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Articles

The Role of the Forestry Sector and Processed Forestry Industry
on the Economy in West Java, Indonesia

Arman Arman 2-*, Ayu Dwidyah Rini 2, Fathia Angriani 2, Mangasi Panjaitan 2, Rizki Permata Sari 2
aUniversity of Trilogi, Indonesia

Abstract

The contribution of the forestry sector is still very small in the West Java region.
The continuation of the forestry and processing sector needs attention to improve and develop the
sector. This study aims to (1) analyze the role of the forestry sector and wood processing industry
(2) analyze the effect of changes in final demand on the output of the forestry sector and the wood
processing industry and (3) the right policy formula to develop the forestry sector in West Java.
The method used in this study is the input output method supported. The data is sourced from the
West Java Regional Development Planning Agency (Bappeda) in the form of a soft copy of the
input output table where the year of publication is 2015. The results show the contribution of the
forestry sector is only 0.85 % of the agriculture and forestry sector. The wood processing industry
only grew by 0.04 % and the forestry sector only grew by 0.01 % if investment had increased
between 5—10 %. The role of the forestry sector and wood processing industry can be improved if
the government tries to pay attention to regulations that have the potential to overlap which
inhibits the growth of investment and licensing of the forestry business and processing industry.
The government also needs to involve the community in managing community-based community
forestry areas. Benchmark prices need to be regulated to avoid the risk of price uncertainty that can
harm society.

Keywords: economy, forestry sector, forestry industry, government.

1. Introduction

The forestry sector in general has not contributed much to economic growth.
The contribution of the forestry sector to the GRDP of the agricultural sector was only 0.86 % in
2016. The value even decreased when compared to 2015 which was 0.93 % (BPS, 2019). In detail
the contribution of the forestry sector over the past 5 years is presented in Table 1.
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Table 1. Contribution of the forestry sector in the period 2014-2018 forestry

Sector 2014 2015 2016 2017° 2018"

Agriculture, Livestock, Hunting and

Agriculture Services 88.47 88.19 88.36 87.83 88.18
Food Crops 47.75 48.2 48.63 45.97 47.14
Horticultural Crops 18.55 18.08 18.43 19.38 19.45
Plantation Crops 8.42 7.72 7.15 7.75 6.92
Livestock 12.23 12.68 12.64 13.22 13.15
Agriculture Services and
Hunting 1.52 1.51 1.51 1.51 1.5
Forestry and Logging 0.96 0.93 0.86 0.86 0.82

Fishery 10.56 10.88 10.78 11.3 10.99

Agriculture, Forestry and Fishery 100 100 100 100 100

Source: BPS, 2019
*provisional numbers
**temporary numbers

The contribution of the forestry sector is still small, indicating that the role of the forestry
sector is still very small in the economy of West Java. Indeed, the role of the sector can be
optimized if the forest area is utilized by a State-Owned Enterprise together with the community.
Purbawiyatna et al. (2012) the policy framework does not yet support sustainable community forest
management, especially the clarity of the legal status of forest rights, institutional forest
management, forest management techniques and incentive frameworks needed. Communities have
economic motives and good perceptions about the importance of the function of forest protection.
This can be the capital of the government and a State-Owned Enterprise (BUMN) inviting the
community to develop community forests and government forests managed by SOEs.

The West Java Provincial Forestry Service has a Strategic Plan to increase production of
forest products. The Forest Service Strategies are (1) Increasing timber production through
intensive silviculture systems, (2) Increasing the efficiency of forest product production,
(3) strengthening and building commitments of all forestry business actors and (4) increasing
marketing of forest products. The strategy to increase wood production through a silvicultural
system is formulated into 2 policies, namely (1) increasing knowledge and skills through
counseling, education and training on intensive silviculture systems and (2) facilitating
agroforestry/social forestry models in forest management. The strategy to increase the efficiency of
the production of forest products is implemented through a policy of developing and increasing the
efficiency of the processing industry of timber and non-timber forest products. The strategy to
strengthen and build the commitment of all forestry business actors is implemented through
policies (1) monitoring and evaluation of wood production in state forests and (2) fostering forest
product entrepreneurs. The strategy to increase the marketing of forest products is carried out
through (1) policies for developing a business network for marketing forest products and
(2) promotion of forest products (Dinas Kehutanan, 2013).

Furthermore, local governments have sought economic development of communities around
the forest. Perum Perhutani (State-Owned Enterprises) has conducted a populist program called
Community-Based Forest Management (PHBM). Etzkowitz and Ranga (2010); Arman et al. (2018)
collaboration of government, industry and universities are expected to help in developing the
people's economy. This program is very important to revive the hopes of the people who live
around the forest. They can voluntarily use the forest area as a sustainable source of the economy.
Forest utilization provides added value if the results of forest management are related to the
forestry industry. Mattila et al. (2011) the forest industry is closely related to other economies. This
happens because the multiplier effect of the supply chain is greater than the origin sector. This
shows that the economic system has interdependent relations to various parts (Leontief, 1936).

The forest sector modeling approach seeks to use wood in synergy with the forestry industry
and the bioenergy sector consistently (Tremborg, Solberg, 2010). Munday and Roberts (2001)
found that forestry and the forestry industry have a degree of interdependence between the rural
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economy. The wood processing industry has strong links with other parts of the economy. From
this analysis, it was concluded that joint development of the forestry and wood processing
industries could increase economic development in rural areas (Psaltopoulos, Thomson, 1993).
Forestry development in Scotland has very different long-term consequences, especially in terms of
output and job creation in rural areas (Thomson, Psaltopoulos, 2005). The wood pellet industry in
Vienna contributed to the economy through the creation of a number of workers in the region.
Providing the wood waste market as an industrial bio-material can increase the creation of
workforce (Joshi et al., 2012). Local governments have a significant opportunity if the value of most
of the industrial forest area can be used well managed. This can have a significant influence on
rural development and regional development in West Java, Indonesia.

Demand and use of forest resource inputs varies greatly across industrial sectors including
for paper products and the furniture manufacturing industry (Chen et al., 2015). This shows that
forest management must pay attention to ecosystems to avoid over-exploitation. The Forest Service
in the strategic plan also pays attention to ecological-based forest management. Korhonen et al
(2001) the Finnish forest industry developed a recycling model for building ecosystems. Industrial
ecosystems are built through the flow of matter, nutrition, energy and carbon. Santoso (2006)
Extraction of natural resources (forests) should be followed by recovery of nature (forests) to
protect the ecosystem.

2. Research Methods

This study uses the input output (I0) method combined with descriptive analysis. Descriptive
analysis using secondary data from the Central Statistics Agency (BPS) is supported by a literature
review that reinforces the research findings. The OI data used are 2015 data obtained from the
Regional Planning Agency (Bappeda). The data is obtained in the form of tabulations and is
presented in exel documents. Data calculations use the formulas presented in the exel dashboard.
IO data used in this study consisted of 52 sectors. The main sectors discussed in this study are (1)
forestry and logging, (2) wood industry, wood and cork goods, woven goods from bamboo, rattan
and the like (wood processing industry) and furniture industry. Other sectors discussed are sectors
that have close links with other sectors.

Miller and Blair (2009) Leontif lays down 3 basic principles or assumptions on IO, namely (1)
linearity, (2) homogeneity and (3) additivity. Linearity requires changes in output caused by
changes in proportionality. If it is not proportional, it will have an effect on the excess number of
inputs so it is not used in certain sector activities. Homogeneity means that each sector produces a
single output with a single input structure (Bureau, 2016). Mathematically IO has matrix nxn,
it can be simply presented a technology matrix, Matrix A:

[11 1 a12 e a’l'ﬂ.

[12 1 az 2 e a2n
A=]031 Qa2 o Qg | eeeerrrriieeeeeiieiireee e ceeesrrerereeeeeessnnrereeeeees (1)

aﬂl aﬂz o aﬂﬂ . . . . . . .
Value of a,, --- a,,, on matrix A is the direct input coefficient obtained from equation (2)

— i

a—lj - XJ --------------------------------------------------------------------------------------------------- (2)
le = alj)(j ............................................................................................... (3)
Furthermore equation (3) can lowered into the new formula into equation (4)
X;= Zy; Zip - Zin 1
Xy= 231 Zz  Zm b
Xa= Z31 E32 - Zgn Vo 4)
Xn - Z‘n.l Z'n.2 z‘rm Yn

Equation (4) can then be modified to equation (5)
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X,= ap X, + ZpX0+ - ZpXp+ 1
Xo= a, X1+ z.X,+ - Z3 X, + 1
X;= a, le zngz + . zan + Vg (5)
Xn ﬂle anz Zn X + Y,
By using algebraic maneuvers, equation (5) can be made at home in equation (6)
@y, @Qy; @13 " Qi Xl i1 141
Ay @y (23 0 Qo] [X] [Vaf [X:
(37 Qzz Gzz - Q3zy D B AN S € IR (6)
: : P S ANNAREA
Ap1 Qgn Qan - Opp Xy Y, n
A X Y X

Equation (6) can be simplified by using matrix notation into equation (7), equation (8)
equation (9).

AX F ¥ 2 X oo e e eee e eeee e eeeaseeees s eese s eeasasaseasaseasaeanesaeane (7)
K m AX =Y oot e e s (8)
[ = AlX = ¥ et e s e s bbb e e e s e e e sbaaaer e e s (9)

The result is equation (10) which results in a matrix multiplier or more dinal with the
Leontief Inversion matrix. This matrix describes the exogenous changes that change the value of
final demand ¥ versusoutput. X Furthermore, it can be written in the form of equation notation
(10)

X =1 = A]7MY ettt (10)

The magnitude of the change in ¥ to the change in output X is reflected in the delta symbol
(A). This shows what the value of AX for each change in final request is AY. Notation can be
presented in equation (11)

=T = AT AY s (11)

IO can record how the interrelationships between input-output. The linkage through two
ways, namely backward linkage and forward linkage. The two linkages explain how the effect of (1)
an increase in sector i output affects sector output j and (2) an increase in sectoroutput i can
increase the distribution of output to the sector itself, namely sector i and other sectors j. If a sector
has a backward linkage index and forward linkage index greater than 1, the sector is very good and
strategic in improving the economy in West Java. The formula used to produce Backward Linkage
Index (IBL) and Forward Linkage Index (IFL) values is presented in equations (12) and equation
(13).

Z::‘:i b 3]

T g o — riieeterenntctcensctsenactssnnatesennsstseraseserascesenassssenaseserassssnnasens 12
IBL 1/?1 z?:l }I::I_bij' ( )
_ Eigby
IFL = 7”“2? g (13)

3. Results and discussion

Forestry sectors based has not been able to appear as a mainstay sector in West Java. This is
reflected in the value of the forestry sector, the wood industry (processing) and the furniture
industry having a forward linkage index value of one, only a backward linkage index value of one.
These results indicate that the forestry-based sector's production capacity is still small while the
inter-sectoral linkages, although quite good, are of relatively small value. The detailed results of the
analysis of the forest-based sector are presented in Table 2.
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Table 2. Value of Backward Linkage Index and Forward Linkage Index

Index Index
Sector BL Backward FL Forward
Linkage Linkage
6 Forestry and Logging 1.216 0.610 1.239 0.622
Industrial Wood, Articles of Wood and
16  Cork and Woven Goods from Bamboo, 2.074 1.041 1.821 0.914
rattan and the like
25 Furniture Industry 2.555 1.282 1.456 0.731

Results of Table 2 is sufficient to illustrate that the forestry-based sector has not yet become a
strategic sector in West Java. Its role is still relatively small when compared to other sectors and
industries. Only the wood industry, wood products and woven goods from bamboo, rattan and the
like (wood processing industry) which have index value of backward linkage more than 1, that is
1.282. These three sectors have index value forward linkage of less than 1. These results reflect
that the three sectors have not been able to produce greater production output when compared to
other sectors. This also reflects that the human resources involved in these activities are relatively
small. Furthermore, the production of forest products does not yet have a market buffer, both in
the processing sector and in exporting companies.

The other side of the farmers also faces the problem of obtaining high quality seeds.
The export market has specifications of the types of quality seeds to produce good wood. Quality
wood can only be realized if farmers have quality seeds and good cultivation. Market, human
resource and input issues are factors that have caused the forestry sector and the processing
industry not to function properly. This issue needs to be addressed by increasing the participation
of the Ministry of Forestry in determining the local benchmark wood prices (HPS), by using the
export price of logs or international prices. This can increase community income and maximize or
protect state revenues from management fees for timber forest products.

Furthermore, industrial business licenses (IIU) are still experiencing problems. These
constraints are caused by differences in regulations between the ministry level and the region.
The granting of permits for the use of forest products is still considered inefficient because of
overlapping authority which results in high costs and permits felt to be long and many costs must
be incurred both in the district and province. Astana et al (2014) concerning permit regulation that
came from Minister of Forestry Regulation Permenhut.P.11/2008 Regarding the Second
Amendment to the Forestry Minister's Regulation Number P.19/Menhut-II/2007 concerning
Procedures for Granting Permits and Expansion of Work Areas for Utilizing Timber Forest
Products in Industrial Plantation Forests in Plantation Forests in Production Forests (Pemerintah
Indonesia, 2018) by the Minister of Agriculture Decree No.357/ KMS/HK.350/5/2002 concerning
Settlement of Plantation Business Permits shows a great potential for overlapping (Pemerintah
Indonesia, 2002).

The overlap lies in the licensing mechanism of oil palm plantations where there is a clause
stating that the granting of permits in one regency / city area through the Regent or Mayor with a
copy to the Minister of Forestry. Another regulation states that the issuance of a cross permit
through the Governor with a copy to the Minister of Agriculture. The regulation can cause
overlapping land management. Land that was originally located in one unit of management area
can be difficult for management if the land is to be expanded to manage 2 areas. Overlapping issues
can lead to legal uncertainty which results in small investment performance. The small amount of
investment causes the sector's leverage to become small. The small leverage with investment and
export growth scenarios of 5 % in the wood industry and furniture industries accompanied by
investment leverage increases 10 % in the forestry sector is reflected in Table 3.
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Table 3. Changes in the leverage of the forestry-based sector with various scenarios

Initial Qutput Final Output Growth
Sector (IDR) (IDR) (%)

6  Forestry and Logging 4,504,150.00 4,555,267.00 0.0112
Manufacture of Wood, Goods

6 from Wood and Cork and Woven 43,967,624.00 45,831,596.00 0.0407
Goods from Bamboo, Rattan and P PTOTI I )
the like

25  Furniture Industry 14,320,408.00 14,326,102.00 0.0004

31 E;;g:atcizf’ Motorcycles and 52,205,041.00 52.259,680.00 0.0010
Wholesale and Retail, not Cars

32 .nd Motorcycles 301,175,758.00 301,457,051.00 0.0009
Warehousing and Supporting

38 Services Transport, Postal and 7,005,152.00 7,010,861.00 0.0008
Courier

45 ServicesFinancial Support 1,178,755 1,179,790.00 0.0009

Research results show that when the output of forestry and logging sector inventor change
became positive and accompanied by an increase in exports by 10 % had an effect on the growth of
the wood forestry sector by 0.01 %. The growth of the forestry and logging sector did not have
much influence on the performance of other sectors. Although the scenario of investment growth
and exports in the forestry sector is very high at 10 %, the effect on other sectors and the forestry
sector itself is very small. This means that the contribution of the forestry sector to aggregate
economic activity in West Java is still small. Furthermore, the forestry sector does not provide
much added value, both to the forestry sector itself and other sectors. This sector only had an
influence on the retail trade sector by 0.0009%, the wood goods industry sector by 0.003 %.

But the results are different if the sectors that are encouraged to grow are the wood industry,
wood products, and woven goods from bamboo, rattan and the like (wood processing industry) and
the furniture industry. Increased investment by 5 %, and exports by 5 % had an influence on the
economic growth of the wood processing industry by 0.04 % in the sector. The influence of the
growth of the wood processing industry has broad implications for various economic sectors in
West Java. The sectors that gained the most influence were the forestry and logging sectors by
0.01 %. This shows that the forestry sector can grow well if the government encourages investment
and exports of the manufacturing industry accompanied by the growth of private consumption in
the sector. Growth in private consumption in the wood processing industry is very possible because
investment growth of 5 % can have an influence on employment and value added of labor wages.

The growth of the furniture sector is apparently not so influential with an increase in exports
and investment of 5 %. The sector can only grow by 0.004 %. This gives a signal that the furniture
industry is not yet large in economic relations with the wood processing industry and the forestry
sector. The growth of the industrial sector more affected the large trade sector by 0.0009 %,
the warehousing and transportation services sector by 0.0008 %, financial support services by
0.0009 % and the car trade sector by 0.001 %.

The wood processing and forestry industry has an important role and contribution to several
economic sectors in West Java. Although small in number but the forestry industry has links with
several sectors. This shows that the manufacturing sector has quite a wide spread effect, although
its value is small. The size is influenced by the volume of production. If the production volume is
large, it can produce a fairly large spread of power.

The contribution of the forestry sector is still very small towards the economy of West Java.
The economic prospects of Jabon and Sengon plants are quite good, but the market constraints are
still relatively limited. Furthermore, the relatively large amount of investment and the long waiting
period for the harvest meant that farmers who had limited capital were unable to develop Jabon
and Sengon cultivation. Cultivation of forestry plants is more developed for large enough capital

8
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owners. This is one of the reasons that the cultivation of forestry plants is small so that the effect on
economic activities is also small.

The government needs to optimize the use of production forest land and cultivation land to
develop the forestry and logging sector as well as the processing industry. The management of log
industry and trade is based on ministerial regulation 55/Menhut-II/2006 concerning the
administration of forest products originating from state forests.

The scale of the forest processing business based on the research results of Astana et al
(2014); Sari (2016) is still very economically feasible. This shows that the forestry sector is able to
overcome social problems and provide solutions to development. The government needs to
synergize the management and processing of forests between entrepreneurs and the community.
Industrial Forest Land owned by State-Owned Enterprises (BUMN) can be managed by utilizing
the community around the forest. Their involvement is expected to reduce the risk of forest
encroachment, on the other hand increase community income. Community-based community
involvement where they are not only involved as workers but as managers. The government
provides assistance especially in terms of maintenance and cultivation to marketing. This pattern
can increase the existence of state-owned companies and increase people's income and reduce
social problems. Utilization of state-owned forests has been realized as the findings of Panlevi
(2019) where land owned by Nusantara VII Limited Company (PTPN) was lent to the surrounding
community to be managed on a community-based basis. The community conducts cultivation and
development of Ciwaluh coffee in Bogor, West Java. The use of the land is to maintain the function
of the forest as well as to build community youth communities to have jobs. The land is managed
voluntarily and all profits are left to the community.

In addition to increasing land use optimally, the government also needs to develop a wood
processing industry. The wood processing industry has economic links with various sectors.
Increased output of the wood processing industry can revive other economic activities such as the
financial services sector, trade, warehousing, transportation services and forestry. This shows that
the development of the forestry sector must be done in parallel with the processing industry and
the study of legislation. The government must conduct a review of legislation to address regulatory
issues that can "hinder" investment. Inter-ministerial regulations must in fact be synergistic in
order to avoid legal problems. Legal certainty and legal protection are important instruments to
guarantee the implementation of investments, workers' rights and environmental sustainability.
There are many regulations that need to be integrated between regulations relating to forestry,
the environment and the workforce.

4. Conclusion

The forestry sector and wood processing industry in West Java have not contributed much to
development. Its contribution is still very small compared to the agricultural sector. The wood
processing industry only grew by 0.04 % and the forestry sector only grew by 0.01 % if investment
had increased. This low growth shows that the economic activity of the forest processing sector and
industry has little effect. Furthermore, low growth in the forestry sector and wood processing
industry still has hope in helping the economy of West Java. The growth of the manufacturing
industry has an influence on the growth of the sectors of transportation, warehousing, financial
services and trade.

The role of the forestry sector and wood processing industry can be improved if the
government tries to pay attention to regulations that have the potential to overlap which inhibits
the growth of investment and licensing of the forestry business and processing industry.
The government also needs to involve the community in managing community-based community
forestry areas. Community participation in forest management can reduce illegal forest
encroachment, on the other hand increase community income. Benchmark prices need to be
regulated to avoid the risk of price uncertainty that can harm society. The price benchmark is
intended so that profits can be received by the public and companies. This effort can increase the
role of the power sector in the economy of West Java.
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Abstract

Climate change has evolved in an unpredictable trend and droughts have occurred more and
more severely in the central provinces of Vietnam. Determining the irrigated area and water
requirement for various crops and the growth stage of each crop is an urgent need as water
resources for irrigation are getting scarce year by year. This research examines the application of
Sentinel-2 and Sentinel-1 images to map crop areas and identify the current development stage of
paddy rice areas. The images are collected and pre-processed from 2017 to 2018 for Ha Tinh
Province in Vietnam. The Maximus Likelihood method is used to interpret Sentinel-2 imagery for
mapping agricultural crop distribution status. The research presents a new approach for identifying
rice maturity using the Sentinel-1 image series. The Overall Accuracy (OA) and Kappa coefficient
methods are used to evaluate the generated maps of the agricultural crop’s distribution status. This
study shows the relationship between the Sentinel-1 VH band and the growth of rice. From the
image bands, we could calculate the slope of the line correlating between the VH backscattering
value and the growth time of rice. Along with the local planting schedule, rice life cycle, and simple
deduction, we could determine the rice growth stage at each time of image acquisition. The result
will be the input parameter for the irrigation management, monitoring and operating information
system that is applied to Ha Tinh province for proper and effective irrigation. The results
identifying the rice maturity progression are illustrated for Cam Hoa commune in Cam Xuyen
district and Thach Hoi commune in Thach Ha district, Ha Tinh Province.

Keywords: remote sensing, map of agricultural crop, rice maturity.

1. Introduction

In recent years, climate change has evolved in an unpredictable trend and droughts have
occurred more and more severely in the central provinces of Vietnam. Determining the irrigated
area and water requirement for various crops and the growth stage of each crop is an urgent need
as water resources for irrigation are getting scarce year by year.

Various studies have used free satellite imagery to map crop classification. For example, a
crop classification map for a province of Valencia (Spain) was obtained from the Sentinel-1 and
Sentinel-2 data using the decision tree method with an accuracy of 93.96 % (Manuel et al., 2019);
applying the Random Forest (RF) algorithm on Sentinel-2 and Landsat-8 data in semi-arid

* Corresponding author
E-mail addresses: nguyenquochiep@cwrs-au.vn (N. Quoc Hiep)
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environments in the Eastern Mediterranean (Stavros Patsalidis et al., 2019); Using the Maximum
Likelihood (MLC), Support Vector Machine (SVM), RF method to produce crop distribution maps
from Sentinel-2, Landsat-8 (Raziye Hale et al., 2016; Neetu et al., 2019; Licheng Zhao et al., 2019;
Tian-Xiang Zhang et al., 2019); Accurate classification for Land use and land cover maps using
SVM algorithm on Sentinel-2 to analyze the data (Cavur et al., 2019; Immitzer et al., 2016).

Conventional optical images were affected by cloud cover and thus, the use of radar images to
determine the growth stage of the rice has captured the attention of many researchers.
For instance, using Monte Carlo simulation with RADARSAT data to predict rice maturity (Wang et
al., 2005); Using ENVISAT/ASAR data to establish a rice map for the Mekong Delta in Vietnam,
piloted in An Giang province with an overall accuracy of 85.3 % and the kappa coefficient of 0.74
(Bouvet et al., 2011; Nguyen et al., 2015) and a series of studies using radar satellite images to map
rice distribution (Lopez-Sanchez et al., 2011; Nelson et al., 2014; Clauss et al., 2018; Lasko et al.,
2018; Ndikumana et al., 2018). In addition, a group of authors used machine learning algorithms
training Sentinel-1 data to identify the rice, its yield, and height. The study was conducted in the
Camargue region, southern France. Height and biomass of rice were calculated based on Sentinel-1
data trained by machine learning algorithms, Multiple Linear Regression (MLR), Support Vector
Regression (SVR) and RF. The results showed that the correlation between the polarization of VH
Sentinel-1 and biomass is also very high with R2 = 0.9 and RMSE = 18 % (162 g-m-2) (with RF
method) (Ndikumana et al., 2018). Using a combination of Gaussian distribution, VV/VH variance
and slope coefficient of the linear regression equation of the VH series of Sentinel-1 imagery was
performed for crop mapping. The overall accuracy obtained was 96.3 % by using the decision tree
and 96.6 % by using the RF classification (Hassan Bazzi et al., 2019).

The above studies focused on rice mapping for the whole crop development. The algorithm
for determining rice maturity is not feasible when applied on such large scales as a province or a
country in a short period of time. This study focuses on the use of Sentinel-2 imagery data to map
agricultural crop areas and the use of Sentinel-1 image series data to determine the current growth
stage of rice cultivation areas. A new approach for determining rice maturity using the Sentinel-1
SAR series in Ha Tinh province, Vietnam is proposed. Identified rice and other crop cultivation
areas and its growth stages at a certain period is a useful source of information to improve
irrigation efficiency in Ha Tinh province. The paper is structured in the following main sections,
after a description of the study site and data availability in section 2.1, the proposed methods are
presented in section 2.2. The results and discussion are presented in section 3 and the main
conclusions are presented in section 4.

2. Methods and Data

2.1. Research Design

First, a field trip was conducted to identify the interpretation key of rice, vegetable, forest,
and other crops for Sentinel-2 imagery. Using the Maximums Likelihood method was employed to
classify plants based on the interpretation key, then filtering out the noise using the Majority
method. The backscattering coefficient at VH of Sentinel-1 images is related to the growth of rice
height. The slope of a straight line shows the variable relationship between the change in the VH
backscattering value which represents the change in rice height (Ay) and the change in rice growth
stages (Ax) which is determined in each image capture cycle. Finally, we make use of the planting
schedule and the series of image bands of slope values to analyze the growth stage of rice. Only
Sentinel-1 pixels within the boundaries of the rice growing areas identified from the Sentinel-2
imagery are used for rice maturity analysis. Each crop has a different coefficient of water use and
each growth stage of the crop requires different water usage.

2.2, Data

The Sentinel-2 optical imagery data at 1C was collected from the European Space Agency
(ESA) image database at the website https://scihub.copernicus.eu/dhus/ and the radar images of
Sentinel-1 composite aperture, C band, Interferometric wide-swath mode image acquisition,
250 km, 5 x 20 m resolution at Ground Range Detected (GRD) Level 1 were collected at the
following address https://search.asf.alaska.edu/. Images were collected in 2017 and 2018 for
Ha Tinh province.
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2.3. Methods

a) Pre-Processing Satellite Images. Beyond observing demographical data, the
questionnaire was to explore the use, motivation for and effect on physical activity of wearable
activity trackers as well as the technical parameters of using the device. During the survey CAWI
(Computer-Assisted Web Interviewing) method was applied. The recruitment was carried out
partly at university courses and partly on e-learning interface, where we placed the link directing to
the questionnaire. Sentinel-2 optical imagery at level 1C has been processed with spectral radiation
and orthogonal image correction. After being downloaded from ESA's database, the image was
converted from level 1C to 2A which is a level where errors due to atmospheric, topographic, haze
effects were removed and preliminary classification of the land cover was performed with sen2cor
tool (http://step.esa.int/main/third-party-plugins-2/sen2cor). 2A-level Sentinel-2 products were
resampled to have a uniform resolution for image bands. The study area of Ha Tinh province was
created as a subset and the reference system was converted to the EPSG: 3405 reference system of
Vietnam using SNAP Desktop, an open-source code software provided by ESA.

Sentinel-1 Level-1 IW GRD images were detected, multi-looked and projected to the ground
range using an Earth ellipsoid model. After being downloaded from the database, the image was
calibrated, speckle filtered and corrected for the influence of the terrain (Range-Doppler Terrain
Correction). The study area of Ha Tinh province was created as a subset and the reference system
was converted to the EPSG: 3405 reference system of Vietnam using SNAP Desktop software.

b) Interpretation of Free Sentinel-2 Optical Satellite Images for Mapping the
Status of Agricultural Crop Distribution. Sentinel-2 images were interpreted by the
Maximus Likelihood method, a method of classification with the inspection. The input variable for
this method is a key list that interprets objects such as rice, vegetable, forest and other crops
(Table 1). To develop the interpretation keys, we conducted a field trip to sample the objects to be
classified. ENVI software is used to run the classification algorithms. Figure 1 is the notification
window showing the results of verifying the object separability in image interpretation keys in
Ha Tinh province in 2018. Classification results will be noise-filtered by the Majority method.

Sentinel-2 images taken in Ha Tinh province are significantly affected by the cloud.
The Sen2Three tool is an extension of SNAP Desktop, using a series of Sentinel-2 images to
eliminate cloudy pixels and replace them with clearer pixels.

Table 1. Interpretation key of rice, vegetable, forest and other crops on Sentinel-2 imagery
and in the field

Sample of Sentinel-2 images with color

No. Object Field sample ST e G G
1 Rice
2 Vegetable
3 Forest
4 Other crops
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Pair Separation (least to most):

Lua [Red] 2020 points and Mau [Green] 716 points — 1.90598652

Lua [Red] 2020 points and Khac [Yellow] 419 point= — 1.94540785
Lua [Red] 2020 points and Rung [Blues] 1633 points — 1.99303688
Fung [Blue] 1633 points and Khac [Yellow] 419 points — 1.99389604
Hau [Green] 716 point=s and Rung [Blues] 1633 point= — 1.99619947
Hau [Green] 716 points and Khac [Yellow] 419 points — 1.99997069

Fig. 1. The sample verifying the object separability in the 2018 image interpretation key —
Interpretation of Sentinel-1 free radar satellite imagery to determine rice maturity

Sentinel-1 images provide two backscattering values, VV and VH. In this study, we use VH
backscattering, which is sensitive to the crop height. VH backscatter values of radar images have
different values as they are affected by different rice varieties, rice yield of each region, the
topography of rice cultivating areas and the effect of speckled noise. Therefore, it is not feasible to
track the set of VH values in a rice crop to identify the rice patterns. Considering a rice crop, taking
the X-axis as the time of capturing the image and the Y-axis as the VH backscattering values of the
pictures taken, the first point is at the starting time of sowing/transplanting and the endpoints are
image capturing moments later. Thus, it is possible to define a series of straight lines with the
equation y = ax + b. Using simple linear regression, we can determine coefficients a and b.

Assume we have n image capturing cycles from cycle o0 to cycle n-1.

Combining cycle 0 with cycle 1, we have a line y, = a;x+b,

Combining cycle 0 with cycle 2, we have a line y, = a,x+b.

Combining cycle 0 with cycle n-1, we have a line yn-; = an-:X+bn-s

The coefficient represents the variable relationship between the change in VH backscattering
value that describes the change in rice height (Ay) and the change in growth time of rice (Ax).
For each pixel, there is a sequence of values ai, a,, ..., anq. The values of these coefficients are
recorded to the image bands Slope,, Slope., ..., Slope..;, respectively.

Combining the RGB color scheme between these Slope image bands, users will see the rice’s
change in height, thereby are able to interpolate the growth stage of the rice plant. The accuracy of
this method is limited and the author group is working on improving its accuracy gradually.

Evaluating the results of interpreting Sentinel-2 images to map current agricultural crop
distribution status

The method of evaluating the results of image interpretation uses error matrix and is
implemented on ENVI image processing software. The two methods used are the Overall Accuracy
(OA) method (1) and the Kappa Coefficient (Kappa Coefficient) method (2).

The OA is determined using the following formula:

O0A (%) — 100 = The number of‘paxr.:-zis thfzt were COT_TET“IJT classified 1)
Total number of pixels in the classification sample
The Kappa coefficient is determined using the following formula:
K = 2l TG (s

n?— Ty Goger ay)
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In which:

n is the total number of pixels,

xii is the pixel on the diagonal of the matrix (correctly classified pixels),
xi+ is the total number of pixels in rows,

X.i is the total number of pixels in the columns.

3. Results and discussion

3.1. Results of Mapping the Distribution of Crops (Rice, Vegetables) Based on
Sentinel-2 Images

Sentinel-2 image data collected in Ha Tinh province on March 5, 2018 (T48QWF) and May
16, 2018 (T48QWF, T48QXF) were used to map crop distribution using the Maximums Likelihood
(Figure 2). The area of rice and vegetable crops was interpreted from the Sentinel-2 imagery in
2018 comparing to the crop area statistics shown in Table 2.
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Fig. 2. 2018 rice and vegetable crops distribution map layer (Yellow = rice, green = vegetables)

Table 2. Comparison of the interpretation results of rice and vegetable cultivating areas
with referenced crop areas

I . Area interpreted with Referenced crop areas
Y nterpretatio S inel-2 i £ Ha Tinh o
ear n Object entinel-2 imagery rom Ha Tinh province
(hectares) (hectares)
2018 e 64,014 59,143
Vegetables 10,049 14,504

Verifying that the results of 2018 Sentinel-2 image interpretation has a Kappa coefficient of
0.89 and an OA of 92.42 %.

3.2. Results of Rice Crop Progression in Sentinel-1 Imagery

In order to verify the results of determining the rice maturity, Cam Hoa commune, Cam
Xuyen district and Thach Hoi commune, Thach Ha district, Ha Tinh province are examined.
An image series captured the winter-spring rice crop in 2018 includes 13 Sentinel-1 image cycles on
January 14, January 26, February 7, February 19, March 3, March 15, March 27, April 8, April 20,
May 2, May 14, May 26, and June 7, 2018, corresponding to the stages of growth and development
of rice from February 6 to June 4, 2018. 12 image bands Slope;, Slope.,... to Slope,, are produced.
In Figure 3, the Product Explorer tab contains 12 images, the main screen opens 12 images
simultaneously from Slope;, Slope,, ... to Slope.,, which makes it easy to see that the growth of rice
changes gradually over time. Table 3 is a summary of results from the local planting calendar, rice-
growing stages and color combination of image bands in Figure 3.
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Table 3. Tables may span across both columns

No Sentinel-1 image Number Growth and development Slope
: time (2018) of days stage band
L 14/1-7/2 o E‘Lllt(iing the soil and wetting the
2 26/1-19/2 12 Wetting the field until sowing 1,2,3
3 7/2-3/3 24 Sowing to tillering 2,3, 4
4 19/2-15/3 36 Tillering 34,5
5 3/3-27/3 48 Tillering to leaf stem 4,5,6
development o
6 15/3-8/4 60 Leaf stem development 5,6,7
7 27/3-20/4 72 Leaf stem development and 6,7.8
panicle formation >
8 8/4-2/5 84 Panicle formation 7,8,9
9 20/4-14/5 96 Flowering 8,9,10
10 2/5-26/5 108 Flowering to ripening 9, 10, 11
11 14/5-7/6 120 Ripening to harvesting 10, 11, 12
12 7/6 120 Completed harvest 12

b dwwen 3

AR ENUBR LY ABREL R AEM A AT, A DS B |

Emicic)]

Fig. 3. Rice growth images through 12 Slope bands

To see the changes more clearly, the colors for three that represents the times of rice growth
and development stages. Specifically, Slope,; corresponds to Red, Slope. corresponds to Green, and
Slope; corresponds to Blue.

Figure 4 shows the result of the color combination of Slope,, Slope. and Slope; image bands
from January 14 to February 19, 2018. This was the time for tilting the soil and bringing water into
the rice field. Area 1 has rice on the field and rice has not appeared on area 2 yet.

Figure 5 demonstrates the result of the color combination of Slope., Slope; and Slope, image
bands from February 7 to March 3, 2018. This was the time when the rice crop is still low compared
to the water level in the field. Area 1 has rice in the field while area 2 appears purple which is the
watercolor brought into the field with sowing/transplanting in the field.
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Fig. 4. Color combination of Slope,, Slope, and  Fig .5. Color combination of Slope., Slope;
Slope; image bands and Slope, image bands

Figure 6 shows the results of the color combination of Slopes, Slope, and Slopes; image bands
from February 19 to March 15, 2018. This was the time of rice growing in height, area 1’s rice has
moved to a new stage, area 2 has clearly recognizable rice in the field — the stage of
sowing/transplanting to tillering.

Figure 10 exhibits the result of the color combination of Slope,, Slopes and Slope, image
bands from April 8 to May 2, 2018. At this time, the rice is tall and is in a good development stage.

Figure 11 presents the result of the color combination of Slopes, Slope, and Slope,, image
bands from April 20 to May 14, 2018. Across the study area, the combined color values are quite
homogeneous, which means that this is the period when the rice is at the best consecutive Slope
moments are combined to form a map layer development-stage-flowering.

Fig. 6. Color combination of Slopes, Slope, and  Fig. 7. Color combination of Slope,, Slopes and
Slope; image bands Slopes image bands

Fig. 8. Color combination of Slopes, Slopes va Fig. 9. Color combination of Slopes, Slope, va
Slope, image bands Slopes image bands
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‘
Fig. 10. Color combination of Slope,, Slopes Fig. 11. Color combination of Slopes, Slope,
and Slope, image bands and Slope,, image bands

Figure 12 shows the result of the color combination of Slopey, Slope,, and Slope:;; image
bands from May 2 to May 26, 2018. Rice enters the ripening stage, the color of the combination
changes significantly compared to that in Figure 11.

Figure 13 indicates the results of the color combination of Slope.o, Slope.; and Slope.. image
bands from May 14 to June 7, 2018. Area 1 has harvested rice (dark pink), area 2 has rice at the
stage of fully ripe to being harvested. The Slope,, image band in Figure 3, taken on June 7, 2018,
shows that all the rice plants have been harvested.

Fig. 12. Col.or combination of Slope,, Slope;o Fig. 13. Color combination of Slope.o, Slope;
and Slope,; image bands and Slope,, image bands

3.3. Field Verification and Supplementation of Industrial Results Interpreting
Satellite Images Identifying Agricultural Crops

Field survey

Identify sampling points (Figure 14), a GPS device was to delineate the area of crops (rice,
crops) in the field, capture the entire landscape around the sampling area on the camera.
(Figure 15).

Fig. 14. Field survey and GPS positioning of vegetable crop areas in Xuan Linh commune,

Nghi Xuan district
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Fig. 15. Locations of sampling points for agricultural crops (rice, vegetables)

Calibrate and verify the results of image interpretation for identifying
agricultural crops

The survey locations of crops (rice, vegetables) were compiled and edited in the form of a
map (.shp) where incorrect positions were corrected directly on the agricultural crop map. (.shp)
from the satellite image background.

The accuracy of the map established from satellite images is computed using an error matrix.
The matrix of errors is made based on comparing the results of indoor interpretation with the
results of field surveys. This matrix is a square matrix with the order equals the number of layers
sorted and verified. The header row of the columns (top row) shows the names of verified classes.
The title column of the row (the first column) shows the names of the classified classes. The diagonal
line from the top left to the bottom right of the matrix records the number of pixels or classified
objects that coincide with the actual verification (exact classification). The remaining cells of the
matrix record the number of pixels or objects with the following characteristics: according to the
classification results, they belong to the class recorded on the column, but in fact they are verified to
belong to the class recorded in the header of the row. They show the classification error and are
divided into two types: errors by omission and errors by redundant inclusion.

The total classification error is calculated by dividing the total number of correctly classified
pixels (i.e the total diagonal value of the matrix) by the total of classified and verified pixels.
The error for each layer is calculated by dividing the total pixels of that layer with the total pixels by
row or column. The ratio of the total number of correct pixels for a layer divided by the total
number of pixels in a column is called error by omitting classification. The ratio of the total number
of correctly classified pixels in a layer divided by the total number of pixels classified into that
group by the line is called redundancy error. Table 4 shows the evaluation by Kappa coefficient.

Table 4. Kappa coefficient rating

Rating Kappa coefficient
Very good >0.81

Good 0.80 — 0.61

Average 0.60 — 0.41

Low 0.40 — 0.21

Bad 0.20 — 0.0

Very bad < 0.0
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3.4. Survey and Verify the Results of Image Interpretation for Identifying the
Stage of Rice Growth

To verify the results of Sentinel-1 image interpretation to monitor the growth and
development of rice (rice stage), we serveyed in the Cam Hoa commune, Cam Xuyen district and
Thach Hoi commune, Thach Ha district, Ha Tinh province and evaluate the results in the study
area (Figure 16): Three times in a rice crop, at critical times of the rice: sowing to tillering; panicle
formation to flowering; ripening to harvesting; Measure the height of the rice plant at 20 points in
the field corresponding to three important times of rice (Figures 17, 18, 19); Assess the accuracy
between the height of the rice measured and the Slope value at the time of the rice stage from
sowing to tillering with R2 = 0.92 (Figure 20) and at the time of the rice stage from panicle
formation to flowering with R2 = 0.93 (Figure 21).
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Fig. 16. Diagram of rice growth and development stage process interpreted from
Sentinel-1 satellite images (average of 20 sample points)

Fig. 17. Rice stage from sowing to tillering
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Fig. 20. Relations of the rice height measured with Slope value at the time
of rice stage from sowing to tillering
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Fig. 21. Relations of the rice height measured with Slope value at the time the stage of flowering
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4. Conclusion

This paper presents the methods and results of processing and interpreting Sentinel-1 and
Sentinel-2 satellite images and the methods to evaluate the reliability of the interpretation results.
We use the interpretation key table to interpret rice, vegetable, forest, and other plants on Sentinel-
2 imagery and in the field to create a map of agricultural crops. This study also shows the
relationship between the Sentinel-1 VH band and the growth of rice. From the image bands, we
could calculate the slope of the line correlating between the VH backscattering value and the
growth time of rice. Along with the local planting schedule, rice life cycle, and simple deduction, we
could determine the rice growth stage at each time of image acquisition. We have programmed in
Java to calculate the slope factor for the whole province of Ha Tinh and run it on computers with
Intel Xeon processor, configuration E3-1505M v5 2.80GHz CPU, 32GB RAM memory. The time to
output the result was less than 2 minutes. Therefore, a nationwide deployment will take about
2 hours. The result will be the input parameter for the irrigation management, monitoring and
operating information system that is applied to Ha Tinh province for proper and effective irrigation.
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The World Maritime Oil Trade: One of the Main Causes of Oil Spills?
Evgenii S. Kunshin 2"
aKalashnikov Izhevsk State Technical University, Russian Federation

Abstract

Oil is the main driver of the growth of modern economies due to its multifaceted use in
transport, energy and manufacturing. The main objective of this work is to study the data on oil
spills created by oil tankers over the past 50 years and to study the trend in oil trade and oil spill
pollution in an attempt to analyze the state of environmental pollution during major oil disasters.
The article also discusses the key factors in the occurrence of tanker oil spills and summarizes the
strategy and directions for the development of the global marine transport industry to prevent
future pollution of oil tankers. The analysis shows that the waters of the Atlantic ocean at the
shores of Western Europe are most prone to the occurrence of major oil spill accidents.

It is assumed that with an increase in the volume of oil transportation, the number of
accidents of oil tankers will also increase. But, as shown by statistical analysis, this is not so. Oil
transport is becoming safer, and even in absolute numbers, the growth in traffic is accompanied by
a decrease in the number of accidents accompanied by the release of oil and oil products. This is
achieved mainly through logistics solutions and technical measures.

Keywords: oil trade, oil, maritime transport, leak, oil spills.

1. BBenenue

HedTp — mpupopHas Mac/sSHHCTAsA ToOprvYas >KUAKOCTh CO CHENUMUYECKHM 3araxow,
COCTOAIIAsA B OCHOBHOM M3 CJIOXKHOW CMeCH YIJIEBOJOPO/IOB PAa3/JIMYHON MOJIEKYJIADHOW Macchl U
HEKOTOPBIX IPYTUX XUMUUeCKUX coeuHeHni (Mup-babaes, 2018).

HedTp kax KIIOUEBOH pecypc CTpaTermyecKoro 3HAueHUs BJHAeT HAa MHPOBOE
SKOHOMUYECKOE 3/I0POBbE U MOJUTUYECKYI0 CTaOWIbHOCTh. [[oOblua HedTH, Kak B MOPCKOM
CYIOXO/ICTBE, TaK M B JIpDyTUX OTPACAAX IOJy4YWIa JUHAMUYHOE Pa3BUTHE, IOCKOJIbKY
MIPOMBIIIJIEHHO Pa3BUTHIE CTPAaHbBl BO BCEM MHpPE IPOAOJDKAIT PACHIMPATH HCIOJIb30BAHHUE
b6oraTeIX MOpCKHX pecypcoB. B Hacrosmiee Bpemsa 6ojiee 90 % MHPOBBIX IepeBO30K HedTH
ocyuiecTBisercss HeDTAHBIMU TaHKepamu (I'Bo3zukoB, 3axapoB, 1996). B pesynbraTe Mopckas
HedTeTPAaHCIIOPTHAS OTPAC/Ib CTAHOBUTCA Bee Oosiee BaxkHOU. TpaHCOpTHPOBKA HEDTH, IPUHOC
pa3IMYHble SKOHOMHUYECKHE BBITO/IHl MHOTUM CTPAaHaAM, TaK)Ke IPEJCTABJISET CEPbE3HYI0 YTPO3Y.
ABapum ¢ pa3sMBOM He(pTH YTPOXKAIT KU3HU OHKHUIMAKEH WM 370POBBIO JIIOAEH W MPHUHOCHT
OTPOMHBIE YOBITKM TPAHCIOPTHBIM HPEANPUATHAM U TPY30BjajiesblilaM. KpoMe TOro, pas3uBbl
TaHKEPHOU He(PTH cephe3HO 3aTPYAHAIOT PA3BUTHE MOPCKOU SKOHOMUKHU (PhIOOJIOBCTBO, TYPU3M),
HAHOCAT yIiepd MOPCKHUM 3KOCHCTEMaM CO 3HAYUTEIBHBIM YIIEpOOM MOPCKHUM 3KOJIOTHYECKUM
pecypcam (Cyraumnos u jp., 2019). HecMoTps Ha TO, YTO TEXHUYECKHI IPOTrpecc CyIIecTBEHHO
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YIJIYUIIUIT yCJIOBUA 0€30MacHOCTH M BO3MOXKHOCTH KOHTDOJIA U NPEOTBPAIEHHSA CO CTOPOHBI
BJIaCTEl, TPAHCIOPTUPOBKA HePTHU MO-MIPEKHEMY OCTaeTCS OUYeHb PUCKOBAHHBIM OM3HECOM Kak
JU1A JIIOZIel, yJacTBYIONIUX B ee 0ObIUe, TaK U JJI OCTAJIBHOTO 0011ecTBa. MOXKHO IIPEIIOIOKUTD,
YTO pOCT cmpoca Ha HedTh, a TAKKe yBeJHMUYeHUE OOBEMOB TOPTOBIN He(THIO, IPUBOAAT K
aBapusAM C pas3juBaMU HedTU KaK K OJJHOMY U3 OCHOBHBIX (PaKTOPOB prcka. OCHOBHOH II€JIBIO
JITAHHOU CTaTbU SIBJISETCS aHAJIN3 IIPEJICTABJIEHHs O MUPOBOM MOPCKOUM TOPTOBJIE KaK O IJIABHOM
dakTope BaUAHHUA pa3nUBOB HedTH HaA Haubosiee cephbe3Hble aBapUU C pa3jiuBaMHu HePTH,
MIPOU3OIIEAIINE 32 IOCTAeAHNE 50 JIeT BO BCEM MUpe.

2. O0cyxkaeHue U pe3yIbTaThl

YcusieHre 5KOHOMHUYECKOTO POCTA IMIPUBEJIO K YBEJIMUEHUIO CIIPOca Ha MUHEPaJIbHbIE Macya
BO BCEM MUpe U CTHUMYJHMPOBAaHUIO MUPOBOM SKOHOMHUKHU. 3amackl HedTH B OCHOBHOM
cocpesorouensl Ha bmmkxuHem Bocroke u B ObiBiieM CoBerckom Coio3e, B TO BpeMsA Kak
noTpebsieHre HeTU B OCHOBHOM COCPEIOTOUYEHO B A3HATCKO-THX00KeaHCKOM pernone, CeBepHOU
Awmepuxe u EBporie.

Jucbananc B pacupeniesieHUu He(TSAHBIX PeCypcOB Hapsay ¢ HEPABHOMEDPHBIM CIIPOCOM U
IIpe/iyIo’KeHNeM IIPUBEJI0 K HeNpePhIBHOMY Pa3BUTHI0O MOPCKOM TOproeiu HedTbhlo. Mopckas
ToproByisi (M3MepsieMas B TOHHO-MWIAX) B 2017 ToAy cocraBmwia 58,098 MIIpJ. J0JUI. TOHH
(PucyHox 1).
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Puc. 1. MupoBas Mopckas TOproiisi HeThIO-MIJUIHAP/IBI TOHHO-MUJIB (1970-2018 IT.)
Hcrounuk: cocraBieHo apropamu u3 JOHKTA/L

ITo nanubM «Global oil seatrade» 3a mocienaue 50 jeT, 06U 00HEM MUPOBOU TOPTOBJIH
HedThI0 BhIpoCc. OTHAKO 0 1990-X TOJIOB OHA CTOJIKHYJIACh C PE3KUMU KOJIEOAHUAMU, TPUUEM
MaKCUMAaJIbHBIH 00'beM TOPTOBJIM HEe(PTHIO MPEBBICKI 9000 /I0JJIADOB MUJLIHAPA, TOHHO-MUJIb B
roJi U MUHUMAJIbHBIN ITOKa3aTesb — 4,007 MILIAapAa TOHHO-MIJIb (Lee et al., 2010).

ITocsie 1990-X TOZIOB CHUTyaIUsi CTAOMJIM3UPOBAJIACh, U CPEAHUN 00hEM TOPTOBJIM HEQPTHIO
COCTaBHJI OKOJIO 10 000 TOHHO-MIJIb B To/l. Bosbiast yacTh pocra 6p11a 00yC/IOBJIEHA TTOCTABKaMU
ChIpOU HE(PTH U YIJIsl, KOTOPBbIE 3HAUYUTEHHO YJIYUIIMIN CY0XOACTBO. TOHHO-MHIJIN TaHKEPHOU
TOProBJIM (BKJIIOYAsA CHIPYI0 HedTh U HePTENMPOAYKTHI) BRIPOCIU HA 4,4%. B 2017 rogy mupoBas
TOProBJis HedTHIO MO/JIEPKUBAJIACH yBeanueHueM skcrnopra u3 CoenuneHHbIx IlITaToB, pocTom
m100asibHOM HedTenepepabaThIBAOIIEN /1eATEIbHOCTH U POCTOM IieH Ha HedTb. OKCIOPT,
MPOUCXOAAIUN U3 ATJaHTHYECKOro OacceliHa W NpeAHA3HAUYEHHBIU I A3UU, T/€ pPacTyT
HedrellepepabaThIBAION e  MOIIHOCTH U NOTPeOHOCTM CO  CTOPOHBI  HE3aBHUCHUMBIX
HedrTellepepabaTHIBAIONIUX MPEANPUATHH, CIIOCOOCTBOBAIM yBeJludeHHIo crpoca. O630p
KPYITHEHIITNX MUPOBBIX KOMITAHUU B He(PTAHOM ceKTope (2017 I.) Ipe/icTaBjeH Ha PucyHke 2.
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Puc. 2. OcCHOBHBIE IPOM3BOIUTENN U IOTPeOUTENN HeTU — J10JIs1 MUPOBOTO PhIHKA
B IIpOIeHTax (2017 T.)
Ucrounuk: cocrasieHo asropamu u3 IOHKTA/]

Kwuraii, OCHOBHBIMHU ITOCTaBIIUKAMU KOTOPOTO SABJAIOTCA AHrosa, Mcmamckas Pecrybimka
Upan, Wpak, Oman, CaymoBckas ApaBus, Benecysna m Poccuiickas ®eneparus, 6e3ycJI0BHO,
ABJIAETCA BeAYIIMM HMIIOPTEPOM MUHEPAJIBHOTO ChIPbS U Chlpod HedpTu. KuTtail Kak KpymHBIN
JKCIOpTep He(PTENPOAYKTOB YABOWI OOBEMBI CBOETO JKCIIOPTA B MEPHOJ ¢ 2013 MO 2016 TOJ.
Kpome Toro, skcmopt u3 Kuras yBenuumics Ha 6,3% B 2017 TOAy, YTO OOYCJIOBJIEHO
IIPOIOJIKAIOIINMCS IEPEN3OBITKOM HEDTEIPOIYKTOB B 3T0H cTtpaHe (KoHOIUIAHUK, 2016).

O630p aBapuii npu pasnuBax HedTHU HA MOpe

Bospmas yacte (0KOJI0O QO %) MHPOBBIX IEpeMEIIEHUN He(TH OCYIIeCTBISETCS MOPEM
(I'Bo3gukoB, 3axapoB, 1996). Mopckue oOpraHu3anUi U BeJOMCTBA YAEJSIOT IIOBBIIIEHHOE
BHUMAaHHE TPAHCIOPTHPOBKe HedpTH 10 Mopro. ITOT miar obecrneuynBaeT 3HAUYUTETIbHOE
COKpAIlleHHe YHCcjIa aBapyuid ¢ pa3jauBaMu HedTU 0 MUHHMAJIBHO JIOIyCTUMOIO YPOBHSA (Bcero
IIECTH B 2017 rozy). HecMOTps HA TO, UTO TEXHUUYECKUU MTPOTPeCC 3HAYUTETBHO YITYUIIHII YCITOBUS
0e30IMacHOCTH, TPAHCIIOPTUPOBKA HE(MTHU MO-TPEKHEMY OCTAeTCs BeCbMa PHUCKOBAaHHBIM BHIOM
JleATeTbHOCTH. Pa3imBbel HePTH C TAHKEPOB COCTABJAIT OKOJIO 13% Bcero HePTIHOTO
3arpsA3HEHUs] OKEAaHOB 10 BCEMY MHUpPY. YTeUKa C TAaHKEPOB HE TOJBKO YIPOKAET 3/I0POBBIO U
JKU3HU UJIEHOB DKHIAXKa, HO W MPEACTABJAET COO0H OTPOMHYIO 3KOJIOTUUYECKYIO IOTEPI0 U
cepbe3HbIN yIepb oKpyKamwIiei cpezie u skocucreMam (I'Bo3auKkoB, 3axapos, 1996). Kak ToIbpko
HeTh yTEKAaET B MOPE, OHA PACIPOCTPaHsAeTCsA U ApeldyeT BMECTe ¢ OKEAHCKUMU T€UYEHHUSIMU U
BETPOM, 3arpsA3H:As IUISHKHU, a TaKXKe CO3/1aeT yiepO oKpy»Kamllel cpejie, 0cC0OEHHO TPUOPEKHBIM
TYpPUCTUYECKUM palioHaM c ¢aTaJbHbIM BO3JEHICTBUEM HAa MOpCKHe 3KocucreMbl. MwupoBas
TPaHCIOPTUPOBKAa HedTH MO MOpI0 U 00paboTka pa3siuBOB HedTHU MpeETEPIESU OrPOMHBIE
U3MeHeHHs C TeX Mop, Kak cynepraHkep «Torrey Canyon» 3aToHys B OpUTaHCKUX BOJIax B 1967
rofy. dra KpymnHas aBapus C pa3jMBOM HedTH CUUTAIACh OJHOM M3 CaMBIX CEPBE3HBIX B MHDE.
Cyneprankep «Torrey Canyon», OJUH U3 IIE€PBBIX CyIlePTaHKEPOB, CeJl Ha MeJib Ha pude y 10ro-
3amagHoro mobepexbss CoenuHenHoro KoposieBerBa. PazyiuB cocraBui mpuMepHO 119 328 TOHH
ceipori HedpTH. OHAKO M3-3a OTCYTCTBUS TEXHHYECKHX U KOMIIEHCAIIMOHHBIX Mep JIJIsi OOPBOBI C
HUHITUJIEHTAMU pa3iiBa HepTH B 1967 TOAy, aBapusi IpUBeJa K 3HAUUTETLHOMY SKOJIOTHYECKOMY U
SKOHOMUYECKOMy yIepOy kak /i BemukoOpurtanuu, Tak u g PpaHnum. Jta aBapus C
pa3JMBOM IIpUBesjia K CEPbe3HbIM H3MEHEeHHsAM B pearupoBaHUM Ha pasjauBbl HepTU. 3a
II0CJIe/IHUE 50 JIET, B CBA3U C IOBBIIIIEHNEM BHUMaHUA K aBApUMHBIM pa3jiiBaM He(TH CO CTOPOHBI
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MOPCKHUX areHTCTB II0 BCEMY MUpY, a TaKKe HelpepbIBHbIM Pa3BUTHEM TEXHOJIOTUU TaHKEPHOTO
TpaHCIopTa 00IIee YMCJIO UHITUAEHTOB ¢ pa3auBaMu HedTH cOKpaTwioch (JImkBumanus...).

B 1990-e roapl C IIeCThI0O OTPOMHBIMHM aBapUAMHU B OKeaH BBIIJIECHYJIOCh 702 00O TOHH
HedTU. Bropoii no BesmmurHe pa3auB HeDTH B UCTOPUU IPOU30IIIEN B 1991 TOAy, KOr/ia HepTAHOU
taHkep «ABT Summer», MOJHOCTBIO 3aTPy;KeHHBIA CHIPOH HEPTHIO, HEOOBSICHUMO B30PBAJICA U
Io3Ke 3aTOHyJ y OeperoB AHrospl. [Iorubiau HATh YIEHOB 3SKHUIAXKA, YETBEPO U3 KOTOPHIX
YHUCJIATCA TpomaBmIUMU 06e3 BecTu. I3-3a moTepw 260 000 TOHH HedTH 00pa30BaIOCh IMATHO
JUIMHOU 32 KWJIOMETpPa W IIHUPHUHON 7 KWJIOMETPOB. IIOMBITKM HAWUTH MECTO KPYIIEHUS II0CJIEe
WHIHUAEHTA OKa3aIuch 6e3ycnenupivMu (JImkBumanus...).

B ToMm ke rosy mpousoInuia eie ofHa KpymHas HedTAHaAs aBapus, KOI/Ia OUeHb KPYIHBIN
He(TEeHUTNBHOU NepeBo3YUK "XelBeH'", mepeBO3UBIINI Ha OOPTY 144 000 TOHH TSXKEJIOU ChIPOU
HedTHU, B30PBAJICA U3-3a DJIEKTPUUECKOU UCKPBI BO BpeMs OUMCTKU IUCTepH. B pe3ysibTaTe aBapuu
moruby IIecTh YWIEHOB SKHUIA)ka. B pesysbTaTe B3pBHIBOB CYAHO paclajioch Ha TPU YaCTH,
OCHOBHAs YacTh Cy/HA 3aTOHyJIa IMPUMEPHO B 2,8 KM OT Oepera mocje JJaJbHEUIINX B3PHIBOB.
JlaHHBIE TTOKA3bIBAIOT, YTO OOJIBITMHCTBO aBAPUU € PA3JIUBOM He(TH IIPOU3OILIO 0 2000 rofa —
TOJIPKO 3 3HAYHUTEJIbHBIX MHIIUJIEHTA IMPOU3OILIN IOCJIe 2000 roga (2000-2018 rozbr). CaMblid
cepbe3HbINl MHIIUJIEHT C pa3jMBOM HedTU 2000-X ToJI0B Ipousoliesa B 2002 roay. Hedranoi
tankep "IIpectmk" 3aroHyn y GeperoB lanmucuu, mepeBo3s Tpy3 B 777 ThICAY TOHH TSKEIOH
OynkepHOU HedTH. Pa3imB 3arpsA3HWI THICAYM KHUJIOMETPOB HCIAHCKOTO, (PAaHIy3CKOTO U
MIOPTYTAIBCKOTO TMOOEpEeXuii, a ¢ IULDKEeH ObLIM M3BJIE€YEHBI IIPOMACJIEHHbIE MOPCKHE ITUIIBI
(JIuxkBupmanusd...).

JIr000TBITHO, YTO B XO/ie STON KaTacTpO(dbI ¢ pa3juBOM HedTH, IO PEIIEHUI0 HCIAHCKUX
BJIACTEN MOBPEXKJIEHHOE CYAHO OTOYKCHpOBaiu B OoJiee riry0OKHMe MOPCKHE BOJABI. DTOT IIar ObLI
OTHMCAH KaK MPECTYITHOE JIETHHUE U MIPECTABIIAET cOO0H MPUYUHY OOJIBIIIOTO 3aTPOHYTOTO PalOHA.

Eme oxna kpynHasd HedTaHas KartacTpoda ¢ NPOJOLKAIOUIUMUCA SKOJOTUYECKUMU U
SKOHOMUYECKUMHU IOCJIe/ICTBUSAMU IPOU30IILIAa B 2007 rojay. bykcupyemas KpaHoBas Oapika
CTOJIKHYJIACh CO CTOSIIIUM Ha fIKope HedTeHATUBHBIM cygHOM «Hebei Spirit», mepeBo3uBImm
209 000 TOHH YeThIPEX Pa3JIMYHBIX BUJOB ChIpoi HedTU. bapka cBoOOHO IUIaBaja MOCje TOTo,
KaK TPOC, COENMHABIINN ee ¢ OykcHpoM, 00OpBasics, MPOOUB TPU IPY30BBIX TaHKA IO JIEBOMY
60opTy. XOTA COOOIIEHHU O KEPTBAX He MOCTYIIAJIO, CTOJIKHOBEHHE IPUBEJIO K yTEYKE 11 000 TOHH
Hedrtu (JIukBUAAIHA...).

B 2010-e roapl 00mUA 00bEM Pa3/IMBOB HEDTH 3HAUUTEIBHO CHIDKaerTcs. O HUCXOSIIEH
TEHJIEHITUU CBUIETETBCTBYET IIPOTPECC, IOCTUTHYTHIA B 00JIACTU MPEIYTIPEKIEHUS U JIUKBUIAIUH
KPYIIHBIX aBapuii Ipu pas3auBax HePTr. OAHAKO HECUACTHBIE CJIyYaH /IO CUX ITOP MPOUCXOZAT.

Hanpumep, aBapua «Canun» B 2018 rofly HaHecjla OTPOMHBIE IIOTEPH, B TOM YHCJIE CO
CMEPTEIbHBIM HMCXOZIOM U 3HAUYUTEJTHHBIM YIIIEPOOM MOPCKHM 3KOocucTeMaM. HedTaHOU TaHKep
«CaHuM» C TOJIHBIM TPy30M IIPUPOAHOTO ra3a M KOHJleHcaTa B 136 OO0 TOHH CTOJIKHYJICA C
IPY30BBIM Cy/IHOM NPUMeEPHO B 300 kuiaoMmerpax otT [lanxasa. «CaHum» 3aropesicsa BCKOPE IOCe
CTOJIKHOBEHHS, IOCJIE TOTO KaK ropesn u jpetidoBan OoJbllle HENETN, OH HAKOHEI] 3aTOHYII.
Hu oauH 13 ero 32 4jieHOB SKUIIa)Ka He BBDKUII. BHOBB OBLJIO MPUBJIEUEHO BHUMAaHUE MHPOBOTO
MOPCKOTO CEKTOPa, U OBbLI0 HACTOATEJHbHO PEKOMEHJIOBAHO 3aHATHCA JIMKBUZALMEN Pa3jIMBOB
HedTHn (JIukBugamus...).

Hcxonsa u3 MOJMy4YeHHBIX JIAHHBIX, BUJIHO, YTO 19 W3 20 KPYHHEUIINX Pa3juBOB HedTU
MPOU30IIIN JI0 2000 roza. «CaHum», MocjaeiHee JOMOJHEHNE K TOM-20 3HAYUTEIbHBIX aBapuil
He(TAHBIX Cy/IOB SBJISIETCA €QUHCTBEHHBIM JOMHHHPYIOIIUM Pa3jIMBOM, U 3TO IPUBEIO K
OTHOCUTEJIPHO HHU3KOMY BO3JIEHCTBHUI0O HA OKPYKAWOIIYI0 CPeAy [0 CPABHEHHIO C HEKOTOPBIMU
MepeYHCIIEHHBIMU aBapUAMU HePTAHBIX PA3JTHBOB.

[IpoBeneHHBIN aHAIN3 TTOKA3bIBAET, UTO BOJIBI ATJIAaHTUYECKOTO OKeaHa y 6eperos 3amaiHou
EBpombl, KOTOpblE UWMEIT MAapHIPyThl C WHTEHCHUBHBIM Cy/IOXOJICTBOM W  CJIOKHYIO
TUAPOJIOTHYECKYI0O KapTHHY, 0OoJjiee IMOABEPIKEHBI BO3HUKHOBEHHIO 3HAYUTEIBHBIX aBAPUHHBIX
pa3nuBOB HedTH, UeM Apyrue BoAbl. TakuM 00pa3oM, MOpcKHe HeTsAHble MapIIPyThl Haubosiee
IUIOTHBIE B BOJIaX K 3anazy oT EBpornsl (PucyHok 3 — Mopckue HedTAHbIE MAapPILIPYTHI).

CymiecTByeT  OJHO3HAYHAs  3aBUCHUMOCTh  MEXKAYy  KOJIMYECTBOM  II€PEBO3UMOTO
(3kcropTupyemoro) HepTsAHOTO Ipy3a (ChIpoit HepTH) U KOJTUUECTBOM Pa3jIuBIIeiicsa HeTu.

28




[ ——— International Journal of Environmental Problems, 2020, 6(1) ——

NUMBER OF JOURKIYS
>3,000

Puc. 3. [II0THOCTH IVTO0QTBHBIX CYAOXOTHBIX MAaPIIPYTOB

PaznuBbl HePTH IPOTUB MOPCKOU TOPTOBIN He(ThHIO

Mopckass TOProBjisi ChIpOM He(THI0 HIPaeT 3HAUUTENIBHYID POJIb B MHUPOBOM MOPCKOM
ToproBsie. TaHKepHbIEe TEPEBO3KU cozep kaT chIpylo HedTb (80 %) u HedTenmpomykTsl (20 %).
HecmoTpss Ha maseHHe o0BEMOB IIepeBO30K B Haydase 1980-X TOZI0OB BO BpeMsA MHPOBOTO
SKOHOMUYECKOTO KpH3HCA, C 1990-X TOMOB MOpCKas TOProwisd HedThi0 cTaOWIN3MpOBaIach
(BeutkoBaH u Ap., 2000). XOTA yBeandeHHe o0BbeMa TPAHCIOPTUPOBKU HEDTH, Ka3ayjoch ObI,
JoJKHA ObLia IOBJIeYb 3a cOO0M yBesMueHMe YacTOThl Pa3jikBOB, 3Ta TeHJIEHIIUSA U3MeHWWIAch B
TeueHNe BCero IocjeHero epruo/a.

Jlns cpaBHEHHsS: MOpPCKas TOProBis HepThIO HAa MOpe B 1990 TOJy COCTaBHJIA
7821 MWIITHAp/], TOHHO-KUJIOMETPOB C OAMHHAIATHIO aBapUAMHU C yT€YKOU B Mope Oosee
700 TOHH U 55 WHIHJIEHTAMH C YT€YKOU /0 700 TOHH HedTH M HedTEHPOAYKTOB. B 2017 romy
00beM MOPCKOH TOProByiM HEDTHIO BO3POC 710 13 216 TOHHO-KIJIOMETPOB, IpUYeM HAOJII0AaIach
OJIHA aBapus C YTEYKOU CBBIIIE 700 TOHH, a TPH — /0 700 TOHH (ApTIOMIKUH, 2019). CpaBHEHHE
TEHZIEHIIUHA TOProBIM HeDTHIO U 3arpsA3HEeHNs He(PThIO MOKa3aHo Ha PucyHke 4. 113 Hero BUIHO,
4yTO 06'bEM TOPrOBJIM HEPTHIO HEYKJIIOHHO PACTET, HO 06'beM Pa3IUBOB CHIIKAeTcsA. C MOBBIIIIEHUEM
OCBEZIOMJIEHHOCTH MHUPOBOH OOIIECTBEHHOCTH 00 aBapUHHOCTH TAHKEPHOTO CYAOXOZCTBA BO BCEM
MHpe, OJHOBDEMEHHO YKeCTOUMJINCh TpeboBaHHA 10 0e30IaCHOCTH U TeXHUYECKOMY
OCBU/IETETLCTBOBAHUIO CY/I0B (0COOEHHO HEDTIHBIX TAHKEPOB). Bee 3TO 1 MPUBEJIO K COKPAIIIEHUIO
YHcJIa aBapui ¢ pa3uBaMu HeTH Ha Mope. HecMOTps Ha TO3UTHUBHBIE CABUTH B 00J1aCTH GOPHOBI
¢ pazsuBaMu He(TH, MUPOBblEe MHIHU/IEHTHI ¢ HePTAHBIMHU TaHKEPAMU MO-IIPEKHEMY IIPOUCXOJAT
C 3aBU/IHBIM ITOCTOSTHCTBOM.
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Puc. 4. CHI>KeHHe KOJIMYECTBA PA3IMBOB HE(PTHU IO CPABHEHUIO C POCTOM 00heMa
OTTPY>KeHHOU HedTH (MJTH METPUYECKHUX TOHH)
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3. 3aKJIIoueHue

Mopckoii  TpaHCHOPT OTHOCHTCA K  BHAY TPAHCIOPTa, KOTOPHIA  obecriednBaer
MEKKOHTUHEHTAIbHBIE TIEPEBO3KH MACCAXKUPOB U IPy30B. O0beMbI TOPTOBIIU HEDTHIO U €€ IIEPEBO30K
[0 MOPIO 3a IOCJIeJTHUE HECKOJIBKO JIET JOCTUIVIM 3HAYUTeJIbHOTro pocta. C Apyroil CTOPOHBI, XOTS
MOPCKHE IepeBO3KH U IMPUHOCAT OIPOMHBIE SKOHOMUYECKHE BBITO/[bl MHOTMM CTpPaHaAM, OHU TaK»Ke
HecyT B cebe OrpOMHbBIE YIPO3bI C HETATUBHBIM BO3ZIEMCTBHEM HA 3/I0POBBE, YKU3HD, UMYIIECTBO U
OKpyKalolyio cpeny. /lake He CMOTpS Ha TeXHUUYECKUU IPOrpecc, TPAHCIOPTUPOBKA HedTH IO-
MpeXKHEMY OCTaeTcsl KpaliHe PHCKOBAaHHBIM BHJIOM JeATEJBHOCTHA. YTeuka HedTH € TaHKEpOB
COKpallaeTcs, HeCMOTps Ha o0lliee yBesinueHue oobeMa TOProBiId HedThio.

B craree mpexacraBieH 0030p Hawbosee KPYHOHBIX aBapuil C pasjauBamMu HedTH,
MIPOU3OIIEAIINX HAa MOpe 3a MOcJIe/IHNE TT0JIBEKa. AHAIN3 ITOKa3bIBAET, UTO BOJIbI ATJIAHTUYECKOTO
okeaHa y 6eperoB 3amnasiHori EBponbl HanboJiee MoiBep>KeHbl BOSHUKHOBEHUIO KPYITHBIX aBapUH ¢
pazmuBoM HedTu. IlosaToMy wuMeercs HEOOXOAUMOCTh TPUHATHSA Pa3yMHOTO peEIIeHUs O
peryJupoBaHuu A00bYM  HedTH, YTOOBI ONTHUMU3HPOBATh IIyTH IEPEBO30K. JTOT IIar
obecrieunBaeT CHMKEHUE pUCKA aBapWil IpU pasuBe 70 Oojiee HU3KOTO YPOBHS, TEM CAMBIM
CHIIKAs YIPO3y 3/10POBbS, KU3HU, UMYIIIECTBA U OKPY>KAIOIIel Cpe/ibl.
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MupoBasa MopcKas TOProB/is He(DThIO: O/{HA U3 IVIABHBIX IPUYUH Pa3/jinBoOB HepTH?
Errenuii Cepreesuu KyHius 2"
aI5keBCKUH TOCyIapCTBEHHBIA TexHmYecknil yHuBepeuret (VxI'TY), Poccuiickas ®eneparus

AnHotamua. HedtTp dABjisgercsa IJIaBHBIM JpailBepoM pocTa COBPEMEHHBIX S3KOHOMUK
6s1arosiapsi ee MHOTOTPAaHHOMY HCIIOJIb30BAaHUIO B TPAHCIIOPTE, SHEPTeTHKe U oOpabaThIBaromieit
MPOMBINIZIEHHOCTH. OCHOBHOU I€JIBI0 JJAHHOW PabOThI SABJISETCA U3yUYeHUEe JAHHBIX O pa3jiuBax
HedTH, co37]aBaeMbIX He(PTAHBIMU TAaHKEpPAMU 3a IOCJIeAHNE 50 JIET U U3ydyeHUe TeHAEHIUU B
TOprosjie HeThIO U 3arpsA3HEHUH Pa3jIUBOB He(dTH, B IOIBITKE IIPOAHAIU3UPOBATH COCTOSHUE
3arpsA3HEHUs] OKPY’KAIOIIel cpeabl MpU KPYIHBIX HePTAHBIX Karactpodax. B cratbe Takike
paccMaTpuBalOTCA KJIIOUEeBble (AKTOPbl BO3HHUKHOBEHHUs PAa3jIMBOB TAaHKEPHOU HepTH U

* KoppecrmoHAUPYIOIHUI aBTOP
Anpeca ayekTpoHHOM ouThl: zkunsha@gmail.com (E.C. Kynamun)
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MOZIBOAATCA WTOTH CTpaTerMy U HalpaBjleHUus pPa3BUTHA MUPOBOM MOPCKOM TpPaHCIOPTHOU
oTpaciu Jyif TPeNOTBPAIlleHUs 3arpsA3HeHHs HePTAHBIX TAaHKEpPOB B Oyaymem. AHamu3
[IOKA3bIBAaeT, YTO BOJbI ATJIAHTUYECKOTO OKeaHa y OeperoB 3amagHoii EBpombl Hawubosiee
MO/IBeP>KeHbl BOBHUKHOBEHUIO KPYIIHBIX aBapUH ¢ Pa3JIMBOM HePTH.

[Ipepmnosiaraercsa, YTO C yBeJIUYeHHEM 00beMOM I1epeBO30K HedTu OyaeT pacTu u
KOJIMYECTBO KaTacTpod HedTAHBIX TaHKepoB. Ho, Kak MmoKasay CTaTUCTUYECKUU aHAJIU3, 9TO HE
Tak. HepTsAHOU TpaHCIIOPT cTAaHOBUTCA Bee O0jiee OE30MACHBIM, U JIa’Ke B aOCOJIIOTHOM KOJIMYECTBE
pocT 00BeMa IEepeBO30K COMPOBOXKAAETCS CHIDKEHHEM KOJIMYECTBA HECYACTHBIX CJIy4Yaes,
COTIPOBOXKZIAEMBIX BhIOpOCOM HebTH U He(TEMPOIYKTOB. JTO JIOCTUTAETCS B OCHOBHOM 3a CYET
JIOTUCTHYECKUX PEIIeHNN U TEXHUUECKUX MEePOIIPUATHH.

KiriroueBbie c1oBa: TOProsiisi HeGThi0, HehTh, MOPCKOH TPAHCIIOPT, YTEUKA, PA3JIUBbI HE(DTH.
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