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Introduction 

In quantum mechanics textbooks (Landau and Lifshitz, 1989), a proof is provided regarding the number of 
discrete energy levels for potentials that decrease inversely with the square of the distance at infinity: 

( ) ( )2 , 0 .V R
r
β β≈ − >                                                        (1) 

At the same time, any of their forms are allowed at short distances. The following parameter plays a 
critical role 

( )2

2 1 .m l lβγ = − +


                                                              (2) 

It has been shown that, if 1 / 4,γ <  the zeros of the sought radial function can be located only at finite 

distances from the origin and, therefore, the number of levels, in any case, will be finite. 
Conversely, if 1 / 4,γ < an infinite number of negative-energy levels is expected. To obtain this result, 

the upper threshold of the discrete spectrum 0E =  is substituted into the reduced Schrödinger equation, 
and the asymptotic solutions of the equation are considered, when 1.r   It is essential that the parameter 
β defining the potential is a constant number.  

In atomic and nuclear physics, when relativistic effects are taken into account, the interaction potential 
often depends not only on interparticle distance, but also on the total energy of the system E. In such cases, 
the asymptotic behavior of the potential energy may still obey the 2r− law, but its strength depends on the 
energy ( ) ,Eβ β=  i.e. ( )0 0 .V V E=  It is clear that Landau's assertion is no longer valid, since substituting 
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the value 0E =  may not be permissible to generalize the theorem. To address this problem, consider the 
reduced Schrödinger equation in its asymptotic form  

( ) ( ) ( )2
2 0,
E

r k r
r

γ
χ χ

 
′′ − − = 

 
                                                        (3)  

where 2

2m E
k =



 and 0E <  (for the bound states). The general solution of this equation is the superposi- 

tion of Bessel functions with imaginary arguments (Chilashvili, 1973):  
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.

E E
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= +                                           (4) 

Since we are interested in bound states, we must choose the coefficients 1,2c  to obtain wave function 

decay at infinity, so that it will be normalizable. Among the Bessel functions, only the modified only so-
called McDonald function exhibits exponentially decreasing asymptotics. To obtain this, we must assume 
that 
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1, .

2sin 4
c c v E

v
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π

= − = − = −                                                   (5) 

Then we obtain 

( ) ( ) ( )1/4
~ .
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−
                                                               (6) 

For the following analysis, we make use of the properties of the McDonnald function. It is well known 
that the McDonnald function has real zeros only for purely imaginary indices. Therefore, we conclude that: 

(a) If ( ) 1 ,
4

Eγ <  the radial function ( )rχ has no zeros (nodes) at infinity, i.e. the Schrödinger equation 

either has no discrete energy levels at all, or only a finite number of them; (b) If ( ) 1/ 4,Eγ >  the index of 

the McDonald function is purely imaginary and the ( )rχ  function will have nodes at infinity. Therefore, 

it is expected that the Schrödinger equation is expected to have an infinite number of discrete energy levels.  
Thus, we have obtained a generalization of the above theorem for energy-dependent potentials. It is 

clear that the assertion applies to energy levels lying between a given value and a critical value ( ) ,crE E  

which is determined by the condition ( ) 1 .
4crEγ =  In conclusion, let us emphasize that numerous examples 

of energy-dependent potentials arise for which the above generalization of Landau's theorem is applicable. 
 

Specific Example 

In the hydrogen atom problem, when taking into account the relativistic effects, R. Faustov obtained the 
following type of interaction quasipotential (Faustov, 1968) in momentum space: 

( ) ( )
( )

22
; , ,

me
V M p q

p q p q ioε
=

− − − +
                                                     (8) 

where 2M mε = −  is the binding energy. In this case, we have an integral equation of the Fredholm type. 
When 0,ε <  we can neglect ε  in the denominator and then (7) will transform into an ordinary Coulomb 

potential, and the standard methods of the Fredholm theory can be applied. Conversely, when retaining a 
non-zero ε , the quasipotential equation in coordinate space transforms into a Schrödinger type equation 
(Khelashvili and Kiknadze, 1997): 
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where the potential is 

( ) ( )2 ,
f r

V r
rε

εα
π

= −                                                            (10) 

while 
2

4
eα
π

= is the fine structure constant and 0.Eε = − >  In this expression, the following function 

( )f rε is denoted by Bateman and Erdei (1963) 

 ( ) ( ) ( ) ( ) ( )sin cos ,f r Ci r r si r rε ε ε ε ε= −                                           (11) 

while the functions included here are the integral cosine and sine, respectively: 
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Despite the trigonometric functions, it has a rather smooth behavior (see Figure ).  
 

 
Figure. Functions: ( )f x  (dashed line) and ( ) /f x x  (solid line). 

 
Namely, it is positive definite function and 
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                                    (13) 
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where 0.5772γ =  is Euler's constant. 

Taking into account this formula, we conclude that when 0ε > , the potential energy (10) has the 
following behavior (5):  

  ( ) ( ) ( ) ( )( )22 21 ln 1 ;   1.V r r r r O r r
rε
α ε ε γ ε ε ε

π π
 ≈ − + + − +  

                              (15) 

( ) 2

2 , 1.rV r r
rε
α ε

πε
≈ −                                                           (16) 

At the same time, if we strictly take 0ε = in the potential energy, then according to (8) we obtain the 
Coulomb potential (Kapshai et al. 1988) 

( )0 .V r
rε
α

= ≈ −                                                                    (17) 
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Evidently, setting the binding energy in the potential to zero, essentially alters its asymptotic behavior. 
For smallbut non-zero binding energies, the asymptotic regime of the potential differs fundamentally from 
that of Coulomb potential. According to expression (15), the potential then acquires a form to which the 
theorem above proved can be applied. In this case, we choose: 

( ) ( )4 1 .mE l lαγ
πε

= − +                                                             (18) 

Then the solution to the Schrödinger equation will have the following form 

( )
( )

( )1
4

~ .
E

r rK kr
γ

χ
−

                                                           (19) 

Due to the above properties of the nodes of the Macdonald function, we conclude that: a) if there are no 
discrete levels, or their number is finite then ( ) 1/ 4Eγ < . b) if ( ) 1/ 4Eγ >  then an infinite number of 

levels is expected.  
It is interesting to find out whether the expected new solutions have any effect on the spectrum of the 

hydrogen atom. For simplicity, we consider only the S-states, where 0l = and then 

( ) ( ) 4 .S
mE E αγ β
πε

= =                                                             (20)  

First of all, we note that in the region of the ordinary Balmer spectrum, where 

2 ,
2
m
n
αε =                                                                        (21) 

which is a rather large number 137β >  for the experimental value of the fine structure constant 1 .
137

α   

Therefore, the existence of the Balmer spectrum does not contradict the conclusion of the obtained 
theorem, although it concerns a potential different from the Coulomb one. 

Along with the condition ( ) 1/ 4Eγ > , we must require that 

( ) 1/ 4E krγ − >                                  (22) 

or 

( ) ( )22 1 1 .
2 4

l l r
m

α ε ε
π
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                            (23) 

This occurs because the smallest positive root of the MacDonnald function with an imaginary index lies 
in the region where the modulus of the index exceeds that of the argument, which is indicated by the obvious 
asymptotic formulas found in mathematical publications. 

Within this asymptotic regime, the condition defined by inequality (23) can only be satisfied for 
sufficiently large values of α . Therefore, the emergence of any new levels within the atomic nucleus is 
not expected. 
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Introduction

In quantum mechanics textbooks (Landau and Lifshitz, 1989), a proof is provided regarding the number of discrete energy levels for potentials that decrease inversely with the square of the distance at infinity:
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At the same time, any of their forms are allowed at short distances. The following parameter plays a critical role



                                                              (2)



It has been shown that, if  the zeros of the sought radial function can be located only at finite distances from the origin and, therefore, the number of levels, in any case, will be finite.
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In atomic and nuclear physics, when relativistic effects are taken into account, the interaction potential often depends not only on interparticle distance, but also on the total energy of the system E. In such cases, the asymptotic behavior of the potential energy may still obey the law, but its strength depends on the energy  i.e.  It is clear that Landau's assertion is no longer valid, since substituting the value  may not be permissible to generalize the theorem. To address this problem, consider the reduced Schrödinger equation in its asymptotic form 



                                                        (3) 





where  and  (for the bound states). The general solution of this equation is the superposi-
tion of Bessel functions with imaginary arguments (Chilashvili, 1973): 



                                          (4)



Since we are interested in bound states, we must choose the coefficients  to obtain wave function decay at infinity, so that it will be normalizable. Among the Bessel functions, only the modified only so-called McDonald function exhibits exponentially decreasing asymptotics. To obtain this, we must assume that



                                                  (5)

Then we obtain



                                                               (6)









For the following analysis, we make use of the properties of the McDonnald function. It is well known that the McDonnald function has real zeros only for purely imaginary indices. Therefore, we conclude that: (a) If  the radial function has no zeros (nodes) at infinity, i.e. the Schrödinger equation either has no discrete energy levels at all, or only a finite number of them; (b) If  the index of the McDonald function is purely imaginary and the  function will have nodes at infinity. Therefore, it is expected that the Schrödinger equation is expected to have an infinite number of discrete energy levels. 





Thus, we have obtained a generalization of the above theorem for energy-dependent potentials. It is clear that the assertion applies to energy levels lying between a given value and a critical value  which is determined by the condition  In conclusion, let us emphasize that numerous examples of energy-dependent potentials arise for which the above generalization of Landau's theorem is applicable.



Specific Example

In the hydrogen atom problem, when taking into account the relativistic effects, R. Faustov obtained the following type of interaction quasipotential (Faustov, 1968) in momentum space:



                                                     (8)









[bookmark: _Hlk220236188]where  is the binding energy. In this case, we have an integral equation of the Fredholm type. When  we can neglect  in the denominator and then (7) will transform into an ordinary Coulomb potential, and the standard methods of the Fredholm theory can be applied. Conversely, when retaining a non-zero , the quasipotential equation in coordinate space transforms into a Schrödinger type equation (Khelashvili and Kiknadze, 1997):



                                                     (9) 

where the potential is



                                                           (10)







while is the fine structure constant and  In this expression, the following function is denoted by Bateman and Erdei (1963)



                                           (11)

while the functions included here are the integral cosine and sine, respectively:



                                              (12)

Despite the trigonometric functions, it has a rather smooth behavior (see Figure ). 



[image: ]





Figure. Functions: (dashed line) and  (solid line).



Namely, it is positive definite function and



                                    (13)



,                                               (14)



where  is Euler's constant.



Taking into account this formula, we conclude that when , the potential energy (10) has the following behavior (5): 



                               (15)



                                                         (16)



At the same time, if we strictly take in the potential energy, then according to (8) we obtain the Coulomb potential (Kapshai et al. 1988)



                                                                   (17)

Evidently, setting the binding energy in the potential to zero, essentially alters its asymptotic behavior. For smallbut non-zero binding energies, the asymptotic regime of the potential differs fundamentally from that of Coulomb potential. According to expression (15), the potential then acquires a form to which the theorem above proved can be applied. In this case, we choose:



                                                            (18)

Then the solution to the Schrödinger equation will have the following form



                                                           (19)





Due to the above properties of the nodes of the Macdonald function, we conclude that: a) if there are no discrete levels, or their number is finite then . b) if  then an infinite number of levels is expected. 



It is interesting to find out whether the expected new solutions have any effect on the spectrum of the hydrogen atom. For simplicity, we consider only the S-states, where and then



                                                            (20) 

First of all, we note that in the region of the ordinary Balmer spectrum, where



                                                                       (21)





which is a rather large number  for the experimental value of the fine structure constant 

Therefore, the existence of the Balmer spectrum does not contradict the conclusion of the obtained theorem, although it concerns a potential different from the Coulomb one.



Along with the condition , we must require that



                                 (22)

or



                            (23)

This occurs because the smallest positive root of the MacDonnald function with an imaginary index lies in the region where the modulus of the index exceeds that of the argument, which is indicated by the obvious asymptotic formulas found in mathematical publications.



Within this asymptotic regime, the condition defined by inequality (23) can only be satisfied for sufficiently large values ​​of . Therefore, the emergence of any new levels within the atomic nucleus is not expected.








ფიზიკა

ლანდაუს თეორემის განზოგადება დისკრეტული დონეების რაოდენობის შესახებ ენერგიაზე დამოკიდებული პოტენციალებისათვის

ანზორ ხელაშვილი*, თეიმურაზ ნადარეიშვილი*,**

* აკადემიის წევრი, ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, მაღალი ენერგიების ფიზიკის ინსტიტუტი, საქართველო

** ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, ზუსტ და საბუნებისმეტყველო მეცნიერებათა ფაკულტეტი, ფიზიკის დეპარტამენტი; მაღალი ენერგიების ფიზიკის ინსტიტუტი, საქართველო

ნაშრომში შესწავლილია ლანდაუს ცნობილი თეორემის სახეცვლილება იმ შემთხვევებში, როცა ურთიერთქმედების პოტენციალი დამოკიდებულია ენერგიაზე და მანძილის მიხედვით კვადარატულად ეცემა უსასრულობაში. ნაჩვენებია, რომ თეორემა ზოგადდება და ინარჩუ-
ნებს თავის პირველად შინაარსს. ცხადი სახით აგებულია ენერგიაზე დამოკიდებული კვაზი-
პოტენციალის სათანადო მაგალითი, რომელიც ადასტურებს ამ თეორემის სამართლიანობას.

References

Bateman, H. and Erdelyi, A. (1963). The higher transcendental functions, vol. 2. Bombey-New Delhi.

Chilashvili, G. (1973). Ori da sami natsilakis kvanturi mekanika [Two- and three-body quantum mechanics], Tbilisi State University.

Kapshai, V., Savrin, V. and Skachkov, B. (1986). O zavisimosti kvazipotentsiala ot polnoi energii dvukhchastichnoi sistemy [Dependence of the quasipotential on the total energy of a two-particle system], Theoretical and Mathematical Physics, 69, 3, 400.

Khelashvili, A., Kiknadze, N. (1997). Bound states in continuously induced by relativity, Phys. A., 55, 2557.

Landau, L., Lifshitz, E. (1989). Kvantovaia mekhanika [Quantum mechanics]. M. ‘Nauka’.

Faustov, G. (1968). The proton structure and hyperfine splitting of hydrogen energy levels, Nuclear Physics, 75, 669.



Received  March, 2026

© 2025  Bull. Georg. Natl. Acad. Sci.

Bull. Georg. Natl. Acad. Sci., vol. 20(194), no. 3, 2026

Bull. Georg. Natl. Acad. Sci., vol. 20(194), no. 3, 2026

oleObject45.bin



image43.wmf

(


)


0


.


Vr


r


e


a


=


»-




oleObject46.bin



image44.wmf

(


)


(


)


4


1.


m


Ell


a


g


pe


=-+




oleObject47.bin



image45.wmf

(


)


(


)


(


)


1


4


~.


E


rrKkr


g


c


-




oleObject48.bin



image46.wmf

(


)


1/4


E


g


<




oleObject49.bin



image47.wmf

(


)


1/4


E


g


>




oleObject50.bin



image48.wmf

0


l


=




oleObject51.bin



image49.wmf

(


)


(


)


4


.


S


m


EE


a


gb


pe


==




oleObject52.bin



image50.wmf

2


,


2


m


n


a


e


=




oleObject53.bin



image51.wmf

137


b


>




oleObject54.bin



image52.wmf

1


.


137


a


;




oleObject55.bin



oleObject56.bin



image53.wmf

(


)


1/4


Ekr


g


->




oleObject57.bin



image54.wmf

(


)


(


)


2


21


1.


24


llr


m


ae


e


p


éù


>+++


êú


ëû




oleObject58.bin



image55.wmf

a




oleObject59.bin



image1.wmf

(


)


(


)


2


,0.


VR


r


b


b


»->




oleObject1.bin



image2.wmf

(


)


2


2


1.


m


ll


b


g


=-+


h




oleObject2.bin



image3.wmf

1/4,


g


<




oleObject3.bin



oleObject4.bin



image4.wmf

0


E


=




oleObject5.bin



image5.wmf

1.


r


?




oleObject6.bin



image6.wmf

b




oleObject7.bin



image7.wmf

2


r


-




oleObject8.bin



image8.wmf

(


)


,


E


bb


=




oleObject9.bin



image9.wmf

(


)


00


.


VVE


=




oleObject10.bin



oleObject11.bin



image10.wmf

(


)


(


)


(


)


2


2


0,


E


rkr


r


g


cc


æö


¢¢


--=


ç÷


èø




oleObject12.bin



image11.wmf

2


2


mE


k


=


h




oleObject13.bin



image12.wmf

0


E


<




oleObject14.bin



image13.wmf

(


)


(


)


(


)


(


)


(


)


12


1/41/4


.


EE


rcrJikrcrJikr


gg


c


---


=+




oleObject15.bin



image14.wmf

1,2


c




oleObject16.bin



image15.wmf

(


)


(


)


12


1


,.


2sin4


ccvE


v


p


g


p


=-=-=-




oleObject17.bin



image16.wmf

(


)


(


)


(


)


1/4


~.


E


rrKkr


g


c


-




oleObject18.bin



image17.wmf

(


)


1


,


4


E


g


<




oleObject19.bin



image18.wmf

(


)


r


c




oleObject20.bin



image19.wmf

(


)


1/4,


E


g


>




oleObject21.bin



oleObject22.bin



image20.wmf

(


)


,


cr


EE




oleObject23.bin



image21.wmf

(


)


1


.


4


cr


E


g


=




oleObject24.bin



image22.wmf

(


)


(


)


(


)


2


2


;,,


me


VMpq


pqpqio


e


=


---+




oleObject25.bin



image23.wmf

2


Mm


e


=-




oleObject26.bin



image24.wmf

0,


e


<




oleObject27.bin



image25.wmf

e




oleObject28.bin



oleObject29.bin



image26.wmf

(


)


(


)


(


)


2


,


s


rVrr


m


ee


e


æö


Ñ


+Y=Y


ç÷


èø




oleObject30.bin



image27.wmf

(


)


(


)


2


,


fr


Vr


r


e


e


a


p


=-




oleObject31.bin



image28.wmf

2


4


e


a


p


=




oleObject32.bin



image29.wmf

0.


E


e


=->




oleObject33.bin



image30.wmf

(


)


fr


e




oleObject34.bin



image31.wmf

(


)


(


)


(


)


(


)


(


)


sincos,


frCirrsirr


eeeee


=-




oleObject35.bin



image32.wmf

(


)


(


)


0


cossin


,.


x


x


tt


Cixdtsixdt


tt


¥


==


òò




oleObject36.bin



image33.tiff

2.5

(=}
0 e a)
— [=}

:

X)f






image34.wmf

(


)


fx




oleObject37.bin



image35.wmf

(


)


/


fxx




oleObject38.bin



image36.wmf

(


)


(


)


(


)


23


ln1,1


24


fxxxxxOxx


pp


g


»++--+


=




oleObject39.bin



image37.wmf

(


)


24


12!4!


1...,1


fxx


x


xx


æö


»-+-


ç÷


èø


?




oleObject40.bin



image38.wmf

0.5772


g


=




oleObject41.bin



image39.wmf

0


e


>




oleObject42.bin



image40.wmf

(


)


(


)


(


)


(


)


(


)


2


22


1ln1;  1.


VrrrrOrr


r


e


a


eegeee


pp


éù


»-++-+


êú


ëû


=




oleObject43.bin



image41.wmf

(


)


2


2


,1.


r


Vrr


r


e


a


e


pe


»-


?




oleObject44.bin



image42.wmf

0


e


=





<<

  /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



