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Abstract

The article substantiates the importance of research aimed at the development and study of contactless method
of natural gas flow measurement.

On the basis of the developed mathematical model of contactless optic-thermal method of gas flow measurement and
key provisions of the uncertainty theory the metrological model analysis is made. The component of the combined standard
uncertainty due to the uncertainty of uncorrelated input parameters of the measurement equation is researched and evalua-
ted. The dominant components and the ways of reducing their impact on the combined standard uncertainty are selected.
The greatest contribution to combined standard uncertainty of the method makes the uncertainty of interference fringes
number measurement, the uncertainty of the distance between the cross-sections of the pipeline measurement and uncertainty
of the coefficient determination, which characterizes the velocity distribution of the gas flow.

The components of combined standard uncertainty (thermophysical parameters of the gas and the pipeline material,
the geometric characteristics of the pipeline), which are correlated with each other due to the temperature dependence, are
identified. The uncertainty budget of correlated measurements is compiled. Quantitative assessment showed that the correlation
between certain input parameters does not have large impact on the combined standard uncertainty of the measurement.

Analysis of the metrological model of the contactless optic-thermal method of gas flow measurement allowed estima-
ting the relative combined standard uncertainty of the method and substantiating the perspective applications of the method

for measuring gas flow in large diameter pipelines.
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Introduction

The oil and gas industry in Ukraine as a separate
sector of fuel and energy industry of the country is
one of the most promising and intellectual branches
of national economy today. Ensuring the accurate ac-
counting and economical use of natural gas is the most
important scientific and practical tasks of science and
technology of Ukraine at present.

Analysis of recent research and problem statement

The problem is that the technical and metro-
logical support of oil and gas industry is at insuffi-
cient level in Ukraine. It is related primarily to the
fact that the vast majority of the total gas volumes is
measured by the systems based on the pressure diffe-
rential method (DSTU GOST 8.586.5:2009) [1]. Also
the turbine, vortex, ultrasonic, rotary, membrane and
other flowmeters are used [2, 3]. The application of
contact transducers leads to a significant component of
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the measurement uncertainty due to the influence of
the sensor on the flow. The most widespread contact-
less flowmeters are ultrasonic flowmeters. However,
they have several drawbacks that limit their use in
practice [4]. Therefore, the development and research
of contactless optic-thermal devices is a promising area
in natural gas flow measurement [5].

Research aim and objectives

The aim of this research is the development and
analysis of metrological model of optic-thermal me-
thod of natural gas flow measurement.

To achieve this goal, it is necessary to solve the
following tasks:

* to analyze and assess the uncertainty of
gas flow measurement caused by the inaccuracy of
the set uncorrelated input parameters of the measure-
ment equation on the basis of the developed mathe-
matical model [5];
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* to analyze and assess the dominant components
of uncertainty from the point of view of their origin
and ways of reducing their impact on the combined
standard uncertainty;

* to analyze and assess the component of com-
bined standard uncertainty, caused by the correlated
input parameters of the measurement equation.

Analysis of the metrological model

The contactless optic-thermal method for measu-
ring gas flow is developed on the basis of optical and
thermal methods combination.

The physical essence of the optical method for
measuring gas flow is as follows: if there is gas transfer
through the pipeline, there will be a pressure drop at
two separated sections, which leads to a difference in

1 nR*
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the gas refractive indices in these sections. As a result,
the phase velocities of the optical rays passing through
the studied sections will also differ. The resulting opti-
cal path difference is measured by a system consisting
of an interferometer and a measuring signal-processing
unit. By determining the optical difference in the path
of the rays, we can conclude about the pressure dif-
ference, that is, about the speed or flow rate of gas
in the pipeline.

Increasing in the sensitivity of the optical method
is achieved because the optical difference in the path
of the rays passing through separated sections of the
pipeline increases due to the temperature difference
in these sections.

The equation describing the optic-thermal method
is [5]
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where Q — the gas flow; R — the inner radius of
the pipeline; u — the gas viscosity coefficient; / —
distance between the researched cross-sections; K —
the coefficient determined as
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from the publication [5]; 7, and T, — the absolute
temperatures in cross-sections of the pipeline; r —
the current radius; § — the coefficient determined as
Lambert function; m — the number of interference
fringes; A, — the wavelength in vacuum.

The metrological model of optic-thermal method
of natural gas flow measurement was analyzed based
on the developed mathematical model.

A preliminary assessment of the uncertainty
components of the optic-thermal method was made in
the research, because there are no multiple observations
for the study of the systematic and random effects
influences. Information for a preliminary assessment
was received from the numerical simulation results,
natural experiments, the physical properties of the
determined values, the passport data of the used
equipment and directories.

The uncertainty in the gas flow measurement
caused by the inaccuracy of the set uncorrelated
input parameters of the measurement equation (1) is
determined as [6]:

where x, — the input parameters of the measurement
equation (1); U(x) — the measurement uncertainty of
the i-th input parameter.

0
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The estimation results of uncorrelated input
parameters measurement uncertainty with the
assumption of uniform distribution of scattering input
values are presented in Table 1.

The uncertainty in the gas flow measurement
caused by the inaccuracy of the set uncorrelated input
parameters measurement equation (1) is

U,(Q) =4.3356x10* m’/s.

The analysis of uncertainty shows that the
dominant components are due to the inaccuracy
of number of interference fringes measuring

Y .
((a_ij §* (m)=6.0035%10-* m¢/s?), the inaccuracy in the

cross-sectionslocation (g%j 5 (1)=3.4789% 10" m®/s?),

the inaccuracy in the determination of the gas flow

rate type of the distribution ((5_Q]2 s (&) = 1.1686X%
o€

%10 m®/s?). Other components in accordance with the

criterion of negligible errors can be neglected.

To identify possible ways to improve the
accuracy of optical-thermal method, it is necessary
to analyze the dominant components of uncertainty
from the point of view of their origin and ways of
reducing their influence on the combined standard
uncertainty.

1. Component of uncertainty due to inaccuracy of
the number of interference fringes measuring.

The measurement uncertainty of the interference
fringes number associated with the instrumental error
of the used interferometer (type B uncertainty). To
reduce this component of uncertainty is possible by
the use of high-precision laser interferometers.
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Table 1
The estimation results of measurement uncertainty uncorrelated input quantities
0wt | oo m | 00w | 00w | 00 stk
oP’ kg ol s OR’ s 05 s Ohg kg
1.8261x107 -2.0167x1072 1.2975 -1.7912x10"! 5.6263x107
k w
Up,"S U,,m Upg,m Us,m U, ,——
K ¢ m-K
1.1561 9.2486x10* 2.3124x10* 5.7803%107 3.1845%107
6 6 6 6 6
m
U, Ut 0." UR), | UL U (). 5
s s Ky N S
4.4562x10°1° 3.4789%107 9.1815x10°!° 1.0720x10°'° 9.6115x10°1°
00 m* 00 kg-m* 00 m’ o0 m* 00 m*-s*-K
My’ s oK " K-s e s ong kg | A, ke
214.3595 -2.2631 2.3084x1073 -3.6514 -1.7361x107
2
Uyom | U, ms” U. v, e |y
kg & m-s & m-K
1.0947x10°'3 1.1718x10°° 4.6810x1072 8.3815x1077 1.5607
6 6 6 6 6
m 2 m 2 m m m
U (k)= U*(K),— U*(€),— U*(P).~ U ()=
N S S N S
5.5065%102° 6.9918x10°'1° 1.1686x10°8 9.3662x10°!? 7.3576x1071°
0 6 6
9 s L ns-K o m Q s K 0Q m
om ocg Opy kg-s Cn op,, kg-s
4.1182x107 2.6484x107 1.0951x1073 3.7153x10* 1.3147x10*
J k; J k;
Um chﬂi Up ’% UCT’i UPT’%
kg - K £ m kg - K m
5.9541x1072 85.9797 7.0953x1072 1.1560x107 1.507x10"!
6 6 6 6 6
2 m 2 m 2 m 2 m 2 m
U (m)’T U (Cg)’_z U (pg)’T U (CT)’T U (pT)77
S S N S N
6.0035x10°8 5.1863x107!° 6.0131x107 1.8446x10""! 3.9254x1071°

To improve the accuracy of the interference
fringes measuring number to 0.0005 A, is possible by
using a laser interferometer with the score bands based
on frequency modulation [7].

2. Component of combined standard uncertainty
due to the inaccuracy in the studied cross-sections
location.

Component of combined standard uncertainty due
to the inaccuracy in the studied cross-sections location
has three components:

1) the type B uncertainty caused by the inaccuracy
of the used measuring instrument. This component is
primarily determined by the technical characteristics
of the used radiation source (laser). Most suitable for
optical measuring devices are gas lasers, since they
provide a monochromatic and coherent radiation in
a continuous mode in the visible and infrared regions

of the spectrum. For preliminary estimation of the
optical-thermal method accuracy, the calculations
used the technical characteristics of the helium-neon
laser LG-55 (A, = 0.6328 um, beam diameter using a
single-mode regime 0.0015 m) [7]. The reducing of
the uncertainty component is achieved by pre-adjusting
and fine-tune the optical system;

2) the uncertainty caused by the expansion
of the pipeline material due to changes in ambient
temperature. This component can be reduced by
introducing the relevant correction to the measurement
result.

The calculation of the input correction in system
“pipeline — gas medium” for temperature conditions
in accordance with regulatory documentation [8] from
—70 to +60 °C for the pipeline with a diameter of
1420 mm is shown below.
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00
Am = om0, Az. (3)
0, oz
According to the research results [5]:
00
Om _ 66552 1,°C, ¢ = 65.8941 °C/m.
00 0z

4
The uncertainty in the gas flow measurement
caused by the availability of uncertainty Az with the
other fixed parameters is

ag=22. 71 Tk 0)
g
it equals
AQ =0.004118-6.6552-65.8941-Az = 1.8059-Az.

The change of the distance between the measuring
cross-sections depends on temperature in a known way
[9]:

[=1-(1+a,0), ®)

where /[, — the distance between the measuring cross-
sections at T; o, — coefficient of thermal expansion of
the pipe material, for steel o, = 0.9x10°K"'; 6, — the
ambient temperature changing (—70...+60 °C).

For /=2 m, correction will be

AQ =2.1129 X107 m?/s.

3. Component of uncertainty due to inaccuracy
in the determination of the gas flow rate type of the
distribution.

In accordance with regulatory documentation the
volumetric flow rate is defined as [10]

Q:Kp'U'S7 (6)

where Kp — the ratio of the average flow rate in the
cross-section to the flow rate at the measuring point;
v — local flow rate; § — the area of the pipeline cross-
section.

At the described method, the local flow rate
equals the flow velocity at the pipe axis [10]. The
coefficient Kp depends on the hydraulic characteristics
of pipelines (roughness, Reynolds number) and it must
be pre-defined for each measuring cross-section. When
a known value of hydraulic friction coefficient, the
coefficient Kp is allowed to take in accordance with
regulatory documentation [10] from 0.713 to 0.875.

The coefficient Kp uncertainty calculation is:

Kp is the ratio of the average flow velocity in the
section v, to the flow velocity at the measurement point
v, that is K, :&, Accordingly, its uncertainty is

v

u(Kp)z\/(lj uz(ua)+(—u—;J (V).
18] L

Relative uncertainty is
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In accordance with [10], the admissible error for
measuring the flow velocity by the primary transducer
should not exceed * 3%, therefore, the relative type
B uncertainty of velocity measurement, taking into

account the 95 percent confidence level with which
the error limit was obtained, will be

u(v,) u(v) 0.03
v, v

a

=0.015.

Then the coefficient Kp measurement relative
uncertainty is

u(k,) _ [ u(v,) 2+["(°)j2 _

K, - v, 8] -

_ 1) 32 0.015v2 = 0.0212 = 2.12%.
10)

Reducing of the combined standard uncertainty
component, caused by the inaccuracy of the Kp setting
[10], is achieved by prior calibration of the measuring
instrument and plotting of gas flow rate for the certain
diameter of the pipeline in accordance with the system
of equations given in the research [5]. The influence of
this component of the combined standard uncertainty
is reduced by imposition the correction that calculated
for the certain diameter of the pipeline.

The measurement equation (1) contains the
parameters that are correlated with each other due
to its dependence on the ambient temperature. These
include the thermophysical parameters of the gas and
the pipeline material, the geometric characteristics of
the pipeline.

To estimate the degree of correlation, pairwise
estimates of correlation moments are calculated [6]:

L ox. Ox,
U(xiaxj): _l'_J'Uz(q/()a (7)
o1 0q, 0q,
where x — correlated parameters of equation; ¢,

k=1,2,..k — independent from each other variables
that are dependent on input variables.

For equation (1) ¢g=T. The value U*T) was
determined in accordance with the taken uncertainty of
temperature setting £1.0°C for the uniform distribution
of the temperature values.

When determining the sensitivity coefficients
a—, it is necessary to have information about the

q
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dependence of each correlated parameter x from the
influencing quantity ¢ = T.

These dependencies have the following form:

1) The dependence of the distance between the
measuring cross-sections /, the radius of the pipe-
line R and the thickness of the pipe on the tempera-
ture 7T is determined by the pipeline material, and has
the form [9]

1= 1, (14 o, (T-T)); 8)
R=R; (I+ 0, (T-T)); )
8=5,-(1+a -(T—T))). (10)

2) The dependence of gas viscosity H, on
temperature 7" depends on the molecular composition
of the gas and is determined as [9]

m, -T (11)
M, = )
g \/g_cg
where H, — the mass of the gas molecules;
o, — the effective sectional area of the gas
molecules.

3) Dependence of gas thermal conductivity kg on

temperature 7 has the form [9]

i T
Ay = —— |—, (12)
¢ 2\/g-csg m,

where i — the degrees of freedom of gas mole-
cules.

4) The gas density P, depends on temperature T
as [9] »

=——-m,. 13
Pe =t (13)

5) Thermal conductivity of pipe material 2 is

defined as [9]

A, =2y, - (1+a, (T-T,)), (14)

where A, — the thermal conductivity of the pipe
material at 7;; o, — constant coefficient for a certain
material.
6) The density of the pipe material p, is defined
as [9]
P =po, (140, (T=T))). (15

where p, — the density of the pipe material at T;
o — constant coefficient for a certain material.

Based on dependencies (8—13) the measurement
uncertainty budget of correlated input parameters of
equation (1) was obtained (Table 2).

Table 2
Measurement uncertainty budget of correlated input parameters
ZTCQ,.'ST%S(X"’X*" NO) S(R) S(d) S(ug)
S(0) 1.3589x10%8 -3.5322x107 1.2069x10 3.5676x107°
S(R) -3.5322x10° 9.1815x101° 3.1373x10°71° -9.2734x107!!
S(8) 1.2069x10 3.1373%10°° 1.0720x1071° 3.1686x10°"!
S(pg) 3.5676x107° -9.2734x10™!! 3.1686x10°!! 9.3662x107'2
S(hy) -3.6140%10” 9.3940x10°1° | -3.2099x1071° | -9.4880x107!!
S(pg) -9.0393x107 2.3496x10° -8.0286x10710 | -2.3732x1071°
S(A,,) 3.1620x107 -8.2191x1071° 2.8084x101° 8.3014x107!!
N () 2.3096x10° -6.0034x1071° 2.0513x1071° 6.0635x1071!
%ﬁ%ﬁﬂwﬂ SCh) S(Pm) S(hy) S(py)

S 3.1620x10° 2.3096x10" -3.6140%x10° -9.0393x10”
S(R) -8.2191x10°'° -6.0034x10°'° 9.3940x10°'° 2.3496x107°
S(8) 2.8084x10710 2.0513x10710 -3.2099%10°'° -8.0286x10°°
S(pg) 8.3014x10"! 6.0635x10™!! -9.4880x10°!! -2.3732x107'0
Shg) -8.4094x107° | -6.1424x10"° | 9.6115x10" 2.4040x107
S(pg) -2.1034x10710 -1.5363%10° 2.4040x10° 6.01312x10°
Sh,,) 7.3576x107° 5.3742x10" -8.4094x10°10 -2.1034x10°1°
SP,.) 5.3742x10°!! 3.9254x10°1° -6.1424x10°1° -1.5363x107
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Component of combined standard uncertainty,
caused by the correlated input parameters,
equals to [6]

5,0)=25 Y 2.9 (16)

X )
(” /)
ll/l+16x xj

S,(0) =—1.6683x10* m°/s.

The combined standard uncertainty of optic-thermal method of natural gas flow measurement is

L(o oQ 0
$(0)= Z(a_f. X J 1> zlaxQ axQ

i=l j=i+

Due to the large number of input parameters of
the measurement equation, we can make a reasonable
assumption about the normal distribution. The obtained
value of the combined standard uncertainty of gas
flow management is +7.7482X%10“* m?/s for normal
distribution.

Thus, the analysis of the metrological model allows
to conclude that the combined standard uncertainty
of determining the gas flow by optic-thermal method
can be up to +0.2% for the gas flows more than

S(x.x,) =V16.6774x10™ ~1.6683x10™ =3.8741x10 m'/s.

Conclusion

Analysis the uncertainty of optic-thermal method of
natural gas flow measurement justifies the possibility and
prospect of its practical application for large diameter
pipelines.

Further development and research in this area should
be focused on increasing the accuracy of the method by
correcting for changes in the composition of the gas;
studying the influence on the result of the presence
of mechanical impurities and condensate in the gas,

vibrations; increasing the possibilities of using the method
for measurement of rapidly changing and pulsating flows.

0.35 m3/s and reduces with increasing gas flow and
pipe diameter.

JlocaimzKeHHs MeTpOJIOriYHOI MOJeJ i ONTHKO-TEIJIOBOro
METOY BHUMIPIOBAHHS BUTPATH NPHUPOJHOIO rasy

|.O. MowweHko, M.I. CeprieHko, A.B. €Eropos

Xapkiecbkull HaujoHanbHUl yHisepcumem padioenekmpoHiku, np. Hayku, 14, 61166, Xapkis, YkpaiHa
inna.moshchenko@nure.ua

AnHoTauis

VY crarTi 00rpyHTOBaHO BaXKJIMBICTb MPOBEACHHS AOCIIIKEHb, CIIPSIMOBAHUX Ha pO3pPOOKY Ta BUBYEHHSI OE3KOHTAKTHUX
METOJIiB BUMIpIOBAaHHSI BUTPATH MPUPOITHOTO rasy.

Ha 6a3i po3po0sieHoi MaTeMaTUYHOI Mojelli OE3KOHTAaKTHOIO OINTUKO-TEIJIOBOTO METOAY BUMIpIOBaHHSI BUTpaTH Tra3y
Ta OCHOBHHUX TOJIOXKEHb T€OPii HEBU3HAYEHOCTI 3iMICHEHO aHai3 MeTpOoJIOTiyHOi Moaeni MeTony. JlocimkeHo Ta OlliHEHO
CKJIaZIOBY CyMapHOI CTaHIAapTHOI HEBU3HAYEHOCTI, siKa 00yMOBJIeHa HEBU3HAUYEHICTIO HEKOPEIbOBAHUX BXiTHUX MapaMeTpiB
PiBHSIHHS BUMipioBaHHsI. BuokpemieHo TOMiHYyIO4i CKJIagoBi Ta MpoaHai30BaHO LIJISIXW 3MEHILEHHS iX BIUIMBY Ha CyMapHY
CTaHIAPTHY HeBM3HaueHicTh. HalbGinbImii BKJIAL y CyMapHy CTaHAapTHY HEBU3HAYEHICTh METOLY BHOCSTh HEBU3HAUCHICTh
BUMIipIOBaHHS KiJIbKOCTi iHTep(hepeHLUiMHUX CMYT, HEBU3HAUYEHICTh BUMIpIOBAHHS BiICTaHi MiX JOCiIXKYBaHUMU TepeTHHA-
MM TPYOONPOBOAY Ta HEBU3HAYEHICTh 3aBHaHHS KoedillieHTa, SIKUil XapaKTepPU3y€E PO3MOIT IIBUIKOCTE Ta30BOTO IOTOKY.

BusiBieHo ckjiagoBi cyMapHOI CTaHAapTHOI HeBU3HAYEHOCTI (Teruiodi3uyHi mapaMeTpy ra3oBOro CepeloBuIla i MaTe-
piaiy TpyOOIIpoBOIY, TEOMETPUYHI XapaKTePUCTUKU TPYyOOITPOBOIY), SIKi KOpeIbOoBaHI OJHA 3 OJHOIO Yepe3 3aJIeKHICTh Bil
TeMrnepatypu cepenoBuiina. CkiaaeHo OI0IKeT HEBU3HAYEHOCTE KopeaboBaHMX BUMiptoBaHb. KilbKicHa OlliHKa mokasaia,
110 HasgBHICTh KOPEJISIii MiXK BUBHAUEHUMHM BXiTHMMM TapaMeTpaMM He BIUIMBA€ 3HAYHOKO MipOl0 Ha CyMapHY CTaHAApTHY
HEBM3HAYEHICTh BUMipIOBaHHSI.

AHaJliz MeTpOoJIOTiYHOI MOjeJli 0€3KOHTAKTHOTO OINTUKO-TEIJIOBOTO METOAY BUMIpPIOBAaHHSI BUTPATU MPUPOAHOIO rasy
JTO3BOJIVB OILIIHUTH BiTHOCHY CyMapHY CTaHIApPTHY HEBU3HAUEHICTh METOMY Ta OOIPYHTYBATH TMEPCIIEKTUBHICTh 3aCTOCYBaHHS
METONy NI BUMipIOBaHHSI BUTpATH razy B TPyOONpPOBOAAX BEIMKHUX diaMeTpiB.

KmouoBi cioBa: BuTpara rasy; ONTUKO-TEIUIOBUII METOM; CTaHJapTHAa HEBU3HAYEHIiCTh, METPOJIOTIYHA MOJEJb, KOpe-
JIbOBaHi IMapaMeTpy; HEKOPEJbOBaHi MMapaMeTpH; OIOIKET HEBU3HAYCHOCTEI.
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HccaenoBanue MeTpPOJIOTHYECKOH MOJEIN ONTHKO-
TENJIOBOT0 METOJa M3MEPEHHS Pacxoja NPUPOIHOTrO rasa

N.A. MoweHko, M.IN. CeprueHko, A.b. Eropos

XapbkoscKull HayuoHarbHbIl yHugepcumem paduoanekmpoHuku, np. Hayku, 14, 61166, Xapbkos, YkpauHa
inna.moshchenko@nure.ua

AHHOTAIMS

Ha 6ase pa3pabGoTaHHOII MaTeMaTHYECKOW MOMIEIN OECKOHTAKTHOIO OINTUKO-TEIZIOBOTO METOHA M3MEPEHMSI pac-
XO/la Ta3a M OCHOBHBIX ITOJOXEHUI TEOPUM HEOIpPeNeJeHHOCTH IPOBENEeH aHajlu3 METPOJOTMYeCKON MOIeNd MeToia.
HMccnenoBaHa m OlicHEHaA COCTAaBISIONIAsl CYMMapHOM CTaHIApTHOM HEOMNpeneIeHHOCTH, OOYyCIOBJICHHAS HEOMpeaeacH-
HOCTBIO HEKOPPEJTUPOBAHHBIX BXOIHBIX IMApaMETPOB YpaBHEHUST U3MepeHUs. BbimeaeHbl JOMUHUPYIOLINE COCTABISIOIINE 1
[MPOAHAIM3UPOBAHbI ITyTU YMEHbIIEHUS MX BIMSHUS Ha CYMMAapHYIO CTAHOAPTHYIO HEOIPEIeIeHHOCTb.

BEIsSIBIIEHBI COCTaBIISAIONIME CYMMapHO# CTaHOAPTHOM HEOIPEeNeCHHOCTH, KOTOPbIe KOPPEIUPOBAHBI APYT C IPYroM
BCJIEACTBHME 3aBUCUMOCTH OT TeMIlepaTyphbl cpeabl. CocTaBiieH OIOMIKET HEOIpPeaeJeHHOCTH KOPPEIUPOBAHHBIX M3MEPEHMIA.

AHaM3 METPOJIOTMYECKON MOIEN OECKOHTAKTHOTO OINTUKO-TEIIJIOBOTO METO[a M3MEPEHMS pacxoja MPUPOIHOro ra3a
MO3BOJIJI OLIEHUTh OTHOCUTEJIbHYIO CYMMAapHYIO CTaHAapTHYIO HEOMNpeaeJeHHOCTh METOa U 000CHOBAaTh MEePCHEKTUBHOCTh
MPUMEHEHMS METOIA /I M3MEPEHMUsI pacxola rasa B TPyOOIIPOBOIAX OOJBIIMX IMAMETPOB.

KioueBbie cioBa: pacxon rasa, ONTUKO-TETIJIOBOM METO[, CTaHAAPTHAasA HEOMPECACIICHHOCTb, METPOJIOrN4YeCcKast MOJCIIb,

KOppEJIMpPOBaHHbIE MMapaMeTphl; HEKOPPEIMPOBAHHbBIC MapaMeTphl; OIOIKET HEOIpPeAeIeHHOCTEN.
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