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Recently, the discussion on the feasibility of the annual transition to summer and winter time has significantly
intensified in the society of many countries in the world. Considering a certain discomfort from daylight-saving, the
most people suggest to abandon it. But there is no final reasoned decision on permanent time: winter (zone, standard)
or summer time. Daylight-saving was introduced to save electricity, but currently there are no accurate calculations to
confirm it. The article is devoted to solving the urgent problem of determining the most effective order of calculating
time for more complete use of sunlight and, accordingly, to reduce the electrical energy losses for lighting in the life of
modern world society. The purpose of the study is to develop a technique for precise calculating the lost daylight hours
and electrical energy losses for lighting in different countries of the world under different time calculation scenarios —
when applying the transition to summer time; when refusing summer time and final introducing winter (zone, standard)
time; when applying permanent summer time. The article presents the main arguments of supporters and opponents of
the introduction of permanent winter and summer time. The calculation and comparative analysis of the losses of
daylight hours and, as a result, the losses of electrical energy for lighting per year have been carried out under
different time calculation options. The approximate cost of electrical energy losses for lighting under different time
calculation options for some European countries has been calculated. To increase the accuracy of the calculations, the
sociological aspect of the study was considered in combination with the astronomical one. The developed technique is
recommended to be used in calculations when determining the optimal order of time calculation in different countries
of the world for its introduction at the international or national legislative level. The application of the technique will
allow saving significant quantity of electricity during the evening peak energy consumption, that will contribute to the
stability of the country's energy system and preservation of the fuel and financial resources. References 19, figures 7,
tables 6.

Keywords: electrical energy losses, loss of daylight hours, winter time, summer time, daylight hours, daylight-saving,
standard time, zone time.

Introduction. Recently, in many countries of the world, the discussion regarding the feasibility of
daylight-saving, which is used in almost 70 countries of the world, has significantly intensified.

The lack of accurate calculations of electricity savings, as well as a certain discomfort for people
during the transition from winter to summer time and back with long-term adaptation lead to the fact that there
are more and more supporters of canceling the transition to summer time. But there is no consensus on the
time which should be finally chosen after ending a clock change — summer or winter time.
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Daylight Saving Time (DST), when clocks move forward one hour in the spring and back one hour in
the fall, was first introduced in Europe in 1916. At the time, Germany, that was still at war, tried to reduce its
coal consumption in power plants so as to use it at its gunpowder factories. Most countries in Europe, the
United Kingdom, the United States, and Australia have also introduced daylight saving time.

This practice was largely abandoned in Europe after World War 11, but was revived in the 1970s due
to the oil crisis in an attempt to reduce the need for artificial lighting and therefore energy consumption.

Daylight saving time has been introduced across most of the United States territory since 1966, after it
was first implemented in 1918. The year-round daylight savings time was used during World War II and was
reintroduced in 1973 in an attempt to reduce the energy consumption due to the oil embargo.

On March 15, 2022, the US Senate unanimously passed a bill that made daylight saving time
permanent and canceled the biannual clock change starting in 2023 [1]. This bill was called the Sunlight
Protection Act. The law was pushed by advocates for brighter days and greater economic activity.

The House of Representatives held a hearing on this issue in the specialized Energy and Trade
Committee, where the following arguments of supporters and opponents of the bill were discussed:

- adoption of the law will help children play outdoors longer and reduce seasonal depression;

- the time has come for the idea of refusing clock change;

- not to allow children to go to school in the dark;

- since 2015, about 30 US states have passed a law prohibiting clock change twice a year, with
some states offering to do so only if the neighboring states do the same;

- the loss of that one hour of sleep affects people for several days after the clock change,
disrupting the sleep patterns of children and pets;

- in 2019 social survey showed that 71 % of Americans prefer not to change the clock twice a
year anymore;

- the law can prevent a small increase in the number of car accidents, which usually occurs
during the time change;

- conducted medical studies indicate a slight increase in the frequency of heart attacks and
strokes shortly after the time change;

- this law could help businesses like golf courses that could benefit more from evening
daylight;

- adoption of the law will have real consequences for the economy and everyday life;

- the bill would allow Arizona and Hawaii, which do not implement daylight saving time, to
remain on standard time, as well as American Samoa, Guam, the Northern Mariana Islands, Puerto Rico and
the US Virgin Islands;

- most people support the end of clock change, but undecided whether to maintain daylight
saving time or standard time as a permanent choice.

The Department of Transportation (DOT) reports that daylight savings time saves energy, prevents
traffic accidents and reduces crime. DOT controls time zones and uniform daylight-saving time.

Due to disagreements over whether to choose the final daylight-saving time or winter time, the
Sunlight Protection Act did not pass the US House of Representatives and was not signed into law by
President Joe Biden.

The newly elected US President Donald Trump announced in December 2024 the need to cancel
daylight saving time. He wrote on social media: “The Republican Party will use its best efforts to eliminate
Daylight Saving Time, which has a small but strong constituency, but shouldn’t! Daylight Saving Time is in-
convenient, and very costly to our Nation” [2]. At the same time, Trump did not specifically indicate which
time should be permanently left after the abolition of the transition — summer or winter time.

Congress has not held new hearings on this issue in more than two years. Now the Senate will have
to consider it again.

In the European Union, the transition to summer time is defined by Directive 2000/84/EC of the
European Parliament and of the Council of 19 January 2001 on summer-time arrangements [3].

In Europe, the issue of switching to summer time is also intensifying. Non-governmental
organizations and experts demand that politicians include the rejection of clock change in Europe in the EU
election programs. The International Alliance for Natural Time (IANT) and the public organization Time Use
Initiative were created. They issued the EU Manifesto on Time Use Policy [4].
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The Manifesto includes 12 necessary changes that Europe must make at legislative level to guarantee
the "right for time" for all Europeans. Time is becoming an increasingly scarce and unequal resource. 20% of
European citizens and 34% of European women with children experience a lack of time. The consequences of
time scarcity and time inequality have far-reaching consequences, affecting both individual well-being and
social cohesion.

One of the key proposals of the Manifesto is that the EU should put an end to seasonal time changes —
this is the way to quickly get benefits for health, the economy and the environment. The Manifesto proposes
to formulate a Roadmap for the abolition of daylight-saving time (seasonal clock change) until 2026.

In turn, in the European Union from July 4 to August 16, 2018, the largest online survey in the history
of the EU regarding the procedure for calculating time was held, about 4.6 million people participated. More
than 80% of survey participants were in favor for canceling of time change [5].

On September 12, 2018, the European Commission, based on the results of an opinion poll, presented
a plan for the European Union to abandon the seasonal clock change.

The Commission suggested that EU countries permanently abandon the time change from 2019.

According to the proposals of the European Commission, the seasonal adjustment of clocks must be
canceled throughout the European Union. However, the key point is that the Commission gives member
countries the freedom to decide in which time they want to live — winter or summer time.

The European Commission proposes that the neighboring countries take decisions in a coordinated
manner to ensure the proper functioning of the internal market and to avoid a situation where some member
states decide to keep clock change while others abandon the practice.

The proposal of the European Commission had to be approved by the European Parliament and the
EU Council. In 2019, the European Parliament supported the abolition of the mandatory clock change to
summer and winter time. This means that each country that is a member of the European Union can choose
for itself: to keep the current system of changing the clock or to abandon it.

After 2019, no political decisions were made regarding the procedure for calculating time at the level
of the European Union.

The purpose of the study is to develop a technique of accurate calculation of the lost daylight hours
and, as a result, the loss of electrical energy for lighting per year in different countries of the world under
different options for calculating the time — when applying the transition to summer time; when refusing
summer time and the final introduction of winter (standard, zone) time; at permanent summer time, as well as
to conduct a comparative analysis of the loss of daylight hours when applying the transition to summer time,
when introducing permanent summer or permanent winter time in certain European countries. The essence of
the technique is to find the difference between the average time of awakening of the people and the time of
sunrise of a certain calendar day, which is the lost daylight hours. After that, the lost daylight hours for each
day are summed up for the whole year. The obtained value of the lost daylight hours for the year with
different options for calculating time allows to perform comparative analysis with the determination of the
optimal time calculating scenario. Solving these problems requires consideration of the sociological and
astronomical aspects.

1. Sociological and astronomical aspects of the study. The main criterion for the correct choice of
the order of time calculation is the maximum use of daylight hours by the majority of the country's population.
Therefore, the solution of this issue requires the study of two aspects — sociological and astronomical.

The sociological aspect involves determining the average time of morning awakening and the time of
going to bed in the evening for most people in the country. The specified times differ from country to country,
from region to region, and are determined historically by lifestyle, associated with job and economic activity.

These times have a pronounced subjective character, depend on the nation, culture, age and
occupation.

The following practices for determining the statistical average time of awakening and bedtime are
used more often:

- statistical processing; analysis of traffic of mobile operators;

- the use of wearable electronic devices that record biorhythms and the times of going to sleep
and waking up;

- the use of appropriate mobile applications for tracking sleep indicators (ENTRAIN, etc.);

- sociological survey (Exit Poll).

Researchers from the National University of Singapore and Finnish sleep technology startup Oura
Health processed the anonymous data collected from the popular wearable device between January 2021 and
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January 2022. The sleep habits of more than 220.000 people in 35 countries were analyzed [6, 7]. While sleep
study has historically relied on survey data from a small number of people at once, the sleep tracking
applications can objectively track the sleep by movements, heart rate, and body temperature of many users

over long time.

The obtained average times of going to sleep and waking up (working days of the week) for different

countries are shown in Fig. 1 [6 — 9].

The astronomical aspect involves determining the loss of daylight hours based on the waking time of
the majority of people in the country and the astronomical time of sunrise. The losses of daylight hours will

take place when the sunrise occurs earlier than most
people wakes up:
les :?ul _sz’
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where 7, is the losses of daylight hours; 7,
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the average astronomical time of sunrise in the country.

To simplify the calculation technique, we will
assume that every person wakes up at the same time
throughout the year, which depends on the start time of
the working (school) day. Then the average waking
time of the country's population per day will be a
constant value. Since the astronomical time of sunrise
varies from day to day, the loss of daylight hours each
day will be different.

2. Determination and comparative analysis
of daylight hours losses per year. To determine the
total loss of daylight hours per year, it is necessary to
sum up the loss of daylight hours for each day during

the year:
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The example of calculating the loss of daylight hours in Kyiv when transitioning from winter to

summer time and back is given in Table 1.

Table 1
Day number . Average . ™ Day number . Average . ™
Date fr.um.lhe Su‘nme walce-up Su'nset A\-er.ﬂge Lost day hgll( Date fr.om’the Su‘nn.se wake-up Su'nsel A‘-er’ﬂge Lost da‘\-h'ght
beginning of time + time bedtime hours, min beginning of time : time bedtime hours, min
the year time the year time
Mon, 1 Jan. 1 7:56 742 16:05 0:26 - Thu, 1 Aug 214 5:24 742 20:43 0:26 138
Wed, 31 Jan 31 7:33 742 16:49 0:26 9 Sat, 31 Aug 244 6:09 742 19:46 0:26 93
Thu, 1 Feb. 32 7:31 742 16:51 0:26 11 Sun, 1 Sep. 245 6:11 142 19:44 0:26 91
Thu, 29 Feb. 60 6:40 742 17:39 0:26 62 Mon, 30 Sep. 274 6:55 142 18:39 0:26 47
Fri, 1 Mar. 61 6:38 7142 17:41 0:26 64 Tue, 1 Oct. 275 6:57 142 18:37 0:26 45
Fri, 29 Mar. 89 5:37 742 18:27 0:26 125 Fri, 25 Oct 299 7:36 742 17:47 0:26 6
Sat, 30 Mar. 90 5:35 742 18:28 0:26 127 Sat, 26 Oct. 300 7:37 742 17:45 0:26 5
Sun, 31 Mar. 91 6:33 742 19:30 0:26 69 Sun, 27 Oct. 301 6:39 7:42 16:44 0:26 63
Mon, 1 Apr. 92 6:31 742 19:32 0:26 71 Mon, 28 Oct. 302 6:41 142 16:42 0:26 61
Tue, 2 Apr. 93 6:29 742 19:33 0:26 73 Tue, 29 Oct. 303 6:42 142 16:40 0:26 60
Tue, 30 Apr. 121 5:31 742 20:18 0:26 131 Thu, 31 Oct. 305 6:46 742 16:36 0:26 56
Wed, 1 May. 122 5:30 742 20:19 0:26 132 Fri, 1 Now. 306 6:47 742 16:35 0:26 35
Fri, 31 May. 152 4:49 742 21:01 0:26 173 Sat, 30 Now. 335 7:33 142 15:58 0:26 9
Sat, 1 Jun. 153 4:49 742 21:02 0:26 173 Sun, 1 Dec. 336 7:35 142 15:58 0:26 i
Thu, 20 Jun. 172 4:44 742 21:15 0:26 178 Sun, 22 Dec 357 7:54 142 15:58 0:26 -
Sun, 30 Jun. 182 4:48 742 21:15 0:26 174 Tue, 31 Dec. 366 7:56 142 16:05 0:26 -
Mon, 1 Jul 183 4:48 742 21:14 0:26 174 Lost daylight time per year, min 20 596
Wed, 31 Jul. 213 5:23 7:42 20:45 0:26 139 Lost daylight time per year, hr 493 hr 16 min
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By analogy with Table 1, the lost daylight hours are calculated for such cities as Kharkiv, Lviv, Sofia,
Athens, Berlin, London and Barcelona.
The average wake-up time and bedtime for the countries under study are given in Table 2.

Table 2 In the calculations, it was taken into account

Ne Country Average? Average that the average wake-up time and bedtime in Ukraine
B wake-up time bedtime are, according to [6, 10 — 11], 7.42 and 0.26 hours,
1 Ukraine 7:42 0:26 respectively (Table 2).

2 Bulgaria 7:40 0:00 Fig. 2 shows the sunrise/sunset plots for Kyiv
3 Greece 7:40 0:00 at transitioning from winter to summer time and back
4 Germany 7:10 23:30 with the area of lost daylight hours. The area, bounded
5 | Great Britain 7:10 23:25 by the sunrise plot line and the line of average wake-up
6 Spain 7:35 0:00 time, and shown by yellow, illustrates the lost daylight

hours during the year. Fig. 3 shows the sunrise/sunset time plots for Berlin when transitioning from winter to
summer time and back with the same section of lost daylight hours.
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Fig. 4 shows the sunrise/sunset time plots for Kyiv when using only winter (zone) time with a section

of lost daylight hours. Fig. 5 shows the sunrise/sunset time plots for Berlin at only winter (zone) time with a

section of lost daylight hours.
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Fig. 6 gives the sunrise/sunset time plots for Kyiv when only summer time is applied. Fig. 7 presents
the analogous plots for Berlin at only summer time.
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The lost daylight hours per year for Kharkiv, Kyiv, Lviv, Sofia, Athens, Berlin, London, and
Barcelona are shown in Table 3.

Table 3
The lost daylight hours per annum, time/year
With transition Only winter Only summer The difference
Ne City, country from winter to (zone) time all time all the year between winter
summer time, the year round, round, and summer time,

min/year min/year min/year min/year
1 Kharkiv, Ukraine 624 h 49 834 h 49 513 h 55 320 h 54
2 Kyiv, Ukraine 493 h 16 703 h 16 425 h 05 277 h 32
3 Lviv, Ukraine 361 h 31 569 h 18 242 h 23 326 h 55
4 Sofia, Bulgaria 298 h 05 507 h 02 246 h 04 260 h 58
5 Athens, Greece 293 h 00 503 4 00 223 h 01 279 h 59
6 Berlin, Germany 322 h 29 526 h 17 296 h 55 229 h 22
7 London, Great Britain 338 h 09 542 h 49 306 1 01 236 h 48
8 Barcelona, Spain 161 h 54 359 h 50 140 h 35 219 h 15

Table 3 shows that in all the considered cities, regardless of their geographical location, the smallest
losses of daylight hours occur at permanent summer time. The difference in losses is from 219 hours 15 min.
(Barcelona, Spain) to 326 hours 55 min. (Lviv, Ukraine).

3. Calculation and comparative analysis of electrical energy losses per year. To estimate the
quantity of lost electrical energy for different time options, we will make the assumption that one person uses
at least 6 W of electricity for lighting per 1 hour. This is equal to the power of energy-saving LED lamp with
energy consumption class A according to the European Union Directive 2005/32/EC (2010).

Then the electricity consumption per hour in general for country is determined by the formula:

Es,,=Hh, N, 1hour,

where B is the power of electricity consumption for lighting by one person, at least 6 W; N is the number

of people in the country.
For example, in Ukraine the quantity of electricity consumed for lighting per hour is equal to:
6 -38.0 million person -1 hour =228 MW -1 hour.
Then, using the data from Table 3, we can obtain the quantity of electricity used for lighting in all
country owing to the loss of daylight hours per year with different time calculation options.
The rough indicators of minimum losses of the electricity used for lighting per year for some
European countries with different time calculation options are given in Table. 4.
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Table 4

Lost electrical energy for lighting per annum
Electricity With . Only _ The
p . .. Only winter summer difference
opulation, | consumed for transition . .
Ne Country s e 1. . (zone) time all | time all between
million lighting per | from winter .
the year the year winter and
hour, MWh to summer
time. GWh round, GWh round, summer
i GWh time, GWh
1 Ukraine 38.0 228.0 112.5 160.3 96.9 63.4
2 Bulgaria 6.5 39.0 11.6 19.7 9.6 10.2
3 Greece 104 62.4 20.1 314 13.9 17.5
4 Germany 83.8 502.8 162.2 264.6 149.3 115.3
5 | Great Britain 67.0 402.0 135.9 218.2 123.0 95.2
6 Spain 47.8 286.8 46.4 103.2 40.3 62.9

Analysis of Table 4 shows that the loss of electrical energy for lighting with permanent summer time
is significantly less than with permanent winter time. The difference in losses ranges from 10.2 GWh
(Bulgaria) to 115.3 GWh (Germany).

The average power consumption of electricity by population for lighting and lost electricity as a part
of total generation capacity in some countries its percentage of the total generating capacity of the power

system of the countries [12-18] are given in Table 5.

Table 5
Average power consumption Total generation ca- The lost electricity
No Country of electricity for lighting, GI¥ pacity of the country's as a part of total
i power system, GW generation capacity, %

1 Ukraine 0.228 11.435 1.99

2 Bulgaria 0.039 12.668 0.31

3 Greece 0.062 15.0 0.41

4 Germany 0.503 267.9 0.19

5 Great Britain 0.402 74.8 0.54

6 Spain 0.287 124.0 0.23

How significant are these numbers? For example, the capacity of most of the power units of nuclear
power plants operating today is 1.0 GW each. According to the National Energy Company “Ukrenergo”, the
total losses of electricity generation in Ukraine as a result of Russian attacks as of June 30, 2024 are estimated
to be 22.565 GW. Theoretically, only about 11.435 GW of capacity remains. A significant part of them are so-
lar power plants. They do not generate too much electricity in winter [18]. This leads to a significant electricity
shortage and disconnections. Therefore, the loss of daylight hours is especially critical in winter.

4. Calculation and comparative analysis of the cost of lost electrical energy per year. Based on
the cost of electricity for householders in European countries (as of June 2024) [19], using data from Table 4,
we will determine the cost of lost electricity per year for different time calculation options (Table 6).

Table 6
Cost of lost electrical energy for lighting per annum, millions of €
The co.st. of With Only . The The difference
electricity A . Only difference between
Cost of transition winter .
consumed for summer between transitional
Ne| Country | 1 kWh, e 3 e from (zone) . . .
€ lighting per . . time all winter winter-summer
winter to time all .
hour, the year and time and year-
summer the year
thousands of € . round summer round summer
time round . .
time time
1 | Ukraine 0.1 22.8 11.25 16.03 9.69 6.34 1.56
2 | Bulgaria 0.12 4.68 1.392 2.364 1.152 1.212 0.24
3 Greece 0.22 13.728 4.422 6.908 3.058 3.85 1.384
4 | Germany 0.42 211.176 68.124 111.132 62.706 48.426 5418
s | Great g3 172.86 58.437 93.826 | 52.89 40.936 5.547
Britain
6 Spain 0.23 65.964 10.672 23.736 9.269 14.467 1.403
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Analysis of Table 6 shows that the difference in the cost of lost electrical energy in the considered
countries with permanent winter (zone) and summer time ranges from €1.212 million (Bulgaria) to
€48.426 million (Germany). The difference in cost at transitional winter-summer time and year-round summer
time ranges from €0.24 million (Bulgaria) to €5.547 million (United Kingdom).

Conclusion.

1. In the course of the study, a technique was developed for calculating the daylight hours losses
and electrical energy losses for lighting under different time calculation options. The technique allows
choosing the most optimal time calculation option based on the criterion of maximum use of daylight by most
people in the country. The scientific novelty of the technique lies in the combination of sociological and
astronomical aspects of the study.

2. The calculation and comparative analysis of the losses of daylight hours, electrical energy for
lighting, as well as financial resources at the existing transition to summer time, at permanent summer or
permanent winter time were carried out for some European countries.

3. The analysis of the losses of daylight hours depending on the order of time calculation shows
that the greatest losses occur with the year-round use of winter (zone, standard) time. The average indicators
take place at changing clocks for summer and winter time, and the smallest losses result from permanent
summer time. In the considered cities, the difference in losses between permanent winter time and permanent
summer time is from 219 hours 15 min. (Barcelona, Spain) to 326 hours 55 min. (Lviv, Ukraine).

4. The difference in daylight hours loss depending on the chosen order of time calculation is so
significant that further refinement of indicators and research methods does not make sense and will not lead to
a significant change in the results of comparative analysis of daylight hours losses.

5. The losses of daylight hours in Ukraine are especially critical in winter, because a significant
part of electricity is generated by solar power plants.
6. The assertion of supporters of permanent zone (winter, standard) time regarding insignificant

losses of energy for lighting does not correspond to reality. Actual calculations for certain European cities
show that the electricity losses for lighting depending on time calculation order range from at least 840 Wh
per person per year (Barcelona) to 5 kWh per person per year (Kharkiv). On a country scale, the difference in
the losses between permanent winter and permanent summer time ranges from 10.2 GWh (Bulgaria) to
115.3 GWh (Germany).

7. The all-year summer time will make the light evening longer. This will allow children to
spend more time outside, and other people to spend more time for sports, the domesticities and nature. It will
be possible to prolong by one hour such works as construction, maintenance of equipment, etc.

8. Applying winter time without transitioning to summer time will lead to longer dark evenings.
That will force children to return from school in the dark, increase the risk of traffic accidents and the danger
of crime, and will have a negative impact on the environment due to increased energy consumption for
lighting.

9. The technique is recommended to be used for determining the optimal time calculation option
in different countries and supporting it at legislative level.
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Ocmanuim yacom y cycnitbcmsi 0a2amvoxX Kpaid ceimy CYmmeso 3a20CMpunacs OUCKYCis wooo OOYLTbHOCHI
wopiuHo2o nepexooy Ha AIMHill ma 3umosutl yac. Bpaxogyiouu nesHuii ouckomgopm 8i0 nepegedeHHs CMPINOK
200UHHUKIB, OiNbULICMb HACENeHHS NPONOHYE 8I0 HbO2O GiOMOBUMUCA. Ane He iCHYE 0cmamouyHo20 002pYHMOBAHO20
DilieHHs, Ha AKOMY Yaci Cli0 3yNUHUMUCA AK HA NOCMIIHOMY — 3UMOBOMY (ROSACHOMY, CINAHOAPMHOMY) Yl JiMHbOMY.
Ilepexio ma aimuiil yac 6yn0 3anpo6adHCeHO 3 MEMOI 3A0UJAONCEHHs eNeKmpoeHepaii, are Ha OaHuill 4ac Hemae
MOYHUX PO3PAXYHKIG, W00 1020 niomeepodcenns. Pobomy npucesueno possszamuio axmyaibHoi npoonemu
BUBHAYEHHS HATIOITLUWL ePEKMUBHO20 NOPAOKY 0OUUCIEHHS YaACY 3 MOYKU 30pY OLIbUW NOBHO20 BUKOPUCHIAHHS COHSIYHO20
ceima i, 8i0ON0GIOHO, 3MEHUIEHHS 8MPam eleKmpoeHepaii Ha OCGIMACHHs V HCUMMEOBLILHOCMI CYYACHO20 C8IM08020
cycninbcmea. Memor 0ocniodicensb € po3poOKa MemoOUuKy MoYHO20 PO3PAXYHKY 6MPAUEH020 C8IMI020 4acy 000u ma
empam eleKmpoeHepeii Ha OCEIMICHHS HACENIeHHAM DIZHUX KPAIH C8ImYy 3a PI3HUX 8apiaHmie 0OYUCIeHHs Yacy — ) pasi
3ACMOCYBAHHA WOPIUHO20 Nepexody Ha JIMHIL ma 3uMosull (NOACHUL, CMAHOapmMHULl) Yac, 8i0oMo8u 8i0 nepexody Hd
JUMHIU Yac ma ocmamoyHe 86e0eHHs 3UMOB020 HacCy, GIOMO8U 8i0 nepexody ma 3aCMOCY8AHHSA NOCMILIHO20 TIMHbO2O
uacy. HA8eOeHO OCHOBHI ApP2YMEHMU NPUXUNbHUKIE | CYNPOMUBHUKIE 3ANPOBAONCEHHS NOCMIUHO20 3UMO8020 Ma
aimubo2o uacy. Ilposedeno po3paxyHox ma NOpi6HANbHUY AHATI3 8MPAm C8ima02o uacy 0oou ma, AK HACAiOOK, empam
eleKMmpUYHOi enepeii Ha Oc8imieHHs 3a PiK 3a pi3HUX eapianmie oouucienus yacy. 30iliCHeHO PO3PAXYHOK OPIEHMOBHOI
8apmocmi 6mpam eneKmpudHol enepeii Ha 0ceimiens 3a PI3HUX 6apianmis 0OUUCIeHHs 4acy 05l 0eIKUX €6PONEUCHKUX
Kpain. 3a0ns nioGuweHHs MOYHOCMI PO3PAXYHKIE PO32ISHYMO COYIONOSIMHUL ACNeKm O0CHi0NCeHb V NOEOHAHHI 3
acmponomiunum. Po3pobreny memoouxy pexomMeHO08aHO SUKOPUCHIOBYBAMU Y DPO3PAXYHKAX Ni0 4AC 6U3HAYEHHS
ONMUMANILHO2O NOPSAOKY OOYUCHEHHS 4ACy y PI3HUX KPAIHAX C8Iimy 3a0Jisi 88e0eHHsl 1020 HA 3AKOHOOA8YOM) DIBHI.
3acmocysanns memoouKu HA0ACMb MONCIUBICIb 3A0WAOUMU 3HAYHI 00Cs2U eleKmpoeHepaii ni0 4ac GeHipHIX NIKOBUX
HABAHMAICEHD EHEP2OCHONICUBAHHS, WO CHPUSMUME CMIUKOCMI eHepeocucmeMi Kpainu ma 30epedicentio NaiueHux i
ginancosux pecypcis. bion. 19, puc. 7, Tadm. 6.

Knrouosi cnosea: BTpatu eIeKTPUYHOI €HEPTil, BTPATH CBITIOrO Yacy, 3MMOBHI 4ac, JIITHIH Yac, CBITINHA Jac 100w, re-
peBeICHHS FOJUHHUKIB, CTAHAAPTHHUIN Yac, MOSICHUI Yac.

Received 14.01.2025
Accepted 25.03.2025

ISSN 1607-7970. Texn. enexkmpoounamura. 2025. Ne 3 97



