the rod. As the well deepens, the insulation resistance
of the "current supply-electric drill" system may
decrease [18, 19].

A sharp decrease in the insulation resistance of the
"current supply-electric drill" system after the build-up
of the next candle indicates a defect in the cable section
of the screwed candle. Such a candle must be removed,
check the insulation resistance of its cable section and,
if a defect is detected, send it for repair or change of the
cable section.

In case of insulation breakdown, the place of
damage is found using a tube megohmmeter when
lifting drill pipes after flushing the contact rod of the
pipe located on the elevator with water. To do this, the
probe of the lamp megohmmeter is applied to each of
the copper rings of the contact rod. If, after lifting one
candle, the insulation resistance has sharply increased,
then the breakdown, as a rule, turns out to be in the cable
section of the last unscrewed candle.

Prevention of current supply on the drilling rig
during operation is carried out as follows:

- at each lifting of the drill string, all contact rods
in the working connectors of the candles are thoroughly
washed with water, and after installing each candle on
the candlestick, the contact coupling of the lower pipe
is also washed with water using a flushing tube;

- at each descent of the drill string, the electrician
must carefully inspect the contact couplings and rods in
the drill pipes. If mechanical damage to the contact
connections or other damage is detected, the drill pipe
with the cable section must be replaced;

- if a thickened and contaminated castor oil film is
found on the contact rings and on the rubber surface of
the contact joint, it must be cleaned, rinsed with
“Galosha” gasoline, then with water and re-lubricated
with clean, heated castor oil;

- to prevent damage to the contact connections in
non-working connectors, it is advisable to change the
place of the connector in the spark plugs of drill pipes
after 1-2 months;

- it is recommended at least once during the
drilling period, and during deep drilling after 3-4
months of operation of the current supply, to carry out
its preventive inspection, paying attention to the
condition of fastening the current supply supports to the
crackers in the nipples and couplings of drill locks [20,
21, 22].

At the end of drilling, the pipes together with the
current supply are thoroughly washed with water until
the remains of the washing liquid are completely
removed from all contact connections, crackers,
supports and bolts of cable sections.

Drill pipes from the drilling rig should be sent to
the pipe base for preventive maintenance. It is allowed
to send drill pipes directly to the next drilling rig, where
they must be laid out on the receiving bridge and
subjected to mandatory prevention before being
introduced into further work.

The insulation of the cable sections of individual
pipes is checked with a 2500 V megohmmeter with a
scale of 10000 mOhm. The insulation resistance
between the phases and each phase relative to the pipe
body must be at least 2000 mOhm.

The cable section with low insulation resistance
should be removed from the pipe and replaced with a
new one.

To prevent overflow of the washing liquid when
building up the next pipe, it is recommended to use the
check valve KOSH-140 - with pipes H140 or KOSH-
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114 - with pipes H114 and B127. The valve must be activation of the high-voltage contactor when the

installed on the first spark plug under the drive rod.

During the build-up, the valve moves down and at the

end of the roundtrip it must be returned to its original
position [23].

It is possible to turn on the electric drill located in
the well only if there is a circulation of the washing

liquid and without applying an axial load on the bit. It

is forbidden to start the electric cord under load.

In order to protect electric drills from breakdowns

during overloads caused by the jamming of the bit,
especially when it is worn out and the tool feed rate is
inappropriate, protection is applied, which is triggered
after a certain time after the start of the overload.

The complete device provides:

- switching on and off of the electric drill using
a push-button station from the driller's console;

-high-speed protection of the current supply-
electric circuit system from short-circuit current;

- protection of the electric drill with a time delay
of 2 seconds when the bit is jammed,;

- overload protection with a time delay of 10 s;

- prohibition of re-activation of the electric cord
after an emergency shutdown in case of a short circuit
in the current supply system-electric cord;

- the possibility of sending a signal from the
complete device to the remote drill for permission to
start the electric drill;

- amechanical lock between the door of the high-
voltage cabinet and the disconnector prohibiting the
disconnector from being turned on when the door is
open and the door from opening when the
disconnector is turned on;

-mechanical blocking between the disconnector
and the high-voltage contactor, prohibiting
disconnector disconnection when the contactor is
switched on and contactor shutdown when the
disconnector is disconnected [24, 25, 26];

-electrical blocking of the disconnector drive
with a high-voltage contactor, prohibiting the

References:
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disconnector is disconnected and disconnecting the
high-voltage contactor when the disconnector is
disconnected:

-electrical interlocks that prohibit the inclusion
of the drilling transformer when the doors are open.

The complete device includes:

- control panel,

- cabinet with measuring instruments SHGS
5105-00B2;

- two push-button stations.

The operation of electric drills is economically
effective for cluster drilling (construction) of wells
mainly directional with mobile drilling rigs, the
mouths of which are grouped at a close distance from
each other from a common limited site, and the faces
reveal the productive horizon at specified points in
accordance with the development grid [27, 28]. The
experience of work in different regions of the world
demonstrates the success of the technology of cluster
drilling of production wells with an electric drill with
mobile drilling rigs.

In the modern period of development of the oil
and gas industry, thanks to the improvement of
electric drilling technologies, the development and
production of new drilling equipment, chemicals and
technologies, it has become possible to use innovative,
previously little-known methods and techniques of
well construction [29]. With the use of these advanced
technologies, there are currently all possibilities for
drilling directional wells with different trajectories
and multi-barrel. The experience gained during the
construction of an inclined-directional exploration
well in southwestern Turkmenistan allowed us to
conclude that it is possible to conduct prospecting and
exploration work on the site of this field located in the
shallow waters of the Gulf of the Caspian Sea, using
inclined-directional wells with a deviation of the
bottom a long distance from the vertical using electric
drilling.

4. Deryaev, A.R. (2022). Basic requirments and
features of well drilling technology for dual
completion of several horizons. European
Journal of Technical and Natural Sciences Ne5 —

Vienna: Publishing: “Premier publishing”,
pp.21-23.
5. Deryaev, ANR. (2022). Ekonomicheskoe

obosnovanie neobhodimosti bureniya skvazhin s
razdel'noj ekspluataciej odnovremenno
neskol'kih gorizontov. Elektronnoe nauchno-
prakticheskoe periodicheskoe mezhdunarodnoe
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Introduction In the process of building a new Uzbekistan from

According to Article 13 of the Constitution of the national revival to national revival in independent
Republic of Uzbekistan: “democracy in the Republic Uzbekistan, special attention is paid to the
of Uzbekistan is based on universal principles, introduction of the universal democratic principle into
according to which a person, his life, freedom, honor, life and the growth of national identity awareness.
dignity and other inviolable rights are of high value. Indeed, in the conditions of today's

Democratic rights and freedoms are protected by globalization, such factors as complex situations arise
constitutions and laws". It is also a structural structure all over the world, terrorism, extremism and
and an important factor in the perception of the radicalism, constant vigilance and alertness in the
national self. current conditions of increasing ideological and

Universal values and principles form the basis of ideological struggle, strengthening independence,
democracy. Nationalism and generalism are required ensuring a peaceful life of our people, universal
to be harmonious in the perception of the national self, democratic principles such as interethnic harmony,
and thus universal democratic principles have a mutual cooperation, interreligious tolerance play an
defining significance in the perception of the national important role in
self. As noted in the speech of the president of the

Universal democratic principles are criteria that Republic of Uzbekistan Shavkat Mirziyoev at the 75th
apply to the life of mankind, guarantee democratic session of the UN General Assembly on September
progress, serve to correctly express the essence of the 23, 2020, a policy of openness is underway in the new
perception of the national self. Uzbekistan."As a result of our large - scale measures

They simultaneously serve the development of for the political, social and economic modernization
the convergence, progress of all national values, the of society, a new Uzbekistan is being formed. Today,
realization of the national identity of peoples. democratic changes in our country have become

irreversible."
2 Clari
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Loyalty to humanitarian ideals, democracy,
striving for social justice to be sustainable
everywhere, preventing human rights from being
violated, protecting the struggles of all peoples and
nations for national independence, respecting national
customs and values, not interfering with the
development of their understanding of national
identities, helping to introduce justice, the rule of law
into life, encouraging people to friendship,
cooperation and, trying to make a decision of
tranquility are aspects of universal values based on
universal democratic principles that are gaining
importance in the context of today's globalization.

According to the researchers, "these values also
consist in new aspects of the development of human-
acquired relations of science, technology, culture,
social production, achievements in the stabilization of
democracy, legislation, justice, the rational use of
which contributes to the fact that our country is among
the developed countries and our people perceive the
national self more terribly" . It should be remembered
that in this regard, it is important not to recognize
universal democratic principles, to allow any retreats,
national restrictions and calandimagin lead to great
losses.

Democracy cannot be formed as a positive
reality, beyond or contrary to the historical-cultural
paradigm, the people, the nation, the traditions, norms
and values that have been created and revered for
centuries. For this reason, universal democratic
principles are an important structure for the perception
of the national self, which contributes to its formation.

It is necessary that the perception of the national
self corresponds to universal democratic principles.
They are:

1) national self-awareness recognition of the
inviolability of human life;

2) it is necessary to respect human freedom,
rights and interests;

3) an important criterion in the understanding of
the national self is that a person is the highest value;

4) achieving the commonality of universal
interests in the understanding of the national identity
of different nations forms and strengthens mutual joint
feelings;

5) it is important that democracy has equal
opportunity (conditions), the rule of law in the
realization of the national identity of representatives
of different nationalities;

Humanization (humanism) is a universal value.
It essentially means humanizing society, life, socio-
political being.

All the reforms carried out in the new
Uzbekistan, including socio-political and spiritual
ones, in essence, imply the orientation of social
relations to human interests, the formation of high
spiritual and moral qualities in it. Humanity, as a
universal democratic principle and a high spiritual
value, brings humanistic traditions, views and norms

into the socio-political processes, the management of
the state and society. In this way, it enriches the socio-
political sphere with humanistic values and acts as an
important factor in the perception of the national self.

In the national consciousness of each people
there are fundamental aspects that are unique and
appropriate to this people, historically formed, that
represent the psyche, mentality, character, uniqueness
of this people, and they leave their mark on the social
system of the country. Important features of the
national identity are manifested. It would be
appropriate to note that this situation is manifested
today in the socio - economic, scientific, cultural -
spiritual, national and religious relations of the
peoples of Central Asia, including the peoples of
Kazakhstan and Uzbekistan, and also in the life of
these peoples.

In this regard, we think that the international
scientific and  practical online  conference
"model'nazarbaeva: Strategicheskoe sotrudnichestvo |
global'niy dialogue”, planned by the library of the first
president of Kazakhstan — elbasi, dedicated to the
Independence Day of Kazakhstan, will be a great gift
to the independence of the peoples of Central Asia in
December 2020. There is no doubt that this conference
will help bring the peoples of the Central Asian region
closer together.

Such conferences show that democracy in World
Development as a universal value is a manifestation
of a style of management that is embedded,
recognized and correspondingly embedded in the
thinking and way of life of different peoples, nations.
The second side of the law, which is currently
analyzed at the conference, is also related to the
existence of the way of life, mentality of each people,
the feature of feeling, understanding, understanding
and following democracy. Democracy, no matter how
universal democratic principles acquire universal
meaning and value, is the basis of it, "nationalism",
"national psyche", "national identity", which gives it
spiritual strength, enriches it, ensures its colorfulness.
Universal democratic principles, on the other hand,
are an important factor in the perception of the
national self.

Interethnic harmony occupies an important place
in the understanding of the national identity of
peoples, along with national identity, in an important
link of universal democratic principles. Instructive
work is being carried out in Uzbekistan on the
implementation of interethnic harmony and religious
tolerance. As noted in the speech of the head of our
state at the 75th session of the UN General Assembly,
"further strengthening of interethnic harmony and
religious tolerance is an important task for us."”

The fifth priority of the strategy of action on the
introduction of universal democratic principles into
the life of the peoples of Uzbekistan, which is being
more broadly updated, and its use in the cultivation of
national identity, was also set the most important tasks

Philadelphia, USA

399

2 Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912 ICV (Poland) = 6.630

. ISI (Dubai, UAE) = 1.582  PHHII (Russia) = 3.939  PIF (India) = 1.940

Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

in the field of ensuring interethnic harmony and
religious tolerance. 138 national cultural centers play
a big role in developing ethnic identity and further
harmonizing interethnic relations in our country.

Universal democratic principles serve to
determine the culture of peoples of different
nationalities, the commonality of nationwide interests
in language, consciousness and worldview in the rise
of national self-awareness. According to the
researchers, "changes in the areas of social life create
the necessary space for this law to follow" . It is
gratifying that the democratic changes that are taking
place in New Uzbekistan today, the help provided
through the Centers of Public Service, increase mutual
integration about people of different nationalities.

The rise of the awareness of the national identity
increases the sense of the common homeland of
different nations. Strengthens tolerance even more.

There are problems contrary to the universal
democratic principles of national self-realization,
which are: missionary, religious extremism and
fundamentalism; equating religion with "false Islamic
ideas"; nationalism; chauvinism, etc. Each of these
listed, together with a certain threat to the security of
the country, the stability of our country and Central
Asia in the region, the realization of the national
identity of our people, does not serve to effectively
form a nationwide idea in our country and make it a
necessary spiritual factor that directs society to the
prospect.

It is a nationalism from problems contrary to
universal democratic principles.

It is necessary to note that the concept of"
nationalism " as a phenomenon inherent in this lack of
understanding of the national self, there are cases of
its different interpretation. For example, under the
former Union, the concept of nationalism was
deliberately  falsified, nationalism and any
manifestation of nationalism were judged as
"nationalism”. In some current studies, opinions are
expressed on the content differentiation of the
concepts of "nationalism".

In particular, nationalism is interpreted as
denying the equality of nations, putting one's own
nation above other nations, striving to create
privileges for it, prostrating one's own nation, not
giving it an impartial assessment, not noticing its
shortcomings and flaws, and nationalism as
recognizing the equality of nations, treating all races
and nationalities equally, not indifferent to one's own
nation, its language, culture. Professor S.Otamuratov's
view, "nationalism means elevating, improving the
potential of a nation, ensuring its dignity and pride".

Nationalism is a characteristic characteristic of all
nations. However, it is necessary to take into account
that it manifests itself more strongly in a small number
of nations.

There are also different
nationalism.

In our opinion, nationalism is one of the most
challenging factors for the prosperity of a nation.
Because, in fact, the nationalist will move his nation
away from other nations, the world community,
sluggish the prosperity of the nation. Does not base or
acknowledge universal democratic principles. From
this point of view, in our opinion, nationalism is
contrary to the perception of the national self and does
not fall into its structure.

The main reason for causing interethnic conflicts
is aggressive nationalism and chauvinism. The fact
that there are still forces in the world trying to
organize a "crusade" against the idea of new fascism,
bolshevism, chauvinism, racist ideas, interethnic
harmony, solidarity requires us all to be vigilant and
do practical things in preventing the spread of such
harmful ideas.

Today, when ideological struggles intensified in
the world, it is gratifying that good neighborly
relations have been achieved between the peoples of
the countries of the Central Asian region. This was
properly emphasized in the speech of the president of
the Republic of Uzbekistan Shavkat Mirziyoyev at the
75th session of the UN General Assembly, "at the
moment there are fundamental changes in the Central
Asian region. We have achieved good neighborliness
and an atmosphere of mutual trust, friendship and
respect among the states of the region."

Contrary to the universal democratic principles
of national self-realization, there are also some
problems, in particular, national separatism
(separatism), unhealthy ideas that resent national
harmony, situations of nonlinear interpretation of the
lives, value and culture of some, national selfishness
(egoism) chauvinism and the Prevention of aggressive
nationalism, which are encountered in some
countries.These  problems contradict universal
democratic principles and interfere with the formation
of the national identity of peoples.

In general, in the new Uzbekistan, all-democratic
principles in the understanding of interethnic
harmony, interreligious tolerance, national identity
fully correspond to the universal democratic
principles of the national identity of the multiethnic
people of Uzbekistan and serve the purpose of
building a democratic society in the country.
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Introduction

There is such a great word in the world that it is
always begged, like the divine light in the heart of
man, that the coin radiated thereby gives strength,
pleasure to the soul, and a lifetime of prosperity to the
life of man. This is undoubtedly the Homeland.
Homeland is the golden cradle of man, in this cradle
we grow up with the love of mother and father and
grow up and fall in love with our homeland. This
kindred ground in which we live has been the mother
of our ancestors, who have raised many children for
several thousand years, is also the mother of us, and
will remain the mother of our future generations.

The last decade of the 20th century brought
profound changes in quantity and quality to the world
political map that we have today. This, in turn, put on
the agenda the assessment in the development of
society, not only of the basis, but also of our
relationship to the concept of an abstract Homeland,
which has settled on consciousness and consciousness
for more than 70 years, passing through the prism of
the heart again as the highest value. Because the role,
importance in the emergence of specific lifestyles,
spiritual and spiritual values, political — economic
freedom and activism in the social space, in which the
new formation of superstitious relations is necessary,

Doi: Gos¥f https://dx.doi.org/10.15863/TAS.2023.11.127.49

is extremely salient. Everyone living in society serves
the motherland with their faith, purpose and interests,
tirelessly striving for its great future. In this sense, one
of the important principles that serve tremendous
progress is undoubtedly the sense of patriotism in
humans. Undoubtedly, during the years of
independence, "in order to form a strong life position
and a high sense of responsibility for the fate of our
motherland in the hearts of the growing young
generation, a unique system was created in the field of
patriotic education according to the focus of Essence,
and a wide range of the population of our country was
covered within it" .

It is well known to all of us that patriotism is the
spiritual basis of the life of every state and has
manifested itself as the most important mobilizing
moral force in relation to the comprehensive
development of society, and it is beyond doubt that it
will remain so. "Both for the heart, for the deep feeling
of the motherland, and to show the patriotic models of
the people, the people are obliged the Motherland
independent," the authors of the book "The feeling of
the motherland™ argue. As long as independence is in
our hands today, we must honor it, appreciate it,
strengthen it step by step.
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In the socio-philosophical literature, many Respect for the motherland, the people, love, a

definitions of the concept of patriotism are given. For
example, professor Q. Nazarov wrote in his book
"Philosophy: a comprehensive dictionary "that"
patriotism is the realization of responsibility and duty
to the fatherland", while the author of the educational
manual "Ethics" is the poet and scientist A. Sher
describes it as "a moral concept that represents a
person's love for his homeland, his passion for
preserving it". On another page of the dictionary, we
read the opinion that "patriotism is the social and
spiritual —moral qualities, qualities of a person who
expresses his love for the land, the ground, where he
was born and grew up, matured.”

Dedication and courage are considered the chief
signs of patriotism. Dedication can be said to the
strengthening of the Republic of Uzbekistan as an
independent state, its economic, spiritual and cultural
development, the tireless work and search for workers
to achieve a faster prosperous life. Dedication begins
with devotion to the motherland. It is possible to show
a sense of patriotism in the desired area. The
conservation of nature, the collection, study, avarice
and promotion of the cultural heritage left by our
ancestors are also considered patriotic. Courage, on
the other hand, is a high spiritual and moral quality for
one's homeland and countrymen, which manifests
itself in their own interests, and if necessary, in their
souls. Courage can be inappropriate both in the long
work done for the protection of the motherland and in
emergency situations that require self-sacrifice, for
the prosperity of the people, the prosperity of science
and culture. Historian scholars B.Aminov and
T.Rasulovs write in his book "Motherland —a jewel in
the heart™: "it should be noted that the history of the
people should be studied only by its educated, that is,
not by its intelligentsia, but by a single letter-literate
and mind-conscious, know the necessary information,
historical events, and educate the younger generation
in the spirit of love for such Mother-Motherland
history. Because every human child loves his
homeland with faith, he receives wisdom, signs and
strength from the life of generations-ancestors."

For some reason, patriotism is a high
manifestation of the social and spiritual-moral
qualities, qualities of people. After all, on the basis of
them lies the love of the land inherited from the
ancestors, the preservation of customs, values,
sincerely working for the prosperity of el yurt,
protecting the motherland from enemies, freeing it
from any dependence, and even, if necessary, not
sparing its life for its freedom and independence.
Patriotism means serving the interests of el yurt,
placing the interests of el yurt above personal
interests. It is understood from this that patriotism is a
quality inherent in a person who has a deep respect for
the history and fate of the motherland, the people, is
able to show examples of self-sacrifice in the interests
of the motherland.

sense of trust are formed on the basis of certain
common interests, goals, take a deep place in the
hearts of people, influence their activities and
mobilize them to perform responsible tasks. The
supreme manifestation of patriotism is courage.
Courage is a high spiritual and moral quality for a
person's homeland and compatriots, which manifests
itself in his own interests, if necessary, even in his
soul.  Ordinary  Shepherd  Shirok,  betimsol
representative of the struggle against the Mughal
invaders Jaloliddin Manguberdi, Amir Temur, Mirzo
Babur and thousands of other defenders of the
Fatherland who ended their names in golden letters in
the Chronicle of Eternity are seen by the children of
today's years of independence on the example of their
lives.

At different stages of historical, social, political,
spiritual progress, new facets of patriotism are
discovered. The upbringing of current youth in the
spirit of patriotism is one of the tasks that is extremely,
complex, responsible and urgent to solve in the same
place. The large - scale reforms carried out in our
country will entail a further strengthening of the work
of educating the population, including young people,
in the spirit of patriotism.

After all, the scale and complexity of the tasks
set in the field of development of our society requires
youth to work with perseverance, perseverance for a
bright future, and mobilize all the strength and
opportunities in acquiring modern knowledge. Such
complex tasks can be performed only by competent
people, in whose hearts the feeling of the Motherland
is deeply rooted, ready for any tests for its future.

"As we all know well, patriotism is the spiritual
basis of the life of every state and manifests itself as
the most important mobilizing force in relation to the
comprehensive development of society. That is why
we are obliged to take concrete measures to form a
strong immunity to harmful influences that are
completely alien to us in our citizens and to strengthen
the sense of responsibility for the fate of our
Motherland" the president noted Sh.Mirziyoev. It is
known that from time immemorial young people
gained attention as the driving force behind reforms.
But it is typical of them to give way to haste, to give
in to emotion, when there is a lack of life experience,
to act with contemplation and restraint. Their
shortcomings with a lack of life experience have been
exploited by political forces fighting for group
interests. Warning us of the shortcomings encountered
in the way of overcoming such shortcomings in
working with young people, they said: "if we regularly
engage in youth education, as the honorable Islam
Abduganievich said, and do not put this issue in place,
it may be late tomorrow. Why do we say that our
children will either bring us anxiety tomorrow or bring
us interest. But what we are doing is not yet enough
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for our children to be true patriots, to be eloquent,
helpful to us tomorrow."

When loving the motherland, forming patriotic
feelings, it is necessary to pay attention to the
following tamans. These include serving in the
military to protect the motherland, looking at the
enemies and traitors of the motherland with hatred,
putting the interests of the motherland above all else,
recognizing the symbols of the Motherland, the
country as sacred, knowing and proud of the history
of the motherland, appreciating all compatriots and
uniting with them in the interests of the serving for the
motherland is an honorable duty of every patriotic
person. Patriotism is a unique phenomenon that
embodies mature moral components. It is formed and
developed on the basis of a certain national culture,
ideology, beliefs. The sacred memory of our people
keeps in its pages examples of patriotism raised to the
level of a symbolic emblem that can serve as an
example for later generations. They were Queen
Tumaris, who took the field against King Cyrus of
Iran, the yovqur Shepherd Shirog, who led the army
of countless Darius to the Karakum steppes, opposed
the army of Alexander Macedonski, who invaded
Byzantium, Asia Minor, Vavilonia, Mesopotamia and
the Iranian States, but was the victim of a local traitor
ploy — Spitamen, named after the Sogdian tiger, whose
life and path of struggle to this day remains the subject
of various controversies, hoki Ash, whose spirit has
turned into light, the symbol of the mercenary struggle
against the Arab conquerors Muganna, Temur Malik,
Mahmud Torobiy, Jaloliddin Manguberdi, Amir
Temur and finally Gurbanjan, who chose the path of
mercenary struggle against the invasion of Chor
Russia, the acquittal of the names of hundreds of
leaders and participants in the National Liberation
Movement, whose names were unjustified for many
years by Dukchi Eshon and finally by the supreme
court of the Republic, showed the unreasonableness of
the accusations cast against them.
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HNCCJEJOBAHUE TEIIJIOMACCOIIEPEHOCA B KAHAJIE C TPMS OPEBPEHUEM

Annomayusn. B pabome npedcmagnieno ucciedosamue mMenioOMAaAcconepeHoca 6 Kawaie, eoe 0ns
UHmMeHcUuUKayuy meniooOMeHa NPUMEHSIIOMC Mpudcobl nepuooudeckue Munumanshvle nosepxnocmu (TPMS).
TPMS — amo nosepxnocmu, komopbsie 061a0ai0m MUHUMATLHOU CPEOHEU KPUBUZHO, He UMEIOM CaAMONEepeceydeHull
U NepuUoOUUHbl 80 BCEX HANPABIEHUSX O0EKaApmMOBoU cucmemvl Koopournam. Ux npumenenue 6 meniooOMeHHbIX
YCMPOUCMBAX MOJICEN 3HAUUMENbHO NOBbICUMb I hekmuenocms meniooomena. Cyuecmayem MHOHCECMBO 8U008
TPMS. Jlna onpedenenus naubonee nooxoosuer ons unmencuguxayuu TPMS mononocuu nposedena cepust
sviuuciumensrolx skcnepumenmos ¢ ANSYS Fluent. Pezynomamor ucciedosanus oemoncmpupyrom, umo TPMS-
opebpenue cnocobcmayem 00pa3068aHuIo 3a8UXPEHUIL 8 NOMOKe JHCUOKOCIU U YBeTUUBAe MEeNnI00mOayy.

Knrouesvie cnosa: munumanvuas nosepxnocmos, ANSYS, CFD-mooenuposanue, meniomacconeperoc, TPMS.
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Beenenue MHOECTBO pPaboT, MOCBSIIEHHBIX HCCIICIOBAHUIO
VK 532.5 CBOWCTB TPIXK/ABI TMEPUOTUUECKUX MHHUMAIBHBIX
noBepxHocteid  [5-9]. OcoOeHHO  WHTEPECHBI
PaspaboTka 3¢ GEeKTUBHBIX METO/IOB MexaHu4deckue ceorictea TPMS. Hampumep, B padboTte
HHTCHCH(HUKAIMA  TPOIECCOB  TEIJIONepeHoca [6] BbImOJHEHO WHCCIEAOBaHHE TPOYHOCTH MPH
SBJSIETCSI  BAXHBIM  HANpaBJICHUEM  HAyKd H CKaTHU HaredaTaHHbiX Ha 3D mpuHTEpe 00pa3ioB
WHKEHEPHUH. Kaxk MPABHJIO, YBEIHUCHUE TPMS. Takke CTOUT OTMETUTH, YTO OOJbIIAs

3¢ PEeKTUBHOCTH  TEIIOOOMEHHOTO  000pYIOBaHMUS
JIOCTHTAeTCA 32 CYET HCIIOJIB30BAHUS CIEAYIONINX
MOJIXOJIOB: OpeOpeHre MOBEPXHOCTEH TerooOMeHa,
TypOynm3anusi  TOTOKa,  (a30BBIE  IMEPEXOFI,
yIIydIIeHne TerioBoi m3omsnuu u 1.7 [ 1-3]. Oxgrako,
JTAaHHBIE METO/BI NHTEHCU(UKAINU MOKHO OTHECTH K
knaccuuecknuM. OHHU 1aBHO W3BECTHBI U UX Pa3BHUTHE
JIOCTUIVIO TaKOM CTENEeHU, NpU KOTOPOH HOBBIE
OTKPBITHA B JaHHOM OOJacTM He NPHHOCAT
3HAYMUTENbHOW  mpubaBku K  3PQEeKTUBHOCTH
TEIUI00OMEHHOTO 000py/nIOBaHus. B CBsI3U ¢ 3TUM B
HacTosiied paboTe 3aTparnBaeTcsi BOIPOC CO3AaHUS
COBEpIICHHO HOBOM KOHCTPYKLHMH TEIUIOOOMEHHBIX
YCTPOMCTB, OCHOBAaHHOHN Ha TPUXKBI EPHOANIECKIX
MHHHAMaJbHBIX oBepxHocTsAX (TPMS, ot anrm. triply
periodic minimal surface) [4].

TPMS — »53T0 TOBEpXHOCTH, HMEIOIIHE
KPHCTAJUINIECKYIO CHMMETPHIO, a TaKxKe
oOnamarome HaMMEHBINEH CcpegHed KpUBHU3HOU
Cpelil BCeX TMOBEPXHOCTEH, KOTOPBIH MOTYT OBITH
BIHCaHBl B OAMH M TOT e KOHTyp. CymiecTByer

B

IUIOIIa b TIOBEPXHOCTH M HeoObryHast ¢popma TPMS
MOXET CHOCOOCTBOBaTh TYpOYNH3alMM IOTOKA H
3HAQUUTEIBHOMY  yBenumueHuo  sddexTuBHOCTH
Termiooomena [10-12].

CymiecTByeT MHOXKECTBO  BHJOB  TPHXKIIBI
MEPUOANYECKUX  MHUHHMAQJIBHBIX  IIOBEPXHOCTEH,
KaXIbII M3 KOTOPBIX O0NIamaeT CBOEH OCOOCHHOU
reoMerpue. B cBA3M C 3TUM  BO3HHUKaeT
HEOOXOIUMOCTh B onpeaeICHu! HauboJiee
s¢dextuBHolt  TPMS s WCHOJIb30BaHUS B
TEIUIOOOMEHHOM ~ 00opyJoBaHuu. B HacTosiei
paboTe  MPOBOAMTCS  WCCIENOBAaHWE  BIUSHUS
Pa3iIU4HbBIX TPMS Ha TEeMIIEpaTypy u
THPOJMHAMMKY IIOTOKAa JKHAKOCTH B KaHajle C
KBaJPaTHBIM CEUCHHEM.

IlocTanoBKa 3agaun

B crarse paccmatpuBaercs 5 Bumos TPMS, a
nMmeHHo: Schwarz Primitive, Neovius, Schoen's I-WP,
Fischer-Koch S Surface, Schoen's O,C-TO (cwm. puc.
1).

Pucynoxk 1. Tpu:kanl nepuognvyeckne MUHUMAILHBIE moBepxHocTH: a) Schwarz P; 6) Neovius; B) Schoen's |-
WP; r) Fischer-Koch S Surface; x) Schoen's O,C-TO

Bcee HCCIIeTyeMble TPMS o0JragaroT
KyOW4YecKoil cHMMeTpueif, TO eCTb MOTryT ObITbh

H7eaIbHO BIMCAHBI B Ky0 ¢ IHHOM pedpa a. Kaxxmoit
TPMS npupaercs onpee/ieHHas TONIINHA O MyTeM
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IIOCTPOCHHUSI SIKBUAUCTAHT K UCXOJHON MOBEPXHOCTH V., —Viems
(cMm. puc. 2). ¢ = v )

Ha puc. 2 uzo0paxkeHa TBEpAOTENbHAS MOAETH
TPUKIBI MepUOANYECKON MHUHUMaIbHOU
MIOBEPXHOCTH [MIBapma  P. Ornpeaensonmm
mapaMeTpoM B JIaHHOM MCCJIEJOBAaHUH SBISAETCA
MOPUCTOCTb  CTPYKTYpBI, KOTOpas NpPHHUMAETCA
OJIMHAKOBOH 171 Bcex Hccnenyemsix Tunos TPMS, u
OIpENENIeTCs CIAETYIOIUM BBIPaKEHUEM:

K

rae V, — obseM KyOa, B KOTOpbIH Boucana TPMS;
Vipms — 00beM TBepaoTensHoil TPMS.

[lpumem mnocrossHHON [IMHY pebpa KyOa
a=5mmu u nopucrocts ¢=0.9 mng xaxgoro Tumna

TPMS © 1nocTpoMM pacyeTHYIO T'€OMETPHIO IS
3a/1a4M TerioMaccornepeHoca (cM. puc. 3).

Pucynoxk 2. TBepnoreabnas moneas TPMS IlIBapua P

Peurenre 3amaund TEYEHHS JKUAKOCTH Yepe3
TPMS kanall OCYIIECTBIIICTCS METOIOM KOHEYHBIX
anemMenToB B moxayne Fluent mporpammuoro
kommuiekca ANSYS. Ha Bxome B kaHan 3amaeTcs
ckopocTh motoka kuakoctu V=0.05,0.1,0.15m/c u

Velocity-Inlet

temneparypa T, =5°C. K teepmorensuoit TPMS,

pacIoNOKEHHOW B LEHTPE KaHala, NPHCOCAMHEHA
IUIACTHHA, Ha IIOBEPXHOCTH KOTOPOH 3ajaercs

IpaHMYHOM ycnosue nepsoro poxa T, =70 °C

T.:=70°C

Pressure-Outlet

Pucynok 3. Cxema 3agaum.

v-0.05,0.1,
0.15w¢
Ty=5°C
TBeproTenbHOoMi 4acTH TreoOMETpUHN
MPUCBAMBACTCSI Marepua ATFOMHHUIT c
ko3(dunmenrom  TemtonposogHoctn A =202.4

Bml(x°C), rennoemkoctbio ¢, =871 [oc/(ke°C) u

p=2719xkel»m>. B

KHUAKOCTH, HpOTeKaIOIIICﬁ B KaHaJIC€, UCIOJIb3YCTCA

IIJIOTHOCTBIO Ka4yCCTBC

Boza ¢ Temonposoanocteio A=0.6 Bm/(m°C),

TEIUIOEMKOCTHIO c, =4182 Jlncl(x2°C) ,

p=9982xe/ M m

1 =0.001003 k2/(mc) . CTOMT OTMETHTH, YTO BCE

IIJIOTHOCTBIO BA3KOCTBHIO

yKa3aHHbIE CBOWCTBa B JIaHHOM HCCIIEIOBaHUs
NPUHATHL TIOCTOSIHHBIMH M HE 3aBUCALIUMH  OT
TeMIIEpaTyphl.
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PesyibTaThl 00pasyloTcsi  3aBUXpeHHs  I1I0TOKA,  KOTOpbIE
Ha pucynke 4 B KauecTBe mpuMepa CHOCOOCTBYIOT ~ MHTEHCH(UKAIMM  TemnooOMeHa.
IPEICTABICHB], TIOJNYIECHHBIE B XOIE YHCIECHHOTO IlonoGHas  KapTMHA  XapakTepHa  JUIL  BCEX

pelIeHHs, KOHTYPBI DACHPEICNCHUs CKOPOCTH U
TeMmepatypsl B kanane ¢ TPMS Neovius. U3 ananusa
pPHCYHKa BHIHO, 4YTO BOJM3H CTEHOK TPHIKIBI
NePUOJMYECKON  MHHHMANbHOW  MMOBEPXHOCTH

Velocity
Contour 1

[m s*-1]

Temperature
Contour 1

[K]

HCCleayeMbIX BHIOB TPMS, 0aHAaKO KOJIHYECTBO
TEIJIOTHI, TEePeAaBaeMoil OT HArperoro Kapkaca K
XOJIOJIHOMY TIOTOKY JKHJKOCTH, OyIeT OTIHYAThCS Y
pasubix TPMS.

Pl/lcyHOK 4. KOHTprl CKOPOCTH M TeEMIIEPATYPhbI B HCC/ICAYyEMOM KaHaJie.
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~
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2
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HavanbHas CKOpPOCTE Vv, Mfe

—Schwarz P

—Neovius

Schoen's I-WP

——Fischer-Koch S —Schoen's F-RD

Pucynok 5. I'padguk 3aBHCHMOCTH TeMIepaTyphl HA BBIXO/IE U Nepenajga AaBJeHHS OT HA4YAIbHOH CKOPOCTH.

Host Ooxee JIETAJILHOTO CpaBHEHMSI
3¢ GEeKTUBHOCTH HCIONB30BaHuUs pasnnuHbix TPMS B

TEIIO0OMEHHHKE MOCTPOUM TpadUKH 3aBHCHMOCTH
cpenHedl TemIepaTypbl Ha BBHIXOJE M3 KaHala B
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3aBUCUMOCTH OT HA4aJIbHOW CKOPOCTH IOTOKAa (CM.
puc. 5). Taxxke HaHeceM Ha JaHHBIH Tpaduk
3aBHCHMOCTh TIeperiajia JaBieHHs OT HadaIbHON
ckopoctu. M3 aHanm3a rpaduka MOXKHO 3aKIIOYHTH,
yro Haubosee 3(PPEKTUBHOW ¢ TOUYKH 3pEHHS
teriootaa4u sieasiercss TPMS Neovius. Onnako, ipu
TEUYEHHH  KUIKOCTH  4epe3  JaHHyro  TPMS
Ha0JII01at0TCsl HAaHOOJIBIINE ITOTEPH JIABIICHUS. XyXKe
BCero ce0s ToKasaja TPIKABl MepHoAnYecKas
MHUHHUMAaJIbHasl IOBEepXHOCTH Schwarz P, xotopoit
COOTBETCTBYET HauMeHbIIas ¢ dexTHBHOCTD
TEIUIOOTIaYH.

References:

1. Lepesh, G. V. & Luneva, S. K. (2017).
Povyshenie  jeffektivnosti  teploobmennyh
apparatov. Tehniko-tehnologicheskie problemy
servisa, 2017, Ne. 1 (39), pp. 42-57.

2. Klemes, J. J., et al. (2020). Heat transfer
enhancement, intensification and optimisation in
heat exchanger network retrofit and operation.
Renewable and Sustainable Energy Reviews,
2020, T. 120, p.109644.

3. Afanas’eva, |. V. (2019). Perspektivnye metody
orebrenija teploobmennyh apparatov.
Sovremennye naukoemkie tehnologii, 2019, Ne.
7, pp. 114-121.

4. Han, L., & Che, S. (2018). An overview of
materials with triply periodic minimal surfaces
and related geometry: from biological structures
to self-assembled systems. Advanced Materials,
2018, T. 30, Ne. 17, p. 1705708.

5. Kaur, I., & Singh, P. (2021). Flow and thermal
transport characteristics of Triply-Periodic
Minimal Surface (TPMS)-based gyroid and
Schwarz-P cellular materials. Numerical Heat
Transfer, Part A: Applications, 2021, T. 79, Ne.
8, pp. 553-569.

6. Abueidda, D. W., et al. (2017). Mechanical
properties of 3D printed polymeric cellular
materials with triply periodic minimal surface
architectures. Materials & Design, 2017, T. 122,
pp. 255-267.

I'paduk Ha puc. 5 mo3BOJIAET BBIOPATH Hanboee
ONTUMAIbHYIO Tomonoruto  TPMS mns  3amauwm
WHTEHCU(PUKAIIUN TEIJI000MEHa, YTO MOXKET OBITh
TMI0JIE3HO B PA3IMYHBIX OTPACIISAX MIPOMBIIIJIEHHOCTH, a
TaKkKe MPH TMPOCKTUPOBAHUU TEILUIOOOMEHHOTO |
JIpyroro o00opyJ0BaHusI.

Baaroagapuoctu

HccnenoBanre BBITONHEHO 3a CYET TIpaHTa
Poccuiickoro Hayunoro ¢onma Ne 23-79-10044,
https://rscf.ru/project/23-79-10044/

7. Balabanov, S. V., et al. (2020). Mechanical
properties of 3D printed cellular structures with
topology of triply periodic minimal surfaces.
Materials Today: Proceedings, 2020, T. 30, pp.
439-442.

8. Cai, Z., et al. (2019). The effect of porosity on
the mechanical properties of 3D-printed triply
periodic minimal surface (TPMS) bioscaffold.
Bio-Design and Manufacturing, 2019, T. 2, pp.
242-255.

9. Xu, H., et al. (2020). Piezoelectric properties of

triply periodic minimum surface structures.

Composites Science and Technology, 2020, T.

200, p. 108417.

Cheng, Z., Xu, R., & lJiang, P. X. (2021).

Morphology, flow and heat transfer in triply

periodic minimal surface based porous

structures. International Journal of Heat and

Mass Transfer, 2021, T. 170, p. 120902.

Clarke, D. A, etal. (2021). Investigation of flow

through triply periodic minimal surface-

structured porous media using MRI and CFD.

Chemical Engineering Science, 2021, T. 231, p.

116264.

Li, W., Li, W., & Yu, Z. (2022). Heat transfer

enhancement of water-cooled triply periodic

minimal surface heat exchangers. Applied

Thermal Engineering, 2022, T. 217, p. 119198.

10.

11.

12.

Philadelphia, USA

410

2 Clarivate
Analytics oo


https://rscf.ru/project/23-79-10044/

ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. IS] (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g (australiay =0564 ESII(KZ)  =8771  IBI (india) = 4.260
JIF = 1.500 SJIF (Morocco) = 7.184 OAJI (USA) =0.350
Contents
p-
38. Gayibnazarov, B. K., & Siddikov, A. J. 301-310
Formation of macro models of the final supply of Uzbekistan and segments of its components.
39. Lapin, I. A,, & Sabinin, O. Yu. 311-320
Research and planning the development of an automated system for building relational
database models based on provided task text in natural language.
40. Hendriani, S., Efni, Yu., Fitri, K., & Tiyasiningsih, E. 321-333
The influence of learning, business commitment, entrepreneurial motives, and entrepreneurial
spirit on the performance of Tofu and Tempeh industrial businesses in Pekanbaru city.
41. Hamzah, F., & Hamzah, N. 334-338
Chemical structure of tree oilcrop industry Litseaindica Pers..
42. Vershinina, 1. V. 339-346
Elimination of wastes by six sigma in sewing production.
43. Khodjiev, S., & Jamolov, U. 347-355
Modeling and numerical results of investigation of the influence of the irregularity of wake
jets on mixing in flat channels.
44, Bregadze, M., & Amiranashvili, N. 356-361
Propaganda and Political Debates in the Newspapers of the Leading Political Parties During
the Pre-Election Period of the 1919 Constituent Assembly of Georgia (Republic of Georgia;
Unity; Public Affairs; Georgia; Labour).
45, Zhanatauov, S. U. 362-383
Semantic variables with non-dominated variances.
46. Deryaev, A. R. 384-391
Equipment and materials for drilling wells by electric drilling.
47, Deryaev, A. R. 392-397
Operation of electric drills for drilling oil and gas wells under conditions of abnormally high
reservoir pressures.
48. Saparov, B. B. 398-401
Universal democratic principles in new Uzbekistan are an important factor in the
understanding of the national identity.
49, Saparov, B. B. 402-405
Patriotism is a spiritual force that mobilizes society for development.
50. Popov, A. I, Bragin, D. M., Kechin, N. N., & Eremin, A. V. 406-410
Study of heat and mass transfer in a channel with TPMS ribbing.
N .
Philadelphia, USA 411 |¢ Clarivate

Analytics indexed



ISRA (India) =617  SIS(USA)  =0912  ICV (Poland)  =6.630
. IS] (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g ¢ australia) =0564  ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA)  =0.350

Philadelphia, USA 412 0 Clarivate

Ana lytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. IS] (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g ¢ australia) =0564  ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA)  =0.350

International Scientific Journal

Scientific publication

«ISJ Theoretical & Applied Science, USA» - MexayHapoaHbIii Hay4HbIH KypHAT 3aperHCTPUPOBAHHBIH BO
®DpaHuuK, W BBIXOIAIINN B ICKTPOHHOM U IedaTHOM (opmare. [IpenpuHT XypHana myGIUKyeTcs Ha caifTe 110
Mepe MOCTYIUICHUS CTaTe.

Bce moganHbie aBTOpaMHU CTaThU B TEUEHHWHU 1-T0 JHA pasMeriarorcs Ha caiite hitp://T-Science.org.

I[TeyaTHbIH YK3EMIUIAP PACCHUIAETCS aBTOpaM B Teuenue 3 aHel nocie 30 yncia Kaxaoro Mecsia.
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International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - international Association of leading active scientists from different countries.
The main objective of the Academy is to organize and conduct research aimed at obtaining new knowledge
contribute to technological, economic, social and cultural development.

Academy announces acceptance of documents for election as a member:
Correspondents and Academicians

Deadline - January 25, 2024.
Documents you can send to the address T-Science@mail.ru marked "Election to the Academy members".

The list of documents provided for the election:

1. Curriculum vitae (photo, passport details, education, career, scientific activities, achievements)
2. List of publications
3. The list of articles published in the scientific journal 1SJ Theoretical & Applied Science

* to correspondents is not less than 7 articles

* academics (degree required) - at least 20 articles.

Detailed information on the website  http://www.t-science.org/Academ.html

Presidium of the Academy

International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - mexnyHaponHoe 00beIiHEHNE BEAYIUX aKTHBHBIX YUCHBIX C Pa3HBIX CTPaH.
OCHOBHOW IICTIBIO  JIGATENBPHOCTH  AKAQJeMHH SBISACTCS OpraHW3alus W TMPOBEICHHE HAyYHBIX
WCCIICIOBAHMUI, HAMpPABICHHBIX HA IOJYYCHHE HOBBIX 3HAHHH CIOCOOCTBYIOIIMX TEXHOJIOTHYECKOMY,
9KOHOMUYECKOMY, COLMATbHOMY U KYJIBTYPHOMY Pa3BHTHIO.

AkaaeMusi 00bSIBJISIET MPHEM JIOKYMEHTOB HA N30paHHe B CBOM COCTAB:
Y1eH-KOPPECOHACHTOB H AKaeMHKOB

IIpuem mokymMeHTOB ocymiecTBisiercs a0 25.01.2024.
JloKyMEHTBI BBICBUTAIOTCSI TIO apecy T-Science@mail.ru ¢ momerkoii "M36panue B coctaB AkagemMun'.

CHucoK JOKYMEHTOB MPeI0CTABJISIeMBIX IS H30paHHs:

1. ABrobuorpadus (poTo, macmopTHEIE JaHHBEIE, O0yUeHNE, Kapbepa, HaydHas 1eATeIbHOCTB,
JIOCTHKECHSI )
2. CIiMCcOK Hay4YHBIX TPYIOB
3. Crmicok crareif omy0IMKoBaHHBIX B HaydHOM KypHaie 1SJ Theoretical & Applied Science
* IS 4IICH-KOPPECIIOHICHTOB - HE MEHee 7 CTaTei,
* 1S akaJeMUKOB (HeoOXoamMa ydeHas CTeneHsb ) - He MeHee 20 crareit.

Moapoouas undopmamnus Ha caiite  http://www.t-science.org/Academ.html

Presidium of the Academy
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