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JUSTIFICATION OF THE ADVISABILITY OF USING SOLAR ENERGY FOR THE EXAMPLE OF THE
YEMEN REPUBLIC

The objective of this work is to study and analyze deeply the evaluation of the state of the energy sector in Yemen
and to justify the use of solar energy through statistical results with a scientific, ecological, economic and financial
perspective. In the article shows in Yemen a strong dependence on traditional energy, which is dependent on fossil
fuels, petroleum, and its derivatives, is one of the main causes that cause severe damage to human beings, the
environment, and all living organisms. Electricity in Yemen, mainly depends on oil power plants — 699 MW of diesel,
495 MW of steam, and 341 MW from gas power plants. The total capacity of the national grid in 2013 was 1,535 MW.
The power plants generate electrical power at different voltage levels, which are 10.5 KV, 11 KV, 13.8 KV, and 15 KV
and then the voltage levels are boosted to the transmission voltage levels of 230 KV and 400 KV. Determined that when
the industrial plants are isolated from the grid, they consume a large amount of diesel to generate electricity. Such
consumption is 79,000 tons of diesel per year to generate approximately 127 MW. The further work of the power sector
on diesel fuel is a growing problem both for the country's economy and for the ecology of the environment. The only
solution and the alternative source of electricity and economy in the country is the use of renewable energy of all kinds
and according to priorities. But the use of geothermal water is environmentally hazardous. Because of the lack of water
in the Yemen Republic, that can lead to droughts and required a large consumption of diesel fuel for pumping of
groundwater. The results show that Yemen is considered one of the richest countries in the world with regards to solar
radiation. It is necessary to strengthen cooperation with researchers from the academic institutions and institutions

concerned in study and in the creation of energy sources based on solar energy.
Keywords: environmental safety; clean energy; solar radiation; electricity.

1. Problem statement.

The use of excessive conventional energy, which is
dependent on fossil fuels, petroleum, and its
derivatives, is one of the main causes that cause severe
damage to human beings, the environment, and all
living organisms [1, 2], resulting in unprecedented
environmental pollution, global warming, global
warming and acid rain. Of environmental disasters that
in turn harm human health [3-5]. Attention to the
environment is one of the most important points of
measures to assess the civilization of countries and
progress. Attention to the environment is one of the
most important points of measures to assess the
civilization of countries and progress. Which led to a
challenge to create a balance between sustainable
development and conservation of environmental data.
And as the dependence on traditional energies occupy
the bulk of the energy uses and their implications,
whether due to depletion or the resulting pollutants on
human health.

To ensure the rational use of natural resources and
the preservation of clean ecology, the world is moving
to the search for alternative renewable energies [6].

Renewable energy is characterized by several
advantages, including direct and indirect. It aims to
protect human health and preserve the natural
environment. It also works to improve the living
standards of the human being and reduce the poverty
rate by finding ways to secure new employment
opportunities and reduce harmful gas and thermal
emissions and etc. Since thermal emissions are the
cause acid rains that harms all agricultural crops and
different forms of life. Renewable energy reduces the
risk of acid rain, since the energy sources do not

contain  combustion  products and reduce the
accumulation of harmful waste of various kinds and
forms.

Therefore, the search alternative renewable energies
that are clean and sustainable and serve the health of man
and the environment is a very urgent problem for the
whole world. Consider the possibility of solving this
problem by example Yemen Republic.

Yemen is situated between 13N-16N latitude and
43.2-53.2 longitude at the south west of Asia. Yemen is
surrounded by the Red Sea from the west and by Arab
Sea and the Indian Ocean, Yemen's population is
527,970 km?, Yemen's population is 26,687,000 million
in 2016, rising with the rise in the unemployment rate
and the war against Yemen in the last three years and to
the present day. At the same time, the economic
weakness of the country, which is one of the main
challenges in Yemen, Leading to widespread poverty and
in rural areas, which account for 75% of the total
population.

Yemen is one of the least developed countries with a
Gross domestic product (GDP) per capita of US $ 1,086
per year. Human development is originally weak in
illiteracy and lacks basic social services such as
education, health, and energy [7, 8].

2. Analysis of the recent researches and
publications opportunities for use of renewable
energy in Yemen

Renewable Energy (RE) in Yemen has high
potentials of renewable energy sources, namely: solar,
wind and geothermal.

Solar Energy. The average solar radiation in Yemen
is 450...550 Cal/cm?day [7]. Figure 1 and 2 [9] shows
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that Yemen is a country with high levels of solar
radiation.

Yemen is geographically located in the region of
the solar belt in the world, and the temperature is very
high, and in particular between the coastal and desert
areas, which constitute the majority of space in the
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Republic of Yemen. The solar radiation ranges between
6.8...5.2 kWh/m?day, and the average annual sunshine
is between 7.3 and 9.1 hours/day, even in winter, and the
average daily average of solar clocks is about
8...16 hours per day [7].
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Figure 1 — Global horizontal irradiation (GHI) in Yemen Republic
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Figure 2 — Direct normal irradiation (DNI) in Yemen Republic

Wind energy. Yemen is considered one of the
countries with coastal areas. It has a coastal area with a
width of 2500 km and a width of thirty to sixty
kilometers. It also owns several islands, most notably

Socotra, and there are marine areas and the most famous
in terms of wind power such as the Mukha. Figure 3 [10]
shows the wind resource maps of the Republic of
Yemen.
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Figure 3 — Wind resource maps of the Yemen Republic

Geothermal Energy. It is also known
internationally that Yemen is characterized by its
nature by volcanic nature, and it has more than seven
springs of natural hot water in several areas. It is
possible to note from the global heat flow map that
Italy and Yemen have the same heat flow, which is

60 MW/cm?, and the total combined geothermal energy
in Italy is more than 500 MW. Yemen considers it to be a
country with a high thermal flow and high thermal
energy [11]. Figure 4 shows the Promising geothermal
fields in Yemen [9].
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Figure 4 — Promising geothermal fields in Yemen

The Renewable energy capabilities in Yemen in
table 1 [7] and the Weaknesses and Strengths of
Renewable energy in Yemen in table 2 [10]. In 2009,
Government of Yemen approved the national strategy

for RE and energy efficiency, which aims to increase
15 % of EE in the power sector by 2025 [10]. Targeted
capacity of RE in total electricity (in MW) by 2025 is
shown in figure 5.
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Table 1 — Renewable Energy Capabilities In Yemen

Technical Potential
Resource Theoretical Potential (MW) Practicable (MW) Gross (MW)
Solar Electric 2,446,000 1,426,000 18,600
Wind 308,722 123,429 34,286
Geothermal 304,000 29,000 2,900
Biomass (Landfill Gas) 10 8 6
Existing Dams 1 - -
Major Wadis 12...31 11...30 -
Domestic (SWH) 3,014 MW thermal 278 MW thermal 278 MW thermal
Table 2 — Weaknesses and Strengths for Renewable energy in Yemen
Resource Strengths Weaknesses

Renewable resource

Depending on sunshine levels

Solar Electric

A clean source of energy

High capital costs

Long lifetime

Requires storage system

Renewable resource

Renewable resource

A clean source of energy

Not reliable

Wind - . Causes visual impact, noise, and
Sufficient level of maturity g
electromagnetic interference
Competitive in cost Ecological impact Geothermal
Geothermal Stable Requires complex management system

A clean source of energy

Not sustainable

Biomass/Biofuels

Available and free resource

Not sustainable

Availability of conversion technologies

Competing land use

Solid Biomass; 6

CSP; 100\ . ‘/

Geothermalj

Solar PV; 8.25

Wind; 400

Figure 5 — Targeted capacity of RE in total electricity (in MW) by 2025

The objective of this work is to study and analyze
deeply the evaluation of the state of the energy sector
in Yemen and to justify the use of solar energy through
statistical results with a scientific, ecological, economic
and financial perspective.

3. Statement of the problem and its solution.

3.1. Energy and Power System in Yemen

The Ministry of Electricity and Energy serves the
electricity sector in the Republic of Yemen by 80 % in
the country [12], as shown in figure 6.

Figure 7 shows the share of total primary energy
supply in 2012 [13, 14].

The Yemeni energy sector consists of oil, natural
gas, and biofuels. Energy production in 2012 was
«15,109 kiloton of oil equivalent (ktoe) while the
consumption was 6,923 ktoe» [13]. In 2013, Yemen

generated «5,600 GWh of electricity 2,8 GWh from oil
(steam and diesel power plants and 2,722 GWh of gas,
and consumed 4,976 GWh)» [15].

Electricity in Yemen, mainly depends on oil power
plants; «699 MW of diesel, 495 MW of steam, and 341
MW from gas power plants. The total capacity of the
national grid in 2013 was 1,535 MW» [3]. The power
plants generate electrical power at different voltage
levels, which are «10.5 KV, 11 KV, 13.8 KV, and 15 KV
and then the voltage levels are boosted to the
transmission voltage levels of 230 KV and 400 KV» [3]
and transmit energy by single line diagram of
transmission network (figure 8).

The Figure 9 [16] above indicates a narrowing gap
between the government’s share and total crude oil
production with the passage of time.
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Figure 6 — The public electricity company (PEC) supply in 2012
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Figure 9 — Total crude oil production and state share (million barrels)
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Electricity is the lowest in the region, with 40 % of
the population connected to electricity. There is also
inequality between rural and urban areas, 23 % have
access to electricity in rural areas and 85 % in urban
areas, although rural areas occupy 75% of the
population. Therefore, most rural areas receive
electricity from other sources, including diesel
generators. In addition to the fact that it is expensive
(figure 10), the use of diesel generators pollutes the
environment [17].

This means that the share of the government has
increased (amounted to 70 % of the total production in
2013) while the share of origin companies has
decreased.

The oil and gas production constituted nearly 24 %
of Gross Domestic Product (GDP) of the oil and gas

300%
250%
200% H Gasoline
150%

100%

-50% #’40%9&6 Vb ‘9 @ ‘!@\#“g’y@@@@‘i‘p

H Diesel

sector at current prices during 2010-2014, despite the
growing number of sabotage attacks on oil and gas
infrastructure during the transitional period (figure 11)
[14].

The report of the Ministry of Planning and
International Cooperation Sector Economic Studies and
Forecasting on 14 May 2016 [16], stated that The oil and
gas revenues are the main resource of the state budget
and contributed about 53.6 % of the total public revenues
during 2010 — 2014. The oil and gas revenues have fallen
by about 77.1 % in 2015 due to the war and conflict
implications, as well as the lower world oil prices. The
least amount exceeds the total public budget expenses on
education, health and social protection. The following
table 3 Government power plants in Yemen [18].

Cooking Gas

Ll kb, Lhﬂlmhﬂh“nhl

& eb

&
N

@& & & & &

Figure 10 — Change of fuel prices on March 2016 compared to the pre - crisis period
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Figure 11 — Real GDP growth of oil and gas

sector, %

City Average Average Annual energy
City Load (MW) production (MWh)
Al- Rayyan 3.8 28,296'°
Al-Hodeida 1.69 5.332
Shabwa 2.93 17.843
Socotra 1.18 5.863
Haja 2.48 6.068
Sa’da 2.09 34.778
Al-Monawwara 4.22 28.296%
Al-Shehr 1.24 8.012
Al-Bayda 1.22 4.316
Khalaf 2.48 6.010
Al-Mahra 3.36 14.882

The main problem is that the Ministry of Electricity
and Energy rents power stations from the private sector
to close the gap between supply and demand so that the
leased stations provide electricity Either on-line or off-
grid, and the Government provides these stations with

diesel fuel (figure 12).

The following table 4 shows Estimates of
Depreciation of Leased Stations for the Private Sector
Offshore in Yemen (General Electricity Corporation

2014).
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Table 4 — Private sector power stations
(chartered in Yemen)
Governorate Purctzla\;%(\j/ﬁ; ergy
Al-Wadi 31.264
Al-Bayda 28.849

Coast of
Hadhramaut 224.551
Al-Mahra 62.776
Lahj 19.910
Mareb 235.132
Shabwa 114.229

Figure 12 — Annual diesel consumption of Yemeni cities

3.2. Private industrial facilities

In many cases, the Yemeni national network is
subject to several interruptions of electricity and the
interruptions are increasing from year to year. So the
industrial plants are isolated from the grid and in nature
they consume a large amount of diesel to generate
electricity at the site. It is estimated that it consumes
79,000 tons of diesel per year to generate
approximately 127 MW.

Another sector, the telecoms sector, has the largest
diesel generators and unfortunately we cannot get data
on diesel consumption.

3.3. Groundwater

Yemen is one of the most water-scarce countries in
the world, with renewable water resources of only
125 m® per capita/year (i.e. Less than one tenth of the
threshold for water stress, which is defined at 1,700 m®
per capita/year). Demand for water is increasing year
by year. Groundwater accounts for about 75 % of
Yemen's total water consumption. The agricultural
sector accounts for almost 90 % of total consumption,
while the industrial and domestic sectors account for
approximately 9 % of water resources.

Total diesel consumption

International Price (Dollar per Liter)
o
o
o

o A S A
& &£ & & F £ FH S

Figure 13 — Total diesel consumption from
2005 to 2012

The cultivated area of Yemen irrigated by
groundwater is estimated 405,264 hectares. Of the total
area of groundwater irrigation, Highlands accounts for
the largest share, with about 69 % of the total, followed
by Costal Area with 18 % and Eastern Plate with 13 %.
Thus, groundwater resources are vital for Yemen’s
agriculture. In table 5 shows diesel consumption for
groundwater pumping (Ministry of Industry and Trade —
Yemen, 2015) [18]:

Table 5 — Diesel consumption of groundwater pumping

A;gzﬁzl Specific Annual
Area gwater diesel diesel
with drawal consumption | consumption
(Billion m) (liters/m?®) (ktoe)
C;zzts"’" 14 0.43 514.7
rigf 16 0.75 1.026
S 0.6 0.21 107.73
Total 3.6 1.39 623.456

For irrigation by groundwater, farmers rely on diesel-
based pumps to draw water from the aquifers through
wells. The average temperature increase in Yemen is
increasing when compared to the global average, and it is
known that most of the area of Yemen consists of arid
semi-arid regions. This makes things worse, although the
rate of rainfall under climate change cannot be relied
upon because it is uncertain.

4. Results and Discussion.

According to the results of the study, reports, and
statistics presented in this study from 2000 to 2016, the
government's dependence on diesel to operate the
electricity sector is a major factor for the deterioration of
the ecological safety and economy in the country with
the same price decline of 77 % between the years 2009
and 2017. The further work of the power sector on diesel
fuel is a growing problem both for the country's
economy and for the ecology of the environment.
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The only solution and the alternative source of renewable energy in different types according to the
electricity and economy in the country is the use of location and resources of Yemen Republic.
renewable energy of all kinds and according to The main findings of the study can be summarized as
priorities. Important is that Yemen has very good follows:
potential for using renewable energy. This is evident 1. The further work of the power sector on diesel fuel
from figures 1-4. But the use of geothermal water is is a growing problem both for the country's economy and
environmentally hazardous. Firstly, because of the lack for the ecology of the environment. When the industrial
of water in the Yemen Republic. This can lead to plants are isolated from the grid and in nature they
droughts and other negative consequences for the consume a large amount of diesel to generate electricity
environment at the same time threatens the country’s at the site. It is estimated that it consumes 79,000 tons of
economy. Secondly, required a large consumption of diesel per year to generate approximately 127 MW. The
diesel fuel for pumping of groundwater. This is evident only solution and the alternative source of electricity and
from table 5. economy in the country is the use of renewable energy of

The most rational and promising direction in the all kinds and according to priorities.
energy sector is the use of solar energy. 2.Yemen has very good potential for using

Currently, the entire scientific world is actively renewable energy. Namely, solar energy, wind energy
developing the direction to create environmentally safe and Geothermal Energy.
and effective materials for the creation of solar cells 3. But the use of geothermal water is environmentally
[19, 20]. Therefore, it is necessary to strengthen hazardous. Firstly, because of the lack of water in the
cooperation with researchers from the academic Yemen Republic. This can lead to droughts and other
institutions and institutions concerned in study and in negative consequences for the environment at the same
the creation of energy sources based on solar energy. time threatens the country's economy. Secondly, required

In the end, we must go back to the famous parable, a large consumption of diesel fuel for pumping of
«the sun is a God gift, so let’s use it». groundwater. This is evident from table 5.

4. The most rational and promising direction in the

Conclusion. energy sector is the use of solar energy.

In this article, we provided a brief overview of the Therefore, it is necessary to strengthen cooperation
Yemeni file, which included the electric power sector with researchers from the academic institutions and
and the environmental and economic situation (oil, institutions concerned in study and in the creation of
diesel and gas) and the possibility of applying energy sources based on solar energy.
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Mypan A. A. Anmexaadi

OBIPYHTYBAHHSA JIOLIJIBHOCTI BUKOPUCTAHHSI COHSIYHOI EHEPTTI HA ITPUKJAII
PECIIYBJIIKW HEMEH

Mera 1i€i poOOTH — AETaJbHO BMBYMTU 1 MpPOAHANI3yBaTH OLIHKY CTaHy €HEpPreTHMYHOro ceKkTopa B €MeHi Ta
OOTpYHTYBAaTH BUKOPHCTAHHS COHSIYHOI €Heprii 3a JOMOMOrol CTaTHUCTUYHUX Pe3yNbTaTiB 3 HAYKOBOIO, EKOJIOTYHOIO,
€KOHOMIYHOI 1 (DIHAHCOBOIO TIEPCIEKTHBOI. Y CTAaTTi MOKa3aHO, MO B €MeEHI iCHye CHIIbHA 3aJIeXHICTh BiJl
TpamuIifiHOT eHeprii, sK BHKONHE NanuBo, Hadra Ta T moximui. lle € omHi€r0 3 OCHOBHHX MPHYHWH, SKI 3aBIAIOTh
CEepHO3HOT IIKOH JIFO/IIM, HABKOJIHMITHEOMY CEPE/IOBHIILY 1 BCIM )KHBHUM OpraHizMam. Enekrpuka B €MeHi B OCHOBHOMY
3aJIeKUTh BiX Ha(TOBHX ejekTpocTaHiii — 699 MBT auszensHOro manusa, 495 MBT mapa i 341 MBT Bix ra3oBux
eJIEKTPOCTAHIIIH. 3arajibHa TMOTY)XHICTh HalioHadbHOI Mepexi B 2013 poui ckimama 1535 MBrt. Enexrpocranmii
TeHEePYIOTh €JIEKTPOCHEPTrilo MPHU PI3HUX PIBHAX HArpyr, siki craHoBisath 10,5 kB, 11 kB, 13,8 kB i 15 kB, a norim
PiBHI Hampyry MiABHIIYIOTHCS A0 piBHIB Hampyru nepenadi 230 kB 1 400 kB. BcraHoBieHo, 1110, KOJU TPOMHCIIOBI
YCTAaHOBKH 130JIbOBaHi BiJI MEpEXi, BOHH CIIOKHBAIOTh BEIMKY KUIBKICTh AM3ENBHOrO MalWBa JUisi BHUPOOJICHHS
enekrpoeHeprii. Take crioxxuBaHHs cTaHOBUTH 79000 TOHH AM3ENBHOrO MajKBa Ha PIiK Ui BUPOOHUITBA MPUOIU3HO
127 MBr. Ilopansima po0oTa €HEpPreTHYHOr0 CEKTOpa Ha AW3EIbHOMY IalMBiI € HAPOCTAIOYOIO0 MPOOJIEMOIO SK UL
€KOHOMIKHM KpaiHH, TaK 1 JUIsl €KOJIOT] HABKOIHUIIHBOTO CepeIoBUINa. €IMHUM PILICHHSIM 1 aJIbTEPHATHBHUM JDKEPEIOM
€JIEKTPOEHEPril B KpaiHi € BUKOPUCTAHHSI BIJTHOBIIOBAHUX JKEpeN eHeprii BCIX BUJIB 1 BIJIOBITHO 10 IPIOPUTETIB. AJe
BUKOPHCTAHHSI T€0TePMalIbHOI BOAU € eKONIOriuHO HeOe3neuHnM. Uepes Opak Bomu B €MEHCBKI peciyOdilli, o Moxe
NPUBECTU 10 3aCyX 1 3aKaJaTH BEJIHMKOTO CIIOKHMBAHHS AW3ENBHOTO MajMBa UL HepeKadyyBaHHS IMiA3EMHHX BOI.
PesynpraTi mokaszyrooTh, 10 €MEH BBaXKA€ThCS OJHIEIO 3 HaWbaraTmmx KpaiH y CBITI LIOJO COHSYHOI pajiarii.
HeoOximHO 3MilHIOBaTH CHIBPOOITHUIITBO 3 IOCHIAHUKAMH 3 aKaJeMIYHHX YCTAHOB Ta YCTaHOB, IO 3alMarOThCS
BUBYCHHSIM 1 CTBOPEHHSIM JIXKEpe eHepril Ha OCHOBI COHSIYHOI €Heprii.

Koarouogi ciioBa: exosoriyHa Oe3rneka; YucTa eHeprisi; COHsIYHA pajiiallis; eJIeKTprKa.
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Mypan A. A. Anmexiaadgu

OBOCHOBAHHUE IIEJECOOBPASHOCTHU HCIOJIb30BAHUSI COJIHEYUHOWM DSHEPITMM HA
MPUMEPE PECITYBJIMKA MEMEH

Llestb 3Toit paBoThI — JETAILHO H3YYHTh H NPOAHATH3UPOBAT OLEHKY COCTOSHUS SHEPreTHUECKOro cektopa B Memene
U 00OCHOBAaTh HCIIOJB30BAHUE CONHEYHOH OSHEPruM IOCPEICTBOM CTaTHCTHYECKHX pPE3yJIbTaTOB C HAydHOH,
9KOJIOTMYECKON, DKOHOMUYECKOH U (PMHAHCOBOM MepciekTHBoil. B crathe nokasaHo, 4To B VemeHe CHITbHAS 3aBHCHMOCTh
OT TPAJMIMOHHOM 3HEPIUM, KaK HCKOIIAeMOEe TOILIMBO, HE(Th U €€ MPOU3BOIHBIX. DTO ABJIAETCA OLHON W3 OCHOBHBIX
MPUYHH, KOTOPbIE HAHOCAT CEPbE3HBIH yIIepO T0AAM, OKPY)KAIOLIEH cpelie U BCeM JKUBBIM OpTaHU3MaM. DJIEeKTPUIECTBO
B MeMeHe B OCHOBHOM 3aBHCHT OT He(TSHBIX 3MEKTpocTaHImi — 699 MBT mmsensHoro Tommmea, 495 MBT mapa
341 MBT ot ra3oBbix snektpocTtanimil. OOmmas MoOIHOCTh HaruoHanbHOU cetd B 2013 rogy cocraBuma 1535 MBT.
OJNEKTPOCTaHIMK TEHEPUPYIOT JIEKTPO3HEPTHIO TP Pa3HBIX YPOBHSAX HANpsHKeHWs, KoTopble cocraBisitor 10,5 kB,
11 kB, 13,8 kB u 15 kB, a 3arem ypoBHM HampspKEHHs IHOBBIIAIOTCS IO YpoBHeH HampspkeHus mepemaun 230 xB u
400 kB. YcraHOBI€HO, YTO, KOTAa NPOMBINUICHHBIE YCTAaHOBKM H30JIMPOBAHBI OT CETH, OHH MOTPEONSIOT Oobloe
KOJIMYECTBO JIM3ENIHOTO TOIUTUBA JUIS BBIPAOOTKM JJIEKTpOdHEepruu. Takoe morpednenue coctaBisier 79000 ToHH
JIU3ETBFHOTO TOIUIMBA B TOA IS PoM3BoACcTBa npuMepHo 127 MBT. [lansHelmas pabota SHEPreTHYecKOoro CEeKTopa Imo
JU3EIbHOMY TOIUIMBY SIBJSIETCS HapacTarolledl MpoOneMoil Kak IjIsi SKOHOMHKM CTpaHbl, TaK M JUI1 O3KOJOTHHU
OKpYXaroIei cpeasl. ENMHCTBEHHBIM pEllIeHHEM U ajlbTepHATHBHBIM HCTOYHUKOM JIEKTPOIHEPIHU B CTpaHE SIBISIETCS
WCTIONb30BaHNE BO300HOBISIEMBIX HCTOYHHKOB SHEPTHMM BCEX BHAOB M B COOTBETCTBHMM C Tmpuopuretamu. Ho
VICTIONIE30BAHHE T€OTEPMAITBHON BOIBI SBIAETCA DKONOTMYECKHM ONMACHBIM. M3-32 HeXBaTKM BOIBI B MlemeHCKoi
peciryOnuKe, KOTopas MOXET HPHBECTH K 3acyXaM W HOTPeOOBaTh OONBIIOr0 MOTPEOICHUSI OM3EIBHOTO TOIUIMBA IS
TIepeKayKH TIOJ3EMHBIX BOJI. Pe3y/IbTaThl MOKA3BIBAIOT, 4TO MieMeH cunTaeTcs OJHOM M3 CaMBIX GOTaThIX CTpaH B MHPE B
OTHOILICHUH COJHEYHOW paauaniy. Heo0Xoaumo yKpemsiTh COTPYAHHYECTBO C MCCIIENOBATENSAMU M3 aKaJEMHUYECKUX
YUPEKIACHUH U YUPEKICHUH, 3aHMUMAIONINXCS M3YYEHHEM M CO3JAHHMEM HCTOYHHKOB SHEPIMH HAa OCHOBE COJHEYHOM
SHEPTHU.

KnroueBble c10Ba: 3Komorndeckasi 0e30MacHOCTb; YHCTasl SHEPT U, COTHEYHAS PaANalns; JIEeKTPUIECTBO.
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