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Peculiarities of frequency symbolic method applied to

parametric circuits analysis

Abstract. The article deals with the assessment of asymptotic stability of linear parametric circuits by frequency symbolic method and approximation
of transfer circuit function by the truncated Fourier series. Assessment of asymptotic stability is carried out according to the transfer function of one
frequency. The examples of assessment of asymptomatic stability of single-circuit and double-circuit parametric amplifiers are given.

Streszczenie. W artykule oceniono mozliwo$¢ oszacowania asymptotycznej stabilnosci liniowych obwoddéw parametrycznych przy pomocy
czestotliwo$ciowej metody symbolicznej i aproksymacji transmitancji przez szereg Fouriera. Do oszacowanie asymptotycznej stabilno$ci
wykorzystywana jest zwyczajna transmitancja. Zaprezentowano przyktad oszacowania stabilnosci jednooczkowego i dwooczkowego obwodu
parametrycznego. (Osobliwosci zastosowania metody symbolicznej do analizy obwodéw parametrycznych)
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Introduction
Linear parametric circuit of time f is characterized by
impulse transfer function w(z, &) as a circuit response to

delta-impulse given at the time period £. The function of
two variables w(z,&) is often used. However, one variable

is often considered as a parameter. At the same time the
researcher should deal with so-called conjugate impulse
reaction when the parameter is ¢ or normal impulse
reaction when the parameter is £ [1]. This condition divides

the sums of research of linear parametric circuits into two
classes. So, the sums connected with the stability analysis
in the supervision period [1] are done with the help of
normal impulse reaction and their representations according
to Laplace that are normal parametric transfer functions
W(s,&) but the sums connected with the transfer of

signals are done with the help of conjugate impulse
reactions and their representations according to Laplace
domain that are conjugate parametric transfer functions
W(s,t). The assessment of asymptotic stability is carried

out according to so-called bifrequency transfer function
W(s,r)[1,2], that represents the result of double

application of Laplace transformation to function w(z, &) .

The article shows the possibility of assessment of
asymptotic stability of linear parametric circuit described by
parametric transfer function W (s,&) that is formed with

much less computational burden than W (s, 7).

The purpose of the article

The paper [1] shows that spectral research methods of
stability of linear circuits with constant parameters which are
usually used by researchers can be transferred to linear
circuits with variable parameters but with some peculiarities.
We will consider these peculiarities and their application.
So, this article deals with the problem of assessment of
stability of linear parametric circuits performed by analysis
of frequency symbolic method [3].

This problem can be solved with the help of transfer
function of poles that quite frequently and usually is used for
the stability assessment carried out by symbolic analysis of
linear circiuts with constant parameters.

To reach this aim the following criteria of stability of
linear parametric circuit given in [1] are used.

Criterion 1. Linear parametric circuit on the given
observation interval T is stable if:

1) T|W(t,§)|dt<oo, 0<&E<T
¢

This leads to the following definition of stability: linear
system with variable parameters is stable on the interval

only when its normal parametric transfer function W (s, &)
does not have poles in the right half-plane and on the
imaginary axis of complex plane s by all f ,which are in

the interval under consideration.
Criterion 2. Linear parametric circuit

asymptotically 0 < £ < o0 if the integral

is stable

2) [ [|w(e. &)drde

is convergent absolutely. It demands the determination of
all analiticity infringements of bifrequency transfer function
W (s,r) on the plane PO and making so-called coincident
characteristic p = y(o) and area D, on this basis [1,2]. If
area D, includes points with & <0, the circuit with such
characteristics p = y(o) is asymptotically stable.

The possibilities of application of critiria (1) and (2) for
assessing the stability of linear parametric circuits when

analysed by frequency symbolic method are considered
and the peculiarities of such application are determined.

Main body
To calculate function W(s,t) in [3] its approximation

W(s,t) in the form of truncated Fourier series is
successfully used:

A k(W (s) cos(iQ) +
(3) W _ W ci

(s,0)=W,(s)+ ; L W, (s)sin(iQt) }
or in complex form

n EWW . (s)-expEji-Q-)+
(3a) W(s,f)= VVO(S)+ZLW | (S)-expe—j-i-Q-t)} ,

i=l

where Wy(s), W,(s). W,(s) ta Wy(s). W.,(s),
W.,(s) - independent on time ¢ fractionally rational

functions of complex variable s, k -number of harmonics
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in the series, Q = 272'/T , T - period of parameter change

of parametric element of the circuit under the influence of
pumping signal.

Such approximation has the
calculation properties:

it provides unique simplicity of determination of functions

Wy(s). W (). W () or Wy(s), W,,(s), W,(s) in

the symbolic form due to the fact that it leads to doing the
system of linear algebraic equations [3];

following positive

it allows to get exact expression for I/f/(s,t) (from the
point of view of methodic mistake) in any way by increasing
the number of & included in series (3) terms [5];

it forms the expression Vf/(s,t) which is much more

compact than the expressions received by other, for
example, approximate methods from [6];

it proved its high efficiency and convenience during the
further research of linear parametric circuits [3,5] by

researching the function W(S,t) through the research of

its approximation W (s,t) .
The task of stability determination as mentioned above
demands the previous determination of functions W (s, &)

or W(s,r). Because of the mentioned above positive
peculiarities of approximation (3) and (3a) the formation of
function W (s,&) should be carried out by analogy, for
example in the form of Fourier trigonometic series:

) kW, (5) cos(iQ &) +
4) W(s,E)=W,(s)+ Z Lr W _(s)sin(iQ&) }

i=1
where W, (s), W, (s), W_(s)- fractionally rational
functions of s with the same denominator A(s) according

to frequency symbolic method.
But according to criterion 1 the approximation (4) has a
serious drawback for the assessing stability. It turned out

that finding the poles of the function W (s,&) defined in

the form of Fourier trigonometric series does not lead to the
desired aim and it is supported by the following arguments.

Argument 1. At different meanings f in the general
case the circuit can be stable or unstable as its impulse
transfer characteristic W(¢,&£) can be falling at some

values of & and not falling time function ¢ at the others.
Argument 2. As the position of poles in function
W(s,&) (4) or denominator root of function W (s,&) on

the plane s determines stability or unstability of the circuit,
the argument shows that the value of these poles

(denominator roots) must depend on f
Argument 3. The approximations (4) and (3,a) have
denominators only in expressions W, (s), W, (s), W, (s),

W_,(s). W, (s) which do not depend on & . This means

that these denominator roots do not depend on & either.

The content of arguments 1 and 3 leads to the
conclusion that according to criterion 1 the assessment of
circuit stability with the help of denominator roots of function

W (s, &) approximated by Fourier series does not lead to
desired result.

To solve this problem it is necessary to offer the other
approximation of function W (s,&) that by-turn makes its

definition not always possible.

But the situation is not hopeless. As approximation (4)
has the mentioned above positive calculating parts of
approximation (3), it can be used to determine the function

W (s,r) to which the criterion 2 can be applied. So, we will
use the dependence given in [1]:

(5) W(s,r)= ]EW(S,f)e_rédé .

In this case without denominators dependent on &

(argument 3) approximation (4) provides quite ordinary
calculation of integral (5) and as it is shown in [4] when
using frequency symbolic method it changes the problem of
assessment of asymptotic stability of the circuit from the
analysis of characteristic of convergence p= y(o) of

function W (s,r) to ordinary finding of denominator root of

A(s) of normal transfer function of circiut W (s,&) in (4)
with the biggest real part. At that for the assessment of
asymptotic stability of linear parametric circuit according to
criterion 2 it is enough [4]:

1. to find normal transfer function W (s,&) of this circuit

by frequency symbolic method in the form of truncated
Fourier series( 4);

2. to find the roots of denominator A(s) of function

W(s,%);
3. to define the availability of roots with zero or positive
real parts among the roots of polynomial A(S). If such

roots exist, the circuit is unstable, but if they do not exist,
the circuit is stable asymptotically.

Control of calculation accuracy
The approximation of transfer functions ¥ (s,) and

W(s,&)of the circuit performed by Fourier cut series
imposes some peculiarities on the control of result
accuracy. So, in general case it does not matter how many
harmonics are accounted in approximation as there is no
certainty that all significant harmonics are included into
approximation expression.For the practical application of
frequency symbolic method we can present the following
method of accuracy control: the accuracy of received
transfer  function  with  accounted  harmonics in
approximation k is sufficient if increase of number of
harmonics in approximation n does not lead to
considerable change of results received on its basis but it
is insufficient —if vice versa.

In the last case it is necessary to increase k and repeat
the calculation. For example, if we have two versions of
output signal of the circuit determined by product of input

signal on approximation of transfer function W (s,t) when
the number of harmonics is k and k + 1 respectively and

at that both output signals are within given deviation 0 we

consider transfer function W (s,f) to be determined quite
accurately. If not, we do calculation of transfer function
again with higher value of k as it is mentioned above.
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We can speak about determination of roots A(s) of
denominator of function W(s,é) by analogy. The increase
in number of harmonics in approximation I/f/(s,é‘) from k

to k+n leads to the increase in degree of polynomial
A(s) that is to the increase in number of roots in it.
According to frequency symbolic analysis [3] the degree of
polynomial A(S) increases when number of harmonics

included in approximation increases. But the number of
different roots or at least the number of different real parts
of roots is limited, that is why they begin to repeat after

some k . At that we have two versions of roots determined
from polynomial A(s) when the number of harmonics in

W(s,&) is k and k+n respectively. Since the most
number of harmonics must lead to the increase in
calculation accuracy, we consider that polynomial A(s) of
higher degree must include “specified” roots of polynomial
A(s) of lower degree and additional roots. When

comparing the same roots between these versions in turn
we determine if they (real and real parts) are situated within
the given deviation O . If so, we consider the given root to
be determined with enough accuracy and we go to the
following root. If not, we repeat the calculation of A(s) with

higher value of k as it is mentioned above. This process
finishes when the roots with new real parts stop to appear
among accurate roots. Then the assessment of asymptotic
stability of circuit is carried out according to real parts of the
found “accurate” roots.

Obviously, the mentioned approach does not provide
any guarantee of result accuracy but the higher 7 is, there
are more chances that the suggested way of accuracy
control gives exact result with the given number of

harmonics k. We think that the final determination of

number of necessary harmonics as the answer is up to
researcher of the given linear parametric circuit .

Example 1.

To carry out the assessment of stability of single-circuit
parametric amplifier shown in Figure 1.

()i M CATEEDIt
=

Fig.1. amplifier,
i, =1, -cos(w-t+¢)>1, =14 0=1rad/s; ¥ =0,255m;

L=1H; C(t)=C,-(1+m-cos(Q-1); Co=1F; Q=2-w.

Single-circuit parametric

From current of signal i_(#) to current of inductor

i, (t) for the circuit from Figure 1 the normal parametric

transfer function W(s,&) is determined by frequency
symbolic method [3] in the form of truncated Fourier series,
for example, when k=1itis:
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W(s,&) _ A AL(S)-COS(!’QQE)+

+ A Gniaey,

A(s)

where
A,(5) = Ay (s,m) = —0.0625-(4- 5" +
+5°+20-5+4)-5-m
A, (s)= A, (s,m)=2.3125+0.625-5+
+2.515625-5> +0.125-5° +0.25-5%;
A,(5)= A, (s.m) =055 m-(s* +3);
A(s) = A(s,m)=2.3125+(0.25—-0.125-m?)-s° +
+(0.1875-0.03125-m?)-s° +
+(2.796875 —1.125-m>) - s* +
+(1.378906 — 0.125 -m?*) - s° +
+(4.984375-1.5-m*)-s> +1.203125 - s,

m - intensity of modulation of capacity C(%).
Expression (6) is solution to the following differential
equation [1]:
[1+(-LC )+ LY)s+ LC(1)s* |- W(s,E) +
(M +(LC'(t)-LY =2LC(1)s)-W'(s,E)+ >
+LC(@t)-W'(s,6) =1

which by-turn [1] issues from differential equation that
describes circuit from Figure 1:

c(OL-i/(t)+[c'(t) L+ yL]-i;(t) +
+1,(t)=i_(2).
Figures 2,a-2,f show trajectories of roots in the plane
Oj @ that are received during the change of m from 0,15

to 0,7 and during the change of number of harmonics in

(8)

approximation W(S,é‘) from one to six respectively. The

beginning of every trajectory is signed by symbol « X » and
at the end of trajectory there is root number which makes it.
Complex conjugate root corresponds to every root from
Figure 2. Trajectories of these conjugate roots are
symmetric relative to the axis O and they are not shown in
the Figure 2. Analysing Figure 2 we can see the following:

e trajectories of roots 1 and 2 when changing in Figure 2,a
and Figure 2,b, in Figure 2,c — Figure 2,f they are practically
the same that is “specified”;

e trajectories of roots 3 and 4 when changing in Figure 2,b
and Figure 2,c, in Figure 2,d — Figure 2,f are practically the
same (“specified” ) and equal to trajectories of roots 1 and 2
respectively;

e trajectories of roots 5 and 6 when changing in Figure 2,c
and Figure 2,d, in Figure 2,e — Figure 2,f are practically the
same (“specified”’)and equal to trajectories of roots 1,3 and
2,4 respectively;

e when increasing the number of harmonics in A(s)
trajectories of roots 7,9 and 8,10 are considered to become
equal to trajectories 1, 3, 5 and 2, 4, 6 respectively and so
on;

o there are only two trajectories of “specified” roots with
different real parts and they are within real values o from —
0,17 to — 0,36 and from — 0,09 to + 0,02, respectively;

« trajectories of “specified” roots that cross the axis j@,

have the same real part, that is why we consider them on
the example of root 2 in more details.
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Fig.2. Trajectories of roots of denominator A(s,m) of function

[/f/(s,g) of the circuit in Figure 1, during the change of m from 0,15

to 0,7 and for the number of harmonics in its approximation from
one to six: a — one harmonic, b — two harmonics, ¢ — three
harmonics, d — four harmonics, e — five harmonics, f — six
harmonics.

2 ........................................................................
m=0,544 | m=0,552 0,56
8 1 i ! H N
= T o
m=0,548 i m=0,556 | m=0,564
i i

Fig.3. Trajectory of root 2 during the change of m from 0,544 to
0,564 with lead 0,004. The beginning of trajectory signed by
symbol « X ».

The fragment of trajectory of the root 2 for value m
from 0,544 to 0,564 across 0,004 is shown in Figure 3 on
an enlarged scale and as it can be seen from the figure it
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crosses axis j@ when m = 0,554 + 0,002 . This means
that at m<(0,554+0,002) the circuit from Figure 1 is
stable asymptotically, but at m<(0,554+0,002) it is

unstable. This result coincides absolutely with the result
from the Figure 4 that is received for the circuit from Figure
1 by numerical method with the help of MicroCAP
programme which analyses electric circuits.

2000
1500 jr_”rl
1000
500 |
a) 0
.5DG !
-1000
-1500 |

2000 5 500 1000 1500 2000 2500

2000
1500-";5(”./4
1000 |
500 |
0
-500 |
,1000
1500 |

b)

Fig.4. Time dependences of current of inductor j, (¢) for the circuit

from Figure 1 received with the help of MicroCap: a - m =0.552,
stable circuit; b - m = 0.556, unstable circuit.

Example 2.

To carry out the assessment of stability of double-circuit
parametric amplifier shown in Figure 5. Signal circuit L1C1
icluding its shunting elements CO, L2, C2 is prepared for the
frequency @, =27 - 10% rad/s. The frequency of input

signal is @, =@, and the frequency of pumping is
Q, =2-7-298,573 rad/s .

Fig.5. Double-circuit parametric amplifier :

i(1)=1,-cos(w-1 +@), =45, Im=0,lm4 ;
yl=1y2=10"Sm, Cl=C2=68pF ; L1 =36,70795 nH ;
L2=9,312609nH,; C(t)=CO0-(1+m-cos(Q-1)),
CO=1pF;Q=2-7-298573000 rad/s.

Figure 6 shows the given ftrajectories of roots in
plane gj@ that are received during the change of m from
0,16 to 0,28 at approximation I/f/(s,g) by two harmonics.

The beginning of every trajectory in Figure 6 is signed by
symbol “X”.
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Fig.6. Trajectories of roots of denominator A(s,m) of function

[/f/(s,g) of the circuit from Figure 5 during the change of m from
0,16 to 0,28 for two harmonics of its approximation.

QA op-f
>
-
o

Fig.7. Trajectories of roots during the change of 77 from 0,215 to
0,245 with lead 0,01. The beginning of trajectory is signed by
symbol” X”.

The trajectories of the roots that cross axis j@ for the
values m from 0,215 to 0,245 with lead 0,01 (the position of
the root on every lead is signed by the symbol “0 ") are
presented in Figure 7. As it can be seen from the figure the
trajectories cross the axis ]a) when m = 0,23 +0,005 -
This means that at » < (0,23 +0,005) the circuit from Figure
5 is asymptotically stable but at m>(0,23+0,005) it is
unstable. This result coincides with the result received for

the circuit from Figure 5 with the help of MicroCAP
programme.

Conclusion

From the material presented in the article the following
conclusion can be drawn.
1. Opposite to the assessment of stability of the interval, the
assessment of asymptotic stability can be performed
according to frequency symbolic method of analysis of
linear parametric circuits during approximation of normal
function of circuit transfer performed by truncated Fourier
series.
2. When using frequency symbolic method of analysis the

approximation Vf/(s,g) in the form of (4) leads the problem
of assessment of asymptotic stability of circiut from the
analysis of convergence characteristc p= y(o) of
function W(s,r) to ordinary finding of denominator root

A(s) of normal function of circuit transfer (s, &) with the

biggest real part.
3. According to accuracy of stability assesment a number of

harmonics k in approximation (s, &) is considered to be
sufficient if it provides the absence of roots with “new” real
parts at increasing & .

4. The results of experiments in assessment of asymptotic
stability carried out on the circuit in Figure 1 and the circuit
in Figure 5 on the basis of the method offered in the article

and MicroCAP programme coincide and it proves the
correctness of the stated material.

REFERENCES

[1] Conopmoe A.B., MNetpoe ®.C. JIMHeNHble aBTOMaTU4eckue
cucTembl C nepemeHHbIMK napameTpamu.-M.:Hayka, 1971.-620
c.

[2] Bpukkep M.H. O 4YacTOTHOM aHanu3e JUHEWHbIX CUCTEM C
nepeMeHHbIMU napameTpamu//ABToMaTMka U TernemexaHuka,
Ne 8, 1966.-c.43-54.

[3] UWanosanos 0., MaHgsin Bb. CumMBONbHUIA aHani3 NiHiNHKMX
napamMeTpuyHux Kin: CcTaH nuTaHb, 3MIiCT i HanpsiMKK
3acTtocyBaHHsl. // TeopeTuuHa enekTpoTexHika. 2007. Bun. 59
c.3-9.

[4] Wanoeanos KO.l. OcobnMBOCTi OLHKM aCUMMATOTUYHOI CTINKOCTI
NiHINHUX ~ NapameTpPUYHMX Kl 4aCTOTHUM  CUMBOSbHUM
meTogoM. // MopentoBaHHs Ta iHdopMaLiniHi TexHonorii. 36.
Hayk. np. INMME HAH Ykpainn. — Bun.55. — K.: 2010. — C. 126-
133.

[5] LWanosanos t0.l.,, MaHbkoBcbkuin  C.B.  3actocyBaHHs
TOMOMOTMYHNX MEeTOAIB 32 CUMMBOSBLHOTO aHanidy niHinHMX
napameTpuyHmnx kin. BicHuk HY «JlbBiBCbka nomniTexHika»
PapioenekTpoHika Ta TenekomyHikauii, Ne 618, 2008.-c. 76-81.

[6] Zadeh L. A., “Frequency Analysis of Variable Networks,” Proc.
of the IRE, vol.39,1950.

Authors: PhD, Assoc. Prof., eng. Yuriy Shapovalov, Lviv
Polytechnic National University, 12, Stepan Bandera Street, Lviv,
79013, Ukraine, E-mail:shapov@polynet.lviv.ua;, prof., DSc, eng.
Bohdan Mandziy, Lviv Polytechnic National University, 12, Stepan
Bandera Street, Lviv, 79013, Ukraine, E-
mail:bmandziy@polynet.lviv.ua; mgr. Spartak Mankovsky, Lviv
Polytechnic National University, 12, Stepan Bandera Street, Lviv,
79013, Ukraine, E-mail:mspartak@mail.ru.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 5/2011 159




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


