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Abstract

Unfortunately, there is insufficient research on the course of chemical evolution
within the framework of the study of both Big History and evolution. The lack of
attention to chemical evolution is all the more disappointing since it is a very
important part of megaevolution and Big History, which at some of its stages
even act as the leading line (in particular, in the formation of pre-life on the
Earth five billion years ago).

The paper presents a brief history of chemical evolution: from the for-
mation of the first atoms in the Universe to abiogenesis on the Earth, that is,
the stage of pre-life and the formation of prerequisites for the emergence of the
first living organisms. The history of chemical evolution before life's origin can
be divided into three stages: the formation of atoms (pre-evolution); history
before the start of the abiogenic phase on the Earth, and abiogenic chemical
evolution. However, the author aims to elaborate a more detailed periodization
of chemical evolution before life's origin.

One should also pay attention to the important feature of chemical evolu-
tion which distinguishes it from other lines of evolution, namely, its co-
evolutionary nature. The author demonstrates that chemical evolution at all its
stages acted as a part of a co-evolutionary tandem: first, as a part of cosmic
and stellar-galactic evolution, then as a part of planetary evolution since it is
on planets (where temperature parameters are much more comfortable for
chemical reactions) that a new qualitative stage in the development of chemical evo-
lution begins. Finally, on the Earth, it developed first as a part of geochemical
evolution, and then as a part of biochemical evolution, and this development
continues until now.
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Introductory Notes

It is strange, but there is little, if any, research on chemical evolution in the
framework of the study of Big History. Why? This is a difficult question. Per-
haps, no one knows the answer. I do not know it either but I have an idea,
which will be presented below. One way or another, considering the chemical
line of Big History can significantly enrich our ideas and understanding about
the general course of Big History and about the path to increasing complexity.
Moreover, without understanding the history of chemical evolution, one can
hardly grasp either the mystery of the origin of life and development of life in
the early periods.”

The formation of hydrogen and helium atoms in the first period after the
Big Bang, and the accumulation of heavy element atoms as a result of the star
collapses were the most important events in chemical evolution. However,
the formation of atoms cannot be yet considered as a chemical evolution in the
full sense of the word. Chemical evolution is the emergence and development
of different and more complex types of molecules and substances. One should
realize that such evolution could hardly begin in a very hot universe, nor could
it take place in the depths of stars.

Thus, it is important to realize that chemical reactions:

a) can occur when the temperature drops to 5,000 degrees, but in fact
the most favourable condition for them is at relatively low plus tempera-
tures;

b) take place constantly in space, even at deep sub-zero temperatures; some
of the characteristics of such chemical reactions are known from the studies of
gas and dust clouds;

d) should be even more active within the framework of evolution of planets
and other bodies (including comets), as can be inferred from studies of the bod-
ies of the Solar system.

Some chemical compounds could have been formed only during the col-
lapse of stars or on the surface of cooling stars.

" See Bernal 1969; Betekhtin 2007; Galimov 2008; Glyantsev 2019; Guotmi and Cunningham
1960; Degens and Reuter 1967; Dickerson 1981; Dobretsov 2005; Zavarzin 2003; Zaguskin 2014;
Calvin 1971; Kamshilov 1970, 1979; Lima de Faria 1991; Rudenko 1969; Spiridonov 2019; Hal-
dane 1949; Lyons et al. 2014; Grinin 2013, 2017, 2018, 2020; Grinin and Grinin 2019.
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Chemical Evolution as a Peripheral and Parallel Line
of Big History

Chemical evolution can be regarded as a peripheral and parallel line of Big
History. Why? From the above said one can make the following important con-
clusions: firstly, the chemical evolution could only begin after the cooling of
the Universe. Secondly, it always evolved not in the main sequence, that is, not
in stars and galaxies, but at the periphery of the Universe. It developed mainly in
gas and dust clouds and on peripheral celestial bodies, especially on planets.
And consequently, for many billions of years, the ‘achievements’ of chemical
evolution have been somewhat invisible (see Figs 1, 2).

Let us now return to the question of why so little attention is paid to the
chemical evolution. I believe that one of the main reasons is the parallel devel-
opment of chemical evolution within Big History. Other reasons are its co-
evolution with geological and biological evolution and the fact that we know very
little about the abiogenic chemical evolution. This, however, in no way dimin-
ishes the role of chemical evolution; but, on the contrary, it makes its study
really relevant.

Chemical evolution began even before the star-galaxy era, that is, already
in the first millions of years after the Big Bang, in gaseous hydrogen-helium
clouds. This is where the first molecules were formed. But, of course, this evo-
lution could not proceed actively without the formation of a sufficient variety
of chemical elements. Thus, chemical evolution progressed in parallel with the
star-galaxy evolution. At the same time, (in clouds, on planets, in comets and
meteorites, etc.) there are many dozens of different not only inorganic but also
many organic substances, including water, alcohols, acids, monosaccharides
and even amino acids, in particular glycine. The synthesis of simple organic
substances constantly occurs in various cosmic environments.

We do not know when the first planets formed, but with their emergence,
the rate of chemical evolution increased considerably due to the variety of
chemical processes on the planets, including in different gaseous and liquid
media.
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The scheme (see Fig. 1) demonstrates the unfolding of Big History, the

structure of which consists of ten phases — five major phases and five transi-
tional ones. On the left one can see the line of chemical evolution.
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Periodization of Chemical Evolution

We distinguish the following sequence of stages of chemical evolution be-
fore the origin of life:

1) the formation of atoms of the first elements (hydrogen, helium, and lithium);

2) the formation of atoms of heavier substances up to iron;

3) the formation of atoms of elements heavier than iron;

4) the formation of simple compounds (inorganic and organic).
However, it is important that the second and third stages could take place

in parallel with the fourth one, but in different environments: the second and

third stages in stars, while the fourth one in less hot environment.
5) the formation of compounds associated with the formation of minerals

on planets;
6) synthesis of more complex organic compounds like nucleotides taking

place already on the Earth;
7) synthesis of more complex substances and polymers, including proteins,

not yet capable of replication; and
8) synthesis of replicators and substances associated with the origin of life.

Now let us consider the correlation between chemical evolution and Big

History.
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The Distinctive Features of Chemical Evolution
from Other Forms of Evolution in Big History

Figs 1 and 2 show the important features of chemical evolution which dis-
tinguish it from other forms of evolution. These features are as follows:

1. All other forms of evolution are separate phases of Big History. Thus,
one form of evolution, having been realized at a certain phase of Big History, is
replaced by another form.

2. However, chemical evolution goes parallel to the course of Big History.
More precisely, it co-evolves with different phases of Big History as a constitu-
ent part of each of them. Thus, one can see that chemical evolution acted as
a part of a co-evolutionary tandem at all phases of Big History (see Fig. 3).

Let us now briefly consider the development of chemical evolution in its
relation to the phases of Big History.

Chemical evolution after the Inflationary phase appears as a part of the
Pre-stellar phase. I have pointed out above that chemical evolution began in
pre-stellar clouds. But it was still pre-chemical evolution.

The star-galaxy phase, which includes the formation of planets outside the
Solar System, corresponds to Cosmochemical evolution. It is during this phase
that the first chemicals are formed. Thus, a new qualitative stage in the devel-
opment of chemical evolution (where the temperature was much more favoura-
ble for chemical reactions than in stars), began on ancient planets. However, we
know practically nothing about this evolution.

With the formation of the Solar System and the beginning of the Planetary
phase, one can talk about the Planetary chemical evolution since we know quite
a lot about chemical processes and substances on the planets of the Solar System.
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The formation of the Solar System means that the main line of Big History
begins to focus on the Earth, where geological processes begin. Finally, on the
Earth, chemical evolution developed first as a part of geological and then as
a part of biological evolution. This development is still ongoing.

Thus, for the first time, chemical evolution moves to the center of evolu-
tionary development at the level of chemical abiogenic phase (see Fig. 3). In
this phase the role of chemical evolution rapidly increases to the level of a tran-
sitional phase.

The period between the formation of the Earth and the emergence of life
was pivotal for the whole Big History, and at the same time, the least known
and the most obscure. During this period chemical evolution was integral and
interrelated with geological, mineralogical and biological evolution. It was the
co-evolutionary tandem mentioned above.

From the Abiogenic Phase to the Origin of Life

Strengths and Weaknesses of Evolutionary Hypotheses about
the Origin of Life

There are various hypotheses about abiogenic chemical evolution and the
origin of life including the so-called RNA world. Although some progress has
been made in many respects, especially in the last fifteen years, none of them
seems to be completely satisfactory yet. This is mainly due to the extreme
complexity of the problem itself. But from the point of view of evolutionary
theory, the weaknesses of these approaches are in the following points:

1. They deliberately or involuntarily reduce evolution to one of its lines.

2. They take one evolutionary mechanism as the main one in all cases.

3. The achievements of later periods, already related to the biological
phase, are extrapolated to the abiogenic phase.

We believe that the possibility of a major breakthrough exists only if there
are a number of different development lines and paths. Moreover, each of these
lines is limited and usually develops only one mechanism or innovation. But
these lines compete and complement each other. As a result, there comes a time
when the innovations of different lines are merged and formed into a funda-
mentally new system. This means the beginning of a powerful breakthrough to
a new level of complexity. However, the beginning of such a breakthrough, after
the formation and development of the new level is difficult or even impossible to
detect. This corresponds to the important idea of Pierre Teilhard de Chardin
(1987) that transitional forms leave no visible material traces. We have also
formulated the rule of archaic character of primary systems. Systems do not
emerge in the mature form. They usually require several transformations to
reach maturity and sustainability, including cycles of destruction and reform-
ing. Primary systems as a rule look archaic and are unlikely to survive.

Therefore, the first pre-living systems (the so-called protobionts) should
not be considered as direct ancestors of the first living organisms, but as their
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analogues. These analogues were already comparable to the most primitive
living systems in a number of functions. But in general they were organized
differently (it is now extremely difficult to say how exactly). In addition, one
should also take into account that the conditions on the young Earth were pecu-
liar. Consequently, such structures could have formed, but modern scientists are
unlikely to believe in their existence until concrete facts are available.

The Evolutionary Directions of Abiogenic Organic Substances

Thus, one can argue that the evolution of abiogenic organic substances oc-
curred in the following different directions:

a) increasing complexity of chemical compounds and structures;

b) increase in energy output and reaction rate;

c) selection of elements and compounds according to certain parameters;

d) concentration of substances;

e) the ability of complex compounds and proto-organisms to expand and
grow fast.

f) the selectivity and recognition of some substances by others, according
to the important evolutionary pattern for self and non-self discrimination.

The Most Important Pre-Adaptations for the Beginning of Bio-
logical Evolution

The important pre-adaptations are worth special mentioning. The most im-
portant ones for the beginning of biological evolution are:

1) creation of a system isolated from the external environment, in which
constant cycles of chemical and biochemical reactions could take place;

2) constant maintaining of conditions, concentrations, energy balance, the
desired rate of reactions within this isolated environment, etc.;

3) effective responses to external conditions and stimuli;

4) replication (i.e., the ability to reproduce);

5) preservation without major distortions of the initial code;

6) control of complex chemical processes through the use of increasingly
advanced catalysts and substances;

7) autocatalysis and the ability to self-assemble.

These breakthroughs and pre-adaptations laid the foundation for biochemi-
cal synthesis and expansion. Especially important were the ability to store en-
ergy, and the ways to speed up reactions and to increase the concentration of
a substance. Along with this, a new type of information (chemical and bio-
chemical) emerged, which reached a very significant development later in biolo-
gical evolution.

These and other achievements, of course, could not combine immediately
and simultaneously. They combined much later when the basic mechanisms of
life and the living cell were formed.

The primary conditions after the origin of the Earth were unique. Without
them the transition to the emergence of pre-life and then life was impossible.
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Will these unique conditions ever be precisely known? Probably, they will not.
But in any case, there must have been an abundance of available energy. Con-
sequently, the fundamental difference between abiogenic chemical evolution
and the previous stages of evolution was the acquisition of the ability to store
energy through chemical transformation during a system's lifespan and to use it
for its own benefit.

Protoviruses

There may have been one more intermediate phase between the abiogenic
chemical and biological phases — the phase of protoviruses (see Fig. 4; about
viruses see Grinin A. L. 2023 in this volume).

Below we will show the possible place of this phase in the megaevolution-
ary process. One should take into account that chemical reactions played a great
role in the origin and development of protoviruses.
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Conclusive Remarks

For a long time, the abiogenic organic chemical evolution was only lateral
and marginal in the general flow of inorganic chemical evolution. Then it was
able to advance to a new level of evolution, i.e., to life, taking place in a com-
plex co-evolutionary movement. Abiogenic chemical evolution was involved in
a whole bundle of evolutionary developments: geological, mineralogical, and
geochemical. Thus, one can assume that initially one of the most important
directions of chemical evolution was the integration of protobionts into geo-
chemical processes, such as sulphur springs, and the development of the ability
to use these processes for one's own benefit.

Thus, gradually abiogenic chemical evolution gained momentum.

However, the role of chemical evolution remained very important. It again
becomes a part of a larger — the biological — phase. In the scheme of the phases
of Big History, we do not trace a further development of chemical evolution,
but one should remember that it has also become an important component of
social evolution, which can be called sociochemical. At the same time, its im-
portance begins to appear already in the phase of anthropogenesis, from the
moment when humans learned how to control fire. It is widely known that there
is no point in talking about the further role of chemical evolution in the social
phase of Big History, it is widely known. Nevertheless, one can argue that nei-
ther technology nor ordinary life would be possible without continuous efforts
to master new chemical substances and reactions.

Social

technologies

Anthropogenesis

g Primates
: Sociochemical :
L. sssgesnnennnnsd Higher animals

’
/
R .
'\ Social insects
\
Y . -
\ Biosocial

A
Al
A
A

N ORARasasasaasasassesss 3 . . dersssnssnssannnsnnnnne
: Biochemical : Biological ] Ggeological
---K------------‘F x 3 e ;I.i H

Fig. 5. Sociochemical evolution



54

Social

Chemical Evolution in Big History

i

7

Primates

7

. T

b

Biological

i
purans

[P .

Planetary
i Planetary chemical : (Solar System)

Star-galaxy

I [before the formation of the
ry Solar System)
i

- Pre-stellar
I

Inflationary 't pre-cosmic)

formation of particles and atoms

Big
Bang

social evolution

Anthropogenesis
#
i

N O
A

Earth's
Mineralogical

Planetary
tside the Solar System

Fig. 6. The complete line of chemical evolution from the Big Bang to



Leonid E. Grinin 55

References

Bernal J. 1969. The Emergence of Life. Moscow: Mir. In Russian (bepnan J[x. Bos-
HukHogeHue dcusnu. M.: Mup).

Betekhtin A. G. 2007. Mineralogy Course. Moscow: KDU. In Russian (berextun A. T'.
Kypc munepanozuu. M.: KJ1Y).

Degens E., and Roiter J. 1967. Analytical Methods of Research in Organic Geochemis-
try. Organic Geochemistry. Moscow: Nedra. In Russian (derenc O., Poiirep k.
Ananumuueckue memooul ucciedo8anus 8 opeanuyeckol 2eoxumuu. Opeanuveckasn
eeoxumusi. M.: Henpa).

Dickerson R. 1981. Chemical Evolution and the Origin of Life. Evolution / Ed. by
E. Mayr, F. Ayala, R. Dickerson et al. Moscow: Mir. In Russian (Jukepcon P. Xu-
MHYECKas 3BOJIONUS U IIPOUCXOXKICHUE XKU3HU. Deoaoyus / Pex. . Maiip, ®. Aii-
ana, P. [lukepcon u ap. M.: Mup).

Dobretsov N. L. 2005. On the Early Stages of Origin and Evolution of Life. Vestnik
VOGiS 9(1): 43-54. In Russian (Jo6penos H. JI. O paHHHX cTagnsx 3apoxICHUS H
9BOJEOUNY XKU3HH. Becmuux BOI'uC 9(1): 43-54).

Dobrovolsky V. V. 2003. Fundamentals of Biogeochemistry. Moscow: Akademiya. In
Russian (JobpoBoabckuit B. B. Ocrogwr 6uoceoxumuu. M.: Akagemus).

Galimov E. M. (Ed.) 2008. Problems of Biosphere Origin and Evolution. Moscow:
LIBROCOM. In Russian (I'anumoB 3. M. (Pen.). Ilpobaemul 3aposicoenus u 360ai0-
yuu buocgepvr. CoopHuK Hayd. pabot. M.: IMBPOKOM).

Glyantsev A. 2019. 4 Crucial ‘Molecule of Life’ Has Been Discovered in the Interstel-
lar Medium for the First Time. URL: https://nauka.vesti.ru/article/1152892. In Rus-
sian (I'naaueB A. B meorc36e30H01 cpede enepebie 0OHAPYHCUNU BAHCHEUUYIO «MO-
nexyny orcusnuy. URL: https://nauka.vesti.ru/article/1152892).

Grinin L. E. 2013. Big History of the World Development: Cosmic Evolution. Vol-
gograd: Uchitel. In Russian (I'punun JI. E. Bonvwas ucmopus pazeumus mupa:
Kocmuueckas s8omoyus. Boirorpan: YduTens).

Grinin L. E. 2017. Big History of the World Development: History and Evolution of the
Solar System. Moscow: Uchitel. In Russian (I'punun JI. E. Boavwas ucmopus pas-
eumusi mupa: ucmopus u seonoyus Coaneunoni cucmemsl. M.: Mock. pea. uzi-Ba
«YUUTEIbY).

Grinin L. E. 2018. Evolution of the Early Solar System in Terms of Big History and
Universal Evolution. Journal of Big History 2(1): 15-26. URL: http://lowellgustaf
son.com/2018/01/.

Grinin L. E. 2020. Big History of the World Development: Planets of the Solar System.
Their History and Evolution. Chemical Evolution in Space and on Earth. Moscow:
Uchitel. In Russian (I'punun JI. E. Bonvwas ucmopus pazeumusi mupa: nianemol
Conneunoui cucmemvl. Hx ucmopus u s6omoyus. Xumuveckas 36010yus 8 KOCMoce
u na 3emne. M.: MOCKOBCKas pegakLus U31-Ba «YUUTEIbY).

Grinin L., and Grinin A. 2019. The Star-Galaxy Era in Terms of Big History and Uni-
versal Evolution. Journal of Big History 111(4): 69-92.



56 Chemical Evolution in Big History

Guotmi A., and Cunningham R. 1960. The Action of Crystal Facet in Catalysis. Ca-
Talysis. A Study of the Surface of Catalysts, pp. 74—117. Moscow: IL. In Russian
(I'yormu A., Kannunrem P. JlelicTBue kpuctaninyeckoil rpanu B katanuse. Kama-
au3. Mccnedosanue nosepxnocmu kamanuzamopos, c. 74—117. M.: UJI).

Haldane J. B. S. 1949. What is Life? London: Lindsay Drummond.

Kalvin M. 1971. Chemical Evolution. Molecular Evolution Leading to the Emergence
of Living Systems on Earth and Other Planets. Moscow: Mir. In Russian (Kanssur M.
Xumuyeckas 26omoyus. Monexynsipnas 26omoyus, 6eoywyas K 803HUKHOBEHUIO JICU-
8bIx cucmem Ha 3emne u na opyeux niawemax. M.: Mup).

Kamshilov M. M. 1970. Biotic Cycle. Moscow: Nauka. In Russian (Kammunos M. M.
buomuuecxuii kpyzosopom. M.: Hayka).

Kamshilov M. M. 1979. Evolution of the Biosphere. Moscow: Nauka. In Russian
(KamuunoB M. M. Dgoaroyus 6uocghepor. M.: Hayxka).

Lima de Faria A. 1991. Evolution without Selection: Autoevolution of Form and Func-
tion. Moscow: Mir. In Russian (Jluma-ne-®Papua A. Deontoyus H6e3 ombopa.: Aemo-
asonoyust popmul u gyukyuu. M.: Mup).

Lyons T. W., Reinhard C. T., and Planavsky N. J. 2014. The Rise of Oxygen in
Earth's Early Ocean and Atmosphere. Nature 506: 307-315.

Rudenko A. P. 1969. Theory of Self-Development of Open Catalytic Systems. Moscow:
MSU. In Russian (Pynenko A. I1. Teopusa camopazeumus omxpbimsix Kamaiumuye-
ckux cucmem. M.: Uzn-o MI'Y).

Spiridonov V. 2019. The Origin of Life on Earth: A Proven Theory or an Unsolved Mys-
tery. In Russian (CrimpunoHoB B. Ilpoucxoowcoenue scusnu na 3emne: 0okazauHas
meopus unu Hepackpuimas matna. URL: https://ria.ru/20180518/1520873401.html).

Teilhard de Chardin P. 1987. The Phenomenon of Man. Moscow: Nauka. In Russian
(Teitsap ne lapnen [1. @enomen uenosexa. M.: Hayxka).

Zaguskin S. L. 2014. Emergence and Evolution of Life from the Position of Chronobi-
ology. Prostranstvo i vremya 3(17): 275-282. In Russian (3aryckun C. JI. Bo3nuk-
HOBEHHUE H BOJIIOLUS JKU3HU C MO3UIUHU XpoHoOHonoruu. Ilpocmpancmeo u epems
3(17): 275-282).

Zavarzin G. A. 2003. The Formation of the System of Biogeochemical Cycles. Paleon-
tologicheskiy zhurnal 6: 16-24. In Russian (3aBap3ut I'. A. CTaHOBIICHHE CUCTEMbI
OHOreOXMMHUUYECKUX LUKIIOB. [laneonmonocuneckuii scypnan 6: 16-24. URL: http://
evolbiol.ru/zavarzin 2003.htm).




<<
  /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


