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Abstract

World practice shows that due to improper management of the oil production process, up to 40 % of the reserves of
oil fields identified during exploration are mined. One of the main reasons for this is an incorrect quantitative assessment
of the accuracy characteristics of the measurement information obtained in measuring the productivity of oil wells used in
taking management decisions. The accuracy characteristic of the measuring information depends on the error of the measu-
ring instruments used and, at the same time, on the errors arising from the influence of other factors on the measurement.
Among the operational measuring devices of the yield of oil wells, the type group measurement device “Trap” is the most
reliable and rational.

Considering that the algorithms for controlling of the yield over gas, over oil and over the general liquid of oil wells
contain many periodically measured parameters and tabulated data, the measurement and determination of which is in-
fluenced by a sufficient number of factors, then as an accuracy characteristics of measurement of the yield it is expedient
to use the uncertainty of measuring the yield for separate components. Determining of the uncertainty of measuring the
yield of oil wells along with the improvement of measurement quality leads to an effective management of well operation.
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Introduction

Researches of technical means used to measure
oil wells production [1,2] show that, the most perfect
among them is “Trap” type Group Measurement De-
vice (hereinafter GMD) [3]. Unlike others, this device
allows measuring the production of oil wells not only
on different components, but also capable of carrying
out these measurement operations for different gas-fer-
tilization and irrigation coefficient wells [3]. Therefore,
“Trap” type GMD is preferred in the article.

Uncertainty of measurement of oil wells produc-
tion on gas, total liquid (water + oil) and oil through
abovesaid GMD is one of the most accurate indica-
tions that quantitatively reflects the accuracy of the
measurement results [4]. The urgency of solving the
problem in the article does not raise any doubts taking
into account that current results of measuring wells for
operative decisions taken to manage wells management
are the most important data and that the accuracy of
the decisions has a direct impact on the accuracy of
the measurement results.

Formulation of the problem

Uncertainty of measurement is the parameter,
which is associated with its results and characterizing
the numerical scattering [4]. A measurement model
should be available for its determination.
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Daily extraction on separate components of oil
wells production by “Trap” type measuring models
with GMD was given in [5]. For simplicity, if we
consider that daily gas extraction (Vg) is same in the
measurement model was given in [5] during the process
of gathering current values of all input parameters of
the well production in the GMD separator, then that
model can be written as follows:

V,=24-0,2109-0- & -k} -d, - /ﬂ, (1
poT-K

where O, &, kpdzo,P, AP, Pn,T and K are input pa-
rameters of model, accordingly: the coefficient of flow
rate, coefficient of correction of the measured medium
(gas) expansion, the diameter of the corrugation hole
(diaphragm) at 20 °C mm; absolute pressure before
the narrowing structure of the measured environment,
kgf/cm?; the difference in pressure in the narrowing
structure, kgf/m?; the density of the measured medi-
um in normal conditions, kg/m?; temperature, K, and
compression coefficient of the measured medium.
Taking into account that daily general liquid and oil
extraction from wells in “Trap” type GMD measurement
models after a period of multiple extraction of the well
product in the height of the water column that emerges
there are in variable level slammer at least 100 mm from
the zero yoke level, while the height of the oil column
at least 400 mm above that level and taking into account
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that the conditions of T <t <7 ., 7 <7 <T_, Wil
be met, measurement models with GMD type “Trap” of
the yield of the well for total liquid (V) and oil (V) can

be written in the following general ways [6]:

24 Vow—
— _ _evd Sy .
Vtot - : I/C,y + (Ttot T c,y) 5 (2)
Tl Tc,y+l _Tc,y
V—ﬁ V. +(t, -1 Yo =Ver |
n cy tot (%
T Teyn™ Tey
Vo=V,
c,y'+l C,Y
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Teynt ~ley
where Tl’ Ttot’ Tsn’ I/c,y (I/c,y')’ I/c,erl (I/c,y'ﬂ)’ Tc.y(Tc,y’)’ Tc,y+l’

(Tw,ﬂ) are input parameters of models, T, — the duration
of accumulation of the well product in separator, T —
after separating the components of the well production,
the time period of movement from zero yoke level on
variable level slammer indicator GMD up to total fluid
(floating in the oil) level in the separator, T — the time
period of movement from zero yoke level on variable
level slammer indicator up to water (water-oil separa-
tion-floating in the oil) level in the separator, y (Y'),
v+1 (y'+1) — the sequence of two consecutive lines
in the rank table [5, 6] designed with the help of tech-
nical dimensions (standard capacity) of the GMD and
variable level slammer, VQY (VC.Y,), VC’Y+1 (VC’Y,H) — table
values for the separators that correspond to those rows,
T.(T.)s T (T,,.,,) — the time period of movement
from zero yoke level on variable level slammer indicator
of water level up to fluid level forming the capability of
the separator to match those strings.

As can be seen from (1) — (3), uncertainty of

measurement of oil wells production on gas, total li-

quid (water + oil) and oil through “Trap” type GMD
is total uncertainty depending on the standard uncer-
tainties of the input parameters included in appropriate
measurement models [4]. To set uncertainty of input
parameters as B type standard uncertainty in order not
to be exaggerated (i. ¢. to avoid having a small value if
it can be bigger than the numerical value) in calcula-
ting numerical estimates of total uncertainties and this
time it is more appropriate to consider the results of
observation in the measurement of those parameters.

Solution methods

Given that the input parameters included in the
model (1) are not dependent on each other (correla-
tion), we can define the standard uncertainty of the gas
production output for the wells by the following formula

UC(VCI):\/izgl:Af U (x),

av.

q
X.

1

4

where A4 =

is the partial derivative with respect to argument x, of
the function (1) — the sensitivity coefficient; U(x,) is x,
B type standard uncertainty of measuring the argument,
X =0,X, ==¢&,X;, =d,y, X, =P, x; =AP,x, =p,x;, =T, x;=k.

In order to determine the extended uncertainties
with a confidence probability of 99 % of the input pa-
rameters increasing their coverage coefficient by 2.58,
corresponding to this probability [4], it is eliminated
the opportunity of the above-mentioned exaggeration.
Taking into account the above and according to [7],
extended uncertainties of the input parameters included
in equation (1) can be calculated from the correspon-
ding formulas:

S| (5
0,3°+2-c, 1+D7 +GD-D7
o
U(a)=2,58-a- %; (5)
100
5 0,5
1-¢ (ZAPJ y AP
—— | +0,+0y | +4—
€ P
U(e)=2,58-¢- %; (6)
100
c
U(d20)=2,58-d20-10d() %:; (7)
5 5,05
(SOAij +(0,5.I;.Spj
U(P):2,58-P- %; (8)
100
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Within given symbols in formulas (5) — (12),
o, €,d,,, P,AP,p,T,k are the nominal values of the
corresponding input parameters, ¢,,0,, — the permis-
sible root mean square errors of measurement, respec-
tively, of the diameter of the orifice plate (diaphragm)
d and the internal diameter of the pipe D inside which
it is installed, AP, — absolute maximum error of baro-
metric pressure measurement, P, — upper measure-
ment threshold of the measuring instrument for medi-
um (gas) pressure (SAPFIR-22DI) and S, — its class
of accuracy, AP, — upper measurement threshold of
the measuring instrument for the pressure difference
(SAPFIR-22DI) generated in the orifice plate and
S,, — its class of accuracy, NJ — the concentration
of the j component (methane, ethane, propane, bu-
tane, nitrogen or CO,) forming the gas, o, — half of
the final figure of the table density value of the given
quantity in the normal conditions, N, — measurement
range of the measuring instrument (TSM) of medium
temperature before the orifice plate, ¢t — its indication,
S, — accuracy class,

50-AP, Y’ V"
oy = [Tbj +(0,5~?ﬁ~spj ,
GTZO’S'L.SU
273,15+¢
6 A 2 0,5
o, :l. ZNJZ 502'%"’0;] )
p j=1 j

OnN,>ONeo, — root mean square errors, respectively, of
the measurement of pressure, temperature, gas density,
determination of molar concentrations of nitrogen and
CO, in its composition, Oy  is the table value of the
gas compression ratio [7].

If the nominal values shown in the formulas for
calculating the uncertainties of the input parameters of
the model (1) and their measurement (5) — (12) of
other parameters are taken as a = 1,002; d,, = 45 mm;
D = 100 mm; £ = 0,950; P = 2,2332 kgf/cm?; AP =
= 6300 kgf/cm?;, p = 0,7224 kg/m3; T = 301,15 K;
k = 1,0; 6, = 0,25, §, = 1,0; P, = 2,5 kgf/cm’;

%.  (12)
100

P,=1,0332 kgf/cm?; S,,=1,0; AP, = 2500 kgf/m? N,=

= 373,15 K; §,=1,0; N, = 0,86; N,= 0,10; N, = 0,02;

N,=0,01; N,= N, =0,006; N,= N,, = 0,004;

A A
50- 2P0 — 0.0004 %: 50-2P2 = 0.0002 %:
P, P,
A A
50-2P3 — 0.0001 %: 50-2P4 = 0.0007 %:
PR Py
A A
50-285 — 0,002 %: 50-2P5 = .0001 %,
ps Ps

then numerical estimates of the uncertainties calculated
by (5) — (12) formulas will be: U(a) = 0,0032; U(e) =
= 0,00034; U(d,,) = 0,023 mm; U(P) = 0,015 kgf/cm?;
U(AP) = 0,126 kgf/m?* U(p,) = 0,0016 kg/m*; U(T) =
= 1,57 K; Utk) = 0,00645. However, to calculate the
standard combined uncertainty of the gas production
wells by the formula (4), the sensitivity ratios A, must
be determined by formula (1) and their numerical
values must be found. Table 1 below summarizes
calculation formulas for 4, and their estimates.

Thus, substituting the numerical values obtained
from the calculation of standard uncertainties of type B
of the input parameters and the corresponding sensiti-
vity coefficients from Table 1 into the formula (4), the
numerical value of the combined standard uncertainty
of the well flow rate measurement for gas was deter-
mined — U (V) = 625,65 m?/day. Given that current
values for gas can be determined [6] by applying nearly
with an infinite number to P, AP, p, T transmitters
included into the model (1) during that time and by
considering enough more time (t, is usually not less
than 5 minutes) on the duration of filling the GMD
separator with certain product of well, then the ex-
panded uncertainty will be as follows since the cover-
age factor is equal to 3,00 [4] when effective degree of
freedom v, = oo, taking confidence probability of 99 %

Uy, =k, U, (V,)=3,00-625,65=1876,95 m'/day.

The numerical value obtained from gas extrac-
tion of the oil well in the above mentioned nominal
values of the input parameters of the model (1) is
V, = 78453,85 m?/day.
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Table 1. Calculation of sensitivity ratios A4,

Tnput Sensitivity ratio 4,
1 2 :
24-0,2109-¢-d2 -\P-AP 78297,26
a b
P Tk
24.0,2109-a-020“J};:&;; 82582,91
¢ Jp, Tk |
d 24-0,2109-a-&-d,, -\/P-AP 16353,258
o \/pn Tk 5
, 24-0,2109-&'8'0@%'*/535 17560,0078
2P, Tk |
N 24-0,2109-0-¢-djy P 6,2293
24:0.2109-0-&-dy P AP 54309,9187
3 R
T __24.0,2109-a~8'di'\EE:&? 130,2676
2T, -k _’
24-0,2109-0-¢-d2 -\[P-AP 39231,9668
. |- —39231
2K, T |

Given that the input parameters included in the
model (2) are non-correlated, we can define the stand-
ard combined uncertainty of the total fluid extraction
of oil wells by the following formula

ZB U (1),

i=1

u.(", (13)

where B, = Vi

,
to argument y, of the function (2) — the sensitivity
coefficient; U(y,) is B type standard uncertainty of
argument y, measurement, y, = T, y, = Vc 2 VT T
Yy :Tc, ¥ Vs = Vc y+1? Ve = Tc, vl

is the partial derivative with respect

Given that the input parameters included in the
model (3) are not correlated, standard total uncertainty
of measurement of oil extraction from wells can be
determined by the following formula

- (SEU),

is the partial derivative with respect

(14)

where E. = aV”
0z.

1

to argument z of the function (3) — the sensitivity
coefficient; U(z,) is B type standard uncertainty of

argument z measurement, z, = T, z, =V, z; = T,

Z4 = Tc,y’ ZS = I/(:,«{Jrl’ ZG = Tc,erl’ Z7 = I/cy’ 8 = Tsec’
Zy = Tc,y" Zy — Vc,y'+1’ oy = Tc,y'+l'

Taking into account the registration of the input
parameters (arguments) T, T, T, Ty Tegr Toys and

Tt included in models (2) and (3) by the tlmer of
the program-computational-control microprocessor lo-
cated in the hardware block GMD [5], it is possible to
calculate their B type expanded uncertainty with a con-

fidence probability of 99 % according to the formula
U(r)=2,58-r-0“ (15)

where T is the nominal value of the relevant input
parameter (T, T, T, Ty Torrs Tey OF TC,Y,H); o, is
its relative root mean square error.

Taking into consideration that the most coarse re-
lative root mean square error of time of microprocessor
timer [5] is 1-10~*[8], then for the nominal values of
the input parameters T, = 20 min = 0,33 hour, 7, =
= 30,2 sec, T, = 9,3 sec, T, = 30,0 sec, Tt = 30,5 sec,
T, = 9,0 sec Ty — =9, 5 sec [6], in determmmg the
standard uncertalnues of type B of their measurements
using formula (15) the following results were obtained:
Urt) = 51,6:10* min; U(t,) = 77,916:10~* sec;
Urr,) = 2399410 sec; U(TC’Y) = 77,410~ sec;
Ur,,. )= 78,69-10* sec; U(TC,Y,):23,22'10_4 sec;
U(TC!Y,+1)=24,51'10*4 sec.

If we take into account that the input parameters
VCY, ch+1’ ch, V. 41 included in the models (2) and
(3) are the volumes of the liquid (separator capaci-
ty) filled from the bottom of GMD separator to the
corresponding heights of hY (Tw), hYH (TC’YH), hY,(TCY Y,)
and h ), then it is possible to calculate the B

v +1( ¢,y +1

Table 2. Calculation of sensitivity ratios B,

Input Sensitivity ratio B,
pa- Nu-
rame- Calculation formula merical
ter y, value
1 2 3
24 V. .-V
T || Ve, T —Te =t =
I le |: ¥ ( tot ,v) T T, —133,92
2 Tt —To
g — - 43,64
' T, Toyin ~Tey
24 (Voyu=V.,)
ot — 1,46
T (Tc,yﬂ - cy)
24 (T —Teyn)
T, 2 (Ve =Vey) | 0,29
' T (Tc,y+1 —TC,Y)
24 T,
- i L 29’09
o Tl Tc,yﬂ T c,y
24 Ty — T,
TCY+1 T ( = V)Z '(ch,y-#l_l/c,y) _0,58
’ Tl (Tc,yﬂ _Tcy)
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Table 3. Calculation of sensitivity ratios £

Input Sensitivity ratios . N
para-
meter Calculation formula rnirgl
Z value
1 2 3
EY =)
v | o el ] 607
A |
n ey’ Top —Toy
v 28 o Jw ey 43,64
c.y 1-1 Tc,yﬂ —TC,V ,
24 (Vc,y+1 ch) 1.46
tot Tl (Tc,yﬂ cy) ’
24 ( 0 IC +)
Tey T_1 | (r:ﬂ -1 :;)2 ' (Vc v Tey ) —0,29
% . Tiot “Tey
- . —rcw r 29,09
24 (T -1.,)
v ﬁ.{l_ﬂ} 29,09
cy Tl Tc,y'ﬂ —T o7
. %M 1.33
™ T (Tc,y'+1 _Tw’) ’
. _ﬁ.m.(y -V ) —0.27
o ()T ’
2 (m-my) H6l
c,y'+l1 1;] (Tcyﬂ Tc,y') ,
24 (1, -1,)

type standard uncertainty of their measurement with
the probability confidence of 99 % by the following
formula

U(I/C)=2,58-IQ-GVC/100%. (16)

It should be noted that the volumetric calibration
of GDM separator was carried out by the metal refe-
rence measuring tanks of the Ist echelon — “gauges”
(reference tanks) [9]. Therefore, the root mean square
of the separator calibration — the measurement of the
capacity is Gy = 0,025 % [9]. In the levelling table

of separator abovementioned nominal values of T, ”
T T T taking into the account that V =

cyt1? Teyy? Tey't+1?
="0,60366 m* V.__ = 0,61366 m’; V. = 0,20753 m’
and V, .. =0, 21669 m?® [6], the measurement results

obtained from the calculation of the B type stand-

ard uncertainties (16) are the following: uw, ) =
= 0,000389 m? uv,,.) =0 ,000396 m3; uwv,, )

= 0,0001349 m’; U(V . = 0,0001398 m’.

Tables 2 and 3 show the formulas for calculating
the sensitivity coefficients B, and E, determined, re-
spectively, on the basis of models (2) and (3) and the
calculated numerical values necessary for the numerical
estimation of the standard combined uncertainties of
the production rate for total liquid and oil.

Substituting the values in Table 2 and certain
values of the standard uncertainties of type B of the
input parameters included into the model (2) into ex-
pression (13), the calculated value of the total standard
uncertainty of the production rate measurement for the
total liquid U (V, ) = 0,6914 m*/day. If we assume that
the measurement of the production rate of one well
that is filled into the separator in one day by “Trap”
type GDM is carried out on an average of 5 times,
then taking into account that the coverage factor k.
= 2,87 [4] at 0,95 % confidence level and degree of
freedom v_ = 4, the expanded uncertainty of the well
production rate measurement for the total fluid will
be Uy =kli-U (V)= 2,87-0,6914 = 1,9843 m’/day.

If we calculate the total oil well production value
by writing the nominal value of the input parameters
in the model (2), then we will get V| = 44,19 m’/day.

If we substitute in formula (14) the given values
in Table 3 and the determined values of the standard
type B uncertainties of the input parameters included
in model (3), the calculated standard uncertainty of
the oil production rate will be U (V) = 0,4493 m’/day.
Similar to the determination of expanded uncertain-
ty in the measurement of the production rate for the
total fluid, the expanded uncertainty in the measure-
ment of oil production rate will be U, =k .U, ( ) =

= 2,87-0,4493 = 1,2895 m?/day. Substltutmg the re-
ceived values of the input parameters into the model
(3), if we calculate the oil production rate, we obtain
V. = 28.70 m’/day.

Conclusion

1. Indicators of the standard specifications that are
more accurate reflecting the accuracy of measurement
by separate components of oil wells, or more accurately
for gas, total fluid and oil production, with “Trap”
type GMD have been determined.

2. Even expanded total uncertainties of measure-
ment of gas and total fluid production complies with
the requirements of operational control over the pro-
duction of oil wells. Thus, for operative control over
gas production expanded uncertainties of production
measurements should not exceed 10 % of the nominal
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value of production, and 6 % of the nominal value of
production on total fluid [3, 5].

3. Only combined standard uncertainty of oil
production measurement complies with the require-
ments of operational control (not more than 2 % of
the nominal value of oil production [3, 5]), but this
does not rise the confidence probability results even
to 90 %.

4. “Trap” type GMD should have a small number
of connections of such low-productive wells (it should be
noted that up to 16 wells can be connected to “Trap” type
GMD [3] so that the number of observations per day can
be considerably higher for each well) in order to increase the
confidence probability of oil production results (so that even
the expanded uncertainty of its measurement would not ex-
ceed 2 % of the nominal value of the production rate).

ToyniCcHI XapakKTepUCTUKH KOHTPOJIO NMPOLYKTUBHOCTI
CBEPJIOBHH 32 3arajbHOI0 PiIMHOI0, HA(PTOIO I ra3zom

r.4. Dxadgapos, C.M. Abbacosa

A3sepbatidxaHcbkull depxasHul yHisepcumem Haghmu ma npomucrnosocmi, np-m Azadnue, 20, 1010, baky, A3sepbatidxaH
abbasovasakina@rambler.ru

AHoTanis

CBiTOBa MpaKTUKa MOKa3ye, 110 Yepe3 HeMpaBUIbHE YIPABIiHHS MPOLecOM HahTOBUIOOYTKY BUIOOYBa€eThest 10 40 %
3araciB HapTOBMX POAOBUIL, BU3HAYEHMX ITiJ yac po3Biaku. OmHI€I0 3 OCHOBHUX MPUYMH LILOIO € HeMpaBUJIbHA KiJbKiCHA
OllIHKAa TOYHICHMX XapaKTepMCTHK BUMIpIOBaJbHOI iH(opMallii, OTprMMaHOI ITpU BUMIipIOBaHHI MPOAYKTMBHOCTI Ha(pTOBUX
CBEPIUIOBUH, SIKa BUKOPHMCTOBYETbCS MPU yXBAJIECHHI YMPaBIiHCBKUX pillleHb. TOUYHiCHA XapaKTepUCTUKAa BUMiprOBaIbHOI
iH(opMallii 3a71eXUTh Bill TOXMOKM BUKOPHUCTOBYBAaHUX 3aCO0iB BUMIpIOBaHb i pa3oM 3 IIUM Bill MOXMOOK, 110 BUHUKAIOTh
Bill BIUIMBY iHIIMX (hakTOpiB Ha BUMiploBaHHS. Cepel onepaTMBHUX BUMipIOBAJIbHUMX YCTAaHOBOK /€0iTYy HadTOBUX CBEpa-
JIOBMH HAMOIbII HaAiiiHOWIO 1 pallioOHaJbHOIO € TpyIoBa BHMMiploBajlibHa yctaHoBKa “Tpam”.

3 omigny Ha Te, 110 AIFTOPUTMU KOHTPOJIO 1ebiTy 3a razoM, Ha(TOO Ta 3arajbHOIO PiAMHOI HAa(TOBUX CBEPIIOBUH
MICTSITh YMMAJIO MEPiOANIHO BUMIPIOBATBHUX MapaMeTPiB i TAOMUYHMX NAHUX, HA BUMIPIOBAHHS i BUBHAYEHHSI SIKMX BIUIMBAE
JIOCTaTHS KUJIbKICTh 30BHILIHIX (haKTOPiB, TO SIK TOYHICHY XapaKTEPUCTUKY BUMipIOBAHHS N€0ITY NOLIJbHO BUKOPUCTOBYBATU
HEBM3HAYEHICThb BUMIipIOBaHHS Je0IiTy 3a OKpEeMUMMM KOMIIOHEHTaMW. Bu3HaueHHsS HEBU3HAYEHOCTI BUMIipIOBaHHS NecOITY
Ha(dTOBUX CBEPUIOBMH PA30M i3 MiABUILEHHAM SKOCTi BUMIpIOBAaHHSI MPUBOAUTH A0 €(hEeKTUBHOIO YIPABIiHHS €KCIUlya-
Talli€l0 CBEPIJIOBUH.

KiouoBi ciioBa: ne0it, BUMipIoBaHHSI, KOpessiis, (MYHKIisS po3noaily, HEBU3HAYEHICTb.

TOYHOCTHBIE XAPAKTEPUCTUKH KOHTPOJIS
NPOU3BOIUTEIbHOCTH CKBAXKHH MO 00IIEH >KNUIKOCTH,
HepTH U rasy

.. Oxadapos, C.M. Abbacosa

AsepbatioxaHckuli 2ocydapcmeeHHbIl yHugepcumem Heghmu U rpoMbiwineHHocmu, np-m Asadnsie, 20, 1010, Bbaky, A3epbalioxaH
abbasovasakina@rambler.ru

AHHOTaIMA

MupoBasi TpakTUKa MOKa3bIBA€T, YTO W3-3a HEMPABMWJIBHOTO YIPaBIEHUs MpolieccoM HedTenoObun A00BIBaeTCs 10
40 % 3aracoB HeTSHBIX MECTOPOXICHUI, OMpeleIeHHbIX BO BpeMs pa3Beiku. OMHOW M3 OCHOBHBIX NMPUYMH ITOTO SIB-
JIIeTCS HeIlpaBUJIbHAsI KOJIMUYECTBEHHAs! OlLIEHKA TOYHOCTHBIX XapaKTEPUCTUK U3MEPUTEIbHON MHMOpMaIuuU, MOJydYeHHOMN
MpU U3MEPEHUU MPOU3BOMUTETLHOCTU HEMTSIHBIX CKBAXWH, UCIOJIb3yeMas B MPUHSATUM YIpPaBIeHYECKUX pellleHuid. Tou-
HOCTHasl XapaKTepuCTUKa U3MEPUTESbHON MHOOPMALMU 3aBUCUT OT MOTPELIHOCTH HCIMOJIb3YEMbIX CPEICTB M3MEPEeHUI
U BMECTE C 3TUM OT TMOTPEITHOCTe, BOZHUKAIONINX OT BIWUSHUS APYrux (akrtopoB Ha uaMepeHue. Cpeau orepaTMBHBIX
U3MEPUTENIbHBIX YCTAHOBOK AeOuTa He(TSIHbIX CKBaXXMH Haubojiee HaIeXHOW W pallMOHATbHOU SIBISIETCS TPYINOBasi U3-
MepuTeIbHasg yctaHoBKa “Tparr”.
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YuuTeIBasg TO, 4TO aATOPUTMBI KOHTPOJIS AeOUTA 10 Tasy, HeTH M OOIIeil KUAKOCTU He(TIHBIX CKBaXKUH COIEPXKAT
HEeMaJIo TIepUOAMYECKHM M3MEepSIeMbIX ITapaMeTPOB M TaOJMIHBIX JTaHHBIX, HA M3MEPEHHE U OIpelesieHre KOTOPBIX BIMSET
JIOCTAaTOYHOE YMCJI0 BHEIIHUX (DaKTOPOB, TO B KaUeCTBE TOYHOCTHOM XapaKTEPUCTUKU M3MEpPEHMs nebuTa Iiesiecoodpa3sHoO
HCIIOJIb30BaTh HEOIPENeIeHHOCTh M3MEPEeHUsT NebuTa 1o OTHEeIbHBIM KOMITOHeHTaM. OTipeneieHrue HeolpeneIeHHOCTH
U3MepeHUs 1e0uTa HeTIHBIX CKBAaXKMH HapsiAy C MOBBIIICHUEM KayecTBa MU3MEPEHUS MPUBOIUT K 3(PHEKTUBHOMY yIpaB-
JIEHUIO DKCTUTyaTallueil CKBaXKIH.

KimoueBble cioBa: nedurt, n3mMepeHue, Koppessius, GyHKIMsS pacrpenesieHrs, HEOTpeaeIeHHOCTD.
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