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ENHANCING THE EFFICIENCY OF GAS DISTRIBUTION STATIONS
OPERATION BY SELECTING THE OPTIMAL GAS PRESSURE
AND TEMPERATURE PARAMETERS AT THE STATION OUTLET

Ukraine ranks first in the world in terms of energy intensity per unit of GDP, which means that Ukrainian enterprises spend
the most energy in comparison with other countries in the production of the unit of production. The Gas Transportation System
(GTS) is no exception. Gas transit is expected to reduce from 2020 due to the construction of gas pipelines bypassing the territory
of Ukraine, which will lead to a decrease in the profitability of the GTS and, if not sufficiently loaded, to its loss. That is why ensur-
ing efficient operation of the GTS equipment in terms of energy efficiency is becoming more relevant today than ever.

Purpose. To develop methods for enhancing the energy efficiency of the gas transmission system of Ukraine (based on the
analysis of the gas distribution stations (GDS) operation) without significant investment, considering the possible decrease in gas
transmission.

Methodology. In the work, the analysis of scientific and technical literature and regulatory documents is performed; mathemat-
ical modelling and analysis of operational performance of GDS is performed to determine the economic and environmental effect
of the proposed measures.

Findings. It was confirmed that adjusting gas pressure at the outlet to the design pressure is a promising direction for energy
efficiency increasing. According to the analysis of scientific and technical literature and regulatory documents, the optimal gas
temperature at the outlet of the gas distribution system was determined. It was outlined that the implementation of the developed
set of measures will allow obtaining a significant economic and environmental effect.

Originality. The necessity of implementation of a set of cost-free measures was developed and justified, mainly, reduction of
the present natural gas indicators of temperature and pressure at the outlet of the gas distribution stations to the optimal ones,
which will increase energy efficiency and ecological efficiency of its operation.

Practical value. The results will be used for production activity purposes, during the operation of gas distribution stations
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Introduction. Until recently, one of the main routes for gas
transit to Europe ran through the territory of Ukraine. The
Ukrainian gas transmission system (GTS) transported about
120 billion cubic meters of gas to Europe (compared to the de-
signed output transit capacity up to 146 billion cubic meters).
However, gas infrastructure loading may decrease due to the
possible redirection of the entire gas volume to alternative
routes. Historically, gas transmission volumes are decreasing,
for example, through a partial change of transit routes to alter-
native (new) ones, bypassing the territory of Ukraine (Yamal,
Nord Stream).

Since January 1, 2020, as a result of the unbundling pro-
cess [1], the natural gas transmission by gas pipelines in
Ukraine has been controlled by a new independent operator
LLC “GTS of Ukraine Operator” (GTS operator). After the
end of the 10-year transmission contract with Gazprom, as a
result of tripartite negotiations, a 5-year contract for the trans-
mission of Russian gas was signed. According to the contract,
the total transmission volume for 2020—2024 is equal to
225 billion m?, which is approximately 50 % less than the tran-
sit for the last 5 years [2].

Above all, since 2005, there has been a decrease in domes-
tic gas consumption, Fig. 1, from 76 billion m?® in 2005 to
30 billion m* in 2019 [3], which lead to a decrease in the use of
GTS for domestic transportation. A clear trend towards a sig-
nificant reduction in gas consumption in Ukraine is due to
both an increase in gas prices and a decrease in gas consump-
tion in the industrial segment.

Taking all abovementioned facts into consideration, the GTS
operator should focus its efforts on optimizing the system by re-
ducing the energy intensity of production to optimize energy
costs, which in turn will increase the profitability of the company.
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The GTS of Ukraine is a significant consumer of energy
resources. According to the Annual Report on Energy re-
sources usage in 2019, the total gas consumption for the needs
of the GTS, including all branches and divisions totalled
2 321.432 million m?, of which gas consumption for their own
engineering and manufacturing demands (EMD) can be
roughly divided into three components (Fig. 1): the main
component of the costs is fuel gas and electricity for the GCU,
the second is the “unbalance” of gas, the third — technical and
technological costs, which amounted to 56.7 million m? or
0.063 % of the volume of gas supplied to the GTS (in 2018,
69.4 million m?, respectively).

The analysis results of annual reports on the use of fuel and
energy resources and the transportation operation of the GTS
since 2001 are shown on the chart (Fig. 2). The chart shows
that the consumption of gas for technical and technological
needs, despite the volume of transmission operation, has been
steadily declining since 2014. The reduction of the volume of
gas used for technical and technological needs coincides with
the period of implementation of the energy management sys-
tem (EMS) in JSC “UKRTRANSGAZ” in accordance with
the requirements of ISO 50001 certificate No. 1234047135
TMS; accredited by DAKKS (Germany) [4]. This suggests that
technological costs are mostly subjected to energy manage-
ment and are not dependent on the amount of gas transported
(transmission operation of the GTS). Technological costs
consist of the costs for boiler stations’ operating in the heating
season, the technological costs of verifying the performability
of equipment (safety valves, vessels, installations, and others)
and fire heaters of natural gas during the operation of gas dis-
tribution stations (GDS).

The ways for improving the efficiency of energy resources
during the operation of boiler stations for heating the premises
were considered in [5], where the specific recommendations
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Fig. 2. Technological expenditures and consignment activities of GTS within 2001—2019

for improving energy efficiency and the economic effect of
such actions were presented.

The costs of verifying the performability of equipment are
carried out with a given frequency and on equipment specified
in the technological regulations and equipment passports.
This type of technological costs is strictly regulated and is di-
rectly related to the safety of gas supply. The areas of energy
efficiency will be associated with the rejection of the use of
part of the equipment that will not be involved in the operation
with a decrease in transmission volumes.

According to the above mentioned information, the au-
thors focused on optimizing the use of energy resources by gas
heaters at gas distribution stations.

Gas distribution stations are to reduce the gas pressure
from the main gas pipeline to a certain level, which will ensure
the safe consumption of natural gas. The following main pro-
cesses are carried out at the GDS: gas purification from solid
and liquid impurities; gas heating; gas pressure decreasing (re-
duction); gas odorization; gas metering (consumption) before
supplying it to the consumers.

Natural gas at a certain temperature and pressure being
saturated with water vapours is capable of forming dense for-
mations of gas hydrates on the operating surface of pipelines
[6]. To prevent the formation of gas hydrates, the following
methods are used: gas heating, heating the pressure regulator
body; introduction of methanol into the gas pipeline.

The method of general or partial gas heating has found the
widest application. The cost of heaters is high and depends on
thermal power, capacity and equipment. This method is finan-
cially costly, but it allows maintaining constantly the required
gas temperature regardless of the electricity supply and is safe
for personnel ensuring the autonomy of the GDS and the safe-
ty of gas supply to the population.

Unsolved aspects of the problem. When the gas pressure at
the GDS decreases, its temperature drops sharply and gas hy-
drates can form on the surface of the valves and pressure regu-
lators’ seats, which will lead to their failure and cause a com-
plete stop of the GDS. To prevent the formation of gas hy-
drates, natural gas is heated to the appropriate temperature.

The normative documents regulating the operation of the
GTS of Ukraine do not regulate the gas temperature at the
outlet of the GDS. This situation dates back to Soviet times,
when the focus was on the reliability of the system, and no one
paid attention to the cost of energy resources, due to their low
cost. It is clear that today the reliability of gas supply is and
should remain a priority of the GTS operation, but a signifi-
cant increase in the cost of energy resources forces to look for
energy-efficient approaches to such systems’ operation.

Purpose. According to the given purpose, the following
goals are formulated:

- to analyse the value of the gas dew point temperature in
the main transmission gas pipelines and the requirements of
regulatory documents governing the operation of gas distribu-
tion stations to determine the optimal gas temperature;

- to analyse the average temperature, pressure and gas flow
rate at the selected gas distribution stations to determine its
savings at the optimal outlet gas temperature;

- to determine the economic and environmental effect of
increasing the gas pressure at the outlet of the gas distribution
system to the designed one.

Literature review. The problem of optimizing the operation
of gas heaters is studied quite deeply by many scientists; in par-
ticular, in [7] it was proposed to use turbo-expanders on gas
distribution stations to reduce pressure, to compensate the
part of the energy consumed at compressor stations. In [8], the
processes of heat transfer and pressure drop on a GDS heater
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with a heating element in the form of a conductor on a tube
insert and the effect of changes in the geometric parameters of
the tube were studied. Based on the studies, it is proved that
the placement of the corresponding pipe inserts in heat ex-
changers leads to an increase in their heat coefficient

The above mentioned methods for increasing the energy
efficiency of the gas heating process at gas distribution stations
require investments from 50 to 500 thousand dollars USA and
have a payback period of 2 to 15 years. In this article it is pro-
posed to apply measures that do not require significant invest-
ments, and their implementation requires only the implemen-
tation of certain managerial decisions in the operation of the
gas distribution system.

Results. As described above, when the gas pressure on the
GDS regulators decreases, its temperature decreases as well,
and its value after the regulating unit can be described by the
following dependence [9]

T=T - D; (P - Py, (D
where
p-L=lh 5
A-P,

where T, T, are temperatures of natural gas before and after
the regulating unit respectively, K; P;, P, are pressure of natu-
ral gas before and after the regulating unit respectively, MPa;
D; is the Joule-Thomson coefficient, K/MPa.

The overconsumption of natural gas at GDS per day is ob-
tained by the formula

Qhet

ro B TZ ]12 r

(o, =T, ); 3)

cale —

where Q,,, is gas quantity used for natural gas heating per day,
m3; Ty is gas temperature at the outlet of GDS according to
the formula (1),0K; 75, is the actual temperature of heated gas
at the outlet of GDS,"C; T, is the minimum permissible tem-
perature at the outlet of the GDS, K.

The authors analysed the operation of all GDSs (Table 1),
which are part of the Gas Main Pipeline Division “Cherkasy-
transgaz” (GMPD “CTG”) and found that out of 199 GDSs,
gas heaters are only operated 161 GDSs.

According to the data from Table 1, the design output pres-
sure is set at only 11GDS. By agreement with gas supply orga-
nizations, the outlet pressure was reduced by 150 GDS to op-
timize the pressure drop zone at the measuring units. The
pressure was decreased from 0.01 to 0.09 MPa. The average
pressure drop was 0.43 MPa.

After calculating (1) for each GDS, it is established that
the average Joule-Thomson coefficient is 5.42 K/MPa.

To verify the calculation, the Joule-Thomson coefficient
was applied to GDSs without gas heaters and compared to the
actual gas temperature at the outlet of GDSs. The average
temperature difference was less than 0.5 °C, which confirms
the correctness of the calculations. Summary of the actual
performance of one of the selected for comparing GDS and
the results of comparative calculations on it are given in Ta-
ble 2.

To determine the economic effect of bringing the pressure
at the outlet of the GDS to the designed pressure, it is neces-
sary to determine the increase in temperature at the outlet of
the GDS in the case of increasing the pressure by 4.3 atm. =
=0.43 MPa.

According to the formula (2) it is determined

(TZr_TZg):DiXPI'ncr; (4)
T, =0.43-542=23,

where P, is pressure increasing at the outlet of GDS, MPa;
T;,..r is temperature increasing at the outlet of GDS, K.

Table 1

Analysis of GDS operation at GMPD “CTG” according
to the pressure data at the outlet of GDS using the ASK

software
Parameters GDS, number

Designed pressure 11
Decreasing of the designed pressure out of all 150
at(MPa):

0.01 13

0.02 8

0.03 51

0.04 32

0.05 2

0.06 4

0.07 3

0.08 9

0.09 28

* ASK — software, which in real time shows the parameters of the
equipment and the characteristics of natural gas during the operation
of the GDS

The obtained data are put into the formula (3) and the re-
sult is the amount of gas, which is additionally consumed by
the heater to heat the gas to a temperature 7}, per day.

Qhet T .
7-12 T2 mncr

r

0, = (6))

cale —

Using the ASK software, the average gas temperature at
the outlet and the average gas consumption of each of the 150
GDS, belonging to GMPD “Cherkasytransgaz”. The given
GDS are equipped with gas heaters and perform the entire ar-
ray of data, which is about 70 000 calculations, was calculated
using Mathcad. Qos is 170 423 m®.

The cost of gas consumed is calculated by the formula,
thousand UAH

C=0Q, - P=1891, (6)

where Pis gas average price for industry in 2018 according to [10].

The obtained cost value of the gas is estimated, but its val-
ue confirms the prospects of this area of GDS management, in
order to improve its energy efficiency. To obtain the accurate
values of the costs of gas overconsumption for all GDSs, it is
necessary to perform calculations for each of them individu-
ally, taking into account the actual values of pressure and tem-
perature of the gas.

After analysis of the requirements of the current normative
documents governing the activity of the GDS, the authors
found that, the state building codes of Ukraine in force up to
2018 set the temperature of gas at the outlet of GDS of the
main gas pipelines, when fed into underground gas pipelines,
not being less than minus 10 °C [11]. This norm was deter-
mined in order to prevent the formation of icing of under-
ground gas pipelines and, as a consequence, the occurrence of
emergencies. In the current building codes of Ukraine from
2018 [12] this rule is absent, but all studied GDS were con-
structed before 2018 and underground gas pipelines are de-
signed for gas temperatures up to minus 10 °C.

To prevent the formation of hydrates in the pipeline, the
gas temperature should be higher than the dew point [13]. The
dew point of the gas in the GTS pipelines is minus 8 °C at an
absolute gas pressure of 3.92 MPa [14].

The authors also analysed the dew point temperature in the
main transmission gas pipelines of the GMPD “Cherkasytrans-
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Table 2

Actual indicators of GDS operation

Gas volume, Gas pressure Gas temperature: Gas temperature Difference between
transported to the (k I;cml) ac tua{) ¢C) ’ at the GDS outlet, | actual and calculated
Data customer & formula (3) temperature
m? inlet outlet inlet outlet O C)
01.01.2018 439 348 27.1 2.5 9 -4.5 —4.28 0.22
03.01.2018 488 220 27 2.5 9.1 -4.05 —4.38 0.33
05.01.2018 536 523 27 2.5 9.2 —4.11 —4.28 0.17
07.01.2018 469 539 27.5 2.5 9.4 -3.8 —4.35 0.55
09.01.2018 645190 26.1 2.5 8 —-4.46 -4.98 0.52
11.01.2018 677904 26.5 2.5 9 -3.78 —4.2 0.42
13.01.2018 756 138 26 2.5 9 —4.05 -3.93 0.12
15.01.2018 861 825 27.3 2.5 9.2 -3.95 —4.44 0.49
17.01.2018 625 184 28.4 2.5 9.2 —4.54 -5.05 0.51
19.01.2018 522778 28 2.5 8.2 -5.78 -5.83 0.05
21.01.2018 500 650 27.5 2.5 8 -6.08 -5.75 0.33
23.01.2018 645 110 27.7 2.5 8.1 —6.66 -5.76 0.9
25.01.2018 676 110 27.1 2.5 8 -5.91 -5.53 0.38
27.01.2018 638 018 26.6 2.7 8 -4.98 =5.15 0.17
29.01.2018 423737 26 2.7 8 —4.55 —4.82 0.27
31.01.2018 519 599 26 2.7 8 -4.99 -4.82 0.17
Average 589 117 26.7 2.5 8.6 -4.76 —4.84 0.35
gaz”: “Soyuz”, “Urengoy-Pomary-Uzhhorod”, “Progress” Table 3
and “Kren}enchuk-Anan}ev—Bohorodqhany” for 20.17_20 1,8 Calculated data of GDS operation according to the reported
and determined that the highest dew point for the studied peri- period
od was minus 10.3 °C [4]. As the average pressure at the outlet
of the GDS is 0.3 MPa, according to [15] the hydrate deposi- Volume of gas Qoc Volume of gas
tion in the pipeline at such pressure will occur at a gas tempera- ) consumed by | accordingto | consumed by the GDS
ture of minus 33.4 °C. To ensure safe transportation and due to Period GDS fire | formulae (3) | heaters at the gas outlet
the inertness of maintaining the temperature, the gas tempera- heaters (m?) (m®) temperature —5 °C(m?%)
ture should be kept at 5 K higher than the minimum [16].
From the above given it can be concluded that the gas tem- 012018 323 128 52192 270936
perature at the outlet of the GDS can be maintained in the 02.2018 307 665 39761 267 904
range from —5 to —10 °C. 03.2018 321 661
Using the ASK software complex, the average gas temper- . 62520 259 141
ature at the outlet and the average gas consumption of each of 04.2018 51059 9167 41 892
the 161 GDSs at GMPD “Cherkasytransgaz” that have gas 05.2018 3127 1120 2007
heaters for 2018 were analysed.
As mentioned above, the optimum gas temperature at the 06.2018 1301 1008 793
GDS outlet shou}d pe at minus 5 °C. To determine the eco- 07.2018 1935 232 1703
nomic effect of bringing the gas temperature at the GDS outlet
to the minimum allowable requirements in formula (3) instead 08.2018 1563 446 117
of the value of 75, the value of minus 5 °C is set. The entire 09.2018 7647 2471 5176
data set, which is more than 73 thousand calculations, were
grouped by reporting periods (months) and posted in Table 3. 10.2018 44422 8807 35615
The volume of gas consumed by the GDS fire heaters at 11.2018 183 840 35546 148 294
-5 °C gas temperature is calculated by the formula
12.2018 292 687 61 448 231 239
= - 7
Qopr. = Qeans. = Qoc 7 Total 1540535 274717 1265 818

where 0, is the volume of gas consumed by the GDS heaters.

According to the calculations provided the following charts
of the actual consumption of natural gas for fire heaters to the
simulated consumption with the temperature minus 5 °C at
the outlet of the GDS (Fig. 3).

The area of the blue shape is for the gas saving at a given
gas outlet temperature of 5 °C compared to the actual.

As can be seen from Table 3 Q,, for 2018 is 274 717 m®. Ac-
cording to [12], the average gas price for industry for 2018
amounted to 11096 UAH.

Thus, according to (6) the cost of gas overconsumption is
equal to 3048.07 thousand UAH in 2018.

Therefore, the total savings from the proposed measures,
in particular bringing the pressure on the GDS to the designed
one and setting the gas temperature minus 5 °C at the outlet of
the GDS could be

0O,= Qs(l) + Qs(z) =445 140, (8)
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Fig. 3. Comparison of the amount of actual gas consumption at
fire heaters with simulated costs with the gas temperature
minus 5 °C at the outlet of the gas distribution station

where Q) is savings of natural gas on gas heaters from bring-
ing the gas pressure at the GDS outlet to the designed one, m?;
O, is savings of natural gas on gas heaters from setting the gas
temperature minus 5 °C at the outlet of the GDS.

Along with the economic effect of implementing these
measures, it is also to take into account environmental effect.
Natural gas combustion produces compounds such as carbon
monoxide, nitric oxide, and other lightweight non-methane
compounds, which are some of the most common greenhouse
gases in nature [17]. Mass consumption of natural gas per year
is calculated by the formula

C=0,-p=309.8, 9

where C is mass consumption of natural gas per year, t; Q; is
the total volume of saved gas (m?); p is natural gas density un-
der normal conditions, kg/m?; p = 0.696 kg/m? [4].

According to [18], emissions of pollutants Ei(t) entering
the atmosphere with flue gases for the reporting period are
found by the formula

E=10"°-R- B Quom, (10)

where E is gross emission of pollutants during natural gas
combustion for the reporting year, tonnes; R is the emission
index of the i” pollutant for natural gas, g/GJ; B is consump-
tion of natural gas for the reported year, tonnes; Q,,,,; is lower
operating calorific value of natural gas, MJ/kg.

Calculation results are given in Table 4.

Conclusions. The proposed energy-efficient measures to
manage the operation of the GDS at the Gas Main Pipeline
Division “Cherkasytransgaz”, in particular bringing the pres-
sure and temperature of natural gas to the designed and regula-
tory requirements, will allow getting the savings of about
6 million UAH per year, as well as obtaining the environmen-
tal effect of reducing emissions of pollutants, namely CO, by

Table 4
Calculation of pollutant emissions from natural gas
combustion
4 - =} -
o) - @<
ss |z S| 238 | £ | &
g25 S 55 Z2Es RS B
555 | 295 | 225 | £z | Ex
Z © .2 ERZPS s .2 = >
822 | 552 | 6352 | &5 ES
NO, 64.3111 0.977 2454.81 2399.10
CO 248.75 3.780 92.37 349.17
CO, 58 748.13 892.769 10 8927.69
CH, 1 0.015 138.57 2.11
Total: 897.541 11 678.06

892.7 tons, CO by 3.8 tons, NO, by 0.977 tons, CH, by
0.015 tons, when considering the given calculation of gas con-
sumption volumes.

Possibility, safety, necessity and energy efficiency of gas
transmission to consumers with temperatures below zero and
normative value of pressure were proved.
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IlinBumenHs e()eKTUBHOCTI poOOTH
ra3opo3noaiibyuX CTaHI MIJIAXOM BHOOPY
ONTHMAJILHOTO THCKY Ta TeMIepaTypH rasy

HA BUXOIi

1. B. Pubiyvkuit, B. I. Tpoghimuyk, I. M. Koeym

IBano-®paHKiBCHKMIA HAlLlIOHAJTLHUI TEXHIYHWI YHIBEP-
cuteT HadTH i rasy, M. IBaHo-MpanHkKiBchK, YKpaiHa, e-mail:
rybitsky@gmail.com

YkpaiHa 3alimae mepiiie Miclie y CBiTi 32 iIHTEHCUBHICTIO
BUKOpUcTaHHs eHeprii Ha onuHuio BBII. Lle o3Hauae, o
nignpueMcTBaMu YKpaiHU Ha BUTOTOBJIEHHS OMUHMILII TTPO-
JYK1Lii BATpaya€eTbCsl HAlO1JIbIIe €HePTOHOCIIB Y MOPiBHSIH-
Hi 3 iIHIIMMU KpaiHamu cBiTy. He € BukioueHHsM i ['azo-
TpaHcropTHa cuctema Ykpainu (I'TC). 13 2020 poky ouiky-
€TbCSI 3MEHIIEHHST TPAH3UTY Ta3y Y 3B’ 13Ky 3 OyIiBHUIITBOM
ra3omnpoBo/iiB B 00Xil TepuTopii YKpaiHu, 110 npuBeae 10
3MeHIIeHHs peHTabenbHocTi 'TC, a nmpu HemocTaTHLOMY
3aBaHTaxeHi — 10 ii 30uTKoBOCTi. TOMY ChOTOHI 3aBAaHHS
paiioHanbHO1 ekcrutyaTalii oomamHaHHa ['TC i3 Toukm
30py eHeproeeKTUBHOCTI HaOyBa€ Bce OLJIbIIOI aKTyallb-
HOCTI.

Meta. Po3po0iyieHHsI KOMIUIEKCY 3aXO[iB MiABUILEHHS
eHeproe(eKTUBHOCTI POOOTU Ta30TPAHCIOPTHOI CHUCTEMU
YKpaiHnu Ha OCHOBI aHaJli3yBaHHS pOOOTU ra30pO3MOIITBUUX
cranuiit (I'PC) 6e3 3ayueHHs CyTTEBUX KalliTAIOBKIaIeHb 3
ypaxyBaHHSIM yYMOB MOXJIMBOTO 3MEHIIIEHHS TPaHCIIOPTY-
BaHHS Tazy.

MeTtonuka. Y poOoTi IMpoBeIeHO aHali3 HayKOBO-TEeXHiU-
HOI JliTepaTypy, HOPMATUBHUX JTOKYMEHTIB, BUKOHAHE MaTe-
MaTUYHEe MOJEIOBAHHS Ta aHaJli3 eKCITyaTallillHIX ToKa3-
HUKiB pobotu I'PC 11 BU3HaUeHHSI €KOHOMIYHOTO Ta €KO-
JIOTIYHOTO eheKTy 3aIIPONIOHOBAHUX 3aXOIiB.

Pesyabratu. IlinTBepmkeHo, 110 TOBEACHHS TUCKY rasy
Ha BUXO[li 10 TPOEKTHOTO € TIEPCIIEKTUBHUM HATIPSIMOM TTifl-
BUILIEHHS eHeproedekTuBHOCTI. Ha ocHOBI aHasizy Hayko-
BO-TEXHIYHOI JIiTepaTypu Ta HOPMATUBHUX JTOKYMEHTIB BU-
3HauyeHa ONTUMaJibHa TeMrepaTypa razy Ha Buxoi i3 I'PC.
[MokazaHo, 1110 BIpOBAIKEHHS 3aIIPOTIOHOBAHOTO KOMTLIEK-
Cy 3aXO[liB JO3BOJIMTh OTPUMATU 3HAYHUI €KOHOMIYHMI Ta
€KOJIOTIUYHU e(heKT.

HaykoBa HoBusHa. Po3po06ieHa Tta oOrpyHTOBaHa He00-
XiTHICTb YIPOBaXKEHHSI KOMILJIEKCY O€3BUTPATHUX 3aXO[iB,
30KpeMa MpuBeeHHs (GaKTUYHUX MMOKAa3HUKIB TeMIlepaTypu
Ta TUCKY MpupomaHoro ra3y Ha Buxoni 3 [PC no ontumains-
HUX, 1110 MiABUIIUTH €HEProe(eKTUBHICTh Ta €KOJOTIUHICTh
11 eKcruTyaTarii.

IMpakTyna 3HaumMmicTb. OTpUMaHi pe3yJibTaTU OymyThb
BUKOPHUCTAaHI y BUPOOHUYIN MisUIBHOCTI MJISI MiIBUILIEHHS
eHeproedekTuBHocTi ekcrutyatanii ['PC.

KimouoBi cioBa: euepeoegexmuenicmos, mpyoonpogioHuil
mpaucnopm, 2a30MpaHcnOpmHa cucmema, 2a3opo3nodinbha
cmaunyis

IloBbimenne 3(pGeKTUBHOCTH PAOOTHI
raopacnpeaeauTeNabHbIX CTAHIMUIA
nmyTeM BbIOOpPA ONTHMAJILHOTO JABJIEHHS
U TeMIepaTypbl ra3a Ha BbIXOJe

U. B. Poiouukuii, B. U. Tpochumuyk, I M. Kocym

NBano-®paHKOBCKUIT HAIIMOHAIBHBIN TEXHUYECKU YHU-
BepcuteT HedTH U rasa, r. MBano-®paHKOBCK, YKpauHa,

e-mail: rybitsky@gmail.com

YKpanHa 3aHUMaeT NepBOe MECTO B MUPE IO MHTCHCUB-
HOCTH MCIT0JIb30BaHUS 3Hepruu Ha eaquHuiy BBII. Dto 03-
HayaeT, YTO TPEANpPUSATUSIMUA YKpauHbl Ha M3TOTOBJICHUE
EIMHUIBI TTPOAYKIIMM TPATUTCST OOJIbIIIE SHEPTOHOCUTENCH
10 CpaBHEHMIO C IPYTUMU CTpaHaMu Mupa. He siBnsercs uc-
kmoueHueM 1 'azorpancnoprHas cucrema Ykpaunsl (I'TC).
C 2020 roma oxxugaeTcss yMeHbLIEHE TPAaH3UTAa ra3a B CBSI3U
CO CTPOUTENILCTBOM Ta30MPOBOJIOB B OOXOI TEPPUTOPUM
YKpauHbI, YTO TIPUBEIET K YMEHBIICHUIO PEHTA0eIbHOCTH
I'TC, a npu HemoCTaTOYHON 3arpy>k€HHOCTU — JI0 €€ YObI-
TouHOCTH. [T0aTOMY CcerofHs 3anaya pallMOHaJIbHOM SKCILTY-
arauuu odopynoBaHust I'TC ¢ Touku 3peHust aHeproahhex-
TUBHOCTU NTPUOOPETAET BCe OOJIBIIYIO aKTYaJlbHOCTD.

Iens. PazpaboTka KoMITIeKca MEPOTIPUSITUIA TIO TIOBBI-
LIEHUIO 9HEProadeKTUBHOCTH pabOTHI ra30TPAHCIIOPTHOMN
CHCTEeMBbl YKpanHbl Ha OCHOBE aHaJIM3a paboThl ra3zopaciipe-
nenutenbHbIX craHLmii (ITPC) 6e3 mpuBieUyeHUs CyIIECTBEH -
HBIX KaIlWTAJIOBIOXEHUN C Y4ETOM YCIOBUU BO3MOXKHOTO
YMEHbILIEHUSI TPAHCTIOPTUPOBKY Ta3a.

Mertoapl. B paGote nmpoBeieH aHa/IM3 HAyYHO-TEXHUYECKOM
JIUTepaTypbl, HOPMATUBHBIX TOKYMEHTOB, BHITIOJTHEHO MaTeMa-
TUYECKOe MOIETMPOBAHUE M aHAIM3 SKCIUTyaTAlIMOHHBIX T10-
kazaresneid padotel 'PC ist onpeaeneHys 5KOHOMUYECKOro 1
3KOJIOTMYECKOTO 3(h()eKTa MPeTOXKEHHBIX MEPOTPUSITHIA.

Pesyabratel. [ToaTBepkneHO, YTO AOBEAEHUE NABJICHMS
rasa Ha BBIXOJIIE JO MPOCKTHOTO SBISIETCST TEPCIEKTUBHBIM
HarmpaBjJeHUEM MOBbILLIeHUs 9HeproaddexTusHocTu. Ha oc-
HOBE aHaJIN3a HayYHO-TEXHUYECCKOM JTUTEpaTypbl 1 HOpMa-
TUBHBIX TOKYMEHTOB OINpe/ie/ieHa ONTUMalIbHasl TEMIIepaTy-
pa rasa Ha Beixone u3 I'PC. IToka3zaHo, 4TO BHeIpeHHE pa3-
paboTaHHOIO KOMILJIEKCa MEPOITPUSATUI MO3BOJIUT MOJTYYUTh
3HAYNTEJIBHBIN 9 KOHOMWYECKUI 1 3KOJIOTMIeCKUil 3 PEKT.

Hayunasa HoBu3na. PazpaboTtaHa u o60cHOBaHa HEOOXO0-
IMMOCTh BHEAPEHUs KOMIUIeKca 0e33aTpaTHBIX MEPOTIPUSI-
TUIA, B YACTHOCTH TIpUBeIeHMs (haKTUIeCKUX MoKa3aTelieit
TEeMIIepaTyphbl U JaBJICHUs TIPUPOTHOTO Ta3a Ha BBIXOAC U3
I'PC x onTUManbHbIM, YTO MOBBICUT S3HEPTOdGD(HEKTUBHOCTD
U 5KOJIOTMYHOCTD €€ SKCIUTyaTalliHy.

IIpakTiyeckas 3HAYUMOCTb. [TosTydeHHBIE pe3yJIbTaThI Oy-
IIyT UCTIOJIb30BaHbI B MPOU3BOACTBEHHOM NESATETbHOCTH IS
TOBBIIIEHNST SHeproaddekTuBHOCTY aKcIuTyaTaru ['PC.

KioueBslie ciioBa: snepeosgpexmusrocms, mpyoonpogoo-
HbLI MPAHCNOpM, 2A30MPAHCNOPMHAS CUCIeEMNA, 2a30pacnpede-
AUMeNbHASL CMAHYUS

Recommended for publication by P. M. Raiter, Doctor of
Technical Sciences. The manuscript was submitted 24.10. 19.

52 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 3


http://nbuv.gov.ua/UJRN/ssia_2018_4_9
http://nbuv.gov.ua/UJRN/ssia_2018_4_9
http://www.visnuk.com.ua/ua/news/id/3138
http://www.visnuk.com.ua/ua/news/id/3138
rybitsky@gmail.com
mailto:rybitsky@gmail.com

