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In this work the experimental technique, which allows investigate the
processes of artificial evolution, is offered. Artificial evolution processes
occur in solutions of polymers capable to form hydrophilic interpolymer
associates. Those processes are caused by external action, for example,
periodical heating of solution of interacting polymers. The observation of
phase transition shows that evolution processes can be governed by exter-
nal action in special way. Here we show the relationship of experiments
that ensure artificial evolution in systems of the specified type in physical
chemistry of polymers with processes in nanotechnology and processes in
sociology and economic disciplines. Such approach is prevalent for sys-
tems having large number of elements and specified relations between its
elements.

Key words: artificial evolution, hydrophilic interpolymer associate,
phase transition.

2KyMbICTa >KacaHAbl 3BOAIOLMSHBIH, MPOLLECCTEPiH 3epTTeyre MyMKiH-
AIK 6epeTiH 3KCMeprMEHTAAAbI TEXHMKA YCbIHbIAFAH. 3epTeAin >aTkaH
JKaCaHAbl 3BOAIOUMSIHbIH, MpoLeccTepi MAPOMUAbAI MHTEPNIOAUMEPAI
accoumaTTap KypacTblpa aAaTblH MOAUMEP epITIHAICIHAE BTeAl. DBOAIO-
LMSIABIK, TMPOLIECCTEPAI epekile amaAbiMeH 6ackapblAaTbiHbl (Da3aAbIK,
OTKEAAEPAIH 3KCMepUMEHTaAAbI 3epTTeyi kepceTTi. byA »KymbicTa KeATi-
piAreH TMNTeri xxymeaepAe »acaHAbl 3BOAIOLMSIHBIH, XXYPICiH KaMTamachbl3
eTeTiH 3KCMepUMEHTTEPAIH TeK NMOAMMEPAEPAIH (DU3MKAABIK, XMMMSICbIHA
emMec, 6acka AQ HAHOTEXHOAOTUSI MEH BAEYMETTIK-3KOHOMMUKAABIK, FbIAbIM
CUEKTbl CaAaAapFa TOH ekeHi kepceTiareH. bya Tacinaeme ap anemMeHT
6acka sAeMeHTTEPMEH OeAriAi 6ip >KOAMEH 8peKeTTeCceTiH CaHCbI3 IAeme-
HTTEPAEH KYPbIAATbIH XYHEAEPAi 3ePTTEYAE KEH TapaAFaH GOAbIN KEAEA.

Ty#HiH ce3aep: >kacaHAbl 3BOAIOUMS, TMAPOMUAbAIK MHTEPTIOAMMEP-
AiK accoumatTap, ha3ablk, OTKEA.

B paboTe npeaAokeHa aKCrepUMEHTaAbHas TEXHMKA, MO3BOASIOLLIAS
MCCAEAOBaTb MPOLLECChl MCKYCTBEHHOM 3BOAlOUMK. Mccaepayemble npo-
LLeCCbl MCKYCTBEHHOWM 3BOAIOLIMM MPOTEKAIOT B PacTBOpax MOAMMEPOB,
KOTOpble CrocobHbl 06pPa3oBbiBaTh M'MAPOMUAbHbIE UHTEPTIOAUMEPHbIE
accoumatbl. JKCNepUMEHTaAbHOe WMCCAeAOBaHMe (ha30BbIX MEepexoA0B
NMoKasaAo, YTO MPOLECCbl 3BOAIOLMM MOTYT YMNPABASTbLCS C MOMOLLbIO
BHELLHero BO3AENCTBUS creumdmryHbiM 06pa3om. B aaHHoM paboTe no-
Ka3aHa CB$13b 3KCMEepPUMEHTOB, 06ecreurBaloLLMX NPOTEKAHME MCKYCTBEH-
HOW 3BOAIOLMMN B CUCTEMAX YKA3aHHOIO TUMA, XapaKTePHbIX HE TOAbKO AAS
hU3MYECKON XMMUKU MOAMMEPOB, HO U AAS APYTMX OTPACAeN, BKAIOYaAs
HAaHOTEXHOAOTMU U COLMAAbHO-3KOHOMMYECKME HayKM. AQHHbIA MOAXOA
SIBASIETCS PACMPOCTPAHEHHbIM MPU UCCAEAOBAHUM CUCTEM, COCTOSILLMX U3
GOABLLIOrO YMCAQ SAEMEHTOB, TAE KQXKAbBIN SAEMEHT CUCTEMbI B3aMMOAEI-
CTBYeT OfpeAeAeHHbIM 06Pa3oM C APYTMMU SAEMEHTaMMU.

KAroueBble cAOBa: MCKYCCTBEHHAS 3BOAIOLMS, TMAPOPUAbHbIE MHTEP-
NMOAMMEpPHbIE accoumaTbl, (DAa30BbI NMEPEXOA.
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ADVANCED Introduction
APPLICATIONS OF _ ' . .
EVOLUTION PROCESSES The question about the nature of evolution mechanisms, which

preceded the biological one, still remains open [1-3]. In many

IN SOLUTIONS respects, it is connected with the fact that till today there are no

OF INTERACTING generally accepted means of experimental check of the hypotheses
POLYMERS designed for finding the way on which prebiological evolution
occurred.

In work [3] the concept which allows to dig up the mechanism
of prebiological evolution on the basis of the new alternative to
the Darwinist point of view, using hypothesis of casual mutations
(wider — fluctuations) with the subsequent fixing of favorable signs
as the driving force of evolution was formulated. The concept [3]
is based on the proof of analogy between partially dissociating
macromolecule and a neural network. It is possible to show [3] that
any molecule of polymer getting an electrostatic charge due to partial
dissociation of functional groups automatically becomes analog of
the Hopfield’s neuroprocessor in which the role of separate neurons
is played by the functional groups capable to get a nonzero charge
at the expense of dissociation. Electrostatic fields created by no
compensated charges go in the role of feedback. The output state
of neurons analogs is described by logical variables (1 — there is a
charge, 0 — there is no charge).

Based on the analogy between partially dissociating
macromolecule and a neural network, it is possible to offer the
following mechanism of prebiological evolution [3]. According to
[3], the system of any nature is treated as «complex» on condition
that there is complementary to it an analog of a neural network.

At the first stage of evolution the complexity is in transformation
of communications between its elements which is treated as
evolution of a neural network (or its analog), complementary to the
system under consideration. At the second stage, the neural network
carries out the directed «choice» of the elements, which are most
answering to a new state.

Consideration of a number of social and economic systems [4,5]
allows to show that such mechanism of evolution, apparently, is the
general, i.e. it is applicable to the description of any nature systems. It
can be explained as follows. The nature of new quality which appears
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in complex system at the first stage of evolution can
be only informational: this quality corresponds to
simple set of system elements in the same way as
the consciousness of the person corresponds to set of
neurons that make up a human brain.

Comparison to social and economic systems (in
particular, being considered in [4,5]) is important
due to the fact that the appearing new quality can
be treated as the macroscopic regulator, not only
the providing selection of system elements, but also
showing such functions as the distributed memory,
specific reactions to external influences, etc. In
other words, at this stage of evolution the system, in
a certain extent, gains property of self-directing its
further development.

This conclusion is nontrivial and far from the
conventional. This is why it is extremely important
to find the experimental evidence of the adequacy of
proposed evolution mechanism, which is the main
goal of this work.

Experimental

Materials. Polyacrylic acid (PAA) with
molecular weight 2.5x10° (Aldrich Chemical Co.,
USA) was used without additional purification.

N-vinylcaprolactam (Aldrich) was freshly
distilled. Polycaprolactam was prepared by radical
polymerization in glass ampoules in the presence
of AIBN initiator. N-vinylcaprolactam 11, 64 g
(83.62 mmol) and 27 mg (0.16 mmol) of AIBN were
dissolved in 71 g of toluene and the polymerization
solution was purged for 30 min with argone to
remove oxygen. Polymerization was conducted for
24 hrs at 70 °C. After the polymerization, the solution
was cooled to room temperature and poured to the
excess of diethylether. The precipitated polymer was
purified by intensive reprecipitation from toluene to
diethylether (3x) and dried to constant weight.

Molecular ~ weight  characteristics  and
polydispersity of obtained polymers was detected
by gel permeation chromatography. Gel permeation
chromatography was performed by GPC Aligent
1100 series RI detector.

Methods. The scheme of the used installation
gathered to initiate a process which can be treated as
artificially stimulated evolution is submitted in Fig.
1. Ditch (1) is filled with the studied solution, its
walls are made of the plane-parallel glasses polished
with an optical accuracy. In the center of ditch the
heating spiral (2) made of a nichrome wire 0,1 mm
in a diameter in the form of a ring is located.

The optical system provides registration of the
optical transmission coefficient of the medium,
which changes as a result of interpolymer reactions.

Heating of a spiral is carried out periodically,
and the range of temperature fluctuations captures
the temperature at which phase transition occurs due
to the formation of insoluble and/or partially soluble
component. In other words, at such fluctuations,
the hydrogen bonds [6, 7] stabilizing a product of
interpolymer reaction (hydrophilic interpolymer
associate, HIA) are destroyed, then formed again.
They represent grids/fragments of the grids existing in
the dynamic mode, and one of the interacting polymers
acts as the cross-agent. It is necessary to emphasize that
HIA is the new and low-studied class of interpolymer
reactions products. However, already at this stage of
research it can be stated that HIA forms the whole range
of interpolymer reaction products [6,7] that should be
expected due to the liability of their structure.

Destruction and formation of communications in
such labile system as HIA can be considered, taking
into account results [3], in terms of the change of
weight coefficients of neural networks formed
by fragments of polyelectrolyte macromolecules.
(Weightcoefficients are defined by distances between
functional groups.) In other words, at formation
and destruction of the hydrogen communications
stabilizing HIA rewriting of information actually
takes place.

Further, at repeated rewriting of information
(that is provided with periodic nature of temperature
indignation) the system of considered type aspires to
certain rather steady state. Mathematically it can be
described as transition to a limit of the following type.

S ,=A=4)S, n —oo (1)
where S is a vector, describing the state of the
system at the n-rated iteration, 4 is an operator of
information rewriting, / is the unit operator. The exi-
stence of this limit already means that the system
evolves, as some steady state capable to reproduc-
tion of information appears in it. (This, obviously, is
the primary necessary condition for the appearance
of inherited information.)

Thus, in despite of the simplicity of the used
technique, it really can be used for initiation of
artificial evolution, at least, understood in the sense
of generating self-replicating information.

Results and discussion

The example of the data registered by means
of the scheme in Fig. 1 is presented in Fig. 2. The
schedule represents a fragment of dependence of
relative intensity of an optical signal from time at
periodic heating in the set mode. Measurements were
made using 2% polyvinylkaprolactam solution (PVK)

124 Ka3YV Xab6apuisicel. dusnka cepusicel. Ne4 (55). 2015



Suleimenov LE. et al.

USB: s
Pulse
shaper &
use
I 8
e 7 | I /\! i Optical
able signal
voltage = ' measurement
source |\ I
//\/ ~
3 l \ N
/ N
4

Figure 1 — The scheme of experimental installation providing start of artificial evolution
processes by means of periodic heating; 1 is a ditch with the studied solution, 2 is a heating
spiral, 3,4 are iris diaphragms, 5 is lens providing formation of a parallel beam of light, 6 is

the focusing lens, 7 is the light source, 8 is the optical receiver.
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Figure 2 — Dependence of relative intensity of an optical signal from time,
C (PVK) =2%, T =2400 ms, t =30 ms

It can be seen that the shape of the observed
oscillations is noticeably different from the square
and that allows tracing kinetics of phase transition.
It is also visible that in this case (pure solution)
effects connected with any transformations of the
environment don’t take place.

Addition low-molecular salt in solution, as it
is known in [8], leads to an increase in speed of
phase transition. (It seems to be connected with the
bigger amplitude of local change of thermodynamic
variables.) At a concentration of 0.3% sodium
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chloride more complex fluctuations occur in the
system. The corresponding example is presented in
Fig. 3.

It is evident that in the spectrum of the detected
signal additional low-frequency components
appears. As it is well known [9], the modulation
of oscillations induced by external influences, in
a nonlinear system takes place when such system
possesses own resonant properties. In this case
conditions when own damped oscillation is sustained
due to energy of an external source are realized.
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Figure 3 — Relative intensity of the optical signal from the time, CpoI = 1%,

N:

Crucr = 0,3%, T=2400 mc, T =30 ms; time countdown is made from the

beginning of measurements

It is also visible in Fig. 3 that the studied system
spontaneously can pass from one mode into another,
and this transition is carried out by jump. The new
state is characterized by hyper sensibility of system
to external influences that is expressed in sharp
increase in amplitude of fluctuations, and also in
appearance of additional low-frequency components
in a range of the registered signal.

The regular fluctuations or fluctuations close
to the regular ones are mainly observed in solution
which contains only one polymer. If the solution
contains two interacting polymer (the system of
PAA + PVK which as it was noted above, forms
a hydrophilic interpolymer associate, and an
interpolymer complex) then observed fluctuations,
as usually, lose their regularity. The corresponding
example is presented in Fig. 4 (the data obtained
in a stoichiometric concentration ratio of PAA and
PVK). Comparing this result with the data in [5,6],
in which it was shown that in the region of HIA
existence interpolymer reaction between PAA and
PVK provides a wide range of products, we can
see that the system is really experiencing major
transformation.

Thus, periodic indignation of the solution
containing polymers capable to form both HIA, and
PKI really provides effects that can be interpreted
as restructuring of the supramolecular structures
formed by interaction of macromolecules.

Conclusion

Thus, in work the simple technique that
provides periodic destruction and formation

of the communications stabilizing HIA and/or
interpolymer complexes is offered. The analogy
between partially dissociating macromolecules and
neural networks allows considering such periodic
process in terms of repeated rewritable information
in separate fragments of macromolecules. The
transition to equilibrium state is achieved by
multiple direct and reverse phase transitions in this
case is interpreted as the appearance of the structure
carrying the reproducible information. Adequacy of
this conclusion follows from comparison to results
of works [4,5] in which it was shown that emergence
of any steady network automatically provides
realization of the evolutionary mechanism offered
in [3]. Namely stability of a network provides «the
choice» of quite certain elements that are mostly
answering to a new condition of system.

Presumably, this mechanism could underlie the
occurrence of primary elements which served as a
prototype of macromolecules capable to bear the
genetic information. It is necessary to emphasize that
under certain conditions [10] periodic fluctuations
of temperature in non equilibrium systems can arise
spontaneously, too. Therefore, conditions in which
there is a repeated overwriting of data in the neural
network of molecular level, can also be implemented
naturally.

Certainly, the hypotheses stated in this work
need further confirmations, however already at
this stage of research it is admissible to assume
that initiation of artificial evolution of molecular
structures represents not only the academic, but
also practical interest as one more instrument of
receiving nanostructures.
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