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Abstract

There are investigated the influenceogierating pressures in the gas supply systemeietiel of such energy indicat:
as efficiency, gas flow and gas overrun by gaspgant in residential buildings. There is establisheelationship between 1
values of operating pressures in tres gupply system and the gas consumption leveboe$dhold appliances. The cause
insufficient pressure in the gas networks of seitlets are analyzed in the article. There is alseldped an algorithm fi
calculating the change in the efficiencygafs appliances depending on the operational péeesnaf the gas network. It has b
found that the most efficient operation of gas mpyes is observed at an overpressure at thedhigas appliances of ab«
1200 Pa.

To ensure the required quality of natural gas cation among consumers and minimize gas consumpliere ar
justified the following measures in the articlepoginating a domestic regulatory framework for asggg the quality of natut
gas with international norms and standardgroving the preparation of gas coming from logalls before supplying it to g
distribution networks; auditing low pressure ggsefines and reconstructing areas affected by dompsnsuring standard ¢
pressure in the network for the normal gi®n of domestic gas appliances; stating qualitjcators of natural gas combusit
by gas sales organizations.

Keywords:efficiency factor, gas devices, gas flow rate, gas supply.

In recent years, the problem of gas overruns in the  Stable normative gas pressure for consumers
gas supply system has reached the scale of theewholakes it possible to ensure the highest efficiesfoyas
country. Experts and the society, which is noequipment, a constant or close to it thermal powfer
completely informed, began to give their versionsl a gas appliances, for which the efficiency and
explanations for increasing gas consumption, eafigci performance of the equipment are optimal and ctose
in the residential sector. The situation is congiid the certified values. It is especially importanteiasure
even further by a significant increase in the afgjas, constant pressure for household gas appliancesatbat
which together creates a clear conflict betweempkens not equipped with individual gas pressure regugator
and consumers. At the first glance, it is obvichet the [1, 2].
problem is the inadequate quality of natural gasnds, Methods of calculating gas pipelines and practical
there is low calorific value and significantrecommendations for them are given in the works of
overconsumption. However, the reason for this sitna N.L. Staskevych, G.N. Severynets, D.Ya. Vygdorchyk
is not the quality of the gas, which is overwhelghyn in the mid-80s and early 90s of the twentieth cantu
satisfactory. In fact, the cause of gas overconsioms  [3].
inefficient burning in consumer burners, causedaby The heat of combustion of fuel also has an
significant pressure decrease in gas appliancesaana important effect on the volume of thermal power; it
result, their operation in the low efficiency zonevaries depending on the composition of combustible
Therefore, an important and extremely urgent tastoi gas, which takes into account standard pressure in
study the influence of operating pressures in the gaccordance with state building standards [4], anesd
supply system on the level of gas consumption. not take into account the effect of pressure changlee
calorific value for gas used as fuel for industrgadd
domestic consumers is established by the gas ygualit
certificate, which must be obtained by the gas aores
and meet the requirements of regulatory documents

* Corresponding author:

lubomyr.pylypiv@gmail.com 11, 2].

© 2019, Ivano-Frankivsk National Technical The throughput study in [5] is carried out on a
University of Oil and Gas. model of a low-pressure gas network, the configomat
All rights reserved. of which is close to real conditions. The calcwdatis
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performed for various options of the excess gassue consumption, hydraulic operation of distributionsga

magnitude at the outlet of gas distribution po{@®P). pipelines and pressure drop of gdsin a gas network.

A change step value of the inlet pressure is 200AB& According to the DBN V.2.5-20-2001

result, the value of the gas network throughput iequirements [4] the pressure drop from GDP to

obtained depending on the excess gas pressure aalueonsumers of low pressure should not exceed 1.8 kPa

the GDP outlet and the dependence is as follows of which 1.2 kPa falls on distribution networks. €Th
P, =1782+ 0.33® + 2.740 16Q?, (1) choice of pressure differential in inter-workshopda

whereP, is the excess gas pressure at the GDP Outllgttra-workshop gas pipelines of industrial entesesi is

! , . generally chosen arbitrarily.
g; g;gvgoarsej;%rt?oﬁngy%ﬁz gzmgﬁté”?[s the volume This work is related to gas appliances, and the

: . most common gas appliance is a gas stove, the most
This dependence allows us to determine the .
- common are gas stoves with an oven. V.N. Pelypenko
minimum excess gas pressure at the GDP outlet,evher

o . and A.A. lvanov have established, as a result of
there are ensured permissible pressure lossesein . L L
X experiments, that injection burners are quite sieesio
network and the required gas flow rate.

As noted earlier, the influence of operatinggressure drops [7, 8]. A maximum eficiency of gas

pressures is important for the energy efficiencyga$ ppliances is achieved due to the nominal gas gress

equipment. The theoretical basis for this statermed n fro_?:]gfrt]r(l)emki):erlrevrafliregheop gdeall:hscizsz. efficiency is
formed by the works of A.G. Kolienko, A.V. 9 y

) : f59 % according to the State Standard GOST 2204-93,
Shelimanov, V.A. Kolienko and also the works o . gy b
YuV. Ivanov. who was involved in the basics Offor a direct flow water he_ater, the efficiency shibbe
L ’ . . . at least 82-84 % according to GOST R 51847-2009,
calculations and design of gas burners, taking into

and for gas boilers — not less than 87-88 % acaogriti
account the effect of pressure on gas combustipn [6 GOST 3948-2000.

Using the research results [6], it is possible to A studv of natural aas quality auidelines. both
assess the influence of individual operationaldeccbn study : gas quaity g Lo
domestic and foreign [9, 10], indicate a generdlize

the thermal capacity of the N burner. The factdrgo . . : .
influence, provided that the burner is of constiagign, |nd|cqtor of gas quality — the Wobbe number, wich
Hsed in most European countries.

have the following operational characteristics an A S
uality parameters of natural gas: .Examlnatlons of gas Q|str|but|on systems show that
q calorific value of natural- gas under normalthe influence of the quality of fuel gas and hydicau
conditionsQy: modes of gas distribution pipelines on the efficief
naturalnc,as densipy,: gas use in gas-burning equipment is unconditidsial [
as regsure N frogrq? of the burriey Pa, which in The deviation of gas pressure, as well as the value
gas p R ' of thermal power, for consumers from the nominal

our case will change. ssport values leads to the following consequences
An assessment of these factors by the amount BRSSP . OWINg conseq
operation of fuel-consuming equipment (FCE)

thermal power (kW). can be carried out in the follogv with thermal overloads or insufficient heat prodoict
dependency analysis : . :
which affects the effectiveness of the main

:% . (2) technological process, reduces the overhaul pesiod
3600 fuel-consuming equipment operation;

The flow rate of dry natural gaB, which is decrease in gas use efficiency, increase in gas
supplied to the burner under normal conditions, igverhead, decrease in fuel-consuming equipment
determined by the dependence efficiency. It is well known that the deviation dtiie

2P, Py +Ru PR [—IT— thermal power of industrial FCE towards decreasmfro
B=3600¢,f |— G————0G"%, (3) the nominal by 10 % leads to a loss of efficiengy b
Py Foar Tg 0.2-0.5 % and in the direction of increase by 0.89%.

wheref is the area of the fire holes of the burner or gaBue to this fact, most foreign manufacturers of gas
nozzle (for injection burners), “nWhen flammable burners equip them with individual gas pressure
gases are supplied to the burners that meet tb@bilizers;
requirements of interchangeability, the area of the environmental degradation of fuel combustion
nozzle or fire holes remains unchanged; is the products [5].
coefficient depending on the shape and manufagurin Experimental studies of modern gas stoves burners
quality of the nozzle or the firing holes of therbers, indicate a significant decrease in their thermal
0. = idem; Ry is the gas pressure in front of the burnerefficiency even when the heat output of the burner
Rw is the pressure of water vapor, which is contained deviates from the nominal values by 10-15 %, both
gas;pq is the density of natural gas, kgInRys is the downward and upward. So, with an increase in tle ga
barometric pressurdy is the gas temperature, K. pressure in a line in front of the gas stove frdm t
This dependence takes into account all thmominal value of 1270 Pa to 3000 Pa, the efficiency
necessary parameters, the research of which was atkecreases from 45 to 29 %, and at a pressure &fB&0
carried out by other outstanding scientists ofdhend the efficiency is already about 20 %. A decreasthin
gas industry [5, 6]. efficiency of stove burners is accompanied by
The pressure value depends on the parametersdefterioration in the environmental performance hefirt
the gas network, gas control installations, unegaa work — when the fuel is burned, there is formed an
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increase of dangerous carbon monoxide and othiewer than the normative one. On the other hand,
products of incomplete combustion. chronic non-payments for gas consumed lead to a
The power of the burners of gas treatmemntiecrease in the volumes of its purchase and supply
equipment, or the thermal power of the burndrén  transport companies. Permanent non-payments ar thei
kilowatts, of domestic gas stoves in accordancé witdelays cause a reduction in limits on the purchafse

[11] is calculated by the formula as follows blue fuel. And insufficient volumes of gas trangption
Vo Qe lead to a pressure decrease in distribution gadipgs.
N = 3600t (4) So, an analysis of domestic and foreign scientific

. apers on energy efficiency of gas supply systeass h
\év(:]ri;ﬁi:)/%sls r%h? i;/(zlr]uenliemzf ddur%ngavsvhriiﬂutﬁeedv:)(l)urmoerrgﬁ emonstrated the absence of a comprehensive $icienti
v g and methodological approach to taking into accaiint

gas consumed, hrs, is measured @.1 h). . . :
Another criterion of calorific value and the mostmz fa}gt\f)erls ag;ecggg thc%r?sﬁr?rt)lt?gnm %_izeﬁggw a

reliable indicator of gas properties for its contimusin L .
. ; methodology for taking into account the operational
household gas appliances is the Wobbe number T
S parameters of gas networks for the efficiency of
(MJ/m?) [12], which is calculated by the formula S omestic gas-consuming equipment is particularly

follows negative.
W = Qe , (5) An extensive network of gas distribution pipelines
Jﬁg provides gas to more than 11 million households and

184 thousand state and private enterprises and
institutions. Unfortunately, the high cost of engrthe
S.S. Hou and C.H. Chou, J.F. Stubingtonshortage of foreign currency for its purchase and
G. Reashel, T. Murphy, R. Junus, P.J. Ashmaghronic non-payments for gas already used lead to a
G.D. Sergeamt [12-15] studied the effect of pressudecrease in the volume of natural gas sales in the
and three other main parameters to increase tlemestic market of Ukraine. The decrease in the
efficiency of gas appliances and burners. In paldic  volume of transported gas is carried out, intea,atiy
their works describe high-pressure gas burners KB-Peducing the operating pressure in the network. The
which are widely used in Thailand. They achieved aactual gas pressure at the exit point of the GB&tead
increase in thermal efficiency of 7% compared tef the standard value of 3000 Pa, can be 2500 Erein
analog ones. For their work, scientists have stuthe summer, and in winter it can drop to 2000 Pa. The
effect of liquefied petroleum gases. development of this methodology aims to establish t
The level of gas consumption is growing annuallyelationship between the operating pressure and the
in the world, therefore ensuring the highest effidy amount of gas consumed.
significantly affects energy costs. S.S. Hou and The gas supply system is designed with the
C.H. Chou [13] note that gas burners have advastageondition that gas pressure at the exit point GiP is
over alternative sources due to their easy instatia 3000 Pa, and the pressure loss does not exceedPE00
and relatively lower energy and material costs. Thep to the most distant consumer, that is, gas pressf
main goal of research and the superiority over gale last consumer at the entrance to the housddsheu
burners, which use gas, is to obtain the maximumg800 Pa. Allowable pressure loss in household gas
possible amount of thermal energy. pipelines should not exceed 600 Pa, that is, gasspre
The characteristic of the burner head affects thg the inlet to a gas device should be approximatel
thermal efficiency and the calorific value of therer. 1200 Pa.
The study of low-pressure gas burners and thaistea Injection gas burners, used in most gas appliances,
to high pressure for improving thermal efficiencere are quite sensitive to changes in gas pressure \[ith
made by J.F. Stubington et al. [14]. Ashman P.&let its excessive increase there occurs the initial exdrof
[15] used a fuel burner to determine the chargensity  flame detachment from the fire hole. The flame heig
and found a decreasing thermal efficiency witlincreases, which leads to a collision of the flawith
increasing high pressure load. The authors paptaite the cold part of the vessel or heat exchanger, twhic
to adjusting the degree and number of internal anskats the gas. As a result of this there are pemtiuc
external ports for an overall improvement in thermaproducts of incomplete combustion of gas, such as
efficiency. formaldehyde, benzapyrene, benzene, carbon monoxide
The reason for the lack of pressure in gas networkg0), nitric oxide (NO,), which are harmful to human
is complex. On the one hand, this situation is edusy life. The most toxic is carbon monoxide, the maximu
the lack of resources for innovation and moderiorat permissible concentration (MPC) of which is 2 my/m
of pipelines and equipment through the dispropogtie in residential buildings according to [12]. Accargito
structure of the gas supply tariff, which does @e¢én these data, th€O content in the air of kitchens of
cover the current expenses of gas distributiotypical gasified apartments exceeds the MPC by @0-5
companies. Often, new subscribers have to be ctehectimes, reaching a value of 100 mg/m
to existing networks without the necessary To summarize the above, we can conclude that
modernization measures — replacement of gas pgslinfluctuations and decreases in pressure do notaffégt
commissioning of additional GDP. In this case, thene efficiency and gas flow, but also reduce tHetgaf
working gas pressure of remote subscribers may Be person’s life, because according to the results o

where p, is a relative density of natural gas.
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Figure 1 — The dependence of the relative efficiepof gas appliances on gas pressure

studies, the concentration of harmful substances ca n,

increase with increasing or decreasing gas presaure e = n ’ (6)
front of the burner in the room, including carbon nom

dioxide in 2.5-3 times. This can be explained leyfdct Py = R ’ @)

that with an increase in the gas flow rate, whish i Pom

directly affected by the decrease in pressureNé#@ing \here /5, P are intermediate values of efficiency and
time increases, accordingly, the cooling time &f tieat o .
receiver increases, which worsens the conditionghie 92 Pressure in line in front of the deviegoy , Fom
oxidation of carbon monoxide to dioxide, and theare nominal values of efficiency and gas pressutme
concentration of nitric oxide also increases. Mimim in front of a device.

concentrations of harmful substances are observed a  Figure 1 shows the dependencies for various types

nominal gas pressur® ). of domestic gas equipment: a gas stove, gas dioeet
According to [7], pressure fluctuations in line inwater heaters and domestic gas boilers. _
front of gas appliances are allowed within + (0.0.05) A decrease in the efficiency of the burner with a

of Poom although, in modern real operating conditionsdecrease in the gas pressure below the nominag valu

deviations significantly exceed the recommendegXplained by a decrease in the volume of the taanH,

indicators. The maximum efficiency of household gags a consequence, a decrease in heat transfeheAt t

appliances and the most complete combustion ofsgassame time, the coefficient of air excess and losséise

achieved at a constant nominal pressure for ea€Rvironmentincrease. With increasing pressuregtise

specific model. Structurally there are distinguishea@n increase in heat loss with combustion produws t

devices designed for operation at a nominal pressfir do not have time to give thermal energy to the heat

natural gas — from 1274 to 2000 Pa. The constafcy @xchanger. In the course of researches, the highbst

this pressure provides the greatest durability fwé t Of efficiency is achieved at a gas pressure equdhe

device, that is, with a decrease in gas pressseetlan nominal one, that is, a® /P, =1.

the nominal one; there occur dangerous thermadssee Two approximating dependences are obtained in

and long-term overheating in some structural eldmenthe form of polynomials: the first one — for dirdkiw

which leads to burnout of heat-exchange surfaces. water boilers and gas boilers, the second one -gder
To construct the dependence of the efficiency dafirnaces and stoves

gas burners of household gas appliances on theysees _ _ _

value, there was used the method of regressiorysisal ey =0.6043+ 0.4230, — 0.134F - 0.008§, (8)

by the experimental data from published source8][7, Nigp =0.776P 4 — 0.299B2 - 0.0242,.  (9)

To simplify the processing of data of various types  Gjyen the nominal values, one can calculate the
O.f dg_vices (a.gas stove, a water heater, a poﬂén dependence; = f (P) in absolute terms for all of the
S|gn|.f|cantly different absolute values of efﬁc&;n_a_n.d apove types of gas appliances equipped with an
nom!ngl gas pressure, as well as the possibility jection burners.
obtqmmg the dgpendenc&zf(P) for all types of The obtained dependence makes it possible to
devices, the relative parameters were used and clarify in the future the permissible differentjaessure
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of gas for a more accurate hydraulic calculatiantoo conventional

gas appliances, having equated

show how much the efficiency of gas appliancedependences (13) and (11), and substituting theeai
decreases due to non-compliance with pressures. By net calorific value of natural gas for a setéat, we

correcting this dependence, to find the efficiendya

gas device with a given pressure, we substitute

expressions (8) and (9) into formulas (6) and A§.a
result, we obtain

2
- 0.6043+ 0.423810 - 0.13{8ij -
,7n0m nom , nom (10)
—0.005{ i ] :
PnOm
R R Y
20,7765~ 0.2998—" j +
,7n0m nom , nom (11)
+o.024z( i ] .
PnOm
Therefore,
R )
i =| 0.6043+ 0.4239 1 - 0.1348 1| -
n0m3 nom (12)
—0.0052{ i j Do |
Pnom
P P\
n, =|0.7765—— - 0.299% ! j +
nom Pnom (13)

3
+o.024{ i j Brom -
Pnom

obtain

Q) =3600N, 7 {Q;{ 0.6043 0.423¢7 -

nom

) Nk (16)
—0.134{ R ] - 0.005 i j ;
PnOm PnOm
h _ H I:|>
Q" =3600N, 7, {Qp ( 0.7765- 1 -
nom
17)

P Y r V)
—0.299{ i ] + 0.024% ! ]
I:?'IOI’T'I I:?'IOI’T'I

The obtained dependence enables us to evaluate
the influence of the operating pressure in a gasoré&
on the gas flow rate by means of domestic appl&nce

Given the need for multivariate calculations of
energy parameters of gas appliances accordingeo th
proposed methodology and the need to display gtaphi
dependencies, computer-aided tools were used, gamel
Visual Basic application software for Microsoft Ekc

The graphical dependence of the efficiency of
household gas appliances on the inlet gas pressure
shown in Figure 2. On each curve, a maximum can be
seen, which corresponds to the nominal operating
pressure of the gas equipment. In the case of eevic
operating at a pressure different from the nomorsd,
their efficiency is less than the maximum one. his t
case, the heat transfer of gas equipment is ircserfi as

The nominal values of the gas stove efficiency afeng as the working pressure is removed from the
59 % according to the State Standard GOST 2204-98)minal one. Figure 3 shows a graphical relatignshi

for a direct flow water heater, the efficiency shibbe

between gas flow and pressure. There is also a

at least 82-84 % and for gas boilers at least 8%-88minimum gas flow rate at a nominal overpressure.

according to GOST 3948-2000.
Thermal power N,

equipment is determined by:
_ 9
' 3600
where Q, is the net calorific value, kJ/(Kg).

Then the gas flow rate of domestic gas equipmem(
can be defined as the ratio of thermal power tonise
calorific value, and in order to adapt to the aktu

operating conditions by showing real gas flow rates

dependence is determined in accordance with thie St?ieve

building standards [15]:
QQ _ N; (3600
Q, W

where QQ is the gas flow rate of a domestic ga

Figure 4 shows a graphical dependence of gas

(kw) of household gas overrun by devices due to the deviation of the wayk

inlet gas pressure from the nominal one at thetitpa
residential building. The most excessive gas oversu

(14) observed at an extremely low inlet pressure of B&0

The operation of gas appliances at this pressurmtis
only economically viable, but also extremely dagesr
due to the unstable operation of burners and the
elihood of a flame burst or its periodic attetion
with the subsequent formation of an explosive dgas-a

Gnixture.

In order to test the proposed methodology and
loped software, there was calculated gas
consumption by consumers in a rural village with a

(15) Population of 4000 inhabitants. The calculation was

carried out in a wide range of changes in the dpgra
gas pressure at the input to a residential buildirige

Spurpose of testing was to determine the total jpiessi

appliance, rih; 7, is the efficiency of domestic gasgas overrun caused by the deviation of the opeyatin

appliance.

pressure in the network from the nominal parametars

Having performed the calculation for the nominathe case of a significant decrease in gas pressute

pressure values, when the efficiency is the higbhast

outlet of a GDP to 2000 Pa, given the pressureitoss

and using the obtained approximate dependence, @@s network, an excess gas pressure can be 8aafea a
derive the dependence of gas flow on pressure fiiput to a residential building. At such an inleégsure,

60
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Figure 2 — The dependence of gas appliances effiwdy from the input pressure
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—4—  For the gas flow rate on gas for gas stoves and induction gas furnaces
—@—  For the gas flow rate on pressure drop of gas for direct flow water heaters
——  For the gas flow rate on pressure drop for gas boilers

Figure 3 — The dependence of gas appliances consuiop from the inlet pressure

based on the obtained graphical dependences amhsumer overpays for gas consumption of one more
calculation data according to the developed mettieel, stove. On the scale of an entire settlement, the
efficiency of gas appliances is reduced to 20 %, the overconsumption of gas per hour can be severalrednd
overconsumption of gas consumed is from 0.2 to Ocubic meters. Calculation results are shown in feidu
m/h for one device of each type. Given the amount af the form of a graphical dependence of the tgts

gas overconsumption by appliances when turned averconsumption by the settlement on the inlet gas
simultaneously, it is 0.67 . Such a volume of gas is pressure into a house.

burned per hour by a gas stove at a nominal pressur

that is, while devices are operating at the same,tthe
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Figure 4 — Dependence of gas devices overconsumptimn the inlet pressure
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Figure 5 — Dependence of the total hourly gas applice overconsumption by a settlement on the inletg@ssure

Conclusions 1800 Pa at the input to a house and an excessupgess
of about 1200 Pa for gas appliances. A significant
It is established that the most efficient operattbn underestimation of the operating pressure leads to
gas appliances is observed at a nominal pressufein significant overconsumption of gas by consumerssgho
network and at the inlet to appliances. The minimummetering devices are not equipped with correctors f
level of energy consumption by household gapressure and temperature.
appliances occurs in case of a pressure excess of
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To ensure the proper quality of household natur&001, official edition, (State Building Standardsraine),
gas combustion and minimize gas Consumption' it fstate S_upervis_io_n Over Labor Protection of UkraigeQ1,
necessary to implement the following measures: 286 p. (in Ukrainian) _

coordinating the domestic regulatory frameworlﬁagn[sgfg’:s”&’r’nzrusv Glgsti’gé”rﬂig‘::t?/'; giﬂc?:stgﬂsz?gn)
for assessing the quality of_natl_JraI gas with rmﬁonal [6] Kolienko, AG, Shelimanova, OV & Kolienko, VA
norms and stand_ards, taking into_account, firskalbf 2016, ‘On the question of the quality of combustigas’,
such characteristics as the calorific value, thebl¥0 power engineering and automation. no. 1, pp. 135-144.
number, the dew point, nitrogen and hydrogen seilfidin Russian)
content; [7] lvanov, AA 2011, ‘Modeling and substantiatiofi o

improving the preparation of gas coming fromrational settlement gas supply systems’ the diaten,

local wells in front of Supp]ymg it to gas distution Candidate of Technical Sciences : 05.23.03, Saratxp.
networks: [8] Pelipenko, VN 2004,Burners for domestic gas

auditin low ressure as ipelines andtoves: atraining manual, TSU, Togliatti. (i.n Russian)
reconstructi%g corrodepd sectionS'g PP [9] GOST 22667-82. Combustible natural gases.

. . Calculation method for determining the calorific wel
ensuring star_1dard gas pressure In the_ network fﬂerlative density and Wobbe number. (in Russian)
the normal operation of household gas appliances; [10] EN 437:2003. Test gases. Test pressures. Apgei
stating quality indicators of natural gas combustio categories (EN 437:2003).

for consumers by means of media by gas sales [11] DSTU 2204-93 (State Standard GOST 10798-93).

organizations. Gas stoves for household use. General specification
(in Ukrainian)
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JocnipaxeHHA BNAIMBY TUCKY B CUCTEMi razonoctayaHHs
Ha piBeHb eHeprocnoXuBaHHA rasoBux npunagis

L. /. ITununie, 2] I. Macnanuu

1 . . . . . . . . i
leano-Dpankiscokuil HayionanrbHull MexHivnull yHisepcumem nagmu i 2azy,
eyn. Kapnamcoka, 15, Isano-@panxiscox, 716019, Vkpaina

2TOB Onepamop eazompancnopmuoi cucmemu Yrpainu;
eyn. Keimie, 5, c. Yacnisyi, Yorccopoocokuii p-1, 3akapnamcoka 06.1., 88000, Vkpaina

JlocHiKeHO BIUTUB PEXMMHUX THUCKIB y CHCTEMI ra30MOCTavyaHHS Ha PIBCHb TaKUX CHEPrOMOKA3HHKIB, SK
koediuient xopuchoi mii (KKJ/I), BuTpary Ta mepeBHTpatry rasy ra3oBOro OONaJHAHHS JKUTIOBUX OYyIHHKIB.
BcraHoBneHO B3a€MO3B'SI30K MK 3HAYCHHSIMM PEKUMHUX THCKIB y CHCTEMI TIa30lOCTad4aHHS Ta pPIBHEM
ra30CIoXUBaHHs Mo0yTOBUX npuianiB. [IpoaHanizoBaHO MPUYMHE BUHUKHEHHS HEJOCTATHHOTO THCKY B Ta30BHX
Mepekax HaCeJICHWX MyHKTIB. Po3pobieno amroputM pospaxyHky 3miam KKJ[ razoBux mpuimafiB 3aJIeHO Bif
PEKMMHHX TIapaMeTpiB poOOTH ra3oBoi Mepexi. BcTaHOBJIEHO, 1110 HaOUIBII e()eKTHBHA pOOOTa Ta30BUX MPHUIIAIIB
CIIOCTEPIraeThCs 32 HAUIMIIIKOBOTO TUCKY Ha BXOI B ra3oBi npmiaan npudausHo 12001Ta.

OOrpyHTOBaHO 3axoau IS 3a0e3redeHHs] HEOoOXiHOT SKOCTI TOpPIHHSA MPUPOIHOTO Ta3y y CIOKHBadiB Ta
MiHIMi3aIii piBHSA Ta30CIOXUBAHHS: y3TO/PKCHHS BITUYM3HSIHOI HOPMATHBHOI 0a3W 3 MHUTAaHb OLIHIOBAHHS SKOCTI
HOPUPOIHOTO Ta3y i3 MIKHAPOJIHUMH HOPMAaMHU Ta CTaHIAPTaMHU; IMOKPAIaHHS ITirOTOBKH ra3y, IO HaIXOJUTh 3
MICLIEBHX CBEpAJIOBUH, IEpel MOAa4Yel0 HOro 0 ra30BHX PO3MOAUIBYMX MEPEX; PEBi3is Ia30NPOBOJIIB HU3BKOTO
THCKY Ta PEKOHCTPYIOBaHHS YPOKCHUX KOPO3I€I0 AUISHOK; 3a0e31eYeHHs] HOPMAaTHBHOTO THCKY Ta3y B MEpPExi Ui
HOpPMAaJIbHOI POOOTH Ta30BUX MPHJIAMIB HACCICHHS; JCKIAPYBaHHS ra3030yTOBUMH OpraHi3allisIMH [MOKa3HUKIB
SIKOCTI TOPIHHS IPUPOIHOTO rasy.

KitouoBi ciioBa: gumpama easy, 2a306i npunaou, koegpiyicnm Kopuchoi 0ii, cucmemu 2a30N0CMAYanHsl.
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