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Abstract. Most of the air quality dispersion models used fegulatory
applications are based on K-diffusion formulatiofs. this paper, two turbulent
parameterisations for dispersion models in the spheric boundary layer are
evaluated with experimental data. The first sch&rigased on a similarity approach
and provides wind and eddy diffusivity profiles tme basis of a diagnostic PBL
model. The second one provides an eddy diffusipityfile based on the Taylor
statistical diffusion theory and on the spectrabparties of turbulence. The two
parameterisations have been included in a numeagitélmodel and tested with the
Copenhagen data set. Results show tha: i) the dispemodel with both turbulent
schemes, produces a good fitting of the measuraanhgdrlevel concentration data for
all the experimental conditions considered; iigrth are no significant differences
between the two schemes in the range of experimnéata - the profiles are close to
each other in the lower layers while they showdardifferences in the layer above
the surface layer. Therefore, both parameterisat@gve a realistic description of the
dispersion processes in the lower PBL, and can bd fos short range air pollution
models and ground level concentrations.

Key words: turbulence parameterisations, planetary boundiyer, eddy
diffusivities, air pollution modelling.

1. Introduction

The Eulerian approach is widely used in the fidl@io pollution studies to model
the statistical properties of the concentrationscofitaminants emitted in the Planetary
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Boundary Layer (PBL). In this context, the diffusiequation that describes the cross-wind
integrated concentrations arising from a continupamt source, where the along-wind
diffusion is neglected, can be written as:

oc , — ow'c'
— 4 u(z) = -
ot

+S, (1)

where C is the crosswind-integrated concentratidh,is the mean horizontal wind speed,

W' is the vertical turbulent contaminant flux, agdis the sink/source term. One of the
most widely used scheme for closing the eq. (1}piselate the turbulent fluxes to the
gradient of the mean concentration by mean of etiffiysivity (K-theory):
— oc
wc'= -k, — (2)
0z

where k; is the eddy diffusivity which must be evaluatethgsempirical data.

The simplicity of the K-theory has led to the wige=ad use of this theory as
mathematical basis for simulating urban. But K-gleshas its own limits: it works well
when the dimension of dispersed material is muadfelathan the size of turbulent eddies
involved in the diffusion process, i.e. for grouledel releases and for large travel times.
Despite these well known limits, the K-closure @gely used in several atmospheric
conditions because it describes the diffusive frartsin an Eulerian framework where
almost all measurements are Eulerian in charadtgsroduces results that agree with
experimental data as well as any more complex maaled it is not computationally
expensive as higher order closures are.

The reliability of the k-approach strongly dependasthe way the eddy diffusivity
is determined on the basis of the turbulence sitraatf the PBL and on the model ability to
reproduce experimental diffusion data. Keeping Katheory limitations in mind many
efforts have been made to develop turbulent paensations for practical applications in
air pollution modelling which reveals the essentedtures of the turbulent diffusion, but
which as far as possible preserves the simplicity feexibility of the K-theory formulation.
A variety of formulations for wind and eddy diffusy exist (Yordanov et al., 1997;
Yordanov et al., 1998; Ulke, 2000; Mangia et abQ2, Djolov et al., 2004).

Aim of this paper is to evaluate two parameteris®tifor the velocity and eddy
diffusivity profiles in PBL using a numerical gridodel (Rizza et al. 2003) and to compare
with Copenhagen dataset in order to discuss lindrsd possibilities of both
parameterisations in view of their applicationginpollution studies.

The first model, which calculates the wind and ediffysivity profiles in the PBL
under different stability conditions, is based amikarity theory. It is used in air pollution
tasks accounting for two approaches — “top-dowrd ‘dottom-up” as shown by Yordanov
et al. (2004). In the “bottom-up” approach appliedthis paper the PBL profiles are
obtained applying YORDAN model (Yordanov et al., 03D from the surface turbulent
fluxes defined by the Monin-Obukhov length scdle, and the friction velocityu. , which

are taken from the experimental data.
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The second model is based on the Taylor's staistiteory and a model for
Eulerian spectra (Olesen et al., 1984; Degrazi. £1992, Degrazia et al., 1997; Mangia et
al., 2000). The main idea of the proposed speptaalel relies on considering the turbulent
spectra as a superposition of a buoyant producedwith a convective peak wavelength)
and a shear produced part (with a mechanical pealelength). By such a model, the
plume spreading rate is directly connected with ghectral distribution of eddies in the
PBL, that is with the energy containing eddieshef turbulence.

2. The PBL model YORDAN

The simple two-layer model (Yordanov et al., 1983)sed to produce the vertical
profiles of the wind and the vertical turbulent bange coefficient. The PBL model
YORDAN was compared with a number of experimentthdsets and demonstrates good
coincidence as shown by Yordanov et al. (1998). PB& model consists of a Surface
Layer (SL) with heighth. and an Ekman layer above it.

Inthe SL, z< h. , the wind profile is determined as:
—  [In(z/z)+107 {=2¢, p=0
pLiC In(z/z,) -007<{<{, u<O0 (3)
In(- 0.07/(0)+3[1+ (0.07/()1’3] <007 u<o0

KU . . e .
where :f_L is the internal stratification parametet,= 0.4 is the Von Karman

constant,{ = z/ L is the non-dimensional heigh, = z,/ L is the non-dimensional

roughness, and is the Coriolis parameterf(=107*s™).

For the non-dimensional SL height{) the following relations are used:

028/ u, u=92
h(w) = 003, -92<u<92 (4)
00ly?,  p<-92

For the non-dimensional turbulent exchange coefficK ,, we have:

Z/(1+10u 2), Z,<Z<h, ©=0
K, = zZ , Z,<Z<(-007/pu) ,—-92<pu <92. (5a)
(-007/u)*3z%, (-007/u)<Z<h, p<-92

For the dimensional turbulent exchange coefficfenmomentum we have :
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k, = (k°u?/ f) K, (5b)

Here, we use the following relationda=h./H is the non-dimensional SL height,
H=xu./f is the height scale,Z=2z/H is the non-dimensional height, and
Z,=12,/H is the non-dimensional roughness and for the dsioeal SL height we

obtain the relation:h. =hxu/ f .

In the Ekman layerZ>h), the turbulent exchange coefficient is assumeidtmo
change with height and to be equalKg,,, i.e. following (5) we obtain:

h/(1+10u h), u=0
Kin = h , -92<u <92. (6a)
(- 007/ u)¥*n*3, U <—92

The dimensional turbulent exchange coefficientmfmmentum is the obtained by:
kz = kzh = (KZU*Z/ f) Kmh (6b)
The velocity componentst and v at heightz are calculated from the relations:

u*
K

. L Uk
u:‘vg‘cosa +P and vz‘vg‘sma +Q—, (7)
K
where @ is the cross-isobaric angleuy,v, are the geostrophic wind velocities

components and the non-dimensional velocity defecandQ are given by the following
expressions:

in SL:

In(Z /h) +10u(Z —h) - (2K.,) Y2, Z,<Z<h, atu=0
P={In(-xZ 1007)-31-(~007h/ u)"3|- @K )72, Z,<Z < (~007/ 1), ,®
—3[?— 007Z/u)¥3-(-007h/ p)*|- 2K, ) Y2 (-007/u)<Z<h,

and above SL:
P =—expy) [cosz// —sinw]/(ZKmh)Vz, at Z=h, (9a)
and for the velocity defect in vertical directiom Wwave:

_ { (2K,) 2, at Z<h

| | (9b)
expy) (cosy +sing) (2K, )Y2, at Z>h

In Eq. (9a) and Eq. (9b)y¢ =(Z —h)/(2Kmh)]/2, and the x-axis is directed along the
surface wind.
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Replacing the expressions from Eq. (8) and (9)qn (&) we can find the velocity profiles
given by the relation:

u(2) =[u| =Ju? +v? (10)

3. The spectral parameterization scheme

Following Batchelor (1953), Taylor (1921), and Ralgand Smith (1983), under
the hypothesis of homogeneous turbulence, the diffidygivities may be expressed as:

_d(a) 02 sin(2rnt/
K=ol 2| =S TR S Al ap
2 n
where @ = (X,y,2) and i=(u,v,w), F5(n) is the value of the Eulerian spectrum

of energy normalized by the Eulerian velocity vade, and o’ corresponds to the

I
Eulerian variance of the turbulent wind field.
Following (Wandel and Kofoed-Hansen, 1962)ca@ write that:

( ru2)"”
A= l16 afJ (12)

For large diffusion travel times { « ), the filter function in the integral of eq. (14¢lects
EE(n) at the origin of the frequency space, such that rite of dispersion becomes

independent of the travel time from the source eaml be expressed as a function of local
properties of turbulence as follows:

— 0'BR"(0)

Kﬂ
4

(13)

where FiE(O) is the value of the normalised Eulerian energgspen atn = 0.

In this way the eddy diffusivity is directly assatgd to the energy-containing eddies which
are the most responsible of turbulent transport.

In order to utilize eq. (13) we have to find anIgtieal form for the dimensionless
Eulerian spectrum. We assume here that the speééstebution of turbulent kinetic energy
is a superposition of buoyancy and shear compon8nth a TKE model may be evaluated
as a good approximation for a real PBL, where tanhiuproduction is due to both
mechanisms (Hojstrup, 1982; Moeng e Sullivan, 1994}these conditions we may write
for the Eulerian dimensional spectrum as:

Si(m)=S;(n) +S;.(n), (14)
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where the subscriptsands stand foluoyancyandshear respectively.
An analytical form for the dimensional spectra oneective turbulence has been
found to be following (Degrazia et al., 1997):

098 (nz/u)
n(f)% [+ 15(nzru) 1,

while for the mechanical turbulence according (g and Moraes, 1992) we have:

S (n) =

)J5/3 Wis(dzi )%W*Z' (15a)

Sc(n) = -6 (n2/ u)_ ] PLU (15b)
n(f,) %1+ 15(nz/u) £, ]
_EKZ _&h : _ o .
where ®, =—— and W _ﬁ are the dimensional dissipation rate functions, an
u.

&, and &, are the mechanical and convective ratesTk# dissipation, f,;i is the
normalized frequency of the spectral peaks regssdié stratification andnz/u = f is

the reduced frequency witd the mean wind speed in the mixing layer. All ttzdues of
the constants are given in Appendix A.

The adimensional spectrﬁiE(n) in eg. (13) is obtained by normalizing the
dimensional spectra with the total variance:

o’ = T S (n) dn, (16)
that is: i

rem =S Sb(n);si(n) a7

The total wind velocity variance is obtained by them of mechanical and convective
variances:

a? = [ (S (n) + S (M)dn =0}, + o (18)
0
Making use of egs. (13, 15a, 15b) and eq. (17)aveverite:
K, =2 (g0+s0) (19a)

which for the w-component becomes:
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Kk

, l_IJj)IS(Z/Zi)ZB\N*Z_'_

:% 098c,(z/u 1'50W(Z/u)q>fb’3u3 (19b)

The wind speed profile used has been parameteaiséallow:
For an unstable PBLL( < 0) the wind is given as:

G(z):%[ln(ﬂ -W.(Z M+W (Z )] azsz  (20a)

u(z) =u(z,) atz >z, (20b)

where 7, = min[|L| ,01z, ] is the SL height, Z is the height of the inversion layer, and

+ + A?
W, is a stability function given asW¥,, = 2In{%} + In{1 2A }— 2tan'(A) +]—2T :

with A= (1-16z/L)"*.
For a stable PBL (L>0) we use the relations:

G(z):%[ln(z/ D+W.(7 1], (21)

where the functiort¥, is given by the expressiowm(%j = 4.7(%)

5. Thenumerical grid model

In order to test the eddy diffusivity parameteiizas proposed, we used the
numerical grid model named APUGRID (Rizza et al020 The model was developed
using the numerical technique based on Fractiotegl/Bocally One Dimensional method
(Yanenko, 1971; Mc Rae et al., 1982; Marcuck, 1984)onsists in splitting eq. (1) into a
set of time dependent equations, each one Localty@mensional (LOD):

oc_ 3
== , 22
p .E:A" (22)
where
_ 0 10 0
A=A+D=-J—+=—| K—|. 23
i =A+D qa>g+s&a>i<{K°axj (23)
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Using Crank-Nicholson time integration we have:

3

-1
_n+1_|—|{| ——/\ } {l Azt/\ } HTann (24)

=1

wherel is the unity matrix.

To obtain second order accuracy, it is necessaryeterse the order of the
operators each alternate step to cancel the twecaommuting terms. We have to replace
the scheme given by eq. (24) with the following blessequence equations:

~n 3 n_ n-1
c'"= !:|1Tj c (25a)
¢ |-| T'c (25D)

In order to develop a scheme that preserves peetiggn positive quantities, and
does not severely diffuse sharp gradients, afteh ealvective step a filtering procedure is
necessary for damping out the small scale pertiottmtbefore they can corrupt the basic
solution. So, the effective system utilized is tbiowing:

c = ﬁ[AFD,]?:”'l (26)
= ﬁ[Di AF] € 27)

where the operatdf represents the filter operation.

The advection terms are calculated with a semilagjan cubic spline technique
following (Pielke, 1984), while diffusive terms amalculated with Crank-Nicholson
implicit scheme. To avoid unwanted numerical nofesiuced by the advection numerical
scheme a non-linear filter (Forester, 1979) waslus@ée model has been validated using
wind/turbulence data generated with a Large Eddyu&ition (Rizza et al., 2003).

6. PBL modesevaluation

6.1 Experimental data

The two PBL models described above have been iadlil the numerical model
APUGRID and evaluated with the Copenhagen datéGgning and Lyck, 1984; Gryning
and Lyck, 2002). The Copenhagen data set is cordpafsgacerSk, data from dispersion
experiments carried out in northern Copenhagen.titoer was released without buoyancy
from a tower at a height of 115 m and was colleetieground-level positions in up to three
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crosswind arcs of tracer sampling units. The sargplinits were positioned 2-6 km far
from the point of release. Tracer releases typicathrted up 1 hour before the tracer
sampling and stopped at the end of the samplinggefThe site was mainly residential
with a roughness length of 0.6 m. The meteoroldgis@gasurements performed during the
experiments included standard measurements aloagtdiver of tracer release. The
meteorological conditions during the dispersion exdpents considered ranged from
moderately unstable to convective. Table 1 summsaritie meteorological conditions
during the Copenhagen experiment used as inpufaiathe PBL models simulations.

Table 1. Summary of the meteorological input data from @@penhagen experiment used in the
simulations.

Experiment | Us Us L We Z .
No - day m/s m/s m m/s m M=zilL

1 - Sept. 20 3.4 0.36 -37 1.7 1980 -53.5
2—Sept. 26| 10.6 0.73 -292 1.8 1920 -6.6
3-0ct. 19 5.0 0.38 -71 1.3 1120 -15.8
4 — Nov. 3 4.6 0.38 -133 0.7 390 -2.9
5—-Nov. 9 6.7 0.45 -444 0.7 820 -1.8

6 - April 30 13.2 1.05 -432 2.0 1300 -3.0

7 —June 27 7.6 0.64 -104 2.2 1850 -17.8
8—-July 6 9.4 0.69 -56 2.2 810 -14.5
9 -July 19 10.5 0.75 -289 1.9 2090 -7.2

Us is the wind speed at the source heidhtis Monin-Obukhov length scal&l. - friction

velocity ws - the convective velocity scal&, is the height of the inversion layer apdis
the internal stratification parameter for conveetoondition.

6.2 Resultsand discussion

To test the PBL parameterisations described befaresimulate the different
Copenhagen experiments calculating the turbulenffilps taking as input data the
parameters given in Table 1. Applying the APUGRIBpédrsion model with both
parameterisations we calculate the crosswind iategrconcentrations at the ground and
compare with the experimental data applying a Wetlwn statistical procedure for the
indices.

Figure 1 shows the comparison between wind velquitjiles u(z) obtained with
the two PBL models described before plotted astfonoof normalized taz height and
simulating the different experimental cases frombl&al. Model | refers to the PBL model
YORDAN, where the mean wind is calculated accordigg. (3) (7) and (10), while Model
Il refers to egs. (20a) and (20b). The wind prefiigoduced by the two models are close to
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each other at lower heights (approximately below ) and differs at greater heights,
where Model | produces higher velocities, while Mbél assumes constant values. The
comparison with measured data at different heightplotted by dots. We find the

comparison with the experimental data satisfactorypoth PBL models.

— Model |
= Model Il

expl exp2| exp3

2l

2 4 6 8 1012 14 16 18 20 22 24 26 28
u(ms™)

Ums™) u(ms™)

Fig. 1 Comparison between wind velocity profiles givenNdgdel | (solid line) and Model Il (dotted
line) for the different Copenhagen experiments(NaBN Model | is given by egs. (3) (7) and (10),
while Model Il is given by egs. (20a) and (20b) eTrheasured data are plotted with squares.

In the range of the heights of measured data botdem simulate the

experimental wind velocityU(Z) quite well as can be seen from Figure 2, wheseaster

diagram for the measured and predicted velociti#svi 200m is shown. Here again Model
| is given by egs. (3) (7) and (10), while Modeldlgiven by egs. (20a) and (20b).
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Fig. 3. Comparison between eddy diffusivity profilk§(z) obtained with Model | according to egs.
(5) and (6) and Model Il given by eq. (19) calcathfor the different Copenhagen experiments.

In Figure 3 a comparison between the eddy difftsiprofiles k,(z) obtained
with the two models is presented for the same casdbose shown in figure 1. Model |
refers to YORDAN PBL model wittk -profiles given by egs. (5) and (6), while Modkis|
given by eq. (19). Figure 3 shows that eddy diffitgiprofiles k,(z) are closer at lowez
(around 100m) and in the surface layer, while akbWodel Il gives much bigger values
for k,(z) in comparison to those obtained by the Model Ichhassumes constant values
in the Ekman Layer.

Figure 4 shows a scatter diagram of the observel pradicted ground-level
crosswind integrated concentrations (normalizedh wilie emission source rate) using
APUGRID model with the different wind and eddy d#fvity profiles. Model | is obtained

with YORDAN parameterisation applying eqgs. (3) 4id 10) for the wind speed profiles,
and eqgs. (5 - 6) for eddy diffusivity profiles. Maldll is realized by using spectral

parameterization scheme fdt,(z) according to eq. (19) and for the wind speed [&ofi
according to eqs. (20a) and (20b). The points pldoetween the dashed lines are in a
factor of two.
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Fig. 2. Comparison between the predicted andFig. 4. Comparison between observed and

measured wind velocities at different heights predicted cross-wind integrated ground level

below 200m for all Copenhagen experiments. concentrations normalized with the emission
source rate.

In Figure 5 the observed and computed by the twdeiso(Model | and Model I1)
ground level concentrations)(as a function of the source distance are compfareeach
Copenhagen experiment.

From Figure 5 it can be seen that, Model | givewelo surface cross-wind
concentrations in comparison to Model Il (excepttfee experiment 4). These differences
can be explained with the behavior of the wind addy diffusivity profiles presented in

figures 1 and 2. HigheK,(2) given by Model Il at highez can be the explanation for

these differences. The opposite behavior shownherexperiment No 4, where Model |
gives higher concentrations than Model Il can batee to the low value of the measured
mixing layer gi = 390m) and to the corresponding stratification aihiwas close to
adiabatic one with relatively low wind velocitie4.§ m/s) and low friction velocityu( =
0.38m/s).
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® data
— Model |
"""" Model Il

18] E0D) Ep2) ©p3)

¢ (107s m?)
.

181 (Exp 4) (Exp5) (Exp6)
6

c (10" m?

18] (Exp 7) (Exp 8) (Exp9)

¢ (10“s m?)

[ [
2000 4000 6000 2000 4000 6000 2000 4000 6000
distance (m) distance (m) distance (m)

Fig. 5. Comparison of the ground level observed data thithcross-wind integrated concentrations
predicted by APUGRID dispersion model as functiorthef distance from the source, applied with
the different PBL parameterisations. Model | and Blold are the same as in Fig. 4. Dots are the
measured data.

An evaluation of the performances given by the taadels, using BOOTSTRAP
procedure, described by Hanna (1989) is present&dble 2.
Statistical indices defined in the following wayneaitilized:

NMSE (normalized mean square€, —C,)* /C_OC_p;

COR (correlation) 5(C, —C_O)(Cp —C_p)/aoap;
FA2 = fraction of G values within a factor two of corresponding\@lues;
FB (fractional bias) :(C?O —C_p) /( O.5(C_0 + C_p)) ;

FS (fractional standard deviations\&, — 0, )/0.5(0O +o,),
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where the subscriptsandp refer respectively to observed and predicted diiesitand the
over-bar indicates an average.

Table 2. Statistical indices evaluating the performancetheftwo model considered.

M odels NM SE COR FA2 FB FS
Model | 0.24 0.67 0.74 -0.004 -0.11
Model Il 0.23 0.64 0.65 -0.29 0.67

Results and relative statistics highlight a satisfey performance of the two
models proposed for all the experiments consideféédre is a good correlation between
predictions and experimental data in particular highest concentration values (the most
important for regulatory purposes) are within atdamf two of data. Model Il seems to
reproduce better the highest values close to theceavhile tends to over predict data far-
away of the source emission which are fitted bditethe Model I. Anyway, all the values
for the numerical indices are within ranges that enaracteristic of those found for other
state of-the-art models applied to other field dets (Hanna, 1989).

7. Conclusions

Two different wind and eddy diffusivity schemes balbeen evaluated in this
paper using a numerical grid model. The first ondodsed on a similarity approach and
derives wind and eddy diffusivity profiles on thasis of a unique PBL model (YORDAN)
resulting more physically consistent. The otherrapph provides an eddy-diffusivity
profile based on the Taylor statistical diffusidredry and on the spectral properties of
turbulence. The assumption of continuous turbulespectrum and variances, allows the
parameterisations to be continuous at all elevafiand in stability conditions ranging from
convective to neutral, and from neutral to stabl¢hsit the simulation of a full diurnal cycle
is possible.

Both schemes have been included in a grid numeondemand evaluated in
several turbulent regimes using the Copenhagen ffdtavhere the source emission is at
115m.

Analysis of the results obtained and the applicatid well-known statistical
indices show that both schemes considered produgeod fit for the experimental
meteorological and ground level concentration datere are not significant differences
between the two schemes in the range of experiingata. The difference between the two
models above the surface layer does not providat gidferences in the ground level
concentration pattern.

Results showed in the present paper confirm thdicaility of the both PBL
parameterisations for short-range air pollution eiliolg.
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Appendix A

The values of the constants used in &3 are chadéawing Table | (Olesen et al., 1984)):

¢, =03, ¢c,=¢c,=04,and

(f.), =0045, (f.), =016, (f,), =035.
The stability functiong; is given by the expression:
g = (fn?)i = z

(fa)i () (A,

where (A, ), are the spectral peak depending on height andistafiven as:

(A)), =15z 001z <z<z,and(A;), =15z 001z < z<z,and

Z(055- 03g2/L)™ O<z<|L|
(A, =|5.9z IL|<z< 01z
18z (1.—e™**'* -0.0003%%) 0.1z <z<z

The buoyancy/shear ensembled average rate of T&dipdtion are from Hojstrup (1982):

3 3 3
e =(079% Y and e, :ﬁ(l_zj |
72 kz\ g
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IMapamerpu3anusi Ha MpodUJIKUTe HA BATHPA U KoeUIMEHTa HA TYpOyJIeHTeH 00MeH
3a Mo/ieJIHPaHe HA 3aMBbPCSBAHETO HA BB3/yXa HA OJIM3KU Pa3CTOSTHUS

I. ﬁopﬂaHOB, M. Konapogsa, V. Puma, K. Manmxka, T. Tupadacu u JI. Cupakon

Pe3tome. ['onsiMa yacT OT AMCIIEPCHOHHHUTE MOJICIH 3a KA4ECTBO Ha Bb3/lyXa MPUJIAraHu 3a
pemiaBaHe Ha peryinaropHu 3agaun u3nomsBat K Teopusira. [lapamerpuzanmsta Ha
npoduinTe Ha BATBpa M KoeUIMEHTa Ha TypOYJIEHTEH OOMEH CBIVIACHO Hali-HOBHUTE
pasbupanus 3a mpouecute B AtmochepHus ['panmden Cnoii (AI'C) e OT ChIIECTBEHO
3HAYEHHE NPH PEAUTUIUPAHETO HA TO3H MOJXO/.

B HacrosiaTa cTaTs ce TECTBAT JIBE Pa3IMuHM NapaMETPU3ALMOHHU CXEMH 3a npoduinTe
Ha BATBpa M KoeduiueHta Ha TypOyneHteH obmen B AI'C uype3 cpaBHeHue c
eKCliepuMeHTaHu JaHHU. [IbpBarta € pa3BuTa B OBIArapCKUst IMArHOCTHYEH MOJEN Ha
[nanetapuus ['panuden Cnoit (IIN'C) YORDAN, koiito n3uncissa npoGuinTe Ha BITHPa
¥ Koe(HLMEeHTa Ha TypOyJICHTHOCT Ha Oa3ara Ha Teopus Ha nopoduero Ha [II'C. Bropara e
BKiItoYeHa B tudysnonnus mozaen APUGRID u n3uncnsBa koedunuenra Ha TypOyJIeHTeH
oOMeH Ha 0a3aTa Ha craTHCTHYecKata NU(y3MOHHA Teopus Ha Teinop M crekTpaiHaTa
Teopus Ha TypOyneHTHocTTa. [IpodhmibT Ha BATHpa ce mapaMeTpu3upa chbrilacHo bycunrep
no BucounHata Ha Ilpusemuus Cmoir (IIC), a cmex ToBa e mocrosHeH. YucneHus
mucnepcuoneH Mmoaen APUGRID e mnpwioxkeH 3a UW3YMCHsBaHE HA IPU3EMHUTE
KOHLCHTpPALMK IIpU CHMYJHpaHe Ha eKCIepUMEHTaJHHTe JaHHM KomeHxareH
MIOCJICIOBATEIHO C JIBETE IMAapaMETPU3ALMOHHU CXEMH KaTo ca HalpaBeHH CpPaBHEHHS
MeXay peannzanuute. IloydyeHuTe pe3yiaTaTH IOKa3BaT 4Ye. JIUCIICPCHOHHHUSAT MOZEN
APUGRID mpunoxxeH W ¢ JBeTe MapamMeTpu3alMyd JgaBa JoOpO CHBIAJICHHE C
EKCIIEPUMEHTATHUTE JaHHM 32 NPU3EMHATa KOHIIEHTpaUus OT U3TOYHHK ¢ BHcounHa 115v
IIpU pa3NuuHU cTpaTuduKanuu Ha atMmocdepara; 3a mnpopuinre ce IMoKasBa J00po
ChBIIaJIcHHE ¢ ekcriepuMmenTanauTe AaHuu B [1C u pasznmnuns Hax Hero. ToBa mpexmnonara,
4ye JIOpH IIPU U3IMOJI3BAHE HA Pa3iIMYHU NapaMeTpPH3alMOHHHM XMIIOTE3H NPH pealn3upaHe
Ha TIOIXO/UTE, CpaBHABAaHUTE IAPAMETPU3ALMOHHM CXEMH OIUCBAT PEAINUCTUYHO
TypOysnenTaute nponecu B AIIC u Morar na ce mpujarar B 3aa4MTe 3a MOJIEJIMpaHe Ha
3aMBPCSIBAHETO Ha OJIM3KU Pa3CTOSHUS PU M3YKMCIIABaHE HA ITPU3EMHUTE KOHICHTPALHH.
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