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Abstract

The analysis of the relative uncertainty of the sueament result equation of gas flowrate, usinfedihtial pressu
flowmeters with standard orifice plates, definedG®ST 8.586.5205 and DSTU GOST 8.586.5:2009, is presented.sltiea!
found out that this equation is presented in a ki@ form by introducing simplified equations faalculation of relativ
influence coefficients of input variables upon mags flow rate andetative uncertainty of gas expansion factor. |
analyticaldependencies for estimation of relatiwefficients of influence of differential pressure orificeplate, of orificepla
hole diameter and measuring pipeline inner diamatemass gas flow rat@he equation, used to calculate relative unasst
of gas.expansion factor has been specified. The ewpvations, used to determine relative influenmefficients of absolu
pressure and gas isentropic exponent coefficiergasnexpansion factor Y& been obtained. It has been found out that ve
influence coefficients of input variables on massvfrate of gas and gas expansion factor accemraalues than coefficier
of equations, given in Standards. Values of netatnfluence coeffi@nts obtained from the authors' equations are od
agreement with the results of the calculation &f ¢lgquations presented in differential form and wgire ISO 5168:2005. Tt
analytical dependence reduces relative uncertaingas flow rate measurement result.

Keywords:expansion factor, flow measurement, flowmeter, émfbe coefficient, mass flow rate, orificeplate, dem primary
device, variable differential pressure method, utaiety.

I ntroduction analytical dependencies. And this issue is of curre
Differential pressure flowmeters, measuring gas bynportance.
differential pressure method are widely used for
measuring gas or gaseous medium flow rate. Though Analyss of modern investigations and
differential pressure method has been used fomg lopublications
period of time, it is constantly being improved input On the assumption of uncertainty theory
of new analytical dependencies of coefficients Wwhicfundamentals, uncertainty is divided into standard
are included into gas-flow equation. Thus, gas ftate uncertainty and expanded uncertainty of coefficient
measuring accuracy is also changed. Nowadays tiesult of physical variable measurement. While pafts
global practice [1-3] in the course of gas floweratvariable measuring by indirect method (differeintia
measuring by differential pressure method, the @ayu pressure method included) resulting value is obthioy
of its measuring tends to be evaluated due to atand calculating it with the help of equation or algbrit
uncertainty of gas flowrate measurement result.hSudrom values of a range of other measured variables
approach is used in the new International Stand&®@s x; X (X is multitude of variables, measured or

5168:2005 [4] and ISO 5167:2003 [5], as well as thgetermined by equation). The resulting standard
new Interstate Standards GOST 8.586.1,2,3,4,5-20

[6] and in the National Standards DSTU Gosﬁﬁcertainty uc(y) is equal to the square root of a sum of
8.586.1,2,3,4,5:2009 [7]. But some standards ptese'?guares of components, provided that components are

simplified algorithms for determination of standardl!SPersions or covariations of other these varigble

uncertainty of gas flowrate measurement result?.v""luate<j n accordance. with  the change of
Therefore it's necessary to analyze existing tesicpf measurement result depending on the change of these

measurement accuracy evaluation as well as eqsatio}ﬁa”ables [1. 4,6, 7] thus
used to calculate measurement result uncertainty n
i it poss in thei Uely)= | D_[F ulx)f (1)
constituents and if possible to obtain their new Y x U]
i=1

where Fx; is absolute coefficient of influence of

* Corresponding author:
acit@polynet.lviv.ua i-parameter x; upon variablesy, which value is
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If it's impossible to obtain partial initia?—)Z qm=%d2CEKaKne,/2Ap , (8)

absolute coefficient of influencF,, is determined as Where d is diameter of orifice plate opening at
! operating gas temperaturC is coefficient of orifice

Ay plate outflow; E is inlet velocity coefficient;K, is
X =K’ () gdjustment coefficient, .acco_unti.ng fo_r rogghness of
] A _inner surface of measuring pipelir K,, is adjustment
where 4y is change of variably , value of which is coefficient, accounting for bluntness of inner edge
calculated by equatiordy = y(xp)~ Y{(x1); 4% is orifice plate; Ap is differential pressure on orifice
change of measured variablx , determined by plate; p is gas density at operating conditions.

follows:

equation Ax; = Xjp — X1 X1,%2 is accordingly the Inlet velocity coefficient E depends on relative
first and the second measured value x; )f diameter # of orifice plate and is determined by
Such calculation of combined standard uncertaint§quation [5-7]:
of measurement result of gas flow rate and its E= 1 ©)
constituents and therefore absolute influence tefit p '
B

has been used in ISO 5168:2005 [4].

Relative combined standard uncertai\ulc(y) is

defined as the ratio of combined standard unceytainh d
measurement result to evaluation value of measured B=—, (10)
variable, expressed as a percentage and its value D
calculated by the following equation [1, 6, 7]:

where relative orifice plate diameter is estimahsd6,
10, 13]

w'here D is inner diameter of measuring pipeline.
Equation for estimation of gas expansion faceor

u'c(y)=10 uc)(/)’) - \/uerM +Zn:[79xi u'(xi )]2 . (@) for an orifice-plate with any type of pressure tafe is

— as follows [1, 5-7]:
. 1

where ug,, is relative standard uncertainty, attributed 4 8 -

. _— . g:1—(0.351+ 0.2564" + 0.93p ) 1-7% |, (11)

to functional dependence 1y determlnatlon;zﬁ’xi is

relative influence coefficient afparamete x; upony,

determined with the help of such equation [1, 6, 7] Ap
_ 0y X oAy X t=1-—. (12)
oy Ay ©) | P |
. ' ! i i Having used equations (4), (5) and having
_ Combined expanded uncertainty defines ap,nsigered equation (8) in accordance with [6,t8,
interval around measurement result, within the ténaif following equation was written down to determine
which we will be able to find a large part of theyg|atve combined expanded uncertainty of mass gas
distribution of values that could reasonably befaited {5y rate measurement result:
to the measurand. Combined expanded uncertainty ) , s 5
U.(y) of coefficient or measurany are determined U, =[(19cu'c) +(F4Uy)” +(Folp) +(19lg UKA) +
by the following equation [1, 6, 7]: , , , s (13)
Uely) = kee(y), © (B ) ) () ()]

where k is.co_vergge faqtor which depends upoRhere Sc\ 94+ 9 F_+ Ok, » Jp s Syp aNdS,

probability distribution attributed to measuranddan o a n ) !

confidence level. is influence coefficients of correspondingly coeiiint
Relative combined expanded uncertaiU(':(y) is of orifice plate outflow, diameter of orifice plate

the ratio of combined expanded uncertainty gpening, inner diameter of measuring pipeline,

) t%d'ustment coefficient, accounting for roughness of
evaluation value of measure and, expressed as;

ercentage. Value of relative combined ex andegloer surface of measuring pipeline, adjustment
P ge. P efficient, accounting for bluntness of inner edife

uncertainty Uc(y) is estimated by the following griice plate, gas expansion coefficient, diffeiaht
equation [1, 6, 7]: pressure on the orifice plate and gas density etating

Ug(y)=1OZUC>Ey) =\/U 2 +Zn:[l9xiul(xi )]2 e conditions for mass gas flow raiuc , Uy , Up , ulKa ,
i=1

Uk u'6 , u'Ap and u'p is relative standard uncertainty

' . . . - n
whereUg,, is relative expanded uncertainty, attrlbute(bf correspondingly coefficient of orifice plate daw,

where

to functional dependence of variable definit y1 diameter of  orifice plate opening, inner diameié
Mass gas flow rateq,, according to [1, 6, 7] is measuring pipeline, adjustment coefficient, accmgnt
determined as follows: for roughness of inner surface of measuring pigelin

ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2014, Vol. 1, Issue 2 109



L.V. Lesovoi, V.O. Fedynets, V.A. Kuzyk

adjustment coefficient, accounting for bluntnesaotr
edge of orifice plate,
differential pressure on the orifice plate and dessity
at operating conditions.

Values of relative coefficients of influence of irp
variables or flowrate equation coefficients (8) mpo
mass gas flow rate have been calculated using iequat
(5) [1, 6, 7] and presented as follows:

Jc ,ﬂKa ,ﬁKn andd, ; their values are equal to 1;

40 andd, ; their values are equal to 0.5;

Jq , its values are calculated by equation

g=—— (14)
1-5
Jp , its values are calculated by equation
4
Ip = i“ . (15)
1-p

Relative combined expanded uncertailu'g of

gas expansion coefficie ¢ in accordance with [1, 6, 7]
is estimated with the help of the following equatio

1 2 05
[ +(—£E j (u’fp +u? +u;(2)] , (16)

where U;O is relative expanded uncertainty, attributec
to functional dependance of estimation of gas esjoan

coefficient; u p s relative standard uncertainty of

ey
4

12

u. = £0

measurement result of absolute gas pressu , is

relative standard uncertainty of adiabatic in x »of gas
at operating conditions.

Review of unsettled issues of general problem

As it comes from equation (8), considering
equations (9), (10) and (11) mass gas flow rateddp
upon:

diameter d of orifice plate opening at operating
gas temperature;

inner diameter D of measuring pipeline at
operating gas temperature;

orifice plate differential pressure.

Values of relative influence coefficiendy and

Jp upon mass gas flowrate according to [1, 7] ar
calculated by simplified equations (14) and (15).

So far as relative combined standard uncertainty

gas expansion coefficientequations

Taking into consideration the above mentioned and
(4) and (5), it is necessary to detegmin

relative influence coefficientdy , Jp and 9, of

these parameters upon mass gas flow rate for nass g
flow rate equation (8), leaving them out in equasiof
relative combined standard uncertainty of mass flow
rate equation coefficients (8).

It is also necessary to calculate coefficients of
influence of absolute pressure and adiabatic indeas
upon gas expansion coefficient and adjust equdton
estimation of relative combined standard unceryadrft
gas expansion coefficient.

Paper objectives statement

To adjust equation of relative combined standard
uncertainty of gas flowrate measurement resultnipyf
of analytical dependencies into this equation torege
relative coefficients of influence of input valuapon
mass gas flow rate which in spite of existing
dependencies would correspond with requirements to
uncertainty of quantity measurement result by ectir
method.

Material coverage

Adjustment of equation for calculation of relative
combined standard uncertainty of result of gas flate
measurement, using flowmeters with standard orifice
plates has been carried out in accordance with
methodology, specified in [8]. To do this, firstlys
necessary to specify influence coefficients of inpu
variables upon mass gas flow raq,, which are
constituents of equation of relative combined stadd
uncertainty of gas flow rate measurement result.

Using equation (8), equation for estimation of
coefficient E inlet velocity (9), gas expansion
coefficient ¢ (11) and considering equation (12),
equation for mass gas flow rate estimatq,, can be

written down
2

{1—(0.351+ 0.25F" + 0.98°)x

(18)

1
ot

where
e

Kq

3B

= %CKaKW 2p .

On the basis of equation (5), equations for

(13) of measurement result of mass gas flow rate aggiimation of relative orifice plate diameter (18)d

gas expansion coefficient (16) is a function ohtigk
standard
differential pressure on orifice plate, then infige
coefficient of differential pressure upon mass fiaw

rate will be estimated by the following equation

[1,6,7]:
e-1

&

8101 = o.25+( 17)

jz.

110 ISSN 2311—1399.

mass gas flow rate (18) one can obtain equation for

uncertainty of measurement result Qfsiimation of relative coefficient of input variabl

influence upon mass gas flow rate
— aqm 4p _ 1-7

TKE

= 0.5-
04p Qp,

X

4p

1 (19)

x(0.352 0.2565% + 0.936’8)r;,
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%y d _ 2 _ Bap
T ad gy 1-p° o0 L1l
C1-g  1.0248%+7.445° - g
¢ 0.3510.2568% +0.933®
_0dy D __ 2" | " o
° g, 1-p* ey 4
Ll 1.0248* +7.44p8 047
¢ 0.35%0.2568%+0.93°% e
It has been specified that values of relative —
coefficient of influence of : 045 -
differential pressure on orifice plate upon mass g BN
flow rate, calculated by equation (19) decreaseh wi 04
increase of orifice plate relative diameter valueﬂ 043 ?
p
dependence values and with decrease of gas isentrg o —
exponent coefficient at working conditions. Valuafs \“\\
relative influence coefficientd,, , calculated by °%
equation (17), always increase with the changehef t o4
above mentioned parameters;
diameter of orifice plate opening at operating ga 0:®
temperature upon mass gas flow rate, calculated
equation (20) decreases with increase of relatife® "™ B

. A
plate diameter values AP dependence values and 2+
p 040 015 020 025 030 035 040 045 051 055 060 065 070 [_))

with decrease of gas isentropic exponent coeffican ) Ap

i iti i i 1 — equation (17) fc—= 0.25;
operating conditions. Values of relative influence q D e
coefficient &4 , calculated by equation (14), always y
increase with the change of the above mentioned 2 — equation (17) fc—pz 0.15;
parameters; P

inner diameter of measuring pipeline at operating
conditions upon mass gas flow rate, calculated by
equation (21) decreases with increase of relatiife®

. A
plate diameter values AP dependence values. Values
p

3 — equation (17) fc£= 0.05;
p

4 — equation (19) fcﬂz 0.05;
p

. A
of relative influence coefficiend,, , calculated by 5 — equation (19) fc?p: 0.15;

equation (15) always increase with the change ef th y
above mentioned parameters. 6 — equation (19) 2P = 0.25

For example, in Fig. 1 there are values of relative
coefficient of influence of differential pressuren o  Figure 1 — Relative coefficient of orifice plate
orifice plate upon mass gas flow rate for gas aatiab differential pressure influence upon mass flow rate
index, which is equal to 1.3 and is the most comfioon of gaseous medium
natural gas.

Values of relative deviatiow(SLgAp are calculated Maximum value of relative deviatiorélgdp

by equation between values of relative influence coefficient
J4p1 = 0.513 and 4, = 0.380 for an orifice plate is

35 %.
Let's compare values of relative influence
coefficients 74, , J4 , Jp , calculated by equations

pressure influence upon mass gas flow rate of gme(tS)' (14), (15), (17), (19), (20) and (21) for veduof

medium, the value of which is calculated by equatioy, , "\ 2 iables, presented in Table 1. Equationif)
an; 19Ap is relative coefficient of differential pressure yitferential form is used to estimate relative ihce

influence upon mass gas flow rate of gaseous mediunvefficients in ISO 5168:2005 [4]. The results of
calculated by equation (19). comparison of relative influence coefficield, , J4 ,

=10 |7-9Ap1_"9Ap| , (22)
p 310

where 9,5, is relative coefficient of differential

s,

Jp are presented in Table 1.
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Table 1 — Comparative analysis of values of retativ

coefficient of input variables influence upon mgas

Now let's be more specific about equation for
estimation of relative standard uncertailu'g of gas

flow rate expansion coefficient.
Variable Unit Value Equation As far as coefficient of gaseous medium expansion
" °C 20 depends on differential presst 4p on tapered flange,
opening diameter or tapered flange neck, inner diam
Py MPa 0.252 - of measuring pipeline and relative influence caiffits
4pq kPa 63 - d4p+ Fq ., Ip Were accounted for by equations (19),
Pe kg/m® 0.696 - (20) and (21) correspondingly, then combined
P kg/m® 1.73569 - uncertainties u'Ap , u'd and u'D won't be considered in
# mkPas 11.094 - uncertaintyu, .
! 1 13 — Considering the fact that expansion coeffici ¢t
Dy m 0.4 - of gaseous medium depends upon both gas gbsolute
d, m 0.3 _ pressure p and adiabatic indexx at operating
g kg/s 51 2474 B cond_mons, then general gquatlon for' estimation of
relative standard uncertainty valueuy; of gas
1 1 0.895757 _ expansion coefficient will be as follows:
E 1 1.20949 - 2
i
dZ2E, & m? 0.0975068 - u, —\/ 4 T PpUp) TPU) . (29)
Eie1 1 1.083409 - where 9, , J,, is relative coefficients of influence of
9 ap1 1 0.513 17) correspondingly absolute press pz2of gas and adiabatic
J4p 1 0.380 (19) index x of gas upon gas expansion coefficie 1t
Ap, KPa 62.9 _ Values of relative influence coefficien,, and
U2 kg/s 21.2346 _ d,.. in accordance with standards [6, 7] are estimated
En 1 0379 5) by simplified equation .
Iq 1 2.926 (14) Ppe = =~ (24)

o 1 2.689 (20) Equations for estimation of relative expanded
d, m 0.299 - uncertainty U;O [1, 6, 7] and new equations which
d2E,e, m2 0.096637 - have_ peen developed to estimate relative influence

54 1 2 691 B) coefficientsZ,. and 4, will be as follows:

5o 1 -0.926 (15) U =352t (25)

K

g 1 -0.689 21

DD el _9ep_1-7 [ 0351 0256+ 0.98° o
E . -

252 1 1.081552 _dek_ 0351 0.25@ + 0.98°

Ib 1 -0.688 (5) e =g - TN (7) — .(27)

As it's clear from Table 1 values of relative Let's compare values of relative coefficient of
coefficient of influence of input quantities uporags INput variables influence upon gas expansion coefit
gaseous medium flowrate, calculated by equatiogs-(1 Which were estimated by equations (5), (24), (26) a
(21) almost correspond with values of relativd27) for input variables values, presented in Table
coefficient of influence of input quantities uporags The results of comparison of relative influence
gas flowrate, calculated by equation (5) in diffei@l  coefficients J,. and 4, ) values can be found in
form. Thus, equations (19)—(21) are estimated ctyre Tgple 2.

but this is not to say about equations (14), (¥5)14). As we see from Table 2 values of relative

Jp , estimated by equations (19), (2@R1) are smaller expansion coefficient, estimated by equations (&)
than values of the same relative influence coeffis (27), correspond with the values of the same radati
but which are calculated by equations (17), (14 arinfluence coefficients upon gas expansion coefficie
(15). Thus this doesn't decrease values of relatiwhich were calculated by equation (5) in differahti
combined standard uncertainty of gas flow ratform. Thus equations (26) and (27) are definedemtly
measurement result. what cannot be said about equation (24). Thougheval
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Table 2 — Comparative analysis of values of retativ

coefficients of influence 7. and 4, )

upon gaseous medium expansion coefficient

Variable Unit Value Equation
Ipe 1 -0.116 (24)
e 1 0.120 (26)

[ MPa 0.255 -
€9 1 0.897026 -
I e 1 0.120 (5)

e 1 -0.116 (24)
Ze 1 0.104 (27)
Ky 1 1.29 -
€y 1 0.895035 -
I 1 0.104 (5)

of relative influence coefficiend,, , calculated by

equation (26) is bigger than its value, calculatsd
equation (24), but relative standard uncertainty c
measurement result of absolute gas pressure
significantly smaller than relative standard unaieity
of gas adiabatic index. That's why the main infleeen

upon relative combined standard uncertai u; will
have relative influence coefficier#,, . Considering
that value of relative influence coefficiend,, by

absolute value is smaller than the value of theesar
relative influence coefficient, calculated by edomat
(24), then it decreases value of relative standa
uncertainty of gas expansion coefficient as wall g
value of relative combined standard uncertaintygasg
flow rate measurement result.

Substituting equations (19)-(21) into equation

(13), we will get the following adjusted equatioor f
estimation of relative combined standard unceryadrit
gas measurement result:

Uy, ={u’C2+LIK2u + qf + %+ L;JZ+

- 172
+[o.5—u(o.351+ 0.256" + 0.98)r~ | U2+
TKE
2 1.0243* + 7.48° te) o, (28)

d

Jzu
jz

1-5° 0354 0.256°+ 0.98° «

{

+ 2B _1-¢ 1.024% + 7.48°
1-B* & 0.354 0.258*+ 0.983°

in which value of

uncertainty u'g of gas expansion coefficient is
calculated by such an equation:

12
uD

ISSN 2311—1399. Journal of Hydrocarbon Power Engin
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1

¢ = (1) 0.35% 0298+ 0.83
+|:In(r)

TKE

CONCLUSIONS

1. The conducted analysis has shown that in the
Interstate Standard GOST 8.586.5-2005 [6] and @& th
National Standard DSTU GOST 8.586.5:2009 [7]
simplified equations for estimation of relative daimed
standard uncertainty of gas flow rate measurement
result are presented, which usesimplified equatioins
relative coefficients of influence of input quarg#
upon mass gas flow rate and gaseous medium expansio
coefficient which enhances relative combined steshda
uncertainty of gas flow rate measurement result.

2.New obtained equations (19)—(21) for
estimation of relative coefficients of influence of
differential pressure on orifice plate, relativamieter of
orifice plate opening at operating gas temperagure
inner diameter of measuring pipeline at operatiag g
temperature upon mass gas flow rate accept smaller
values than simplified equations, given in Standard
[6, 7]. This decreases also relative combined stahd
uncertainty of gas flow rate measurement result.

3. Equation for calculation of relative combined
standard uncertainty of gas expansion coefficieadt h
been adjusted by input of new equations (26) am (2
for calculation of relative coefficients of influea of
absolute gas pressure and gas adiabatic index upon
coefficient of its exapsion. The latter decreadais t
uncertainty and correspondingly decreases alstivela
combined standard uncertainty of gas flow rate
measurement result.

4. Obtained equations of relative coefficients of
input variables influence upon mass gas flow rate o
upon gas expansion coefficient completely corredpon
with relative influence coefficients, calculated by
equations in differential form, presented in ISO
5168:2005 [4], which confirms truthfulness of obiag

of these equations.

5. Adjusted equation of calculation of relative
combined standard uncertainty (28) of gas flowrate
measurement result with consideration of equatmmn f
calculation of relative combined standard uncetyain
(29) of gas expansion coefficient, will enhanceuaacy
of gas flow rate measurement result.

2
1.75
N

2
12

}'. (29)

+[
0.351+ 0.258* + 0.9%
(1-1)ke

T*K

2
2
uK
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KopuryBaHHSs1 piBHAHHSI HEBU3HA4Y€HOCTi pe3ynbTaTiB BUMipHOBaHHA BUTpaTU rasy
BUTpaToMipamMmu 3i ctaHgapTHUMuU giacpparmamu

JI.B. JIecosoii , B.O. ®eduneyp, B.A. Ky3uk

Hayionanvuuii ynieepcumem «/Ivgiscvra nonimexuika»,

12,6yn. C. banodepu, Jlveis, 79013 Vkpaina

3miiicHEeHO aHami3 PIBHAHHSA BiJIHOCHOI HEBU3HAYECHOCTI pe3ysNbTaTy BUMIPIOBAHHS BHTpaTH Ta3y
BUTpATOMipaMH 3MIHHOTO TIepernaay THCKY i3 3aCTOCYBaHHSIM CTaHAAPTHUX AiadparM, HaBEJACHOTO y CTaHIApTax
I'OCT 8.586.5-2005a JICTY I'OCT 8.586.5:2009BcTanoBIICHO, IO [I¢ PIBHSIHHS MPEACTABICHO Y CIPOIICHOMY
BUIJISA/I IUISIXOM BBE/ICHHS y HBOTO CIIPOLIEHUX PIBHSHB ISl PO3paxyHKy BITHOCHUX KOE(III€HTIB BIUIMBY BXiJHUX
BEJIMYMH HA MACOBY BHUTpAaTy ra3y 1 BiTHOCHOI HEBM3HAYECHOCTI KoedilieHTa po3upeHHs razy. Po3pobieHo HOBI
AQHAJITUYHI 3aJIC)KHOCTI IS pO3paxyHKy BiTHOCHMX Koe]ili€HTIB BIUIMBY Nepenay THCKY Ha niadparmi, giamerpa
OTBOpY AdiadparMu Ta BHYTPIIIHBOTO JiaMeTpa BUMIPIOBAJILHOTO TPYOONPOBOJLY Ha MAacoBY BHUTpaTy rasy.
YTouHEeHO pIBHSAHHS AJIS PO3paxyHKY BiTHOCHOI HEBH3HAYEHOCTI KoedimieHTa po3mupeHHs razy. Omep’aHo HOBI
PIBHSIHHS ISl BU3HAYEHHS BiHOCHHMX KOE(IIi€HTIB BIUIMBY aOCOJIOTHOTO THCKY Ta TIOKa3HWKa aniadaTtw rasy Ha
Koe(ilieHT po3MmHpeHHs razy. BCTaHOBIEHO, MO0 BiMHOCHI KOe(DiIiEHTH BIUIMBY BXiIHUX BEIMYHMH HAa MacOBY
BUTpPATy Tady Ta Ha KOe(illieHT pO3MIMPEHHS Ta3y MPUIUMAIOTh MEHII 3HAYCHHS HIXK KOCQII[iEHTH, PIBHIHHS SIKAX
HaBeJIeHI y CTaHmapTax. 3HA4YeHHsS Koe(illi€HTiB BIUIMBY, OJEp)KaHI 3a PO3pOOJCHUMH aBTOpPAMH PIBHIHHSIMH,
no0Ope y3ro/KYIOThes 13 pe3ysbTaTaMH iX pO3paxyHKY 3a PiBHAHHSAMH, SIKi IIPEACTaBICH] Y PI3HUIIEBOMY BHTJISI 1
HaBezieHi B ISO 5168:20050nepkaHi aHaIITHYHI 3aJIE)KHOCTI 3MEHIIYIOTh BITHOCHY HEBH3HAUCHICTh PE3YNbTAaTy
BUMIPIOBaHHS BUTPATH rasy.

KirouoBi croBa: eumiproganus eumpamu, eumpamomip, oiagpacma, Koepiyicum enaugy, Koe@iyicHm

PO3ULUPEHHS, MACOBA BUMPAMA, MEMOO 3MIHHO20 nepenady MUCKY, HeGUSHAYEHICMb, CMAHOAPMHUL 386VIHCYBATLHULL
npucmpii.
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