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Abstract. The necessity to transform the standard (for Biageclimatic 8-point
wind roses, name@®bserved Wind Roségre (OWR), appears in connection with the
determination of the climatic (annual mean) airlyg@dn concentration field from a
point source, that is the purpose of most Envirartalelmpact Assessments. Using
an 8-point wind rose for calculating the pollutiby existing applied models — a
Gaussian plume model for a continuous point soutite, concentration isopleths
follow the 8 compass directions of the wind rosd &rseems that between them there
is no pollution. A more adequate qualitatas@ncentration field should be obtained by
using a better-described wind rose at a given plaefined in more compass
directions. The development of a simple algorithon fhe transformation of the
OWR, in the general case, definednipoint tom-point, wheren > mor vice versa

n < m, is the purpose of the present paper. The newwidkbe namedTransformed
Wind Ros€TWR).
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Abbreviations:

OWR —Observed Wind Roses PWR —Primitive Wind Rose

TWR —Transformed Wind Rose c.d.f. —cumulative distribution function

DWR -Discrete Wind Rose p.d.f. —probability density function
Introduction

The standard wind roses (a diagram depicting te&ildiition of wind direction

and speed at a location over a given period of timme represented with 8 compass
directions — one for each 45° of the horizon, whielve one-letter code for the cardinal
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compass directions — N, E, S and W, and two-letteles for the intercardinal ones — NE,
SE, SW and NW. In Bulgaria, the annual climaticd8ap wind roses (the percentage of the
cases where the wind is blowing from each of theo8pass directions) are obtained by
statistical processing of a 16-point scale metewmiohl observation records from a
mechanical anemometer at 10 m height (Climaticreefee book of Bulgaria, 1982). For
convenience, this rose will be further nan@tserved Wind Ros€©WR) and will be
examined in the present paper.

The necessity to transform the 8-point wind roggsears in connection with the
determination of the annual mean air pollution eniation field from a point source.
Using this 8-point wind rose (for example, Fig.fa) calculating the pollution by existing
applied models — for example the software PLUMEof@kova, 2000), the concentration
isopleths follow the 8 compass directions of thadviose and it seems that between them
there is no pollution — Fig. 2 (the effect of destization).
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Fig. 2. Mean annual surface air pollution from

Fig. 1. OWR limatic station. _ -
9 , Fousse climatic station point source, applying standard OWR rose.

A more adequate qualitativeoncentration field should be obtained by using a
better-described wind rose at a given place, ddfinenore compass directions. In general
at the Bulgarian airports, there are automatictaligheteorological stations where 12- and
16-point roses can be obtained from hourly dats Iset such stations are few and generally
the data sets in them are for a short periodthiey. are not climatic representative.

The development of a simple algorithm for the tfarmsation of OWR, in the
general case, defined mpoint tom-point, wheren > mor vice versan < m, is the purpose
of the present paper. The new rose will be namexhsformed Wind Ros@fWR) or
depending of the context — calculate@crete Wind RoséDWR) too.

The TWR in more compass directions than the OWR vélused for calculating
the concentration field mentioned above and it Wwi#l demonstrated that the TWR’s
pollution isopleths in this case are more adequate.

Bulgarian Geophysical Journal, 2010, Vol. 36 41



N.Gromkova., |.ButchvarovApplying the model for transformation of the annciahatic...

Main principles

Formulation

For the goals of the study, it is assumed thatgiven point of the Earth surface
the wind direction is a stochastic phenomenon (gyvelepending on many independent
random variables.

Let p(x) is an integrable simple real and non-negativetion, where the domain
of variation ofx is R; — the set of real numbex 0 R;) with range:

=0 Xx<0,
P - 120 0<x<360,
=0« 360.

Without decreasing the extension of the conclusibns assumed thai(x) is a
continuous or partially continuous function.

Let also
360
J' p(x)dx=1.
0
Then exists a function
X
F0= [p(@dz  zOR,
such as:
=0, x<o,
F(X) - 11 0<x<360,
=1 x> 360.

In terms of the Probability theory (Wilks, 1967, €ienko, 1969) the functions
p(x) and F(x) are defined agrobability density function(p.d.f.) and probability or
cumulative distribution functior(c.d.f.). Implicitly it is supposed that the set @al
numberdsR; has dimension “degrees”.

When it is assumed that the wind direction is &lsistic event, it is possible to
associate to it a random variaewith a corresponding c.d.f. K(x) and a p.d.f. p(x),
defined as:

P{X<x’} =F(), xUORy,

whereP{X < x’} expresses the probability the random variabte be less ther.
Then, for the stochastic evewind directionwith corresponding c.d.f. and p.d.f.
the integrald\(x,) defined in expressions below:
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X+t
N() = [p@@)dz=F(x+)=F(x-1),i=2,3,..n, @)
x—t
360 t
N = d dz=
(= Jradr[pae= e

F(t) + F(360 — F(360-1),
wherex = 2( — 1} are the compass directiomsjs their number antl= 180h is the half-
distance between the compass directions, repréisenprobability the wind direction to
belong to the respective half-opererval & —t, x, +t] for i # 1 and (360- t, 360], (0, ]
fori=1or

N(X) =P{x -t <X<x +1t}
and

N(x;) = P{360 — t < X < 360} + P{0 < X < t}.

For convenience, the p.d.p(x) of the wind direction will be further named
Primitive Wind RoséPWR).

Relation between p.d.fp(x) and OWR

Let (X, ..., %) be a sample from a population of the random &4 realizations —
the anemometer read values of the wind directicm given location for a long period and
let the p.d.f. of the random variab¥eis p(x). The statistical processing upon these rough
observations for obtaining the OWR (of the frequ@rare as follows: the elements of the
sample are arranged so that every single realizatib= 1, 2, ... K, is included within the
relevant interval —t<x <x +t (i =1, 2, ...,n, x;, — the compass directions) and the
number of the realizations falling between a giirgerval are divided by the total number
K. Precisely, these values represent the OWR. Theygi@en in percentages (%) in the

Climatic reference book of Bulgaria, 1982. In thhegent paper they will be naméd, and
normalized to unity, i.e.

Zn:Ni =1.
i=1

In other words, the OWR evaluated in this way repngs a histogram of a sample
from the population of the random variaMferealizations with p.d.fp(xX) and empirical
estimate of the integraldl(x) (equations (1) and (2)) in the corresponding cassp
directions.

All presented above shows that if the p.gd(k) (PWR) of the random variabb¢
at a given point is known using the integrals (1d é2) the wind rose namddansformed
Wind Rose(TWR) in an arbitrary number of compass directioas be found. How to find
the p.d.fp(x) (PWR) using the OWR will be demonstrated furttiewn in this paper.

Bulgarian Geophysical Journal, 2010, Vol. 36 43



N.Gromkova., |.ButchvarovApplying the model for transformation of the annciahatic...

Determination of p(x)

General

If the elements of the samplg,( ..., x) are arranged in ascending order of the
magnitude such ag;< ... <Xy, these ordered values &f will be referred to as order
statistics - Xu), ..., Xw) (Wilks, 1967). Different methods for determinitige p(x) upon
order statistics are known — for instance Vapn&/9. However, the rough read daxa, (
..., X% are not available for processing, i.e. the memibmethods would not be used. So

the p.d.f.p(x) has to be determined using the OWR, i.e. usiegetimpirical estimateNi

(which are dependent random variables) of the matel(x;) — equations (1) and (2).
A possibility to findp(x) is to test a non-parametric statistical hypothegion the

empirical estimaté\; . However, to create appropriate statistic foringsa non-parametric

statistical hypothesis in this case is a very difti study in the theory of determination of
p.d.f. p(x) or here the so called PWR (Vapnik, 1979) andetuge this possibility will not
be discussed in the present paper. A practicaleasy method for determination px)
should be proposed below, based on assumptiompitidtp(X) belongs to a given class of
parametric functions.

Determination of p(x) as a function of a parameter®

Let the functionp(x) depend on the unknown paramefewhich is a vector with
components,. j = 1, 2, ...,k and the analytical expression pfx,d), continuous or
partially continuous, is known. It is assumed ttfa parameters; belong to the open
subsetR, — kdimensional Euclidean space. Them{k) andN(x,) in the integrals (1) and

(2) are substituted by the empirical estimatdd, and N, and afterward solving the

obtained algebraic equations system (the equafB®nand(4)) the appropriate valueséf
can be found:

. 5tt
N, = Ip(z,ﬂ)dz, i=2,3,..n, (3)
x—t
o5t t
N, = jp(z,ﬂ)dz + jp(z,a)dz, i=1. (4)
360-t 0

In other words the dat&; must be interpolated or approximated in a speuifiy.

After determining the parametefis using the formulas (1) and (2), whea®) is
substituted by(x,0), n is substituted by another number of compass dinextfor example
m, and changing andx respectively, the new rose of wind frequency carobtained —
Transformed Wind Ros@roposals about the analytical form of the fuorcti(x,0) will be
given in Section 4.
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Comment

To estimate stochastically how adequate the chhsestion p(x,0) represents the

real p.d.f. of the wind frequency, which correspond fee tdata N; in a given
meteorological station, it is necessary to proogitd the following steps: 1) to collect data

of the wind frequency not used for calculatifd; in that meteorological station; 2) to

create a statistic on this collection with c.frndlépendent from the parameteitaking into
consideration that the read data have a p.f.de-aliteady chosen functiq{x,d), 3) to test

a parametric statistical hypothesis with this stiatihow far the obtained value of that
parameter is from the true value ®#find 4) to admit or reject the obtained value (Wilks
1967, Lemon, 1979).

The quantitiedN; , however, are dependent random variables andlibwia very
difficult theoretical task (as in the case of a {pamametric statistical hypothesis) to

proceed through all these steps. As the goal tsepaiiely practical, later ofN; will be

assumed as determinate values and only a geonhetritestion of the differences between
the true and the calculated p.f.d. will be givesame theoretical examples.

Proposals about the analytical form of the functiorp(x,0)

Two simple models (variants) will be proposed:

Variant 1. A broken-line function such that between every teompass
directions there is only one straight line, p&,0) =a + b x, i =1, 2, ...,n. In the point of
the compass directionsx-— the straight lines have equal values (an exatspigven in
Fig. 6 in Section 6.1.1 — the firm broken line).the pointsx = 0 andx = 360 the first and
the last straight lines have equal values too.vidotor @ is decomposed to two vectorsa—
andb, with the components respectivalyandb; in this case, i.g(x,0) = p(x,a,b).

Variant 2. A discrete function in the form of straight linparallels to the abscissa
(an example is given in Fig. 6 in Section 6.1.he tlashed line), i.@(x,0) = a = const,
where:

a=Ni/2t

in the intervalsX, —t, x, +t] fori =2, 3, ...,n, and (360-t, 360] and (0f] fori =1, i.e.

X, = 0.

Note: The graphics in Fig. 6 are obtained using @sie p.f.dp(x) the function

from equation (5).

The first function is chosen for two reasons:

1. Itis assumed that the p.f.d. between two direstigaries linearly and in this interval
the probability is bigger towards the compass dimacwhere the wind frequency is
higher.

2.  The determination of the coefficierdas— they-intercept and, — the slope of the line,
is relatively easy and analytically exact.

This function however has one disadvantage —ribtspositive for all OWR. This
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case occurs when the OWR is much extended. Forah&on the second function (variant
2) is proposed. In this case the condifpgxa) > 0 is satisfied always.

Later it will be demonstrated on theoretical exaesphat the model of variant 1 is
better but if in this variant the conditiqufx,a,b) > 0 is not satisfied, then it is preferable to
use variant 2 to obtain a TWR with more wind conspdisections for calculating the mean
annual air pollution field (the isopleths of contration) from a point source instead of
using an OWR with less wind compass directions.

The determination of the parameter(i.e a andb) is presented in the separate
paper of this research (further down in this joi)rna

Some definitions

The notionsPrimitive Wind RosendDiscrete Wind Roseere introduced above.
Two types of PWR and DWR according to the conteit e recognizedanalytically
definedandcalculated

Analytically defined PWR and DWR

An example of aranalytically definedPWR as a continuous function of the
horizon angle is:

1
p(x) = asm(—) 0 <x < 360, (5)
18¢"  36C’
fork=1,2,3, ... and a| < 1/360. With such given parameterandk, the expression (5)
satisfies the requirements to be a p.d.f. of aoandariable. Precisely, the p.d.f. defined by
an analytical mathematical formula like equatioh {8ll be namedanalytically defined
PWR.
The integrals (1) and (2) in this case have thenfor

N(x) —Qf—oasm(—)sm(km ) +_

(6)

When the quantitied(x) are calculated from an analyt|cal expression ivece
after integration from amnalytically defined PWR (as equation (5)) theyl wi¢ named
analytically definedWR (see equation (6)).

Calculated PWR and DWR

As mentioned in Section 2 if the p.df(x) can be found, then the TWR in
arbitrary number o compass directions can be calculated. An algorfthmobtaining this
PWR from an OWR is described in the separate paftbie present research. Precisely, the
PWR obtained by using the described algorithm Ww#él namedcalculated PWR. The
quantitiesN(x;) (the integrals (1) and (2)) calculated from suckawted calculatedPWR
will be namedcalculatedDWR or TWR.
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Application of the algorithm for transforming wind roses (tests)

Several theoretical tests were carried out. Pralcigamples, using OWR, will be
presented in further paper.

Analytically defined PWR by formula (5)

Parameter k = 2 andcalculated DWR for 16 compass directions

In Fig. 3 theanalytically defined®WR calculated by formula (5) fér= 2 anda =
1/720 is presented in standard mode — in polardioates, and in Fig. 4 and Fig. 6 — in
Cartesian ones (the smooth curve — left definedelcevhere the circle (the horizon) is
developed over the abscissa.
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2
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= 3
=
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0.0025  0.005 Lilsy I 0.08
plx) r
01— — 0
45 0 45 90 135 180 225 270 315 360 405
— 135 225 225 67.5 112.5 157.5 202.5 247.5 292.5 337.5 382.5
degrees

e Analytically defined PWR [l Analytical defined DWR

Fig. 3. Analytically defined PWRK = 2, Fig. 4. Analytically defined PWR and DWR,= 2,
a=1/720. a=1/720.

In Fig. 4 the analytically defined DWR, calculateg formula (6), is presented as
a histogram (right defined scale) and in Fig. 1-polar coordinates for the parametars
andk mentioned above amd= 8, i.e. 8 compass directions= 0, 45, 90, ...,315.

As the PWR is exactly known, the analytically deinDWR in Fig. 5 is the true
wind rose for 8 compass directions. Let this rosecbnsidered as an OWR (but the true
one). Applying the method described in the previBestions on this OWRa calculated
PWR'’s are obtained. In Fig. 6 the firm broken lisealculated by variant 1 and the dashed
line — by variant 2.

Let the analytically defined DWR fan = 16 (formula (6)), i.e. for 16 compass
directions,x; = 0, 22.5, 45, ..., 315, be calculated. It is theetone because the analytical
PWR is known. Using the calculated PWR (Fig. 6, liheken lines) the calculated DWR'’s
by the integrals (1) and (2) for 16 compass dicedtiaccording to the two variants are
obtained too.
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Fig. 5. Analytically defined DWRk =2, Fig. 6. Analytically defined and calculated PWR'’s,
a=1/720, 8 directions. k=2,a=1/720.

A comparison between the true 16-compass direetiod rose and the calculated
ones according to the two variants using the desdrimethod is given in Fig. 7 in polar

coordinates and in Fig. 8 — in Cartesian ones $eien that there is a great correspondence
between the roses. A quantitative criterion willdgvesented further down.
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Fig. 7. Analytically defined and calculatedi9- 8- A nalytically defined and calculated DWR's,
DWR’s, k = 2, a = 1/720, 16 directions. k=2 a=1/720, 16 directions.

Parameter k = 3 andcalculated DWR for 16 compass directions

Another example is a continuous smooth curve ddfimethe formula (5) fok =
3 anda = 1/720 shown in Fig. 9 in polar coordinates andFigures 10 and 12 — in
Cartesian ones (the smooth curve, left defined eycarhis example is chosen to
demonstrate that the proposed method can be appfiedind rose with more then one
maximum — 3 in this case. The analytically defire?/R calculated by formula (6) for
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pointedk anda, andn = 8, is shown in Fig. 10 as a histogram (rightirtef scale) and in
Fig. 11 — in polar coordinates.
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Fig. 9. Analytically defined PWRK = 3, Fig. 10. Analytically defined PWR and DWR,= 3,
a=1/720. a=1/720.

As the PWR is exactly known, the analytically defirDWR in Fig. 11 is the true
wind rose for 8 compass directions as it was inghevious example. Let this rose be
considered as an OWR (but the true one). Applyirggrhethod, described in the previous
Sections, on this OWR, a calculated PWR’s are obthiln Fig. 12 the firm broken line is
calculated by variant 1 and the dashed line — byart2.
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Fig. 11. Analytically defined DWRk = 3,Fig. 12. Analytically defined and calculated PWRks+ 3
a = 1/720, 8 directions. a=1/720.

In Fig. 13 in polar coordinates and in Fig. 14 iar@sian ones the analytically
defined DWR (the true one) for= 16 (formula (6)) and the calculated DWR’s obéairby
the integrals (1) and (2) for 16 compass directiacsording to the two variants using the
calculated PWR (Fig. 12, the broken lines) are qres].
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Fig. 13. Analytically defined and Fig. 14. Analytically defined and calculated DWR’s,
calculated DWR'sk = 3, k =3,a=1/720, 16 directions.

a=1/720, 16 directions.

Geometrical criterion of the reliability

The values of the analytically defined DWR and lod talculated DWR’s for 16
compass directions using the calculated PWR’s (#ignd Fig. 12 — the broken lines), as
the last obtained from the 8 compass direction$ytically defined DWR(formula (6)) for
the tests in Sections 6.1.1 and 6.1.2 are showalite 1.

To estimate the precision of the obtained 16-poaitulated DWR’s, the root
mean square deviations (RMSD)between these calculated DWR’s and the 16-point
analytically defined DWR’s (the true one) were ciédted:

16 _
2. (N; = Ny
r = 1=1

15 ’

where N; are the values of the analytically defined DWRiad N, — of the calculated

DWR's. The results are presented in the last rowalfle 1. It is seen that the RMSD of
variant 1 —r4, in both tests are considerably less (about 1@djnthan the analytically
defined and calculated DWR’s minimum values, aredéviations of variant 1 are 2 times
less than of the 2-ndr, one.
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Table 1. Wind rose values and RMSD.

Test in paragraph 6.1.k= 2 Test in paragraph 6.1.R= 3
Direction {Analytically Calculated DWRN; |Analytically Calculated DWRN;
degrees defined defined
DWR | variant 1| Variant2| DWR | variant 1 | Variant 2
N Ni

0.0 0.06250| 0.06250 0.0625
22.5 0.08403| 0.08126 0.0765
45.0 0.09295| 0.09532 0.0906 0.08334 0.08628 0D7p8
67.5 0.08403| 0.08124 0.0765 0.05122  0.05624 0DYB9
90.0 0.06250| 0.0625Q  0.0625D 0.03303 | 0.02887| 0.03800
1125 0.04097| 0.04374 0.04843  0.05122 0.05624 ©D58
135.0 0.03205 | 0.02968| 0.03437 0.08334 | 0.08628| 0.0798
157.5 0.04097| 0.04374 0.0484 0.089Y3 0.07762 Q.07
180.0 0.06250| 0.0625( 0.0625 0.06250 0.06250 6M4

202.5 0.08403| 0.08124 0.0765 0.03527 0.04738 835
225.0 0.09295| 0.0953%7 0.0906 0.04166  0.03872 .04
247.5 0.08403| 0.08124 0.0765 0.073Y8 0.06876 094
270.0 0.06250| 0.0625( 0.0625 0.09197 0.09613  OM4
292.5 0.04097| 0.04374 0.0484 0.073Y8 0.06876 094
315.0 0.03205| 0.02968§ 0.0343 0.04166  0.03872 @04
337.5 0.04097| 0.04374 0.0484 0.03527  0.04738 635

RMSD |r,=0.00236r,=0.0055§ RMSD |r,=0.00710r,=0.0106§

0.062%50 0.06250  0.06j50
0.089Y3 0.07762 00711

N TR TNO

w

WIN[W[OIN[h”N[O
W oo Jo 0O N P

Comparison between the annual mean ground level air pollutio
concentrations from a point source using an 8—poirdnalytically defined
DWR and analytically definedand calculated DWR’s in more compass
directions

The test example in Paragraph 6.1.1 is used to demate the ability to improve
the annual mean pollution concentration picturepafposed above model, applying the
Bulgarian PLUME model (Gromkova, 2000). The grolexkl concentrations from a point
source, applyinganalytically definedDWR, k = 2, a = 1/720 in 8 directions (Fig. 5) is
shown on Fig. 15a. The necessary wind speeds atbeofame value — 3 m/s — in all
directions to be excluded their influence in difusprocess. It is seen very clearly, that the
concentration isopleths follow the 8 wind direcBo®n the next figures (15b, 15¢ and 15d)
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the analytically defined DWR'¥ = 2,a = 1/720, in 16, 32 and 64 directions, respectively
are used. Only when the wind rose with 64 diredtisnapplied the concentration isopleths
take an adequate qualitatiskape of ground level pollution — Fig. 15d.

(a) (b)

(© (d)

Fig. 15. Mean annual surface air pollution from point seyrapplyinganalytically definedWR's,
k=2,a=1/720, /equation (6)/ for: 8 — (a), 16 — (b),-3&) and 64 — (d) directions, respectively.

The pictures of concentration isopleths witdculatedDWR's, k = 2,a = 1/720,
for 16 and 32 directions have the same shammalytically definedDWR (15b and 15c),
i.e. the concentrations follow the directio@alculated definedWR, k = 2,a = 1/720 in
64 directions is used of the proposed wind rosesfoamation model to obtain the annual
mean ground level pollution isopleths — Fig. 16a d®b for variant 1 and variant 2,
respectively. As it is seen the picture with varidnmodel (Fig. 16a) is almost identical
with analytically defined DWR (Fig. 15d). The variant 2 gives second maximal
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concentrations aside of the first one and is thdliaty to variant 1, in case of negative
calculatedPWR, only. Nevertheless it is better than usinty @& direction wind rose in
calculations.

(a) (b)

Fig. 16. Mean annual surface air pollution from point seyrapplyingcalculatedDWR's, k = 2,
a=1/720 in 64 directions by (a) — variant 1 anp-{lvariant 2.

Conclusions

Using an 8-point wind rose for calculating the pallution by existing applied
models — a Gaussian plume model for a continuoust mource, the concentration
isopleths follow the 8 compass directions of thadviose and it seems that between them
there is no pollution. A more adequate qualitatbemcentration field should obtained by
using a better-described wind rose at a given pldeéned in more compass directions
according to the described method.
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[punarane Ha Monen 3a TpancdopMupaHe HA TOAMIIHATA KJIMMATHYHA po3a Ha
BATHPA 32 MO/IeJINPAHE HA 3AMbPCABAHETO OT TOYKOB U3TOYHHUK

H. I'pomkoBa, 1. bruBapos,

Pe3tome. HeobOxomumocTTa 1a ce mpeobpasyBa CTaHAapTHATA 3a Bharapus KiuMaTHdHa 8-
pymboBa po3a Ha BaTbpa (Hapedena Tyk Habmiodamenna Posa na Bamwpa (HPB))
BB3HHKHA BBB BPB3KA C ONPEACTIHETO Ha KOHIEHTpaUMsATa Ha KIMMAaTHIHOTO
(cpemHOTOOMIIHOTO) 3aMbpCSABaHE HA BB3AyXa OT TOYKOB M3TOYHHK, KOETO € OCHOBHA IIEJT
Ha OIIEHKAaTa Ha BB3JIEHCTBUETO BHPXY oKosHaTta cpena (T.H. OBOC). Koraro ce usmnonsysa
8-pymOoBa po3a Ha BiATbpa 3a M3YKCIISBAHE Ha 3aMbPCSIBAHETO MO ChHIIECTBYBAIUTE
NPUIOKHKM Mojenu — Hanp. [aycosus Plume modeba HempekbCHAT TOYKOB H3TOYHHK,
M30JIMHUKMTE Ha KOHIICHTpALMATA cieJBar 8-Te pym0a Ha po3ara Ha BSAThpa U U3IJIEKIA,
KaTo e JIM MEXAY TAX HAMa 3aMbpcsBaHe. [1o-afekBaTHO TOJIe Ha 3aMBbpCABaHE MOXE J1a
ce MOJYyYH, aKo Ce M3IMON3yBa po3a ¢ moBeue pymoOa. Llenra mHa HacrosimaTa paboTa e
MPWIaraHeTo Ha aTOPUTHM 33 BH3CTAHOBSIBAHE IIOJIETO HA BATHPA, T.€. MpeoOpa3yBaHe Ha
HPB (B 00mms ciyvaii), ot po3a ¢ n pym6a B po3a ¢ M pymo0a, Kato € 0e3 3HaUeHHe ajiu N
> m win N < M. HoBomosrydueHara po3a € HapedeHa [Ipeobpasysana Poza na Bamuvpa
(TIPB).
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