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Purpose. Ensuring the optimal mode of gas transportation from local sections of the main gas trunkline (GT), subject to repair
(maintenance) and/or shutdown, to existing main gas trunkline based on the calculation, determination, and establishment of
rational values of the operating modes of mobile compressor stations during the entire time of gas pumping.

Methodology. The studies are based on existing physical principles and laws that describe the effect of the properties of natural
gas and the geometric parameters of pipelines through which gas is pumped on the dynamics of changes in the mass and pressure
of the transported gas. The calculation of the change in the mass and pressure of the gas in the gas pipeline from which the gas is
pumped is based on a number of existing theoretical and empirical dependencies included in the generally accepted methods for
their calculation. Known physical relationships and mathematical models are used to carry out the calculations.

Findings. The “mass” approach to the issue of calculating the gas transportation time is more mathematically accurate than the
“volumetric” one. The ratio of the relative mass to the relative gas pressure in a localized section of the main gas pipeline, during
the entire pumping time, is a constant value. The use of the values of the quantities obtained at the point of intersection of the
graphs of changes in the relative mass and relative pressure of the gas, in the preliminary calculation of the time for pumping gas,
or pressure, or mass, or the volume of gas in each time interval, makes it possible to select the optimal rate of building up/reducing
gas pressure by compressor units and optimal modes of gas transportation by operating gas pipelines during the operation of mobile
compressor stations.

Originality. The proposed approach to calculating and determining the time of gas pumping by mobile compressor stations
from local sections of the main gas pipelines subject to repair (maintenance) and/or shutdown to sections of existing main gas
pipelines proves that it is advisable to establish stable patterns in the transportation of natural gas using reciprocating compressor
units only after modeling in time the change in the mass and pressure of gas in the local section of the main gas pipeline from which
the gas is pumped.

Practical value. The proposed approach to optimizing the time of gas pumping by mobile compressor stations makes it possible
to increase the level of energy and resource efficiency of gas transmission enterprises, as well as to improve the technical and eco-
nomic indicators of technologies for repairing the main gas pipelines, compressor stations of main gas pipelines associated with the
need to bleed gas from sections of the main (technological) pipelines subject to repair (maintenance) and/or shutdown. Optimiza-
tion of gas pumping time significantly reduces the time spent by employees of gas transmission enterprises under the influence of
hazardous and harmful production factors, thereby reducing the level of relevant risks. Gas emissions and associated risks are re-

duced by 90 %.
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Introduction. The gas transfer technology intended to pre-
vent the natural gas throttling while using mobile compressor
station (MCS), is well known in the world. This technology is
used during the major overhauls, tests (simulations), other re-
pair and scheduled maintenance works of gas linepipes.

There are several MCS models with multi staged gas com-
pression in piston compressors. These MCS models are pro-
duced by COMPEX/OGE/LMF/CAT/AG/ARIEL and oth-
er companies [1]. Gas engines from different producers are
used as drive units in MCS.

The essence of the mentioned technology is the following:
the selected gas trunkline section is sealed at both sides (local-
ization); then the gas is pumped by MCS [2] from the sealed
part into the operating part of the same gas trunkline or into
another operating gas trunkline.

In compliance with the current legislation, pipeline trans-
port companies are bound by the contract terms to provide no-
break natural gas delivery to consumers. These companies also
have to follow existing norms, safety regulations, gas pipelines
operating procedures, fire safety rules and natural environ-
ment protection rules [3]. Also, natural gas (methane CH,) is
one of the important greenhouse gases.

All these facts force gas transmission providers to create
and guarantee appropriate parameters and requirements for
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natural gas transportation via gas linepipes, requirements for
repair/maintenance works at gas trunklines without stopping
the natural gas delivery to consumers and without throttling
major volumes of natural gas into the external environment.

The research on impact over time of geometric pipe pa-
rameters and natural gas thermodynamic parameters (which is
transported under the pressure varying from 1 to 75 bar) on gas
transportation processes is required for optimization of MCS
modes and working conditions.

Ideally, pumping gas out from an isolated section should
happen with constant relative mass to relative pressure ratio in
the chosen pipeline during the whole period of pumping.

Analytical research survey. All the factors with both direct
and indirect impact on gas pumping influence the MCS
choice.

Major influencing factors are safety, economical efficien-
¢y, environmental friendliness.

Accordingly, the gas pumping time is the groundwork for
industrial safe [4, 5] and energy resource effective [6] approach
for MCS choice.

The MCS efficiency is mostly determined by the following
factors:

- characteristics of the isolated and operating sections of
gas trunkline involved in gas pumping;

- geometric characteristics of pipes of both gas trunkline
sections connected to MCS and piping pipes;
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- characteristics of piston compressor units of MCS;

- thermodynamic characteristics of natural gas, these
should be taken into account while simulating MCS processes.

Gas pumping with MCS should only be done after gas and
mass over time simulation of the isolated section of the gas
trunkline. It should be noted that pressure value in the isolated
section is almost irrelevant for MCS choice due to the wide
array of available compressor units with a much broader range
of performance capabilities than needed.

By analogy with linear compressor stations, it is clear that
working parameters and control parameters of MCS, as well as
all the involved calculations, are determined by the working
(approved) pressure value in the trunk pipeline, where gas will
be pumped into, and by temperature of the pumped gas (it
should not be higher than thermal resistance of isolation at the
point of MCS connection.

Natural gas pumping technology from the gas trunkline
isolated section as a design object should be considered as a set
of specific parameters’ values of the system, which provides
gas transportation process. Regulation of these values fulfills
the purpose — with specified resource consumption, specified
gas transportation modes, within specified period and with
specified quantity.

This concept shows the way to achieve the goal not only
with compressor units’ parameters, but also with gas pumping
(transportation) modes and with industrial control measures.

Purpose. The objective of this work is to research the pro-
cess of natural gas transportation with the view to maintain the
optimal performance during the gas transportation from the
gas trunkline section scheduled for repairs (maintenance)
and/or disconnection into the operating section of the same
gas trunkline (while the scheduled section is sealed off with
isolation valves), or into another operating gas trunkline. Op-
timal performance values are calculated for the whole com-
pressor units operational time during the gas pumping by mo-
bile compressor stations.

Methods. Nowadays, there are following widely used tech-
nological schemas of gas transportation with MCS (Figs. 1, 2)
[7]. Theoretical, methodological, technological and practical
aspects of world-class gas transportation (evacuation) tech-
nologies are not shared due to IP protection.
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Fig. 1. Parallel scheme, twin gas pipeline:
1 — MCS; 2 — isolation valve set to “sealed”; 3 — isolation valve
set to “opened”; 4 — repair works spot; A/ B — trunk pipelines; ar-
rows show the direction of gas transportation
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Fig. 2. Serial Scheme, single gas pipeline:
1 — MCS; 2 — isolation valve set to “sealed”; 3 — isolation valve
set to “opened”; 4 — repair works spot; A/ B — trunk pipelines; ar-
rows show the direction of gas transportation
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The Ukrainian technology of natural gas evacuation is not
currently applied because of inconsistency in the current legis-
lation in Ukraine.

Ukrtranshaz was the first company in Ukraine who ap-
plied the mentioned technology while repairing the gas
trunkline Yelets — Kursk — Kyiv in March 2017 [8].

To improve accuracy and optimization of the gas transpor-
tation time, as the main criterion for MCS choice and simula-
tion of fluctuation of gas mass and pressure values over time at
the isolated section of the trunk pipeline, the calculations have
to be made. The calculation algorithm is given below in the
article.

In order to make aforementioned calculations and simula-
tions, all the initial parameters should be set, and it is manda-
tory to include the following parameters: MCS efficiency (in-
cluding values found by brute-force search), working param-
eters of MCS, geometric parameters of gas trunklines “A4, B”
(Figs. 1, 2) and MCS technological pipelines, and so on. The
calculation scope should also be taken into account, specifi-
cally the working (approved) pressure values in gas trunkline
“B” (Figs. 1, 2) and bearable temperature of gas trunkline in-
sulation “B” (Figs. 1, 2) at the point of MCS connection.

During the creation of their own simulation model of MCS,
the authors assessed the contribution of every aforementioned
factor to gas transportation time from isolated section of gas
trunkline “A” (Figs. 1, 2) DN 1370, L is equal to 25 km of gas
trunkline “B” (Figs. 1, 2) DN1370, L is without limits, with
pressure ranging from 73.92 bar to 1 bar accordingly.

Calculation Algorithm. Set technical characteristics of gas
trunklines “A, B” (Figs. 1, 2) including the characteristics of
bypass piping of the mentioned gas trunklines (Figs. 1, 2) at
the points of MCS connection and MCS piping.

The minimum number is set of compressor units of MCS
and their volumetric efficiency values (more than or equal to
70 000 Nm?/h).

Gas constant for the target gas composition is calculated [8].

Natural gas mass at the isolated section of the gas trunkline
“A” is calculated (Figs. 1, 2) [9].

Natural gas pressure at the isolated section of the gas
trunkline “A” is calculated (Figs. 1, 2) [9].

Mass efficiency of MCS is calculated. 1t is advised to use
the methodology and the methane thermodynamic state cal-
culator [8] or other special software to calculate the gas com-
pressibility coefficient.

Parameters which characterize the process of gas pumping
from the gas trunkline “4” (Figs. 1, 2) into the gas trunkline
“B” are calculated (Figs. 1, 2) [9].

Gas mass flow and gas mass are calculated, when pressure
and temperature are equal to their initial values at the isolated
section of the gas trunkline “B” (Figs. 1, 2) at every pressure
decrease interval (using the volumetric efficiency of MCS com-
pressor units from specifications), taking into account the fact
that pumped gas is moving, i.e. its properties are changing [9].

Gas transportation time is calculated at target pressure de-
crease time interval (1 hour or less) using the ratio of pumped
gas mass to mass efficiency of MCS.

The general gas transportation time of MCS is calculated
by summing the previously received relative values.

The graph is built of linear functions of gas mass variation
and gas pressure variation corresponding to target time inter-
vals of gas pumping by MCS.

The graph is built of linear function of gas relative mass
variation and gas relative pressure variation corresponding to
target time intervals of gas pumping by MCS.

The graph is built of linear function of gas relative mass
variation and gas relative pressure variation corresponding to
relative time of gas pumping by MCS (Fig. 3).

The parameters are determined of the intersection point of
relative mass variation graph and relative pressure variation
graph corresponding to relative time of gas pumping by MCS
(point of conservation of mass — “SM” at Fig. 4).
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Fig. 3. Graph of correspondence of gas pumping process charac-
teristics:

M — relative gas mass; P — relative gas pressure; T — relative
gas pumping time
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Fig. 4. Graph of relative gas mass variation and relative gas
pressure variation during the pumping period:

M — relative gas mass; P — relative gas pressure; T — relative
gas pumping time

The calculation results are checked. The received data is
summarized and analyzed.

The calculations performed by the authors are correct ac-
cording to the law of mass conservation and fully comply with
MCS simulation and the concept of gas pumping by MCS
technology.

The authors, relying on the simulation results, calcula-
tions and their correctness, built graphs of corresponding
functions, received parameters’ values at intersection point
of relative mass variation graph and relative pressure varia-
tion graph corresponding to relative time of gas pumping by
MCS (point of conservation of mass — “SM at Fig. 4”),
summary and analysis of received data, can assume the fol-
lowing:

1. The total number of aforementioned influencing factors
can be reduced if geometric parameters of all the pipelines,
participating in the process of pumping by MCS from the gas
trunkline “A” (Figs. 1, 2) into the gas trunkline “B” can be
merged as an influencing factor.

2. The influencing factor characterized by gas thermody-
namic properties at the isolated section of the gas trunkline
“A” (Figs. 1, 2), and its relative value constantly variates dur-
ing the whole time of gas pumping. The influence of the factor
on MCS gas pumping time is constantly growing.

3. Local resistance of gas flow along the whole length of
MCS technological pipelines from point of connection to the
isolated section of the gas trunkline “4” (Figs. 1, 2) till point of
its connection to the gas trunkline “B” (Figs. 1, 2) has a minor
impact on gas pumping time [10].

4. Graphical interpretation of gas relative mass to gas rela-
tive pressure ratio corresponding to target time intervals of gas
pumping by MCS (Fig. 3) shows that both simulated and
probably real processes of gas pumping by MCS can occur
with constant pressure decrease at every time interval at the
isolated section of the gas trunkline “A4” (Figs. 1, 2).

5. Probably, both simulated and real processes of gas
pumping by MCS are stationary processes, i.¢. their charac-
teristics do not change in time.

6. Possible gas pumping by MCS from the isolated to the
operating section of the gas trunklines at set time with constant
efficiency of MCS compressor units with constant gas offtake
while optimal performance work of compressor unit (com-
pressor station) corresponds to values, received from intersec-
tion of relative mass variation graph and relative pressure vari-
ation graph during the relative time of gas pumping by MCS
(point “SM” in Fig. 4).

Please note that during the MCS simulation, MCS and the
gas trunkline are physical systems and the MCS technological
schema has only one input and one output, and gas leakage
possibility is excluded by standard, and MCS does not require
gas accumulation technologically.

It is possible to make an assumption that gas volumetric
flow values of MCS will strongly depend on specific placement
of MCS and the gas trunkline control instruments, while gas
mass and gas mass flows will have constant values at any point
of the system.

According to the authors, it is rational to use gas mass and
gas mass flow quantities to deduct stable dependencies when it
comes to control of MCS piston compressor unit modes based
on calculations, that gases do not have fixed volume and try to
fill the whole volume, because volumetric flow and gas density
are taken into account during the gas mass flow and the gas
mass calculation, and in turn because gas compressibility coef-
ficient, gas constant, pressure and molar mass are used during
the calculation of gas density.

Taking into account the fact that the main task of MCS
control is to ensure safety and gas pumping process efficiency
as well as to maintain balance between units’ productivity and
gas flow, and taking into account conducted calculations of gas
pumping time, we propose to use the following equation (1),
with a goal in mind to optimize MCS modes control system as
stable function

—L 2 =const, )

where dM(t) is mass of the gas pumped off during the target
time interval, kg; dP(t) is set pressure reduction interval at
isolated section of the gas trunkline, bar; 1 is gas pumping
time, h.

Examples of equation applications (1).

Example 1. With set time of gas pumping from the isolated
section of the gas trunkline “A4” into the gas trunkline “B”
(Figs. 1, 2) 1, = 96 h, from initial pressure P, = 100 bar till ex-
cess pressure which is less than or equal to 1 bar, we receive
parameters from the point “SM” (Fig. 4)

P.=P,-P=100-0.29=29.00;
1=0.29-1,=0.29-96 =27.84.
Optimal pressure increase/decrease rate in the gas

trunkline by the compressor (station) is equal to

Zl —1.04166666666667.
T

Example 2. With the set time of gas pumping from the iso-
lated section of the gas trunkline “A” into the gas trunkline
“B” (Figs. 1, 2) T, = 72 h, from initial pressure P, = 75 bar till
excess pressure which is less than or equal to 1 bar, we receive
parameters from the point “SM” (Fig. 4)

P=P.P=75.029=21.75;
1=0.291,=0.29 72 =20.88.

Optimal pressure increase/decrease rate in the gas
trunkline by the compressor (station) is equal to
dp
e 1.04166666666667.

T
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Example 3. With the set time of gas pumping from the iso-
lated section of the gas trunkline “A” into the gas trunkline
“B” (Figs. 1, 2) t; =48 h, from initial pressure P, = 55 bar till
excess pressure which is less than or equal to 1 bar, we obtain
parameters from the point “SM” (Fig. 4)

P=P,-P=55.0.29=15.95;
1=0.291,=0.29 48 = 13.92.

Optimal pressure increase/decrease rate in the gas
trunkline by the compressor (station) is equal to

?:1.145833333333333.
T

The efficiency of MCS compressor unit should be chosen
depending on geometric parameters of the isolated section of
the gas trunkline.

The chosen concept shows the opportunity to influence
the issues of gas pumping time optimization not only by MCS
compressor units’ characteristics but also by gas transport
modes in the operating gas trunklines.

Looking at the text above, we can make a conclusion that
the function of gas pumping time by MCS from initial pressure
in the gas trunkline “A4, B” (Figs. 1, 2) has the direct correla-
tion, i.e. the lower the initial pressure is, the less time MCS
requires to pump the gas from the gas trunkline “4” (Figs. 1, 2)
into the gas trunkline “B” (Figs. 1, 2).

First use of MCS in Ukraine. Gas Transmission System
Operator of Ukraine started the experimental use of MCS in
the first quarter of 2017, which allowed minimizing the num-
ber of natural gas emissions into the atmosphere and pumping
them into the gas-proof system during the repair works on gas
linepipe.

1.3 million cubic meters of natural gas were saved during the
first use of MCS, which costs something like 10 million UAH.

“A few years ago, we were forced to dump the gas right into
the air, but today, thanks to the modern equipment with which
Ukrtranshaz is supplied, we return everything back into the gas
transmission system”, explains the chief engineer of Yahotyn-
skyi LPMGP Mykhailo Prymak, who was the chief of fire-
works during the repair works of trunk pipeline Yelets —
Kursk — Kyiv D 1200 mm.

MCS was doing gas pumping with a two-step four-cylinder
compressor with internal combustion engine working on natu-
ral gas.

MCS manufactured in Austria, LMF model P-Pack 750,
has the efficiency of 64.5 Nm3/h [12].

Andrii Havryliak, the linear service chief at Yahotynskyi
LPMGP, said that this machine can be used during the cold-
est times — “Working temperature is in diapason from —20 to
+40° Celsius™.

The technology of performing various repair works at gas
trunkline objects, involved with depressurization of gas
linepipes, including defect correction of gas linepipes, re-
placement of isolation valves, capital repair works, forces gas
transmission providers to spend gas on production and tech-
nological works every year.

Taking into account quite high price for natural gas, gas
transmission system operator of Ukraine of those days (SC
“Ukrtranshaz”) made a decision to use MCS.

The preliminary calculations show that the use of MCS
will reduce gas consumption by 15 million cubic meters yearly,
and with today’s prices for natural gas it is over 10 million
UAH [8, 13].

Successful cases of MCS application in the world. Gas saving
works are done all over the world. For example, there were
works at 13 objects of the gas transmission branch of Gazprom
(RF). The first company who used that technology was “Gaz-
prom Transgaz Ugorsk” (November 2019). Pelim LPMGP
was able to save 2.7 million m? gas with that technology. Now-
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Fig. 5. Scheme of gas removal:

1 — isolation valve set to “sealed”; 2 — isolation valve set to
“opened”; 3 — MCS; 4 — consumer (manufacturer, city, village,
district, etc.) A/B — trunk pipelines; arrows show the direction of
gas transportation

adays, Gazprom saved over 310 mln-m? of gas [15], which is
more than 2 billion UAH.

Conclusions.

1. Stable dependencies were found within issues of control,
setting and optimizing modes of MCS piston compressor
units, and these dependencies are repeatable. Equation (1) al-
lows us to develop an optimal algorithm for regulating the pa-
rameters of the units (stations)

2. A fairly simple method for calculation of time required
for piston MCS to pump gas with a set rate of gas offtake from
an isolated section of gas trunkline was proposed.

3. A simple method was proposed for calculation and opti-
mization of required time for natural gas pumping by MCS,
which implements the general concept of technology, specifi-
cally it was proposed to influence the gas pumping not only with
MCS parameters, but also with gas transportation modes of
operating gas linepipes; main restricting factors were presented.

4. The main factor was discovered which influences the
choice of MCS piston compressor units — an ability of the unit
to maintain the calculated gas offtake rate within the whole
period of gas pumping.

5. A simple method was proposed to calculate pressure val-
ues at the isolated section of the gas trunkline within set inter-
vals of MCS gas pumping time.

6. It is proved that it is possible to pump gas with MCS
units from isolated sections into operating sections of gas
linepipes at the set time with stable efficiency of MCS com-
pressor units in time, constant gas offtake, while optimal
modes of compressor unit (compressor station) correspond to
the values obtained at the point of intersection of relative mass
variation graph and relative pressure variation graph within the
relative gas pumping time.
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Merta. 3abe3rneyeHHs ONTUMAIbHOTO PEXXUMY TPaHCIIOP-
TYyBaHHS rasy 3 JJOKaJbHUX AUISTHOK MaricTpaabHUX Ia30mpo-
BogiB (MT), 1110 mipIsiraloTh pEMOHTY (TeXHIYHOMY OOCITYTro-
BYBaHHIO) Ta/a00 BiIKJIIOUYEHHIO, A0 MiI0OYMX MaricTpaJbHUX
ra3oIpoBO/IiB Ha OCHOBI PO3PaxyHKY, BU3HAUEHHSI, BCTAHOB-
JIEHHS palliOHaJbHUX 3HAY€Hb PEXUMiB POOOTH MOOITBHUX
KOMITPECOPHUX CTaHLii MPOTSATOM YChOTO 4Yacy IepeKady-
BaHHS rasy.

Metoauka. [JocnimkeHHs 6a3zyBaiucs Ha iCHyrouux @i-
3UYHUX MPUHLMIAX i 3aKOHAX, 1110 OMUCYIOTh BIJTUB BIACTU-
BOCTEI TIPUPOTHOTO Ta3y i TeOMETPUYHMX ITapaMeTpiB TPy-
OOIPOBO/IB, IO SIKKUX MEePEeKaYy€EThCs Ta3, HA JUHAMIKY 3Mi-
HU MacHu i THCKY Ta3y, IO TPaHCIIOPTYEThCS. Po3paxyHOK
3MiHM MacH i TUCKY a3y B ra30IpOBO/Ii, 3 SKOTO MepeKauy-
€ThCsI ra3, 0a3yBaBCsl HA HUBLII ICHYIOUUX TEOPETUYHUX i M-
MipUYHUX 3aJIEKHOCTEM, 1110 BXOASATH 10 3araJibHONPUIAHSI-
TUX METOIB iX po3paxyHKy. [l1s1 BUKOHAHHSI pO3paxyHKiB
BUKOPHCTOBYBAJIUCS BimoMi (Pi3MUHI 3aJIeXKHOCTI i MaTeMa-
TUYHI MO,

PesyabraT. «MacoBuii» Miaxia 10 MUTaHHST PO3paxXyHKY
yacy TepeKayyBaHHsSI razy € OUTbII MaTeMaTUYHO TOUYHHUM,
HiX «00’eMHUIt». BigHOIIEHHS BiIHOCHOI MacH 10 BiTHOC-
HOTO TUCKY Ta3y B JIOKaJli30BaHiii AUISIHIII MaricTpajJbHOTO
ra3orpoBo.y, IIPOTITOM YChOIO Yacy fepeKkavyyBaHHSI, € MO-

CTilHOIO BEJIMYMHOW. 3aCTOCYBaHHS 3HAY€Hb BEJIUYUH,
OTPMMaHMX y TOUIl IMepeTHHY rpadikiB 3MiHM BiTHOCHOL
MacH i BiTHOCHOTO TUCKY a3y, Mpu MONepeIHbOMY po3pa-
XYHKY 4acy repekadyBaHHS rasdy, abo TUCKY, abo Macu, abo
00csTy razy B KOXXHOMY iHTepBaJli yacy, 1a€ MOXKJIUBICTb ITi-
IiOpaTh ONTUMAIbHY IIBUAKICTb MiTMOMY/3HUKEHHST TUCKY
ra3y KOMIPECOPHUMU YCTAHOBKAMHU Ta OIITUMAJTbHI PEXXUMM
TPaHCIIOPTYBAHHS Ta3y Ail0YUMU ra30IpoOBOAAMH ITijl Yac po-
00TH MOOIIBHUX KOMIIPECOPHUX CTAHIIIH.

HaykoBa HoBH3HA. 3ampoIIOHOBaHWU MiIXid IO po3pa-
XYHKY ¥ BU3HAUeHHSI Yacy repeKaqyBaHHs Ta3y MOOUTbBHUMU
KOMIIPECOPHUMHU CTAHILISIMUA 3 JIOKAJbHUX IiJISTHOK Mari-
CTpaJIbHUX Ia30MPOBO/IIB, 1110 MiIJISITal0OTh PEMOHTY (TeXHi4-
HOMY OOCJIyrOBYBaHHIO) Ta/a00 BiIKJIIOUEHHIO, 10 MiISTHOK
MIOYMX MAariCTpaTbHUX Ta30TMPOBOMIB TOBOAWNTH, IO BUBE-
NIEHHSI CTINKMX 3aKOHOMIPHOCTEI Yy MUTaHHSIX TPAHCIIOPTY-
BaHHSI TIPUPOTHOTO Ta3y i3 3aCTOCYBAaHHSM ITOPIITHEBUX
KOMIIPECOPHUX arperartiB JOLIbHO 3HiMCHIOBATU TiJIbKU
TTiCJIsT MOJIETIOBAaHHSI B Yaci 3MiHU MacH i TUCKY Ta3y B JIO-
KaJIbHIl IiJITHLII MaricTpajJbHOTO ra3ornpoBoy, 3 IKOro Ie-
pEeKavYyeThCs Ta3.

IIpakTiyHa 3HAYMMICTh. 3ampPONOHOBAaHMK TMiAXim a0
ONTUMi3allii yacy nepekauyyBaHHS razy MOOUIBHUMU KOMII-
PECOPHUMM CTAHLISIMU J03BOJISIE TMiABUILLUTU PiBEHb €HEp-
ro- i pecypcoeeKTUBHOCTI Ta30TPAHCIIOPTHUX ITiATIPU-
€MCTB, a TAKOX IMiJIBUIIMUTH TEXHIKO-€KOHOMiUHi MOKa3HUKHU
TEXHOJIOTi poliT 3 peMoHTy MI', KOMIIpecOpHUX CTaHIIi
MT, noB’sg3aHuX i3 HEOOXiMHICTIO CTPaBIIOBAaHHS a3y 3 Mi-
JITHOK MaricTpaJbHUX (TeXHOJIOTIYHMX) TPYOOITPOBOIIB, 110
IMiUISITal0Th PEMOHTY (T€XHiYHOMY OOCIYTrOBYBaHHIO) Ta/ab0
BimkiTIoueHHI0. ONTUMi3allist yacy repekauyBaHHs ra3y 3Ha-
YHO CKOpOYYE 4Yac MepedyBaHHsSI MpalLliBHUKIB Ta30TpaH-
CHOPTHUX MiATPUEMCTB M Ai€l0 HeOe3MeYHUX i MKIAJIUBUX
BUPOOHUYUX (haKTOPiB, YUM 3HUXKYE DPiBEHb BiAMOBIIHUX
pu3ukiB. KilbKicTh BUKWIIB ra3y Ta IMoB’s13aHi 3 ITUM PU3UKKA
3HUKYIOThCS Ha 90 %.

KimouoBi cnoBa: npupoonuii eas, mazicmpanvruil eazonpo-
8i0, KOMNpecopHa cManyis, MpaHcnopm 2azy

3aKoHOMEPHOCTH (€30MACHOTO PeryJIMpOBAHMS
MOPIIHEBBIX KOMIPECCOPHBIX ArperaToB
MOOMJIbHBIX KOMIPECCOPHBIX CTAHIMIA
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gmail.com

2 — UHcrutyT reotexHuyeckoit mexanuku umenu H. C. Ilo-
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Hems. ObGecriedeHre ONTUMATBEHOTO PeXUMa TPAHCTIOP-
TUPOBKY Ta3a U3 JOKAJIbHbIX Y4aCTKOB MaruCTpalbHBIX Fa30-
rmpoBonoB (MI), momexaimx peMoHTY (TEXHUYeCKOMY 00-
CJIy>KMBAaHMIO) Y/WIN OTKJIIOYEHUIO, B NEHCTBYIOLINE Maru-
CTpaJbHBIE Ta30IIPOBOABI HA OCHOBE pacyeTa, OnpeneneHus,
YCTaHOBJIEHUSI pallMOHATIbHBIX 3HAYEHUI PEXUMOB PabOThI
MOOMIBHBIX KOMITPECCOPHBIX CTAHIINI B TEUEHME BCETO Bpe-
MEHU MepeKayKu rasa.

Meronuka. MccienoBanusi 6a3upoBaiuCh Ha CYILLIECTBY-
IOIIMX HGU3NYECKUX MPUHLIMIIAX U 3aKOHAX, KOTOPbIE OMUCHI-
BalOT BIUSIHUE CBOMCTB MPUPOIHOTO ra3a U TeOMETPUUECKUX
MapaMeTpoB TPYOOINPOBOAOB, MO KOTOPBIM MEePEKAUMBACTCS
ra3, Ha TMHaMUKY U3MEHEHUSI MAaCChl U IaBJIEHUsI TPAHCIIOP-
TUpyeMoro raza. Pacuer uaMeHeHuUsI MacChl U AaBJI€HUS raza
B ra3oIMpoBOJie, U3 KOTOPOTO MepeKaynuBaeTcs ras, 6a3upo-
BaJICSl HA PSJie CYLIECTBYIOIIMX TEOPETUYECKUX U DMITUPUYE-
CKUX 3aBUCUMOCTEN, BXOASIINX B OOLIETIPUHSATHIE METOIbI
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ux pacyeTa. [1Jis BBITTOJTHEHUST paCUeTOB UCTIOTb30BANCH U3~
BECTHBIC (DM3MYECKME 3aBUCUMOCTHM U MaTeMaTU4eCKUe
MOJIETN.

PesyabraTel. «MaccoBblii» MOAX0A K BOIPOCY pacyera
BpeMEHU TIepeKauKu rasa siBjsieTcst 6ojee MaTeMaTUIecKu
TOYHBIM, 4YeM «00BbEeMHBI». OTHOILIEHUE OTHOCHUTEIbHON
MacChl K OTHOCUTEJIbHOMY NTaBJICHUWIO Ta3a B JIOKAJIM30BaH-
HOM Y4acTKe MarucTpajJbHOTro ra3orpoBojia, B TCUeHUE BCETro
BpEMEHU TepeKaYKH, SIBJISIETCSI TTOCTOSHHON BEJIMYMHOM.
ITpuMeHeHUe 3HAYeHU I BEJIUYMH, TTOJIYYEHHBIX B TOYKE Te-
peceueHUst TpaUKOB U3MEHEHUS] OTHOCUTEIBHOUM MacChl 1
OTHOCHUTEJIbHOIO AaBJCHUs Tras3a, MIpU IpeaBapUTeJIbHOM
pacueTe BpeMeHU TiepeKauyKy Tra3a, Wiu TaBJIeHUs, U Mac-
Chl, WJIK o0beMa raza B KaxIIOM MHTEepBaJie BpEeMEHU, TaeT
BO3MOXHOCTb ITOJI0OpATh ONTUMAJIBHYIO CKOPOCTh MOabeMa,/
CHIUKEHUS 1aBJIeHUs Ta3a KOMIPECCOPHBIMU YCTAHOBKAMU U
OITUMAJIBHBIC PEKMMbI TPAHCTIOPTUPOBKU Ta3a IEUCTBYIO-
IIMMU Ta30MPOBOAAMU BO BpeMsl pabOThl MOOMJIBHBIX KOM-
MPECCOPHBIX CTAHIINIA.

Hayunasa noBu3na. [IpeniokeHHbII MOAXOI K pacyeTy 1
OIIpeIeJICHUIO BPEMEHHU MepeKaYKy raza MOOMIbHBIMU KOM-
MPEeCCOPHBIMU CTAHLIMSIMU U3 JIOKAJbHBIX YYaCTKOB Maru-
CTpaJIbHBIX Ta30TTPOBOIOB, TOUICKALIUX PEMOHTY (TeXHUYE-
CKOMY OOCJYXXMBaHUIO) W/WIM OTKJIIOUEHUIO, B YYaCTKU
JEWCTBYIOIIMX MarvCTPaIbHBIX TAa30MPOBOIOB HOKAa3bIBACT,
YTO BbIBEJICHME YCTOMUYMBBIX 3aKOHOMEPHOCTEI B BOMpPOCax

TPaHCIIOPTUPOBKH MPUPOHOTO ra3a ¢ MPUMEHEHHUEM IOPIII-
HEBBIX KOMITPECCOPHBIX arperaToB 11eJ1eco00pa3HO OCYIIECT-
BJISITH TOJIBKO TIOCJIE MOJIEIMPOBAHUSI BO BPEMEHU M3MEHe-
HUS MacChl M JaBJICHUs Ta3a B JIOKAJIbHOM y4acTKe Maru-
CTPaJIbHOTO Ta30IMpoBO/a, U3 KOTOPOTo MepeKaurBaeTCs ra3.

IIpakTyeckass 3HaummMocThb. [1peyiokKeHHBI MOAXOM K
ONTHUMU3ALIMY BPEMEHU MEPEKaYKU ra3a MOOUIbHBIMU KOM-
MPECCOPHBIMU CTAHLMSIMU TIO3BOJISIET TMOBBICUTH YPOBEHb
SHEPro- u pecypcod(PhHeKTUBHOCTU Tra30TPAHCIOPTHBIX
MPEIIPUSITUIA, @ TAKKE MTOBBICUTHh TEXHUKO-3KOHOMUYECKUE
MoKasaTesi TeXHOJIOTHI paboT 1o peMoHTy MI', Komrpec-
COPHBIX cTaHIit MT', CBSI3aHHBIX C HEOOXOMMMOCTBIO CTPaB-
JIMBAHUSI Ta3a U3 YYACTKOB MAarvCTPAIbHBIX (TEXHOJIOTHYE-
CKUX) TPyOOITPOBOIOB, ITOIJIEKAIIIMX PEMOHTY (TEXHUYECKO-
My OOCITYXMBaHUIO) U/WIM OTKIOUeHWI0. OnTUMM3ALMS
BPEMEHU TIepeKaykKy Ta3a 3HAYMTEIbHO COKpAallaeT BpeMst
npeObIBaHUST PAOOTHUKOB ra30TPAHCTIOPTHBIX MPEATIPUSATH I
IONl NEeWMCTBUEM OITACHBIX M BPETHBIX ITPOM3BOICTBEHHBIX
(akTOpOB, YeM CHMXAeT ypOBEHb COOTBETCTBYIOLIMX DPHU-
ckoB. KonuecTBo BBIOPOCOB Ta3a M CBSI3AHHBIE C 3TUM PU-
cku cHuxkarorcs Ha 90 %.

KaroueBble c10Ba: npupoousiii eas, Ma2ucmpanbHblil ea3o-
npo6o0, KOMIPECCOPHAs CMAHUUS, MPAHCROPM 243a
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