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Mempu, HeGU3HAUEHICMb BUMIPIOBAHHI,
Mmemood Monume-Kapno
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2UMeCKUX napamempos oxKpyicaioueti
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xomnoazpezamax. Yemanoenena Qymx-
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napamempot, HeonpeoeaeHHOCHb U3Me-
penus, memoo Mgumec-:l{'apﬂo

1. Introduction

Contemporary state of thermo-technical equipment
in the post-Soviet countries is characterized by a consid-
erable period of operation and low efficiency. In Ukraine,
about 11 000 boilers of power from 0,1 Geal/h to 1 Geal/h
have been in operation for more than 20 years, more than
6000 boiler plants function with the efficiency around
70 %. Technical condition of existing boiler units re-
quires their immediate improvement. Maximum effect in
a number of such technologies is possible to attain by the
automation of the process of fuel combustion [1]. In this
case, the optimization of the process of fuel combustion is
directed toward the formation of stoichiometric air-fuel
mixture (AFM).

In order to control the process of fuel combustion in the
furnace of a boiler, the excess air ratio coefficient (EAC) is
applied, which is determined by the ratio of the amount of air
that enters a combustion chamber to theoretically necessary
for full combustion of fuel. In practice, EAC depends on the
volumetric concentrations of oxygen in air (constant, 21 %)
and output gases.

UDC 621.182-5: 504.064.2.001.18
DOI: 10.15587,/1729-4061.2016.85408

IMPROVING THE EFFICIENCY

OF FUEL COMBUSTION
WITH REGARD TO

THE UNCERTAINTY OF
MEASURING OXYGEN
CONCENTRATION

V. Babak

Doctor of Technical Sciences, Professor,
Corresponding Member of the NAS of Ukraine*
E-mail: vdoe@ukr.net

V. Mokiychuk

PhD, Associate Professor**

E-mail: nau_307@ukr.net

A. Zaporozhets

Junior Researcher*

E-mail: art.morco@gmail.com

O. Redko

Postgraduate Student**

E-mail: ralex_sh@mail.ru

*Department heat measurement,

diagnosis and optimization in power engineering
Institute of Engineering Thermophysics of
National academy of sciences of Ukraine
Zhelyabov str., 2 a, Kyiv, Ukraine, 03057
**Department of Information Measuring Systems
National Aviation University

Kosmonavta Komarova ave., 1, Kyiv, Ukraine, 03058

Taking into account the EAC value for the process of
fuel combustion, a relevant task is to increase the accuracy
of measuring EAC with regard to meteorological environ-
mental parameters.

2. Literature review and problem statement

Literary sources [2-5] present different methods for
optimization of the process of fuel combustion in the
industrial high power boiler units (exceeding 3,5 MW).
Coal, brown coal, peat, shales, biomass, petroleum resi-
due, other solid and liquid-fuel materials are often consid-
ered as fuel [2]. A highly effective process of fuel combus-
tion is reached by the minimization of EAC, the boundary
of which is a sharp increase of CO in the output gases
(higher than 100 ppm) [3]. In this case, an amount of NO_
is also reduced, the minimum value of which is reached at
EAC in the range of 0,8—0,95 [4]. Frequently in the tech-
nological processes they use heat recovery of the waste
gases, which makes it possible to reduce the consumption
of fuel to 30 % [5].




To provide for a highly effective combustion of fuel,
different types of the systems are used: biodiesel plant as
a part of cogeneration system [6], a two-level intelligent
control system of the process of fuel combustion in steam
boilers and steam generators [7], a system of active carbu-
retion for the water-heating boilers with capacity of up to
600 MW [8], a multilevel system of recirculation of gases in
steam generators [9].

Many examined methods and systems regard EAC as
the informative parameter. Paper [10] proposed a method for
increasing the accuracy of its measurement based on the as-
sumption about inconstancy of the gas concentration in the
air. The importance of predicting gas concentrations, which
form part of atmospheric air, is given emphasis in article [11].
Paper [12] presents studies of the influence of pollutants in
air on changes in the synoptic and meteorological parame-
ters of medium.

In practice, for determining EAC, a so-called “oxygen”
formula is used, which with complete fuel combustion takes
the following form:

21
o=—
21-10,]

out

: )

where 21 is the volumetric concentration of oxygen (VCO)
in air, %, [O,],,, is the VCO in the flue gases, %.

The quantity of VCO is considered to be constant at
any climatic changes and phenomena, in the mountains
and in the plains. However, long-term climate and physical
observations [13] refute this assertion, which necessitates
conducting research in this field.

3. The aim and tasks of the study

The research we conducted set the goal of determining
peculiarities of change in VCO in the air depending on me-
teorological environmental parameters, which will make it
possible to increase the accuracy of determining EAC and,
consequently, to increase efficiency of the fuel combustion
in boiler units.

To achieve this aim, the following tasks were set:

—to determine functional interrelation between the
current meteorological parameters (temperature, humidity,
pressure) and VCO in the air;

— to explore daily/seasonal dynamics of the change in
current VCO by direct (with the aid of a gas analyzing
instrument) and indirect (based on meteorological param-
eters) methods;

—to carry out a metrological assessment of the obtained
results;

— to propose a functional dependence of EAC on the cur-
rent VCO in the air and to estimate the accuracy of its mea-
surement.

4. Methods and equipment for research into the influence
of meteorological parameters on the change in oxygen
concentration in the air

4.1. Methods of determining volumetric concentra-
tion of oxygen in the air

An analytical value of the partial density of oxygen
(E, g/m”) is directly proportional to atmospheric pressure

(P, hPa) minus the partial pressure of water vapor (e, hPa) and
it is inversely proportional to the temperature of air (T, K):

E=231510°. 2=¢,
R-T

2

where R is the specific gas constant for dry air, J/kg-K;
23,15 is the mass concentration of oxygen in dry air, %.

Calculation of the partial pressure of water vapor is de-
termined by formula:

e:(p'pvap’ (3)

where ¢ is the humidity of air, %; p,,, is the quantity, which
can be determined according to recommendations of the
Guide to Meteorological Instruments and Methods of Ob-
servation (Switzerland):

b (PT)=1(P)x(T), W

f(P)=1,0016+3,15~1076.})_(),()74.1;.71y )
176217

r(T’): 6,112 202 ©

where T” is the temperature of air in the Celsius degrees, °C.
Transition to the volumetric concentration of oxygen
occurs by the following ratio:

6,236-E-T

[0,)=>270

, (7

0,

where [O,] is the volumetric concentration of oxygen in the
air, %; P’ is the atmospheric pressure, mm Hg; M, is the
molar mass of oxygen, g/mol.

The final analytical representation of functional depen-
dence of the volumetric concentration of oxygen in the air on
meteorological parameters takes the form [10]:

[02](P,T’,(p)=20,957-(1—e(P’Pw). 8)

4. 2. Equipment for investigating daily/seasonal dy-
namics of the change in the volumetric concentration of
oxygen in the air

To determine the current VCO in the air by direct method,
we used the portable gas analyzer OKSI-5M with absolute er-
ror of determining the oxygen concentration A,,=+0,1 %.

To determine VCO in the air indirectly, we used a set of
tools of measurement instruments, consisting of two mete-
orological psychometric thermometers TM4-1 (A,=%0,2°C,
A,=%3 %) and the barometer-aneroid BAMM-1 (A,=+20 hPa).

3. Results of research into the change in
the volumetric concentration of oxygen in the air

To conduct experimental studies to determine the cur-
rent volumetric concentration of oxygen in the air by direct
(with the aid of a gas analyzer) and indirect (based on the
meteorological data on temperature, absolute pressure and
relative humidity) methods, we selected a locality in the ter-
ritory of the city of Lubny, Poltava Region (Ukraine), with



the following geographical coordinates: latitude — 50,013,
longitude — 32,991°.

Moderate-cold climate predominates in the territory of
the city of Lubny. According to the Koppen classification,
climate in the territory of the city corresponds to the level
Dfb (moderately cold climate with uniform humidification).
Based on the statistical data between 1982 and 2012, av-
erage annual temperature in the city of Lubny is 8 °C. The
average annual rainfall is 628 mm.

An experiment to determine the current VCO in the air
by direct and indirect methods lasted for 8 months: from Au-
gust 2015 to March 2016. Parallel measurements were taken
3 times per day around 09:00, 15:00 and 20:00 local time at
any weather phenomena (rain, snow, gusty wind, etc.) in a
special protected housing at the local meteorological station.
Totally it was obtained 475 sets of measurements.

Fig. 1 demonstrates results of direct measurements of
VCO in the air in the course of entire experiment.

Number of experiment

Fig. 1. Volumetric concentration of oxygen,
measured by the gas analyzer OKSI-5N

In the course of conducting the experiment, in parallel
with measuring the volumetric concentration of oxygen in
the air using the gas analyzer OKSI-5M, we measured basic
meteorological parameters — temperature, humidity and
pressure (Fig. 2—4).

Number of experiment

Fig. 2. Measured values of air temperature during
experimental period
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Fig. 3. Measured values of relative air humidity
during experimental period
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Fig. 4. Measured values of atmospheric pressure

during experimental period

Based on the received data, taking into account depen-
dence (8), we obtained theoretical dependence of the change

in the volumetric concentration of oxygen in the air over
entire course of the experiment (Fig. 5).
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Fig. 5. Indirect values of the volumetric concentration of
oxygen during experimental period

Experimental studies were conducted over a wide range of
meteorological parameters; in this case, maximum and min-
imum values of temperature, absolute pressure and relative
humidity comprised, respectively: T, =31,8°C; T, =-15,1°C;
P =1046 hPa; P_ =990 hPa; 6, =86 %; ¢, =29 %.

The observed minimum of VCO in the air by the direct
measurement reached 20,5 %, the maximum — 21,3 %; min-
imum value of VCO in the air by the indirect measurement
reached 20,5 %, the maximum — 21,0 %.

max

6. Discussion of results of
research into the volumetric concentration of
oxygen in the air

To compare accuracy of the two methods of determining
VCO, we performed calculation of measurement uncertainty
using the MathCAD programming software.

Direct method of measuring the volumetric concentration
of oxygen

The gas analyzer OKSI-5N in the mode of determining
has a scale value of 0,1 %. Its absolute error of measurement
(according to specifications) is also 0,1 %.

Experimental measurements were one-time and they were
obtained at the different levels of output quantity. The array
of the obtained values of VCO was divided into 95 groups of
5 values. An uncertainty of the A type is regarded as the me-
dian estimation of the mean-square deviations of the obtained
groups, which comprised 0,024 %.

An uncertainty of the B type of the direct method of
measurements for the uniform law of distribution of proba-
bilities of random variables is:

A
i, =—2=0,058%.
SENE)

The estimation of summary standard uncertainty is
equal to:

{i, =+fu’ +u? =0,063 %.

The estimation of the extended expanded uncertainty of
the direct method of measurements at the confidence coeffi-
cient 95 % is calculated according to [14]:

(10)

(11

A

U1 = tP(Geﬁ").ﬁc =

=Cogs fcff'|:1+l:?:| -0, =0,104 %, (12)

U

where t,(V,) is the Student’s coefficient for probability P
and the number of degrees of freedom f;=n,—1, n; is the



number of measurements, carried out when assessing the i-th
contribution of uncertainty.

Indirect method of measuring the volumetric concentra-
tion of oxygen.

Conducting the evaluation of the extended expanded
uncertainty of the proposed indirect method of the mea-
surement of VCO by a classic method is impossible since
the analytical representation of the model of measurement
takes the form of complex nonlinear functional dependence
on three input values. When differentiating function (8),
we have the not simplified polynomials of partial deriva-
tives, which complicates subsequent calculations, including
determining the correlation coefficients of input quantities.
Therefore, to solve this problem, we propose to estimate the
extended expanded uncertainty of the indirect method of
measurement by using imitation simulation according to
the Monte-Carlo method [15].

By the calculated values of VCO, based on the mea-
surements of meteorological parameters, we isolated the
sets of values of input values corresponding to 20 levels of
output quantity. The values of each input quantity from
the chosen sets were accepted as the estimation of mathe-
matical expectation for the generation of arrays of random
numbers. As an estimation of mean-square deviation
(MSD), we accepted the ratio of absolute instrument er-
ror and coefficient, which connects MSD of the Gauss’ law
with its boundaries with (k=1,96 at P=95 %). A quantity
of iterations of the generation of arrays of random input
variables is equal to 10°.

According to data on the generated arrays of input ran-
dom quantities, we obtained 20 arrays of output random
quantity. Mathematical expectations of the simulated array
of the VCO values differ in the fifth sign after comma from
those calculated by formula (8) by the VCO value (Table 1),
respectively.

A hypothesis on the normality of the law of distribution
of the simulated output quantity is confirmed by the statis-
tical criterion Pearson’s y-square. The distribution of prob-
abilities of the simulated VCO value is represented in Fig. 6
in the form of histogram.

An evaluation of the extended expanded uncertainty
of VCO measured by indirect method according to the
results of simulation by the Monte Carlo method is the
interval of scope with confidence coefficient P=95 % (10).
The values of estimation of the extended expanded un-
certainty for the sets of input quantities are presented in
Table 1.

(13)

where f (Oz)m is the value of q-quantile of the function of
distribution of the density of probabilities of the VCO value
being simulated.

Fig. 7-9 demonstrate diagrams, which reflect depen-
dence of the change in the extended expanded uncertainty
of output quantity (P, T, ¢) with an increase of MSD of
one input physical quantity by 2, 3 and 4 times, respec-
tively. We examined the sets of values of the input quanti-
ties that correspond to the minimum, mean and maximum
levels of output quantity.

Table 1
Calculated and simulated by
the Monte Carlo method values of VCO
Number of VCO values, Mathematical VvCO
measurement | calculated by (8) expectation of the uncertainty
simulated VCO

0 20,71503 20,71498 0,01288
35 20,69303 20,69298 0,02079
70 20,76964 20,76961 0,01162
105 20,67201 20,67198 0,02150
130 20,77282 20,77281 0,00960
140 20,86138 20,86136 0,00815
172 20,84103 20,84102 0,00710
204 20,85621 20,85620 0,00662
236 20,85598 20,85597 0,00687
268 20,85677 20,85677 0,00658
270 20,84035 20,84032 0,00683
295 20,87586 20,87586 0,00475
320 20,88221 20,88221 0,00492
345 20,90193 20,90193 0,00367
370 20,87519 20,87517 0,00495
375 20,85319 20,85318 0,00580
400 20,93778 20,93778 0,00168
425 20,88545 20,88546 0,00453
450 20,93647 20,93647 0,00183
474 20,87782 20,87781 0,00494

0,014 1

0,012

0,011

ar 0,008 1

0,006 +

0,004 +

0,0021

20,84 20,86 20,88
[0,], %

Fig. 6. Distribution of probabilities of
the simulated VCO value that corresponds to
the 236th set of input quantities
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Fig. 7. Relative changes in the extended expanded uncertainty of
minimum VCO value (for the set of measurements No. 105) on
the change in MSD of measuring input quantities
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Fig. 8. Relative changes in the extended expanded
uncertainty of mean value of VCO (for the set of
measurements No. 270) on the change in MSD of

measuring input quantities
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Fig. 9. Relative changes in the extended expanded
uncertainty of maximum value of VCO (for the set of
measurements No. 400) on the change in MSD of
measuring input quantities

Based on the received data of research into the nature
of change in the extended expanded uncertainty of VCO in
the air on the MSD of meteorological parameters, it follows
that relative air humidity is the most influencing input phys-
ical quantity. In this case, the effect of temperature and of
atmospheric air pressure on the estimation of the extended
expanded uncertainty of VCO at the mean level is less than
that at the minimum and maximum levels.

Fig. 10 demonstrates dependence of the extended ex-
panded uncertainty on the VCO value, calculated by the
indirect method.
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Fig. 10. Dependence of uncertainty on the indirect
measurement of VCO

It follows from Fig. 10 that the proposed dependence
has specific character, which is represented by the spread
of estimation of the measurement uncertainty of VCO
over the entire range. A variable set of values of input

quantities that corresponds to the narrow range of output
quantity might be one of the probable reasons for this be-
havior of dependence.

A comparison of numerical results of uncertainties of the
VCO values measured by the direct (0,104 %) and indirect
(<0,03 %) methods reveals that the former can be applied in
practice for the calculation of VCO with a better accuracy.

Taking into account the data represented above on
the instability of VCO in the air, it is relevant to consider
daily/seasonal change in the meteorological parameters of
medium and operating conditions of a boiler unit when ex-
ecuting control and managing the process of fuel combus-
tion. The experiment performed in the work attests to the
fact that VCO in the air (21 %) accepted as the constant
cannot be used for the technological and ecological calcu-
lations of thermo-technical equipment performance. Thus,
to increase the accuracy of EAC measurement, formula (1)
must be transformed as follows:

o= [02] — 1+ [OQ]Out . (14)

[02]_[02]0ut 20,957,(1_%'{2(‘)))_l02]

out

Represented below is the two-parameter dependence of
correction (absolute methodical error in the measurement
of EAC):

[0, . -(21=[0, )

Ao([O,],[0,],,.) = .
(10 HOL)= (51 70 5 G101

(15)

It is shown based on theoretical calculations that the
application of the proposed method of EAC measurement,
taking into account the current VCO in the air, makes it
possible to considerably reduce methodological error of the
measurement (to 1,2 of the absolute value of EAC quantity
(@t [0,]-20,5 %, [O,],,,~18 %)).

The conducted research allows us to considerably
enlarge the understanding of the effect of meteorological
parameters on the gas composition of medium. The dis-
covered functional interrelations make it possible to qual-
itatively increase the efficiency of fuel combustion due
to an increase in the accuracy of measurement of EAC.
However, the elimination of methodological error when
determining EAC requires additional equipment in the
form of an oxygen sensor, or a set of temperature sensors,
pressure and humidity sensors, which will be introduced
to the analytical block of a gas analyzing device. This may
lead to additional financial expenditures.

Results of the conducted research can be used not only
in the field of thermal-power engineering for the quality
control over fuel materials combustion, but also:

—in medicine — for the creation of microclimatic zones
with the assigned gas composition of the environment;

— in agriculture — to control growth of agricultural crops;

—in ecology when compiling climatic maps, as well as
other areas.

We plan to conduct further experimental studies on
the dynamics of change in VCO in the air in other climatic
zones. The functional interrelations we received might be
used as well for measuring the volumetric concentrations of
nitrogen and carbon dioxide in the environment.



7. Conclusions

1. Based on basic gas laws and the Mendeleyev-Klapey-
ron equation, we received function of dependence of VCO
in the air on temperature, absolute pressure and relative
humidity of the environment in the form [O,]=f(T, P, ¢).

2. It was established that VCO in the air depending on
day or night and season can vary in the range of 0,1...0,6 %.
These results are confirmed both by direct and indirect mea-
surement of VCO.

3. An estimation of the extended expanded uncertainty
of the direct method of measurement at confidence coeffi-
cient 95 % is 0,104 %. To evaluate the extended expanded
uncertainty of the indirect method of measurement, we car-
ried out imitation simulation, which consisted in a sequential
increase in the instrumental errors of measuring tools. It was
revealed as a result that the largest influence on the extend-

ed expanded uncertainty of measuring VCO by the indirect
method is exerted by an increase in the instrumental error
of hygrometer. In this case, a quantity of the extended ex-
panded uncertainty of the indirect method of measurement
did not exceed 0,03 %. A comparison of the uncertainties
of VCO measurement by indirect (0,03 %) and direct
(0,104 %) methods reflects the possibility of applying the
former in the course of technological and ecological calcula-
tions of functioning of thermo-technical equipment.

4. We proposed a method for measuring EAC, which
is based on the calculation of the current VCO in the air,
which makes it possible to exclude a methodological error
in the measurement. It is shown that the quantity of de-
termining EAC, according to the proposed method, may
amount to 1,2 of absolute value of the quantity. In this
case, its value may grow depending on VCO in the air and
output gases.
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Hocnidxnceno ?mﬂue Memeoponoeziu-
HUX napamempié HABKOIUWMHLO20 cepe-
dosuwa Ha npouec Cnamo6anHs Naau-
eéa 6 xomaoazpeezamax. Bcmanosneno
dynxuionanvnuil 63a€mM038'130K MidHC
memnepamyporo, adCconOMHUM MUC-
KoM, 610HOCHOI0 60J102icmi0 i 00'em-
HOM KOHUEHMPAUiel0 KUCHIO 8 NOGIMpI.
3anpononosearno cnocié nidsuwenna moy-
HOCMi eumiptosanns Koediuicuma Hao-
JUWKY NOGIMPsL 01151 3MEHUEHHS 6mpam
mensi060i enepeii 6 Komaoazpezamax

Kmouosi cnoea: xoepiuienm nao-
JUWKY NOGIMPS, MemeopoJiozivii napa-
Mempu, HeBUHAUEHICMb BUMIPIOBAHNSL,
Memoo Monume-Kapno
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Hccnedosano enuanue memeoposno-
2UMeCKUX napamempos oxKpyicarouiel
Ccpedbl Ha NPOUECC CHCUZAHUS MONTUBA 8
Komaoazpeeamax. Yemanoenena Qymx-
UUOHATILHAA B3AUMOCBAZ MENCOY MeM-
nepamypoii, aécontomioim 0asnenHuem,
OMHOCUMETILHOU BJIANCHOCMBIO U 00BeM-
HOU KoHuenmpauueii Kuciopooa 6 603-
oyxe. IIpednoscen cnocod nosviuenus
mouHocmu uzmeperHust Kod3ppuuuen-
ma u3dvimra 6030yxa 0N YMeHvueHus.
nomepo menJjio6oil dHepeuu 8 KOmaoa-
epeeamax

Knrouesvie cnosa: xoappuyuenm
uzboimKa 6030yxa, MemeoposozurecKue
napamempol, HeonpeoeseHHOCHb UIMe-
penust, memoo MgumeE:Kapﬂo

1. Beenenue

CoBpeMeHHOE COCTOSIHYE TEIJIOTEXHUUECKOTO 000py-
JIOBaHMS B CTpaHaX IMOCTCOBETCKOTO MPOCTPAHCTBA Xa-
paKTepusyeTcs 3HAYUTEJIbHBIM CPOKOM IKCILIyaTalluu 1
HU3KoI adderkTuBHOCTHIO. B YKpaune okoso 11 Thicsu
KkoT10B MontHOCTHhIO OT 0,1 I'xasn/4 no 1 I'kan/a naxoxsrcs
B akcryaranun 6osee 20 jet, csoime 6000 KoTeaAbHBIX
ycranoBok dyuknunonupyio ¢ KII/ oxomo 70 %. Texuu-
Yeckoe COCTOSIHUE TapKa CYIECTBYIOIMX KOTJoarpera-
TOB TpeOyeT UX He3aMeTUTETHHO YCOBEPIIIEHCTBOBAHUSI.
Maxkcumanpuoro addexrta B psAge TaKUX TEXHOJOTUI
MOJKHO JOOUTBCS IIyT€M aBTOMATH3AlUU IIPOIECCa CHKU-
ranug tomsusa [1]. Ilpn atom onrummsanmsa mpoiecca
CXKUTAHUII TOIJIMBA HalpasJjeHa Ha (pOpMUPOBAHUE CTe-
XHOMETPUYECKO BO3yIHO-TonBHOI cMecu (BTC).

Jlsist TOro 4TOGBl KOHTPOJIUPOBATH MPOIECC CKUTAHUS
TOIJIMBA B TOIKE KOTJA, NPUMCHSIOT KO3(M(PUIIUEHT 13-
6biTka Bosayxa (KUB), uto onpemensercss oTHOIMIEHUEM
KOJIMYECTBA BO3/1yXa, IIOCTYIIUBIIErO B KAMEpPY CrOpaHus,
K TEOPETHYECKN HEOOXOAMMOMY [IJIsI TTOJTHOTO CKUTAHWS
tomsmBa. Ha mpaktuke KB 3aBucuT 0T 06BHEMHBIX KOH-
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IeHTpanuii Kucaopoaa B Bo3ayxe (komcranta, 21 %) u
BBIXOJIHBIX ra3ax.

IIpunumas Bo Buumanue 3nauenve KB na nporecc
CXKUTAHUS TOIJINBA, aKTyaJbHON 3a/1a4ei0o SABJISCTCS I10-
BBIIIeHUs TouHocTH n3Mepenund KVB nyrem yyera mere-
OPOJIOTUYECKUX TTapaMeTPOB OKPYIKAIOIE Cpe/ibl.

2. AHAJIM3 JIMTEPATYPHbIX JAHHBIX ¥ IIOCTAHOBKA POGIEMbI

B sinrepaTypHBIX MCTOYHHMKAX [2—5] mpeacraBiieHbl
pasHble CIOCOOB ONTHUMU3ANUU TPOIECCA CHKUTAHUS
TOIJIMBA B MPOMBIIIJIEHHBIX KOTJOArperartax OoJbIIoN
momaocTn (cBoinre 3,5 MBrt). B kauecTBe TonsmBa 3ava-
CTYIO PACCMATPUBAIOTCST KAMEHHBIN YT0JIb, Oy PbIil yroIh,
Topd, cranitbl, GuoMacca, Ma3yT, APYTUE TBEPAO- U JKU/I-
KOTOTJIMBHBIE MaTepuasbl [2]. BeicokoaddekTuBubIit

MPOoIeCC CKUTAaHUS TOMJIMBA JOCTUTACTCS TTyTEM MUHU-
muzarnuu KUB, rpanuieii xotoporo gBisieTcs pe3koe
yBesnuenne CO y Boixopsiniux rasax (cswiie 100 ppm)
[3]. IIpu aToM Takske cHmKaeTcsa Konmdectso NO,, Mu-
HUMaJIbHOE 3HaYeHne KoToporo pocturaercs npu KU B B




nuatmasone 0,8-0,95 [4]. YacTo B TeXHOJOTHIECKUX TTPO-

meccax HCMIOJB3YIOT PEKYIepPaInio Tera OTXOISIIIX
rasoB, 4TO [03BOJISIET COKPATUTDH IOTPebIeHNE TOMIUBA
mo 30 % [3].

Jlius obecriedernst BbICOKOI(h(MEKTUBHOTO CKUTAHUS
TOIJIMBA TIPUMEHSIETCS] PA3HOTO POJIa CUCTEMBI: OMOIHU-
3eJIbHasl yCTAHOBKA B COCTaBE KOT€HEPAIMOHHON CUCTEMBI
[6], AByXypOBHEBasl MHTEJJIEKTyaJbHasd CUCTEMa yIpaB-
JICHUS TIPOIECCOM CKUTaHUS TOIJINBA B TAPOBBIX KOTJIAX
U naporeHepaTopax [7], cucreMa ak THBHOTO cMeceobpaso-
BaHUS JIJI5T BOAOTPENHBIX KOTJIOB MOMIHOCTHIO 710 600 M BT
[8], MmHOTOypOBHEBaAsI cucTeMa PENUPKYJISAIUN Ta30B B
naporeneparopax [9].

Bo MHOTHX pPacCMOTPEHHBIX METOJAX M CHCTeMax
B KadecTBe MHGOPMATUBHOTO IapaMeTpa BBICTYIIAET
KUB. B pabore [10] 6bia1 npensioxken cnocob MoBbliie-
HUSI TOYHOCTHU €TO U3MePeHUsI HA OCHOBAHUU TPE/ITOJIO-
JKEHUS O HEIIOCTOSHCTBE KOHI[EHTPAI[US Ia30B B BO3MY-
xe. BaskHOCTH TPOTHO3UPOBAHMS KOHIIEHTPAIINIT Ta30B,
BXO/ISATIHUX B COCTAB aTMOCHEPHOTO BO3yXa, MPUBEIEHA
B pa6ore [11]. B pa6ore [12] npuBeaeHbl HCCTeIOBAHMS
BJIMSITHUS 3arPS3HSIONIMX BEIECTB B BO3/JyXe HA M3Me-
HEHUS CHHOITUYECKUX U METEOPOJOTNYeCKUX ITapaMe-
TPOB CPEJIBI.

Ha npaktuke nus onpenenenuss KMB ucnonbsyior
TaK Ha3bIBAEMYIO <KHCJIOPOIHYI0» (hopMysry, KOTOpas Ipu
MTOJTHOM CTOPAHUU TOIJINBA IPUHUMAET CJIeY IOl BUL:

21
o=———"
21-10,]

out

: )

rae 21 — obbemuas kouuenrparus kuciopora (OKK) B
Bosnyxe, %, [O,],.,. — OKK B yxozsuux rasax, %.

Cunraercs, uro Beanunna OKK mnocrognnas npu
JIOOBIX KIUMAaTUYECKUX U3MEHEHUSAX U SIBJICHUSX, B TOP-
HO¥ MeCTHOCTHM M Ha paBHUHAX. OZHAKO MHOTOJIETHHE
kauMarto-pusudeckue HabuwgeHus [13] onposepratoT
9TO yTBepKJAeHHe, 4TO 0OYCJIOBJIMBAET HEOOXOAMMOCTb
[IPOBE/IEH U] UCCIIEI0BAHUS B 3TOIT 061acTu.

3. Ilenp 1 3ama4u UCCaeI0BaAHUS

[TpoBenentble UCCaEIOBAHUS CTABUJIN TI€JIBIO ONIpejie-
authk ocobernoctu usmenenus OKK B Bosnyxe B 3aBucu-
MOCTH OT METEOPOJOTHYECKUX TAPAMETPOB OKPYIKaIoIiei
Cpeibl, 4TO TO3BOJIUT TIOBBICUTH TOYHOCTDH OINpeeIeHUs
KWB n, xak crencrsue, TOBBICUTH 9 (HEKTUBHOCTH CKU-
raHug TOIJINBA B KOTJIOArperaTax.

Jna 1ocTHKeHUS 1leIU CTaBUJINCH CIeAYIOIHe 3a-
Javu:

—onpeaeantb GYHKIMOHAJIbHYIO B3aMMOCBS3b MEXK-
Iy TEKYIIUMU METEOPOJIOTHYeCKUMH ITapaMeTpaMu (TeM-
rnepartypoii, BiaxkHocTblo, gaBiennem) u OKK B Boznyxe;

— UCCJIeZIOBATh CYTOUHYI0/CE30HHY IO IMHAMUKY H3Me-
nenus texyineit OKK npsmbim (11py moMoIiy razoanasiu-
3Upylolero nprubopa) U HenpsiMbiM (Ha OCHOBE MeTeolla-
pameTpoB) criocobamu;

— IIPOBECTU METPOJIOTHYECKYIO OICHKY TIOJYUYCHHBIX
Pe3yJIbTaTOB;

— IpeJIOKUTh QYHKIMOHANIbHYIO 3aBUcuMocTh KB
ot texkyuieii OKK B Bo3zyXe U OIeHUTb TOYHOCTH €T0 U3-
MEpPeHWUSI.

4. MeTozbl 1 000PY/IOBAHUE UCCIIEOBAHUS
BJIUSIHUS METEOPOJIOTHYECKUX NTapaMeTPOB Ha
H3MeHeHHe KOHIEHTPAIMU KUCIOPOo/ia B BO3/IyXe

4.1. Meronpsl onpejesienusi 00beMHONH KOHIIEHTPAMK
KHCJIOpO/ia B BO3/1yXe

Ananutndeckoe 3HaueHME MAPIUAJbHON IMJIOTHOCTH
kucaopoga (E,r/M®) npsmMo npomopuuoHaibHO aTMOC-
depnomy nasrennio (P, rlla) 3a BerdveTom nmaprmuaabHOTO
JaBJieHus BojstHoro napa (e, rlla) u o6paTHO pomnopImo-
HasbHO TeMuepaType Bodayxa (T, K):

E=923.15.10° 2 ¢ 2)
R.T

rae R — ynenbHas razoBast HOCTOSIHHAS JIJII CyXOTO BO3Y-
xa, I /kr-K; 23,15 — MaccoBast KOHIIEHTpAIKUsI KUCJIOPO/Ia
B CYXOM BO3/yXe€, %.

PacyeT mapiuaibHOTO IaBJIeHIST BOJISIHOTO MTapa ofpe-
neasercs 1o popmyJe:

=0 Dy 3)

rae ¢ — BJIaKHOCTD BO3/yXa, %, a p,,. — BEJNUNHA, KOTO-
PYIO MOJKHO OIPeeIUTh coracHo pekoMmenpamnusm Guide
to Meteorological Instruments and Methods of Observation
(I Beitapus):

P (PT7)=f(P)-x(T"), )

f(P):170016+3,15~1076.P_0y074.P71y )
17,621

r(T’): 6y112'62/1342+T', ©

rae T — Temneparypa Bo3ayxa B rpagycax eabcus, °C.
[Tepexo/ k 06BEMHOI KOHIIEHTPAIUU KUCJIOPOJIA TTPO-
MCXOJUT IIO CJAeYyIoIeMy COOTHOIIEHNIO:

_6,236-E-T

O
[ 2] P,'MOZ

: )

rie [O,] — o6bemMHast KOHIEHTPATIHST KUCIOPOJia B BO3/Y-
xe, %; P’ — armocdepHoe naBieHue, MM PT. CT.; MO2 — MoO-
JIgpHas Macca KUCJA0POo/ia, T/MOJIb.

Koneuynoe ananuTuyeckoe npejpcrapjienme GyHKINO-
HAJIbHOU 3aBUCHMOCTH 0O'beMHON KOHIIEHTPAI[UU KUCJIIO-
po/ia B BO3/lyxe oT MeTeonapaMeTpoB umeet Bup [10]:

[02](P,T’,(p)=20,957-(1—C(P’PT""’)). 8)

4. 2. OGopynoBaHue s UCCIIEI0BAHUS CYTOUHOM/ce-
30HHOI IMHAMUKU U3MEHEHHsI 00bEMHOI KOHIEHTPALH
KHCJIOPO/ia B BO3/yXe

[nsa onpenenenng texyuieit OKK B Bo3zayxe mpsiMbiMm
METO/JIOM HCIIOJb30BAJICS TTOPTATUBHBIN Ta30aHAJU3ATOD
OKCU-5M ¢ aGCcoMOTHON MOrPENIHOCTHIO OIPEAeIeHIS
KOHIIEHTPaluK Kucaopoaa A, =+0,1 %.

g onpenenernns OKK B Bo3ayxe KOCBEHHBIM IIyTeM
UCTIOTH30BAJICSI HAOOP CPENICTB M3MEPUTEIBHOI TEXHUKH,
COCTOSIIUI U3 IBYX METEOPOJOTMUECKUX TICUXOMETPHYEe-
ckux TepmMomerpos TM4-1 (A=+0,2 °C, A=%3 %) u 6apo-
MeTtpa-aneponsia BAMM-1 (A,=+20 rlla).




5. Pe3yiibTarhl HCCIEI0OBAHNS UBMEHEHHUS 00bEMHOM
KOHI[EHTPAIMH KHCJIOPO/IA B BO3/yXe

[l IpoBeieH NSt HKCIIEPUMEHTANbHBIX UCCIeOBAHU I
[0 OlIpe/IeJIEHU IO TeKY Il 06beMHOI KOHIEHTPAIIMH KUC-
JIOPOJia B BO3/LyXe MPSAMBIM (C TIOMOIIBIO Ta30aHANIN3ATO-
Pa) ¥ KOCBEHHBIM (HA OCHOBE METEOPOJIOTHYECKUX TaHHBIX
0 TeMIepaType, abCOMTHOM [aBJIEHUU U OTHOCUTEIbHOI
BJIAJKHOCTHU) MeTOaMu, Obljia BBIOpaHa MECTHOCTD Ha Tep-
putopuu ropoaa JIyéusr [Tosrasckoii obaactu (Yrpanna)
co caenyomumMu reorpadudyecKuMU KOOPANHATAMU: TIHU-
pora — 50,013°, noarora — 32,991°.

Ha teppuropuu r. JIyGHbI npeobiiagaer yMepeHHO-XO0-
goxublii kaumat. CormacHo kiaccupuranum Kenmena,
KJIUMAT Ha TEPPUTOPUU TOPOJA COOTBETCTBYET yPOBHIO
Dfb (kiumar ymMepeHHO XOJIOAHBIN ¢ PABHOMEPHBIM YB-
naxkHennem). Ha ocHoBe cTaTUCTHYECKUX TAHHBIX MEXKIY
1982 r. u 2012 1. cpenHerogioBas Temiiepatypa B ropoje
JIy6ubl cocrasasger 8°C. CpeaHeromnosast HOpMa 0CaJKOB
cocTapigeT 628 MM.

IxcnepuMeHT 1o onpenesenuio Tekymeil OKK B Bo3-
JyXe MPSIMbIM M KOCBEHHBIM METOJAMU IMPOJOJIKAJICS B
teuenue 8 mecsites: ¢ aBrycra 2015 r. mo mapr 2016 r. ITa-
paJiyieIbHble I3MEPEHUsI TPOBOIUJINCH 3 pa3a B IeHb OKO-
510 09:00, 15:00 1 20:00 110 MeCTHOMY BPEMEHU TIPU JHOOBIX
MOTOJHBIX SIBJEHUAX (ZOXK/Ab, CHET, MOPBIBUCTHIH BeTEp
U T.[.) B CIIETIMAJbHOM 3AIUIIIEHHOM KOPITyce Ha MECTHON
MeTeocTaHuu. Beero nmosyueno 475 HaGopoB U3MepeHui.

Ha puc. 1 npuBeeHs! pe3yJabTaThl IPSIMBIX H3MEPEH I
OKK B BO3/1yXe Ha NPOTSKEHUU BCETO AKCIIEPUMEHTA.

21,3

100 200 300 400
Homep sxcnepumenTa

Puc. 1. O6beMHas KOHUEHTPaLUUs KUCNOPOoaa, U3MEpeHHas
rasoaHanusatopom OKCHU-5H

[Tpu npoBesieHNM SKCIIEPUMEHTA HAPaJIJIeJIbHO C U3Me-
peHneM 06beMHON KOHI[EHTPAIMK KUCTIOPOJla B BO3LYXE
npu nomortu razoanannszaropa OKCU 5-M mpoBoauiioch
U3MepeHne rJIaBHbIX METEOPOJOTHYECKUX TapaMeTPOB —
TeMIIepaTyphbl, BAAKHOCTH U aBjaenus (puc. 2—4).

32
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Homep skcnepumeHTa

Puc. 2. U3mepeHHble 3HayeHUs TeMnepaTypbl BO3yxa B
TeyeHWUH IKCMEPUMEHTAIBHOTO Nepuoa

0 100 200 300 400
Homep skcriepuMenTa

Puc. 3. NamepeHHble 3HaUeHUSi OTHOCHUTE/IbHOM BAAXKHOCTH
BO3[yXa B TEUEHWE IKCNEPUMEHTANIbHOMO Nepyoaa

0 100 200 300 400
Howmep skcniepumenTa
Puc. 4. U3amepeHHble 3HaueHUs aTMOCEPHOro AaBNEHUS B
TeYeHWH IKCNEPUMEHTA/IBHOTO NepUoLa

Ha ocHOBe TOJYYEHHBIX JAHHBIX C YIETOM 3aBUCH-
MocTu (8) Oblia moslyyena TeopeTudeckast 3aBUCUMOCTb
u3MeHeHUst 00beMHON KOHI[EHTPAIIUN KUCIOPOAA B BO3-
AyXe Ha ITPOTSKEeHUU IPOBEAEHHOTO IKCIEPUMEHTA
(puc. 5).

100 200 300 400
Howmep sxcnepumenTa
Puc. 5. KocseHHble 3HaueH1s 06beMHOM
KOHLIEHTPaLMKU KUCNOpOa B TeUeHHe
3KCnepuMeHTaIbHOro nepuoga

IKCIepUMeHTATbHbIE UCCIe0OBAHMS TTPOBOUIICH B
IMIPOKOM JHalla30He MEeTeOPOJOTHIeCKNX 1apaMeTpoB,
[P DTOM MaKCHUMaJbHblEe W MUHMMAJbHbIE 3HAYEHUS
TeMIepaty pbl, abCOMIOTHOTO aBJIEHUS K OTHOCUTENbHON
BJIAKHOCTU cOOTBeTcTBeHHO coctasisaun: T, =31,8°C;
T, .=-151°C; P, =1046 rlla; P _. =990 rlla; ¢ , =86 %;
0,.,=29 %.

Habmonaembrii Mmunumym OKK B BO3ayxe npu mps-
MoM u3mepenuun cocrasua 20,5 %, makcumym — 21,3 %;
MuauMaabHoe 3HaueHne OKK B Bo3myxe mpu KOCBEHHOM
uaMepenuu coctasuiio 20,5 %, makcumasbaoe — 21,0 %.

max min max

6. O0Cy:K1eHre Pe3yIbTATOB UCCIE 0BAHUS 00bEMHON
KOHI[EHTPALUH KHCJIOPOJa B BO3yXe

J1711 cpaBHEHMS TOYHOCTH IBYX METO/[OB O pe/leJIeHU ST
OKK 065l 11pousBejieH pacyer HeOIpeleJeHHOCTH U3Me-
PEHUS IPU MOMOIIK IIPOTPAMMHOTO IpoayKkTa MathCad.

IIpsimoti memod usmepenus 06oeMHOU KOHUEHMPAUUU
Kuciopoda

Tazoananuzarop OKCU-5H B pexxume orpejeseHus
OKK wumeer neny nenenus 0,1 %. Ero aGcomorHast 1mo-
IPENTHOCTD U3MepeHus (10 MaCIOPTHBIM JJAaHHBIM) TaKKe
cocrasaser 0,1 %.

IKCIepUMEHTAIbHbIE U3MEPEHUsI OblIU OJJHOKPATHbI-
MU ¥ [TOJIyYeHBl HA PA3HBIX YPOBHSIX BBIXOIHON BeJMYN-
Hbl. MaccuB nonyuennbix suauenunit OKK 6b11 pasmpesen-
Helit Ha 95 rpynn no 5 snadenuil. HeonpeaeseHHOCTBIO
o THITY A HPUHSTO CYUTATH MEAMAHHYIO OIEHKY Cpe-
HEKBAIPATUYECKUX OTKJIOHEHU I TOJTYYeHHBIX TPYIII, 4TO
cocrasnio 0,024 %.

Heonpenesnennocts o Tuiy b mpsamoro meToia n3me-
PEHUIl 1715 paBHOMEDPHOTO 3aKOHA PacIipefiesieHNsI BEPO-
SATHOCTEU CJIy4yalHbIX BEJIMYUH COCTABJISIET:

A
{i,=—=2=0,058%. (10)

V3



O1leHKa CyMMapHO# CTAH/IAPTHON HEOTIPE/IeJIEeHHOCTH
paBHa:

{i, = u% +u =0,063 %.

(11

OuneHka pacmIIPEeHHON HEONPeJeJeHHOCTH IPSIMOTO
MeTOJIa U3MepPEeHUH IPH JOBEPUTENBbHOI BeposTHOCTH 95 %
paccumTaHa coriacHo [14]:

A

U = tp(eeff)'ﬁc =
2
=Tog5 feﬁ"|:1+A2:| -0, =0,104%, 12)

B

rie t,(V,,) — koabdunument CrbioneHTa 1751 BEPOSITHO-
ctu P u uncaa creneneit cBoboasr f;=n, -1, n; — gucio
U3MepeHUil, TPOBeJleHHOe MPU OIlEHMBAHUY i-r0 BKJA/a
HEOTIPe/IeJIEHHOCTH.

Koceennwviii memoo usmepenus 06semnoil konyenmpa-
UUU KUCIOPOOa

[TpoBecTu oreHuBaHUE pacIIMPEHHON HeolpeeeH-
HOCTH TPEIJOKEHHOTO KOCBEHHOTO METOJa M3MepPeHUs
OKK kiaccuveckum METOJOM He MPEACTaBJISIETCS BO3-
MOKHBIM, ITOCKOJIBKY aHaJUTHYEeCKOe IIpe/ICTaBJeHIe
MOJleJIU U3MEpPEeHUd UMeeT BUJ CJOKHOU HeJTUuHEeHHOU
byHKIMOHANBHOI 3aBUCHMOCTH OT TPeX BXOJIHBIX BEJH-
yuH. [Ipn nuddepennuposanuu Gyukinun (8) nmeem He
yIpoliaemMble MHOTOYJIEHbI YAaCTHBIX MPOU3BOIHBIX, 4TO
OCJIOXKHSIET JaJIbHElIIe pacyeThl, B TOM 4YuCJe onpeje-
Jienue Koa(OUIUEHTOB KOPPEISIIUU BXOIHBIX BEJTUUYNH.
CureloBaTeIbHO, I PENEHMS 9TOH 3a1a41 IPe/IJIaraeTCs
OIIEHUTDH PACHIMPEHHYIO HEONPENeJTEHHOCTh KOCBEHHOTO
MeTO/ia U3MEPEHUS IyTeM UMHUTAITMOHHOTO MOJIEJINPOBaA-
nHust o metony Monrte-Kapao [15].

[To paccunrtanunim 3Havenussm OKK, Ha ocnoBe nsme-
peHuil MeTeomapaMeTpoB, ObLIN BbIAETICHB HAOOPbI 3HAYE-
HUH BXOAHBIX BETUIUH COOTBETCTBYIOMUX 20-11 yPOBHAM
BBIXO/HON BEJIWYNHBI. SHAYCHUSA KayK0N BXOIHOW BEJIH-
YMHBI U3 BBIJEJEHHBIX HAOOPOB OBLIM IIPUHSITHI B Kaue-
CTBE OI[EHKU MaTeMaTUY€eCKOTO OKUAAHWS 11 TeHEePUPO-
BaHUs MAaCCHBOB CJHYYaNHBIX Umces. B xauecTBe OlleHKU
cpenHekBagparuyeckoro orkiaonenus (CKO) 6bLio mpu-
HSITO OTHOIIEHWE abCOMOTHON WHCTPYMEHTATBHON T10-
rpemuocTu u Koadgduiinenta, Kotopeiii cBsaspiBaer CKO
sakona laycca c¢ ero rpanunamu (k=1,96 npu P=95 %).
KosmyecTBO mTepanuii reHepupoBaHUs MaCCUBOB CJY-
YA HBIX BXOJHBIX BeJUYUH paBHO 107,

[To maHHBIM CreHepUPOBAHHBIX MACCHUBOB BXOIHBIX
CJAyYallHbIX BEJUYMH ObLiau 1oydeHbl 20 MacCUBOB BbI-
XOJHOW CJyJYaliHOW BeJWMYWHBI. MaTeMaTnueckme OXKWU-
nanus Mmonenupyemoro maccupa snadenuit OKK orinua-
I0TCS B IISITOM 3HAKE MOCJIE 3AISTOH OT PACCUMTAHHBIX 110
dopmye (8) snauernnem OKK (tabi. 1) cooTBeTCTBEHHO.

Twore3a 0 HOPMAJBHOCTHU 3aKOHA PACIIPENeeHUsT
MOJIEJIMPYEMO#l BBIXO/IHON BEJIMYUHBI OJ[TBEPIKIEHA CTa-
TUCTUYECKUM KputepueM y-kBaapar Ilupcona. Pacmpe-
neseHne BeposiTHocTeil Mosenupyemoro 3Hauenus OKK
Npe/ICTABJIEHO Ha PUC. 6 B BUJIE TUCTOIPAMMBI.

OneHuBaHMe pPaclIMpPEeHHON HEONpPeleJICHHOCTH HM3Me-
pernHoro kocseHHBIM MeTozoM OKK 110 pesysbratam moze-
aupoBanus merogoM Monte-Kapmio npeacrasisier coboii
WHTEPBAJ 0XBATa C JOBEPUTETBHON BEPOSTHOCTHI0 P=95 %
(10). 3HayeHus OIEHKW paCIIMPEHHON HeolpeleeHHOCTN
1171t HaOOPOB BXOJIHBIX BEJIMYKH [IPEACTaBIeHbI B TabJL. 1.

Tabnunua 1

PaccuutaHHble U Mogenupyembie
no metony MoHte-Kapno 3HaueHns OKK

Howmep us- 3nauenns OKK, ?;;;ﬁi;tqjgzz? Ijliiigiﬁi_
MepeHust | paccuuTannbie 1o (8) pyemoii OKK OKK
0 20,71503 20,71498 0,01288
35 20,69303 20,69298 0,02079
70 20,76964 20,76961 0,01162
105 20,67201 20,67198 0,02150
130 20,77282 20,77281 0,00960
140 20,86138 20,86136 0,00815
172 20,84103 20,84102 0,00710
204 20,85621 20,85620 0,00662
236 20,85598 20,85597 0,00687
268 20,85677 20,85677 0,00658
270 20,84035 20,84032 0,00683
295 20,87586 20,87586 0,00475
320 20,88221 20,88221 0,00492
345 20,90193 20,90193 0,00367
370 20,87519 20,87517 0,00495
375 20,85319 20,85318 0,00580
400 20,93778 20,93778 0,00168
425 20,88545 20,88546 0,00453
450 20,93647 20,93647 0,00183
474 20,87782 20,87781 0,00494
©,), (0,
U, = - = (13)

rue f(OZ)mq — 3HavYeHUe (-KBaHTHUJISI QYHKIIUK paciipee-
JIeHUs TLIOTHOCTH BEPOSITHOCTEN MOJEJINpPYeMOro 3Have-
nusg OKK.

Ha puc.7-9 npexcraBienbl auarpaMMbl, 0TOGpakKaio-
1I¥e 3aBUCMMOCTb U3MEHEHU S PACITUPEHHON HEOTIpe/ieieH-
nocTu BeIxogHoU Bennunusl (P, T, ¢) mpu yBennuennn CKO
OJIHOU BXO/IHOU (hU3nUeCcKOil BeJTMInnbl B 2, 3 1 4 pasa cooT-
BeTCTBEHHO. PaceMarpuBainch HAOOPbl 3HAYCHUI BXOAHBIX
BEJIMYMH, COOTBETCTBYIONINX MUHUMAJbHOMY, CDEJTHEMY U
MaKCHMaJbHOMY YPOBHSIM BbIXO/IHOM BEJTMYMHBI.

0,014
0,012 1
0,01 +
- 0,008 1
0,006 +

0,004 1

0,002 1

20,84

20,86
[0,], %

20,88

Puc. 6. PacnpepneneHue BeposaTHOCTEH MOAENUPYEMOrO
3Hauenus OKK, cooteetcTeytowero
236-My Habopy BXOAHbIX BEUUHH
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Puc. 7. OTHOCHTeNbHbIE U3MEHEHHS paCLLUMPEHHOM
HeonpeneneHHoCTH MUHUManbHoro 3HadeHust OKK (ons
Habopa uameperuit Ne 105) ot usmenenns CKO nsmepeHus
BXOJJHbIX BE/IUUMH
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Puc. 8. OTHocHTENbHbIE 3MEHEHUS PaCLUMPEHHON
HeonpegeneHHocT cpepHero 3HadeHuss OKK
(ans Habopa uameperuit Ne 270) ot uamerenns CKO
U3MepeHUs BXOOHbIX BETUYUH
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Puc. 9. OTHoCHTeNIbHbIE U3MEHEHHS paCLLUMPEHHOM
HeonpeneneHHoCcTH MakcumasibHoro 3Hadenus OKK (ans
Habopa uameperuit Ne 400) ot usmenenns CKO usmepenus
BXOAHbIX BE€/IUYUH

Wcexonst n3 1m0ydYeHHBIX JAHHBIX UCCJEJ0BAHUS O Xa-
pakTepe M3MEHEHUS PACIIMPEHHON HEONpeaeJeHHOCTN
OKK B Bozgyxe or CKO MeTeoposornuecknux mapaMeTpoB,
caeayer, 4To Haubosee BAUSIONENH BXOAHON (pU3nUecKon
BEJIMYMHOM SIBJISIETCSI OTHOCUTEIbHAS BJAKHOCTD BO3/IyXa.
[Tpu aTOM BAMAHME TeMIlepaTypbl U aBJIeHUS aTMochep-
HOTO BO3/IyXa Ha OIEHKY PACHIMPEHHOW HEOTIPE/IeIEHHOCTN
OKK na cpesiem ypoBHe MeHblIIe, 4eM Ha MUHUMAJIbHOM U
MaKCHMAaJbHOM YPOBHSIX.

Ha puc. 10 mpuBenena 3aBUCHMOCTH pacIiMpeHHON
neornpenenennoctu ot 3uavenuss OKK, paccumrannoro
KOCBEHHBIM METOJ/IOM.

U3 puc. 10 caemyeT, 4TO MpeaoKeHHAsT 3aBUCUMOCTD
nmeet crenuuUecKuii XxapakTep, 9To 0TOOPaKEHO pas-

6pocom onenku Heonpezaeaennoctu namepenuss OKK na
BceM jauanazone. OAHON M3 BEPOSITHBIX MPUYMH TAKOTO
MOBEJEHUs 3aBUCUMOCTH MOKET OBITh BapuabesbHbIi
Ha60p SHa‘{eHI/Iﬁ BXO/IHBIX BEJIWYUH, COOTBeTCTByIOH.[I/Iﬁ
Y3KOMY JIMANa30Hy 3HAYE€HU I BBIXOHO BEJIUYMHbI.

0,037 .

20,5 20,6 20,7 20,8 20,9 21
[0,], %

Puc. 10. 3aBucuMOCTb HeONpeneneHHOCTU OT
KOCBeHHOro uamepenusa OKK

CpaBHeHue YICIEeHHBIX PE3YIbTATOB HEOMPEIETEeHHO-
creit mamepennnpx 3uadennii OKK npsmsim (0,104 %) u
kocBennbiM (<0,03 %) MeTOIaMU ITOKA3BIBAET, YTO MEPBBII
MOJKET HPUMEHSThCS Ha TpakTuke s Beruncaenus OKK
¢ 60JIBIIIEH TOYHOCTHIO.

ITpuruMast BO BHUMAaHUe MPUBEIEHHbIE BBITITE JaHHbIE
o HecrabuabHoctu OKK B BO3jyXe, aKTyalbHBIM SIBJIS-
eTCsI y4eT CYyTOUHOT0/Ce30HHOTO U3MEHEHUsT METEOPOJIO-
THYEeCKUX HapaMeTPOB CPeibl U YCJIOBUI 9KCIIyaTalun
KOTJIOArperaTa Ipy POBeJIeHNH KOHTPOJISI U YIIPABJIEHU ST
MPOIECCOM CKUTaHus TomauBsa. lIposeaeHHbIl B pabore
9KCIEPUMEHT CBUJETEJbCTBYET O TOM, YTO IPHUHSTAs 32
korcranty OKK B Bo3myxe (21 %) He MOKeT ObITb UCIIOJIb-
30BaHa IIPU TEXHOJOTHIECKUX U HKOJIOTUYECKUX pacdeTax
paboThl TeIIoTEXHUYeCKOro obopynoanus. Takum obpa-
30M, /11 TOBbIIIeHust TouHOCTU u3Mepenuss KB Gopmy-
aa (1) gomskua 6bITh MpeobpaszoBaHa CJACAYIONUM 06Pa3oM:
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Huske mpezcrasiieHa AByXIapaMeTPHUECKasi 3aBUCH-
MOCTb MOIPaBKH (A0COMIOTHON METOLUYECKON MOTPEITHO-
ctu uamepenns KHII):

(0,1, -1-[0,)
(10,1101, 21-10,1,,)

Aa([O,],[0, ], = (15)

Ha ocHoBe TeopeTMYeCcKHX pacyeTOB IIOKA3aHO, 4TO
NpUMeHeHWe NpeIokeHHoro Mmetona usmepennst KINB, ¢
yueroM Texyueilt OKK B Bo3ayxe, 1103B0OJIsIeT 3HAUUTEIb-
HO COKPATUTh METOAMYECKYIO TOTPENIHOCTh M3MepPEeHUsT
(mo 1,2 abcomorHoro 3Haverus BejawdynHbl KUB (mipu
[0,1-20,5 %, [O,],,,~18 %)).

[TpoBeentble MCCI€OBAHNS TO3BOJSIOT 3HAYNTEI b-
HO PaCHIMPUTH MOHUMAaHUE BJAMSHUE METEOPOJOTUYECKUX
napaMeTpoB Ha ra3oBblii cocTaB cpeibl. OOGHAPYKEHHbIE
byHKIIMOHAMbHbIE B3AUMOCBSI3U MTO3BOJISIOT KA4eCTBEHHO
MOBBICUTH 3((HEKTUBHOCTD CKHUTAHUS TOIJKMBA 33 CUET
yBesunvyenust tounoctu namepenus KN B. Oxnako uckiio-
yeHwre MEeTOANYECKOl morpenrnoctu omnpepenenuss KB



TpebyeT AONONHUTENbHOrO 000PYL0BAHNS B BUJIE CEHCOPA
Kucaopoa, 1nbo Habopa CEHCOPOB TEMIIEPaTy Pbl, 1aBJe-
HUA U BJIaKHOCTHU, KOTOPbIE 6y[[yT BBC/ICHDI B aHaJ/JIUTHU4YEC-
CKUiT 6JI0K Ta30aHATMZUPYIONIETO YCTPOHCTBA. ITO MOKET
NPUBECTH K JOTIOJHUTETbHBIM (PMHAHCOBBIM 3aTpaTaM.
Pe3yJIbTaTbI IIPOBEJICHHOTO UCCJIECIOBAHNSA MOTY T 6bITb
MCIOTh30BaHbI HE TOJTBKO B c(hepe TEINIOIHEPreTHKH Mph

KOHTPOJIE 32 KAUECTBOM C/KUTaHWST TOIMJIMBHBIX MaTepua-
JIOB, HO 1:

— B MeJIUIIMHE — JIJISI CO3/IAaHMSI MUKPOKJINMATHYECKUX
30H C 33/[aHHBIM TA30BbIM COCTABOM OKPYKAIOIIEi CPeIbl;

— B arpapHoM CeKTOpe — [IJIsi KOHTPOJIsI 32 POCTOM
CEeJIbCKOX03AMCTBEHHBIX KYJILTYP;

— B 9KOJIOTHH TIPU CO3JaHUU KIUMATHIECKUX KapT, a
TakxKe 1pyrux cepax.

[TnanupyeTcs npoBefeHne AaJbHEHITUX IKCIIEPUMEH-
TaJbHBIX McCIeoBannii o quHamuke nuamenenust OKK B
BO3/lyXe B JPYTUX KJMMaTudyecKuxX 30HaX. [losyuenubre
(hyHKIIMOHANbHbIE B3aMMOCBSI3U MOKHO HMCHOJb30BATh
TaKsKe /I U3MepeHnsa 00beMHBIX KOHIIEHTPaIKi a30Ta u
YIJIEKHCJIOTO Ta3a B OKPYsKaloleil cpee.

7. BpiBOBI

1. Ha 6ase OCHOBHBIX TAa30BBIX 3aKOHOB U yPaBHEHWS
Kunaiinepona-MeneneeBa mosnydena OYHKIHUS 3aBUCH-
moctu OKK B BO3ayxe oT TeMmIiepaTypbl, abCOJOTHOTO
JaBJeHUs] U OTHOCUTEJIbHOU BJIAXKHOCTU OKpY’Kalolien
cpennt B Bujie [O,|=f(T, P, ¢).

2. Yeranosisieno, uto OKK B Bo3/iyxe B 3aBUCUMOCTH OT
CYTOK U ce30Ha MOKeT Kosiebarbes B quanasone 0,1...0,6 %.
Jlannbie pe3yJbTaThl MOATBEPKIAIOTCS KAK MPSMBIM, TaK
1 kocBeHHBIM n3MepenneM OKK.

3. O1eHKa paciiupeHHON HeOolpeesIeHHOCTU TTPSIMO-
ro MeTojla M3MEePEHUs MPU J0BEPUTEJbHONW BEPOSTHO-
ctu 95 % cocrasasier 0,104 %. J{ist olleHKM pacuinpeH-
HOI HeOIpeeIeHHOCTH KOCBEHHOTO METOa M3MepPEeHUst
MPOBEJIEHO MMHUTAINMOHHOE MOJeJMPOBaHNUE, KOTOpPOE
3aKJII0YAJIOCH B [TOCJE0BATENbHOM YBEJTUYeHUN HHCTPY-
MEHTAJBbHBIX TOTPENIHOCTeH CPeJCTB M3MepHUTeIbHON
TeXHUKHU. B pesysbrare GblJI0 BbISBJICHO, 4TO HanGOJIbIIEE
BJIMSHME HA PACHIMPEHHYIO HEOIPE/IEJIEHHOCTh U3Mepe-
g OKK kocBeHHBIM MeTOZIOM WMeeT yBeJaWdeHUe WH-
CTPYMEHTAJbHON MOrpenHocT rurpomerpa. IIpu stom
BeJIMYMHA PACIIUPEHHOI HEONPeeJeHHOCTH KOCBEHHOTO
MeToza n3mepenus He npesbimada 0,03 %. CpaBHenue He-
onpenenennocreit msmepennst OKK kocsernbim (0,03 %)
u npsambeiM (0,104 %) MeTogaMu 0TOOPAKAIOT BO3MOK-
HOCTh MPUMEHEHUS] MEPBOTO TPU TEXHOJOTHUYECKUX U
AKOJIOTHYECKUX pacueTax (HyHKIITMOHUPOBAHUS TEILJIOTEX-
HUYeCKOro 000pyL0BaHUSL.

4. llpepnoxen merog usmepenns KMB, kotopbrii 6asu-
pyetcs na yuete texkymeii OKK B Bo3myxe, 4To mM03BOJISI-
€T UCKJIIOUYUTh METOJMYECKYIO TIOrPEITHOCTh U3MEPEHUSI.
[Tokazano, uto Besmuunna nonpasku onpexaeacnus KINB,
COTJIACHO TIPENJIOKEHHOMY METO/Y, MOYKET COCTaBJSATD
10 1,2 abCcoMOTHOrO 3HaUeHUst BeJIuuuHbl. [Ipu atom ee
3HaueHue MoKeT BospacTtaTh B 3aBucumoctun ot OKK B
BO3J/IyX€ ¥ BBIXOJHBIX ra3ax.
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