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Presently, computer networks are actively used for scientific research. That has significantly increased the capabilities of the
researcher who analyzes processes and performs modeling, has brought new research opportunities, and therefore led to
qualitative changes in scientific research. Both the speed of research and analysis of its results have sharply increased and, as a
result of numerous experiments, it became possible to find new, previously unknown solutions, discover new effects and
phenomena. The results of the work conducted by the scientific group of the Department of Artificial Intelligence and Software
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of V.N. Karazin National University are presented in the article as the example of the new approach to scientific research. It
shows that with the help of computer modeling, the physical phenomena previously unknown to researchers can be discovered.

Keywords: Numerical simulation, unstable convective medium, strategies with memory.
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Ha nanwuii qac KoM’ 10TepH, 3B’ s13aHi MEPEKEI0, [TOYAIN aKTHBHO BUKOPUCTOBYBATHCH [Tl HAYKOBHX JOCTIpKeHb. Lle cyTTeBO
301IBIIMIIO MOXKIIMBOCTI JOCIITHUKA, SIKMH POBOJUTH aHaJi3 MPOIECiB Ta BUKOHYE po3paxyHKHU. Take 301IbIIeHHS KiTbKOCTI
JIOCTYITHHUX OIepaliii NpU3BelI0 A0 SIKICHUX 3MiH y HAYKOBHX MOCTI/DKCHHSX: BUSHI OTPUMAlId HOBI MOXKJIMBOCTI IS
JIOCITI/UKEHHS MPOLIECiB Ta MPHUCTPOiB. Pi3ko 30inbIIMIAack MIBUAKICTH NMPOBEICHHS IOCHIKEHb Ta aHaJi3y iX pe3yNbTaTiB.
36inbIICHHS. HA MOPSIAKA TEMITB BCiX JOCHITHHUIBKHX MPOLENYp, MOYMHAIOYHM Bifl MOCTAHOBKH MPOOJIEMH Ta 3aKiHUYIOUH
JETaIbHAM aHATI30M OTPHUMAHOTO PIllIEHHs Ta BHECEHHSM 3MiH J0 CTPYKTYPH JOCTIPKYBAaHUX MOJIEIeH IPU3BEITH 0 TOTO, 10
B PE3YJITATI YHCEIFHIX EKCIIEPUMEHTIB CTAJI0 MOXKIIUBIM 3HAXOIUTH HOBI, PaHIIlIe HEBiIOMi PIillICHHS, BIIKPHBATH HOBI €PEKTH
Ta siBuia. [lepcoHanbHUI KOMIT' FOTEP 03BOJIMB Ha 6AraTo MOPSIKiB MOCHIMTH 1HANBIIyallbHI MOXKIMBOCTI Jroauan. Lle mamo
MOXITUBICTE OOpOOJIATH BeMMUYE3HY KiTBbKIiCTh iH(opMamii, 3a0e3MeunBIId JOCTYN Yepe3 MEpexy A0 BEIHKOi KiTbKOCTi
HAayKOBHX Ta TEXHIUYHHX JaHHX, 10 PI3HOMAHITHHUX JITEpaTypHUX JDKEPEN, a TAKOXK T03BOJIHIIO JOCIITHUKY IIBHKO 3HAXOIUTH
EKCIIepPTIB B Pi3HUX rajy3siX, He3aJeKHO BiJ BifcTaHi. 3’SBUIIMCH HOBI METOIM Ta TEXHOJOTII PO3PaxyHKIB, pO3LIMPUIUCH
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MOXJIMBOCTI JIarHOCTUKHM OTPUMAHHX PE3YNbTATIB, CYTTEBO 3pOCIM TEMIIM aHaNi3y SK aHAIITHYHUX KOHCTPYKIIH Tak i
YHCIIOBUX PillleHb, 3HAYHO MOJIINIIHMBCS JOCTYII 0 BEIUKOTO MacHBY HAyKOBHX JAHUX, PI3KO MPHIIBUIIINIOCH YCBITOMICHHS
JIOCITITHUKAaMH Pe3yJIbTaTiB CBOIX eKCIIepUMEHTIB. Bee 11e cBirunTh po HOBHMIl XapakTep HAyKOBHUX JOCIIUKEHb. Tak, 3’ IBUINCH
TaKi JUCLUILIIHM, SK “KOMIT FOTePHA XiMisl ™, 1110 3MOTJIa IIBUKO CTBOPIOBATH HEOOX1IHI PEUOBHHU 13 3aJaHUMH BIIACTUBOCTSIMH,
“xoMI’oTepHa (i3uKa”, MO0 J03BOJSE OTPUMYBATH CKJIAAHI PIMICHHS, AIarHOCTYBaTH iX, BHOCHTH 3MiHM Ta BHOUpaTH
napameTpu Juid Mopesnel. BuHHKIa HOBa peanbHICTh HAYKOBHX JOCHIIKEHb - «JIIOAMHA-KOMITIOTEp-Mepexa». B crtarTi Ha
OPUKIAAl pe3yabTaTiB poOOTH HAYKOBOI Ipynu KadeapH MITYYHOTO iHTENEKTy Ta MPOrpaMHoOro 3abe3mneueHHs XapKiBCbKOIO
HanionansHoro yHiBepcurety imeHi B.H. Kapazina HaBeaeHo pe3ybTaTi HOBHX ITiIXO/IIB 10 HAYKOBUX AOCTIPKeHb. [IokazaHo,
SIK 3aBJIIKH ITPOBEACHOMY KOMII'IOTEPHOMY MOJICITIOBAHHIO KOJEKTHBHUX ITPOIIECIB B3a€MOI 3aps/UKEHUX YaCTHHOK 3 MOJISIMH

Ta IHIINX IpoueciB 0yiI0 BUSABICHO PsA (I3MYHUX SIBUIL, IO paHimie He OYIIN BiZJOMi JOCITITHUKAM.

Knrwwuoei cnosa: komn romepre Mooentoganns, Hecmitike KOHGEKMUGHe cepedosuuye, cmpamezii 3 nam'smmio.
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B HacCTOAIIEC BPEMS KOMIIBIOTEPHI, CBA3aHHBIEC CETHIO, HAYaJIM aKTUBHO HCIOJbB30BATHCA AJI1 HAYyYHBIX I/ICCHQ}]OB&HPIP’I. D10
CYHIECTBCHHO YBEJINYNUIIO BO3MOXKHOCTHU UCCIIEA0BATEIIA, KOTOprﬁ IPOBOAUT aHAJIU3 MPOLECCCOB U BBINIOJHACT MOJACINPOBAHUC
U TIpUBEJIO K KAYECTBCHHBIM HM3MEHCHHUSAM B HAYUYHBIX MCCJICAOBAHHUAX: YUYCHBIC IIOJYYUJIM HOBBIE BO3MOXXHOCTH JUIA
UCCJIEAOBAHUS MPOLIECCOB U yCTpOﬁCTB. Pe3ko YBEJIMINIACh KaK CKOPOCTb IPOBEACHUA HCCHC}IOBaHMﬁ, TaK 1 CKOPOCThH aHAJIu3a
HX pE3YyJIbTAaTOB, YTO NPUBEJIO K TOMY, YTO B PE3YJIbTATEC MHOT'OYUCICHHBIX SKCIEPUMEHTOB CTAJIO BO3MOKHBIM HAaXOJAUTHh HOBLIC,
paHe€ HEU3BECTHBLIC PCHICHUS, OTKPbIBATbH HOBBIC 3(1)(1)6KTI)I Hu SABJICHUA. HepCOHaJ'ILHHﬁ KOMITBIOTEP MO3BOJIMJII Ha MHOI'O
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HOPSIKOB YCHJINTD WHIVBHAYaIbHbBIC BOSMOXKHOCTH YeI0BEKa. DTO a0 BO3MOXKHOCTE 00pabaThIBaTh OTPOMHOE KOJIMYECTBO
nHpopMaImy, o0ecrednB JOCTYI 4epe3 ceTh K OONBIIOMY KOJMYECTBY HAyYHBIX M TEXHHYECKHX NAaHHBIX, K Pa3IMIHBIM
JUTEPaTypPHBIM UCTOYHUKAM, a TAKXKe ITO3BOJIMIIO HCCIIEIOBATENIO OBICTPO HAXOJHUTh KCIEPTOB B PA3INYHBIX obOmacTsax. Bee
3TO CBHJETENLCTBYET O HOBOM XapaKTepe Hay4HBIX HCCICA0BaHUH. B pe3ynbraTe ynoMsSHYTHIX W3MEHEHUH MOSBUIINCH TaKHE
JTUCLUIUIMHBL, KaK "KOMIIBIOTEpHas XHUMH', KOTOpas cMoria OBICTPO co3laBaTh HEOOXOAWMBIE BELIeCTBA C 3aJaHHBIMU
CBOWCTBaMH, "KOMIbIOTEpHast (u3Mka', KOTOpas IO3BOJACT IOJY4aTh CIOXKHBIC PEIICHUS, JUArHOCTUPOBATh X, BHOCHUTh
U3MCHEHUS U BBIOMpATh MapaMeTpsl Mojeneid. Bo3HMKIIa HOBasi pealbHOCTh HAayYHBIX UCCIICIOBAHUHN - «YEIOBEK-KOMIIBIOTEP-
ceTh». B craThe Ha mpuMepe pe3yiabTaToB pabOTH HAYYHOU TPYIITEI Kadeapsl HCKYCCTBEHHOTO MHTEIUICKTa U IPOrPaMMHOTO
obecnieueHnst XappkoBckoro HarmonansHoro yHuBepcurera mmenu B.H. Kapasuna npuBeneHs! pe3ynbTaTsl HOBBIX ITOJIX0I0B
K Hay4HBIM HccienoBaHusM. [Toka3zaHo, kak Onaromapsi KOMITBIOTEPHOMY MOJEIMPOBAHUIO OBUIM OTKPHITHI (pr3mueckue
SIBJICHHSI, KOTOPBIE paHee He OBbUTH U3BECTHBI HCCIIEOBATEIISIM.

KiioueBbie cJI0Ba: KOMIIBIOTEPHOE MO/ICIIMPOBAHUE, HEYCTOWYMBAs KOHBEKTUBHAS CPEla, CTPATETHH MaMSATBIO.

Introduction

No only new, previously unknown effects and phenomena, but even drastically stronger
manifestations of the previously known phenomena in certain conditions are recognized as new scientific
achievements. There are a number of examples of the latter such as laser-induced phenomena which are
tens of orders of magnitude faster and more intense than spontaneous ones; nuclear chain reactions, which
are orders of magnitude more powerful than ordinary spontaneous radioactive decay, as well as, collective
processes of particle-field interactions, which promise a revolution in power engineering and already
making presence in high-current electronics.

The widespread use of computer networks for scientific research is one of such phenomena. Improved
analysis and calculation capabilities, as well as an increase in the number of available operations have led
to qualitative changes in scientific research. An unprecedented level of interaction with personal
computers has opened completely new and unexpected opportunities for researching process.

The speed of human-computer interaction, diagnostic analysis and visualization have been
dramatically increased. Nowadays it has become possible not only to illustrate, refine and revise the
results obtained as a result of numerical experiments, but also to find new, previously unknown solutions,
and to discover new effects and phenomena. That has been facilitated by greatly increased pace of
research; from setting the problem to obtaining a solution, its immediate analysis, updating the structure
of models and ascertaining their influence immediately (in real-time), etc.

A personal computer has strengthened a researcher’s individual capabilities by orders of magnitude.
It has made it possible to process huge amounts of information, provide network access to a variety of
literary sources, and connect a researcher with their associates, regardless of distance. It allows us to use
new methods and technologies for calculations and expand our capabilities for diagnostics of the results
obtained. The human awareness of the experimental results and analysis of models have increased
dramatically.

The new approaches to the research have been appeared using the capabilities of personal computers
and their network connection: “computer chemistry”, which is able to search for the substances with given
properties quickly, “computer physics”, which allows obtaining complex solutions, diagnosing them,
making changes and selecting the parameters of description models, as well as other new scientific
directions.

Those changes in scientific research are illustrated below by using the results of the work conducted
by the scientific group of the Department of Artificial Intelligence of V.N. Karazin Kharkiv National
University. It shows that computer simulation has made it possible to discover a number of physical and
other phenomena previously unknown to researchers.

Modeling the lon heating phenomena with the development of modulation instability of an
intensive Langmuir wave in plasma. Diagnostic possibilities.

The main problem in describing the processes of wave propagation in a plasma was the ambiguity of
the nature of the absorption of RF energy by particles and the mechanism of their thermalization, that is,
the formation of a normal energy distribution of particles, which only allows talking about their
temperature. In [1], it is shown that the mechanism of formation of the normal energy distribution of
particles is scattering by field inhomogeneities (the Fermi effect), which turned out to be more important
than the mechanism of energy exchange between the field and particles traditionally explaining this
phenomenon, known as Landau damping. The computerization made it possible to create a diagnostic
stand demonstrating the process in real time (Fig. 1).
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Fig. 1. Diagnostic stand for calculating systems of integro-differential equations on a computer (400 modes,
20,000 particles).

The occurrence of waves with abnormally large amplitude (> 20 meters)

Avrising as a result of nonlinear interference of strong sea waves (an average wave amplitude in unrest
ocean is 4-6 m., a period is 10-12 sec, phase velocity is more than 20 m/sec, group velocity is half as
much, and wave decay lengths are measured in thousands of kilometers) the perturbation of anomalous
amplitude is a sequence (group) of usually 3 waves, one of which is the largest, the frequency of
occurrence (ensemble statistics and time) of such wave group is one for 10-20 thousand waves. For such
long waves (200-250 m), the maximum achievable amplitude before collapse is about 30 m. They are
most likely to appear when the modulation instability is starts to develop (in the range of hundreds of
kilometers from the boundary of the zone of wind excitation of waves, the development time of the
instability is 10 reverse increments i.e., about 2.5-3 hours). It is shown in [2] that the perturbation of the
ocean surface arising during the development of modulation instability is similar to the Peregrine
breather/soliton. These killer waves can propagate for the hundreds of kilometers [3].
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Fig. 2. A diagnostic stand for analyzing the behavior of individual wave packeté and statistical processing of the
results of modeling the behavior of waves of anomalous amplitude in the ocean.

Process of computer modeling has been carried out by using JCUDA technology which provides Java
interoperability with CUDA (Fig. 2). The programs created by JCUDA provide the execution of program
code written

in the "C" programming language with addition of the code specific to CUDA technology.
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Phase transitions in unstable convective medium
The results of the study [4] on the models of convective instability near the boundary of thin layers of
liquid and gas are presented. All spatial perturbations of the same spatial scale, but of different
orientations, interact with each other. In the case of a more realistic model of convection described by the
Proctor-Sivashinsky equation, it is possible to observe both the first-order phase transition and the second-
order phase transition and detect the form of the state function, which is responsible for the topology of
the resulting convective structures: metastable rolls and stable square cells (Fig. 3-4). The phase transition

. . . . . . N
times are inversely proportional to the difference in the values of state function =Y A for two
m=1

consecutive states.

] (a1 (o) ()

R
________________ v

Fig. 3. Convective structures: rolls and square cells

a b c d

Fig. 4. The appearance of fragments of the spatial structure of the temperature field distribution on the surface of
layer: a) after the structural phase transition of the first kind with the formation of convective rolls, b) with the
transverse modulation of the rolls, ¢) during the formation of domains — a metastable spatial structure, after the
destruction of the roll system, d) with the formation of a stable convective structure — square convective cells
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Fig. 5. The behavior of a state function derivative as a function of time. The characteristic times of transient

=16 7,=44

processes “ are the time of occurrence of the “amorphous” state, the time of formation of

pronounced shaft-like structures s z5'6, and the time of forming a system of cells for one of the implementations
of the process of establishing convective motion.

From the graph (Fig. 5) it is possible to verify that the relative times of formation of states | (spatial
structures) are
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inversely proportional to the difference between the values of the state function. A similar description

of phase transitions which does not use phenomenological approaches and various speculative
considerations, allows for a closer look at the nature of transients [5].

The physical nature of the second order phase transition.

The onset of longitudinal modulation of convective rolls leads to the occurrence of convective motion
in a plane parallel to the direction of the rolls, which adds to the strong convection across the rolls. A
decrease in the spatial period of the roll modulation leads to an increase in convection as a whole and its
equalization in two perpendicular planes, an increase in the temperature on the upper surface of the layer
and, accordingly, increase in the energy value, and therefore in the state function value, which indicates
a change in the structure and a second-order phase transition.

If we assume that domains with a dominant structure arise and propagate in the convective zone, then
we will have to admit that the correlation rate of spatial perturbations in this case is extremely high. This
paradox is explained by the fact that the process of a second-order phase transition is described, at least
here, by the equations, whose solutions form the set of eigenfulnctions with different wave vectors:

O=cY A exp(ik ).

]

The process of phase transformations does not cover individual local regions, but the entire convection
zone, where the conditions for the phase transition are satisfied. In this case the formation of local domains
with a homogeneous spatial structure in different places of the convective layer is the result of the
interference of these eigenfunctions.

Discovery of new phenomena: dynamo effects in hydrodynamic

As a result of the secondary modulation instability of the structure in Fig.4(d), large-scale structures
consisting of convective vortices and poloidal vortices [6] are formed (Fig. 6-7) (similar vortices are
considered in [7]). The latter which are the effect of a regular hydrodynamic dynamo, predicted by S.S.

Moiseev are of the greatest interest.
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Fig. 6. Itis a regular defect in the Fig. 7. In the background of a field of
convective structure. In the upper corner  modulated convective cells, is the

is a fragment of the primary unperturbed  appearance of large poloidal vortices.
structure. The dashed lines show the

characteristic lines of the current of

large-scale vortices.

The detection of the effect of self-profiling of the electron bunch.

The effect of self-profiling (grouping) of a short (less than the wavelength of the wakefield) electron
bunch moving in the plasma, which leads to an anomalous value of the field of its wake radiation is
considered [8].



Bulletin of V.N. Karazin Kharkiv National University

44 series «Mathematical modeling. Information technology. Automated control systems» issue 50, 2021
N
N 50 N
2007 a
25
1007
- 0.44 0,22 Revs
T e Ak -0.22 v
-3 0 3ig N
?
:Ell b 2 b
]
30
nd . —
T ™~ - 0.4 0y
-3 0 3 N 0.98 0.43 v
307 C C
157 6
r - 4 T —
-3 1] 3 ‘i 0,96 -0.48 0y

Fig. 8. Change in the distribution of particles in space & (left), and in velocities v (right) at different times

It is shown that the field amplitude in the extended region behind the bunch is the same for the case
of the short bunch, and for the case when all particles of the bunch are gathered at one point. Previously,
such profiling of density and speed has been done artificially, which is extremely difficult, and requires
complex equipment and noticeable efforts. Computer modeling allows us to see the possibility of such

self-profiling without any additional devices. This is extremely important for creating an effective
acceleration regime in the wakefields of such a bunch.
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Fig. 9. View of the radiation field in the reference frame of the beam as a whole
at different points in time (beam boundary at zero)

Detection of a new induced radiation threshold (due to the competition between spontaneous
and induced processes).

Detecting the behavior changes IN{dN, / N,dT} (N, is the number of quanta) by numerical

methods has made it possible to clarify the conditions for the appearance of induced radiation of a two-
level system [9]. The threshold of occurrence is determined by the condition

N, =(n,+n,)/(n,—n,)* =1, where N;and N, are the number of states at the lower and upper energy
levels, respectively.
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Fig. 10. A change in the nature of the process demonstrates a curve in the graph of the value In{dN, /N,dT}
depending on the ratio of the number of states of a two-level system to the square of the population inversion.
Noz(nl-ﬂz)/(nz-ﬂl)Z 1) No:30; 2) No:10; 3) No:5; 4) No:2; 5) No:].; 6) No:0.5; 7) No:0.2; 8) No:0.1; 9)
No=0.03; 10) No=0.01.

Periodic changes in the luminosity of quantum sources

In the equilibrium state, heated gas radiation sources are located near the threshold of the induced
radiation n, > n,. In this case the induced radiation can be comparable to spontaneous radiation, but only
if there is a source of population inversion, which can be convection from denser heated layers
—v-dulox~v-ull (here, V,I is the average velocity and the characteristic height of the convective
layer). The conditions of this generation regime are discussed in [10,11]. A one-parameter system of
equations that describes the generation of only induced radiation of a quantum source is reduced to two
equations

oM

—=K-M-2M-N
T
N _ M-N-2N,
T
Areoopty | dyy ° drouy | dg, [
where N = (N, / p)(——2—21) , M = (uf go)(——>—21), 7=6,t, K=(v/6,l), where N .and u are the
V12007 Sprah

density of quanta of induced radiation and the population inversion per unit volume. The population
inversion scale 42 (I (n, +n,) is chosen so thatn, > n , 5, is the effective decrement of the source, ,, is the

line width, d_ is the dipole moment of the active particle. The solution of the system of equations is
presented in Fig.11. The phase plane (N, M) is shown in Fig. 12. The bold line on the graph represents a
periodic change in the number of quanta, N, =20.188, N, =4, N, —N,_. =16.188. Itisseen thatthe
constant component of the induced radiation is not zero.
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Fig. 12. Phase plane.

The model presented above can be used to describe changes in the luminosity of Cepheid stars. If we
assume that the spontaneous emission of the cantilever source and the rest of the heated source is equal
to Nb =8.748 , multiplying by 84,507 - L, , where L, is the luminosity of the Sun, we get the Delta Cephei,

the star which is 272 parsec from us and has a maximum luminosity of 2000 L, and using the relations

M =m-5lg(d /d,), m=M +5lg(d/d,), d, =10, m-m,=-2,5lg(L,/L,), to change the stellar values,
we obtain the following graph (see Fig.13), which coincides with the observational data presented in the

literature.
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Fig.13. The change in the stellar magnitude of the star of the Delta Cephei with time. (solid curve received in the
1930s by N.F. Florey using a visual photometer) and the solution of equations of system in the same variables

(dashed line) [11]
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T

Fig. 14. The change in the magnitude of the North Star with time (solid curve) and the solution of the equations
(dashed line) [11]

The attenuation of a wave packet in waveguides filled with an active medium, and plasma

When considering the processes of wave attenuation in a waveguide (resonator) filled with an active
medium and in plasma with a finite electron temperature, the reason for the transition of the nature of the
change in the field amplitude from oscillatory to monotonic with increasing line width of the wave packet
is discussed [12].

The nature of the oscillations in a waveguide (resonator) filled with an active medium is associated
with the interference of oscillations of the population inversion in local regions. Inversion changes occur
with the Rabi frequency, which depends on the electric field of a standing wave formed as a result of
reflections from the ends of the waveguide. In case of strong fields or with a significant population
inversion, the line width can be neglected. In this case the field energy density is quite high
|E(t) ? 147 >> y2n%1|d,, |* (a similar relation can be given for population inversion u >> y2 -n/(w|d,, [*)-
At low levels of electric field intensity or a small population inversion, the inverse inequalities are
satisfied and the line width should be taken into account, which leads to suppression of the interference
of individual local inversion regions along the waveguide. The nature of the change in the field amplitude
becomes monotonic.

In a similar way, the width of the spectrum of the wave packet affects the character of the Landau
damping [6] on plasma electrons. In this case, the role of population inversion is played by the quantity
p=ny,—n = f Vo +7k/m)— f(v) =k /m)-of (V) /vl » where f(v) is the velocity distribution function

of the electrons, n,,n, are the numbers of electrons whose velocity is less than and greater than the phase

velocity of the wave.
The role of the Rabi frequency here is played by the oscillation frequency of the trapped particles in

the potential well of the field €, =+/6KE/m, (here em, is the charge and mass of the electron, a k is
the wave number of oscillations, and v, = w/k is the phase velocity of the wave).
In the case of a small spectral width of the packet ak-v,, ~Ae <<, , the process of wave attenuation

acquires a characteristic oscillatory form associated with the exchange of energy between the wave and
plasma electrons captured by its field. In the case of the reverse inequality, the monotonic character of
the field attenuation is observed with the formation of a characteristic “plateau” in the vicinity of the
phase velocity of the wave on the electron velocity distribution function corresponding to the state with
zero population inversion, which is presented in this case as ,, = (nk / m)-of (v)/év|,_, =0 -

The superradiance of a bunch of rotating electrons

Equations describing the excitation of a TE wave by a beam of electrons rotating in an external
magnetic field in a waveguide in two regimes have been considered. In the first regime the interaction of
the oscillators — rotating electrons in the magnetic field — is neglected. It is assumed that the beam
electrons interact only with the waveguide modes. In the second case, in the superradiance regime, the
beam electrons interact with each other due to their spontaneous radiation. The basic features of the
description of the gyrotron gain regime are discussed in the article [13].

The world of strategies with memory [14]
Understanding the nature of the emergence of cooperative behavior in different systems has been of
interest to researchers. As part of a generalized “prisoners’ dilemma”, it is considered that the evolution
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of a population with a full set of behavioral strategies is limited only by the depth of memory. Each
subsequent generation of the population successively loses the most disadvantageous strategies of
behavior of the previous generation. It is shown that an increase in population memory is evolutionarily
beneficial. The winners of evolutionary selection invariably refer to agents with maximum memory. The
concept of strategy complexity is introduced. It is shown that strategies that win in natural selection have
maximum or near maximum complexity. Despite the fact that according to the payout matrix the
individual gain obtained from refusing to cooperate, exceeds the gain obtained from the cooperation at a
separate stage of evolution, the winning strategies always belonged to the so-called respectable strategies
that are clearly prone to cooperation. The changes in the average memory and complexity of a population
with a fixed depth of strategy memory are insignificant during evolution. Aggression in the process of
evolution decreases and tends to a minimum value.
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