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Abstract. There are many flow meters and quantity-meters for liquids measuring with have sufficiently good
metrological performance. In spite of this, in sewage systems of airline enterprises, as well as in many other sewage
systems, registration of sewage water amounts is done mainly by estimation. The main reason of this situation is that
those devices, which are successfully in use in water supply systems for clear water metering, does not perform good
while being in use in sewage systems, because they are not tolerant to aggressiveness and disturbance of polluted
sewage water. In this paper there is proposed a basic design principle of a differential pressure waste water quantity
meter, which is based on a combination of a standard nozzle as a sensing device and a calculating device. There is
shown that such a quantity meter will not have many drawbacks, which are appropriate to quantity meters with other
principles of operation. There is analyzed metrological stability of the proposed quantity meter in comparison with a
quantity meter, which uses a standard diaphragm as a sensing device. There are calculated metrological characteristics
of the proposed quantity-meter. A conclusion is drawn that the proposed quantity-meter has advantages over a standard
diaphragm, such as higher accuracy and better metrological stability.
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1. Introduction which calculating of their volumes is done on the
basis of volumes of water consumption [3]. In this
case two options are possible. The first — there is
assumed a situation when the entire amount of
water, consumed out of a plumbing system, goes
into a sewage system, here the amount of discharged
water is considered to be equal to the amount of
consumed water. The second — a special coefficient
of water discharge into a sewage system is
introduced, using previous experience  or
technological calculations, then the amount of
discharged water is calculated by multiplying the
amount of consumed water by this coefficient.

In spite of obvious advantages (it is not
necessary to use expensive measuring apparatus),
these methods can not be called accurate. While
using these methods fewer errors appear in
household systems, in case that the amount of both
cold and hot waters is measured with water meters.
While calculating of discharged water amounts of
2. Analysis of the research and publications nondomestic objects, for example airline enterprises,
much more errors can happen. It is impossible to
state that introduced coefficients, which can be
either above or below one, objectively reflect real

Wastewaters, that are discharged by airline
enterprises, first of all by airports, appear as a
mixture of sanitary and industrial wastewaters. Apart
from contaminations, that are typical for sanitary
sewage systems, these wastewaters contain specific
ingredients, such as petroleum derivatives (fuels and
lubricants), solvents (acetone, benzole and others),
ions of heavy metals (lead, chromium and others),
elements, that enter into the composition of aviation
special liquids (phenol, ethylene glycol, surfactant
species and others) [1, 2]. When these wastewaters
have been treated with sewage-purification facilities
a considerable part of the contaminations turn out to
be extracted. But residual concentrations of them
still remain in the purified waters. Amounts of these
waters need to be measured in order to perform an
effective monitoring of these enterprises’ influence
on environment.

Conventional and the most simple methods of
wastewaters amount estimation are the methods, in
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conditions. There are too many factors, which can
influence ratios between amounts of consumed and
discharged waters. Increasing in discharge amount
can be caused by the next factors: rain water or
water, remained after washing road surfaces on the
enterprise’s area, that can get into sanitary or
industrial sewage systems through loose or open
sewer manholes; water, delivered from other places
that also released into a sewage system; accidental
leaks from drinking or manufacturing water supply
lines, that goes into sewage systems through soil
porosity and looseness of sewage pipes. Factors,
which can decrease discharge amount, are the next:
irreversible using of water for technological
purposes; supplying other consumers with water;
evaporation; accidental leaks that do not get into
sewage systems and others. Taking this into account,
it is timely to estimate amounts of discharge waters
exactly with measuring apparatus.

Measuring devices are divided into two groups.
The first — devices for measuring flow rate of liquid
(amount of liquid, which flows by in a time unit) are
called flow meters. The second — devices for
measuring volumes or masses of liquid are called
quantity-meters. Nowadays there are great variety of
different flow meters and quantity-meters with
technical characteristics, which differ a lot [4]. There
are much fewer problems with measuring apparatus
in water supply systems, then in sewage systems [5,
6]. There are set up very many requirements for
sewage water flow meters and quantity-meters,
including specific ones: accuracy of measurement,
reliable performance, independence of measuring
results from variation of wastewater’s physical
parameters, dynamical characteristics and others. All
these requirements are very actual because
contaminations that are present in wastewaters cause
specific (different) impact on performance of flow
meters’ and quantity-meters’, which implement
different basic principles of measuring. Specific
impact on measuring results and performance
reliability is mainly caused by characteristics of
wastewaters, such as corrosiveness, abrasiveness,
toxicity, explosibility and others. Because of
irregularity of wastewater discharge, dynamical
characteristics of meters (stability of measuring with
preassigned accuracy in wide range of flow rates)
are also very important.

Special characteristics of wastewaters cause a
situation when not all flow meters and quantity-
meters, which are successfully used in water supply
systems, can satisfactorily perform in sewage

systems. One of the most widespread meters in
water supply systems are tachometers (there
principle of operating is based on rotating of small
turbine or impeller, caused by water flow). But they
are not in use in sewage systems at all.

In sewage systems the next devices got
distributed: flow meters of differential pressure,
electromagnetic and ultrasonic flow meters and
quantity-meters.

Principle of operation of ultrasonic flow meters
and quantity-meters is based on measurement of
difference in velocities of ultrasonic waves, released
along the stream of wastewater and against the
stream. The main shortcoming of this type of device
is that ultrasonic waves are dispersed and change
their velocity, while running into mechanical
inclusions (solid particles) in a stream of
wastewater. It can cause significant and uncontrolled
errors in measurement results.

Principle of operation of electromagnetic flow
meters and quantity-meters is based on measurement
of voltage (electromotive force), which is induced
by charged particles, present in wastewater and
moving through the case of the device, while inside
of the case magnetic field is created by a permanent
magnet. The main shortcomings here are:
technological electric and magnetic fields generate
appearance of whirling currents inside the metal
parts of the device’s case. It influences the
magnitude of induced electromotive force. In
addition, these fields provoke occurrence of
electrochemical processes in wastewater, which, in
turn, cause deposition of charged particles on the
surface of voltage measuring electrodes. Over time
the electrodes become covered with layers of
sediments in a form of slime. All this contributes to
appearance of additional measurement errors.

Operation principle of differential pressure flow
meters is based on measurement pressure difference,
which is created by throttle device, installed into the
pipeline. These type of measuring apparatus is saved
from practically all shortcomings, listed above and
can be very useful for measuring wastewaters in
sewage systems [7]. The problem is that these
apparatus are used nowadays mainly as flow meters.
In order to estimate amounts of wastewaters, it is
necessary to do manual calculations, using flow rate
diagrams, written down by recording differential
manometers. But nowadays there are many different
integrating elements, which can be used as
secondary transformers in combination with throttles
as sensing devices. Apparatus of this type not only
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can perform functions of flow meters, but also
functions of  quantity-meters, automatically
calculating amount of passed through wastewater.

As sensing devices different throttles can be
used. First of all they are devices such as a standard
diaphragm, a standard nozzle, a Venturi nozzle, a
Venturi tube and others. In the article [8] the authors
proposed a new construction of wastewater quantity-
meter with a standard diaphragm as a sensing
device. There was shown, that estimated value of
measurement error, while using differential
manometer of accuracy class 0,25, in operating
range is from 1,67 to 1,91%; in transitional range is
2,72%. This is an acceptable error for quantity-
meters of that type. Measurement errors for majority
of water meters, which are in use nowadays, are up
to 2% in operating ranges and up to 3% in
transitional ranges. Standard diaphragm is one of the
most simple and inexpensive throttle devices. But it
has one very significant shortcoming, while using it
in sewage systems. An opening of a diaphragm on
incoming side should have sharp edge. The
sharpness of its edge is defined by radius of
rounding. Measurement error depends on this radius.
Volumetric rate of flow, when using standard
throttle device, is defined by the formula [9]

Q:a.g.”'d Z-;AP’[m3/S],
4\ p

where o - flow coefficient; &£ — coefficient of
wastewater expansion; d — diameter of throttle’s
opening, m; p — density of the measured medium,
kg/m’; AP — differential pressure, measured with
differential manometer, Pa.

The formula implies using diaphragm with sharp
edge. Over time the edge, being exposed to abrasive
impact of wastewater flow, becomes blunt. It means
that radius of rounding increases and flow
coefficient value changes. Because of that, special
coefficient, which takes this change into account, is
introduced into the formula. In spite of the fact that
diaphragms have to be made out of hard and wear-
resistant material, it is difficult to prognosticate
edge’s blunting value, especially when measuring
wastewaters ~ with  aggressive and  abrasive
characteristics. When established, this coefficient
reflects just one blunting value, which changes over
time (fig. 1). It introduced an additional error into

(1

measuring results, which was not taken into account
during calculations.
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Fig. 1. Variation of the coefficient, which takes into
account diaphragm’s edge blunting

This shortcoming can be eliminated, if a
standard diaphragm, as a sensing device, is replaced
with a standard nozzle. Such nozzle has a gradually
rounded opening, does not have any sharp edges
and, correspondingly, does not need measuring
correction, which takes into account blunting
process. Also the nozzle is more complicate in
manufacturing, but it has better metrological
characteristics.

The authors have proposed here a basic design
principle of wastewater meter, constructed on the
basis of a combination of a standard nozzle as a
sensing device and an integrator as a secondary
transformer. Measuring error of the proposed meter
has also been calculated in the paper.

3. Obtained results

3.1. Principle of flow and quantity metering with
proposed wastewater meter

Proposed waste water meter consists of a standard
nozzle, manufacturing in accordance with
requirements [9], with a corner way of pressure
difference measuring. Diameter of an inlet pipe
before throttle is D = 50 mm, diameter of a nozzle’s
opening is d = 40 mm, modulus of the throttle is m =
0,64. Absolute equivalent roughness of inlet pipe
wall is k£ = 0,1 mm. Pressure difference measuring is
carried out with a diaphragm pressure manometer.
Calculation of waste water amount is done with an
integrator on the ground of measured waste water
flow rate. Under such conditions daily flow
(quantity) of waste waters can be calculated by the
formula
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2 3
0,=024-C,-N, -K -k, K, [m/day], (2)

where C, — constant of a standard nozzle; N, —

planimetric number, which is obtained from a
planimeter; k, — correction coefficient of flow rate,

which takes into account variation of Reynolds
number; K — correction coefficient, which takes

t

into account thermal expansion nozzle’s material;
K, — correction coefficient of flow rate, which takes

into account variation of waste water’s density.
Constant of a standard nozzle can be
calculated by the formula

C,=0,2109-a-d’. /AP, 3)

where o — flow coefficient for the nozzle, which is
obtained for Re = 10° ; AP — maximal pressure
difference on the nozzle (when waste water’s flow is
maximal).

For the nozzles with m > 0,13, on condition that

%xm“ <39+10'xexp(-14.24m),  (4)

flow coefficient & is calculated without factoring
into correction for roughness of inlet pipe wall. So
long as this condition is not satisfied with taken
parameters of the nozzle

0’; x10° =20 > 39+10" xexp(—14,24/m )=39,

it is necessary to determine flow coefficient taking
roughness correction into account

1
a=—=x[0,99-0,2262m"" +
J1-m’ [

+(0,000215-0,001125m"* +0,00249m™” )x

<04 ) <k )

where K, — correction coefficient, which takes into

account roughness of inlet pipe wall.

Roughness correction coefficient for a standard
nozzle with an inlet pipe’s diameter D < 300 mm
and m > 0,27 can be defined by the formula

K, =(1,0020—0,0318m +0,0907m" ) —

~(0,0062-0,1017m +0,2972m") 1’3 . (6

With numerical substituting it is

K, =(1,0020-0,0318-0,64 +0,0907 - 0,64* )—

—(0,0062-0,1017-0,64 +0,2972-0,64*) 010157

T =

Flow coefficient « depends on Reynolds
number, or on waste water flow rate. We can
calculate flow coefficient value for different
magnitude of Reynolds number, taking it’s minimal
magnitude  Re,;,, = 2-10* according  to
recommendations [9]. Along with this we can
calculate velocity of waste water flowing by the
formula

Re-v

V= , [m/sec], (7)
and waste water flow rate by the formula
0=" f V| [msec], ®)

where » — kinematic viscosity of waste water,
m/sec’.

If waste water’s temperature is 20 °C, it’s
kinematic viscosity is 1,01 - 10 m/sec’.

Results of flow coefficient calculation, which is
done according to the formula (5), is given in the
table 1.

Table 1. Results of flow coefficient calculation for
different Reynolds numbers

Ne Re V,m/sec | Q, m’/secx10 o

1 | 2x10* 0,404 0,79325 1,21111
2 | 3x10* 0,606 1,18988 1,20281
3 | 5x10° 1,010 1,98313 1,19660
4 10° 2,020 3,96626 1,19234

3.2. Calculation of measurement error

Value of root-mean-square relative error of waste
water flow rate measurement with standard nozzle as
a sensing device can be calculated according to
recommendations [9] by the formula

2 2 2 2 0,5
oo = [oa +ol +0,2503p +0,250pJ 1%, 9)

where o, — relative error of flow coefficient

determination, Gy~ — relative error of Reynolds

number determination, G,p — relative error of
pressure difference measuring with a differential
manometer, G, — relative error of waste water

density determination.

We can make the assumption that the
components of the formula (9) do not have
correlations and are subjected to the normal
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distribution law. As a maximal value of errors we
can take a maximal error of single measurement
with confidence probability 0,95.

For nozzles with modulus 0,25 < m < 0,64,
which is true in this case, root-mean-square relative
error of flow coefficient determination can be
calculated by the formula

0,5
2 9
oa{(moﬁ—o,z) +oid+o§D} (%], (10)

where error, that occurs because of

(O g
permissible variation of the nozzle opening’s
diameter d, Og,, — error, that occurs because of

permissible variation of the inlet pipe’s diameter D.
These errors can be defined by the formulas

2
Gad=20d[l+mAyJ,[%], (11)
m2
Cup =20p—, [%], (12)
oy
where ©,, ©p — permissible errors of

manufacturing of (6; = 0,035 %) and inlet pipe’s
diameter (6 = 0,15 %).

The formula for calculation of flow
coefficient « (formula 5) contains correction
coefficient for inlet pipe wall’s roughness K, . This

coefficient reflects only one preassigned absolute
equivalent roughness of pipe’s wall k. But the
roughness does not remain steady over time and it’s
gradual change also causes gradual, not considered
change of flow coefficientar, thus it introduced
additional, not considered error in measuring results.
On the basis of this fact, error of flow coefficient
determination ¢, factoring into error of correction
coefficient for inlet pipe wall’s roughness
determination, we can calculate by the formula

’ 2 2 0.5
o, :[Ga +oKR] 1%, (13)

where © Kg

roughness coefficient determination. To calculate
this error we can use the formula

— relative error of inlet pipe wall’s

o 2(0,109—1,47m+4,64m2)—.

Kp

—(0,338—4,55m + 14,9m2)1§3 J[%]. (14)
The calculation gives the next value
oy =(O,1O9—1,47-O,64+4,64-0,642)—
R
—(0,338-4,55-0,64+14,9-0,64° )% =0,8923 (%).

Results of relative errors of flow rate calculation
for a standard nozzle for flows with different values
of Reynolds number, calculated by the formula (13),
are given in the table 2.

Table 2. Results of root-mean-square relative errors of
flow rate calculation for flows with different values of
Reynolds number

Re ® | Sy | p | O | O
2x10* | 1,21111 [0,09367]0,10146]0,61569 |1,08409
3x10* | 1,20281 [0,093840,10216/0,61583 |1,08417
5x10* | 1,19660 [0,09396]0,10269]0,61593 |1,08423

10° 1,19234 10,09405]0,10306]0,616011,08428

Correction coefficient of flow rate, which takes
into account variation of Reynolds number, can be
defined by the formula

ooy )7

e C+B

k , (15)

In this formula C and B — coefficients, that for a
standard nozzle can be defined by the formulas

C =(0,99-0,2262-m*" ); . (16)
V1-m?
_ 12,05 g 235
= 0.000215-0001125-m" +0,00249-m™" |

1-m’

Substitution nozzle’s modulus in these formulas
gives

C =(0,99-0,2262-0,64>") =1,167852399

1

JI-0,64

_0,000215—0,001125-0,64"° +0,00249 - 0,64°" _

B J1-0,64 B
—0,0002439.

B

Relative error of correction coefficient for
Reynolds number can be defined by the formula
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Okpe =(1=kRre) Oy, (18)

where o, — relative error of waste water’s viscosity

determination.
On the assumption that the temperature of waste
waters can change from 5°C to 40°C and operating
pressure in pipeline can vary by no more than
1 MPa, density of waste waters changes from
1000,4 kg/m’ to 992,25 kg/m’. For these conditions
coefficient of dynamic viscosity changes from
151,6 x 10 ~° kgf sec/m’ to 66 x 10 ~° kgf sec/m’. In
this case relative error of waste water viscosity
determination, normalized to lesser value of
viscosity is
151,6:107%-66-107°

66-10 6

Sy =1,29697 (%).

Results of correction coefficient for Reynolds
number calculation (by the formula 15), and
calculation of it’s relative errors (by the formula 18),
are given in the table 3.

Table 3. Results of calculation of correction coefficient
for Reynolds number and root-mean-square relative errors
of the coefficient determination

Re kRe GKRe
2x10* 1,03610 —0,04682
3x10* 1,02610 ~0,03385
5%10* 1,01715 -0,02224

10° 1,00938 ~0,01217

Relative error of differential manometer, which
has accuracy class, determined by pressure
difference, can be calculated by the formula

AP,
Oap =0.5 =L 5, [24]

(19)

of differential
— maximal pressure difference,

where S accuracy class

AP

AP,

manometer; )

which is created by the nozzle when in use.
Pressure difference, created by a nozzle, is

calculated by the formula
2 42

4%,

ap=—Z XL pg
oy T d” 2

In the table 4 results of relative errors of
pressure difference determination, calculated be the
formula (19), are given. The calculation was done
for the case, when pressure difference is measured
with differential manometers of different accuracy
classes, for example 0,4, 0,25, 0,15 and of maximal

pressure difference 4 kPa, that can be measured.

(20)

Table 4. Results of calculation of root-mean-square
relative errors of pressure difference measuring with the
differential manometers of different accuracy classes

Re AP OAp
S, =048, =0255,=015
2x10* | 135,59 5,90014 3,68759 2,21255
3x10% | 309,31 2,58640 1,61650 0,96990
5x10" | 868,14 0,92151 0,57594 0,34557
10° | 349741 | 0,22874 0,14296 0,08578
Relative error of waste water density

determination can be calculated by the formula [9]
(while using tabular data)

A

0, = 50-=Pnem o)
pnom

— maximal absolute error of waste

21

where Ap,

water density determination, using tabular data (it is
taken equal to half the value of the last digit of
tabular data); p  —nominal density of waste water,

which at the temperature of 20 °C is 998,2 kg/m’.

Relative error of waste water density
determination is
o, =50~£=0,0025 (%).
998,2

Results of root-mean-square relative errors of
waste water flow rate measuring with sensing
device, consist of a standard nozzle, calculated by
the formula (9), are given in the table 5

Table 5. Values of root-mean-square relative errors of
waste water flow rate measuring with sensing device,
consist of a standard nozzle

3 3 Y
Re |Q,m'/secx10
S,=04185,,=025|S,,=015
2x10* 0,79325 3,14305 | 2,13902 | 1,54909
3x10* 1,18988 1,68761 | 1,35238 | 1,18778
5x10* 1,98313 1,17810 | 1,12185 | 1,09794
10° 3,96626 1,09030 | 1,08664 | 1,08513

Relative error of waste water amount measuring
with proposed quantity-meter can be determined as
root-mean-square value of relative error of waste
water flow rate measuring with sensing device and
relative error of amount calculation with integrator
by the formula

Oy = 1/<52Q +0§T , [%0],

— relative error of amount calculation

(22)

where o

ST

with integrator.
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Relative error of calculation with integrator can
be defined by the formula

2 2 2 2
Osr :\/GCM +0pc +Ocar +Onp > [%0], (23)

where o0, — root-mean-square relative error of a
constant  multiplier = (when using modern,
nonexpensive, direct-current amplifiers  with

differential outputs, designed on the basis of
integrated microcircuits, errors can be within
0,0025%); o, — root-mean-square relative error of
analog-to-digital converter (modern converters,
which are produced as commercial products, operate
with error no more than 0,5%); o, — root-mean-

ADS

square relative error of digital calculator (is
determined be a number of operations and rounding
errors of results, in the case of using ten-digit
address buses, after a hundred of operations error
does not exceed 0,001%); o,, — root-mean-square

relative error of an indicator (when using digital
indicators, error is equal zero).
In this case relative error of calculation is

IND

Ggp =40,0025% +0,52 +0,001% + 0% =0,5 (%),

Results of root-mean-square relative error of
waste water measurement with a proposed quantity-
meter of differential pressure with a standard nozzle,
calculated according to the formula (22), are given
in the table 6

Table 6. Values of root-mean-square relative error of
waste water quantity measuring with a quantity meter of
differential pressure with standard nozzle

Ow
Re AP
S, =041]8,=025S5, =015
2x10% 0,79325 3,18257 2,19668 1,62778
3x10* 1,18988 1,76012 1,44185 1,28873
5x10* 1,98313 1,27981 1,22823 1,20643
10° 3,96626 1,19948 1,19615 1,19478

4. Conclusions

Quantity meters of waste waters of differential
pressure do not have many of shortcomings,
appropriate to meters, which implement other
methods of measuring. Using this type of quantity
meters for measuring waste water quantities of
airline enterprises allows to improve monitoring of
their impact on the environment substantially, and,
thereby, to increase level of environmental safety of
these enterprise’s sewage systems. Using a standard

nozzle instead of a standard diaphragm as a sensing
device of a waste water quantity meter has a bunch
of advantages. Quantity meter with a nozzle, when
using differential manometer of accuracy class 0,25,
provides measuring error in transitional range —
2,2%, which is 20% less than a quantity meter with a
diaphragm. In operating range this error is within
1,5%, which is 25% less. In addition, a quantity
meter with a nozzle provides better durability of
metrological characteristics, than a meter with a
diaphragm in conditions of aggressive impact of
waste water on them.
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TPWIATH, sIKi YCIIIIHO BHKOPHACTOBYIOTHCS B BOJIOMPOBIMHMX MEPEXKAX, YacTO HE JIGMOHCTIPYIOTh 3aJI0BUIBHOI POOOTH B
KaHAT3AIHHAX CHCTEMAaX, OCKUIbKH HE € CTIHKMME JI0 arpeCHBHOI Ta 30ypIOFOUOL JIii 3a0py/IHEHHMX CTIYHMX BOH. Y IMiif CTarTi
3aMPONOHOBAHO TPHHIUIIOBY CXEMY JIUMIBHAKA KUIGKOCTI CTIYHMX BOJ 3MIHHOTO Ieperany THCKY Ha OCHOBI KOMOIHAIT(
3BYXKYIOUOTO TIPHCTPOIO, @ CaMe CTAaHIApTHOTO COIUIa SIK IIEPBHHHOIO IIepeTBOpIOBada Ta iHTerparopa. IlokasaHo, Imo Takwii
JYIFHIK HE MaTiMe OaratbOX HENOJIKIB, BIACTHBHX JIYMIIFHAKAM KLUTHKOCTI, KOTPI PEali3yrOTh iHIIN CIOCOOM BHMIPFOBAHHSL.
[poaHastizoBaHO METpOJIOTiYHy CTAOUIBHICTh TAKOTO JIYMWIBHMKA y TOPIBHSHHI 3 BHUKOPHUCTaHHSM CTaHAAPTHOI JtadparmMu sIK
TIEPBUHHOTO TIEPETBOPIOBada. Po3paxoBaHO HOro METpPOIOTIdHI XapaKTepHUCTUKU. 3pOOJCHO BHCHOBOK IIPO HASBHICTH TIepeBar
CTaHIAPTHOIO COIUIA HaJl CTAHIAPTHOIO JTiad)parMor0 TaKUX K BUIIA TOYHICTH BUMIPIOBAHHS Ta KPAIlla METPOJIOTYHA CTAOUTHHICTb.
Kuaro4oBi cjioBa: BEMIPIOBaHHS KUTBKOCTI CTIYHMX BOJ, 3BY)KYIOUHH TIPHCTPIH, JTIYMIBHUK CTIYHHX BOI, MOXHOKa
BHMIPIOBaHHSA, CTAHAAPTHE COILIO.

C.]. lamanckwuii', C.B. Boiiuenko’ M3Mepenne CTOYHbIX BOJA ABHANPEINPHSTHI CYETYUHKOM NEPMEHHOTO

nepnajaa JaBJeHUA CO CTAHAAPTHBIM COIIOM

' HanuonansHplil aBHAMOHHBL yHHBepcuter, npocnekT Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mails: 'Shamanskiy_s_i@mail.ru; *chemmotology@ukr.net
CyIecTByeT MHOTO PacX0IOMEPOB M CYETYMKOB KOJIITIECTBA ISl N3MEPEHHSI PACX0JI0B M KOJIMYECTB skuaKocTeld. HecmoTpst Ha
3T0, B CUCTEMAaX BOAOOTBEICHUS aBUANPENNPHUATUH, KaK M BO MHOTMX JPYI'MX KaHAIM3ALMOHHBIX CUCTEMAX, YUYET CTOKOB
HPOM3BOJUTCSI IPEUMYIIIECTBEHHO PACYETHBIM ITyTeM. [ JIaBHOM MPUYMHOM SIBJISETCS TO, YTO T€ NPUOOPBI, KOTOPBIE YCIIEIHO
UCIIOJIB3YIOTCSl HA BOJOINPOBOJIHBIX CETSX, YacTO HE JIEMOHCTPHPYIOT YJOBJIETBOPUTENBHOW PabOThl B KaHAIM3ALIOHHBIX
CHCTEMAX, TIOCKOJIBKY HE SIBIIOTCS yCTOMUMBBIMU K arpeCCHBHOMY M BO3MYIIAIOIIEMY JEHCTBUIO 3arpsI3HEHHBIX CTOYHBIX BO.
B 370i1 cTaThe npeaioskeHo NPUHLMITHAIBHYIO CXEMY CUETUMKA KOJIMYECTBA CTOYHBIX BOJI IEPEMEHHOI0 Niepenaza TapIeHus Ha
OCHOBE KOMOWHALMM CY’KAlOILIEr0 YCTPOMCTBA, @ MMEHHO CTaHJApTHOIO COIUIAa Kak IIEPBUYHOTO IpeoOpasoBarens U
uHTerpaTopa. IlokazaHo, 4TO TakOH CYETYMK HE OyHeT WMETh MHOTHX HEJOCTATKOB, MPHCYIIMX CYETYMKAM KOJIMYECTBA,
KOTOpBIE Peayn3yIoT APYTHE CIOCOOBI M3MepeHus. [IpoaHatM3npoBaHO METPOJIOTHYECKYIO CTaOMIBHOCTh TAKOTO CUCTUHKA B
CpaBHEHHH C WCIIOJNB30BaHUEM CTAHNApPTHOW [uadparMpl Kak TMEpPBUYHOIO TMpeoOpazoBarens. PaccuMTaHbl — ero
METPOJIOTHYECKUE XapakTepucTUKH. CHenaH BBIBOI O HAJIMYMK TPEHMYIIECTB CTaHAAPTHOTO COIUIA Haj CTaHAAPTHOM
JmadparMoii, TaKMxX Kak 0oiree BEICOKas TOYHOCTh M3MEPEHUH | JTydIlias METPOIOTHIECKast CTAOMIIBHOCTE.
KiawueBble ciioBa: HU3MEPEHNUE KOJUYECTBA CTOYHBIX BOJ, CYKamOMIce yCTpOﬁCTBO, CYCTYUK CTOYHBIX BOJ,
MOTPELIHOCTL U3MEPEHMUS, CTAHAAPTHOE COILIO.
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