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PREDICTIVE MONITORING OF SECONDARY EPIDEMIC WAVES OF COVID-19 IN IRAN, RUSSIA
AND OTHER COUNTRIES
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In the last decade of April 2020, the second coronavirus epidemic wave in Iran has bloomed. The new wave has started in the vicinity of the critical point, marked
by approximately 44,000 infections, where the rate of increase of the primary epidemic that appeared in Iran in mid-February 2020 was the highest. Today, this
secondary wave almost has doubled the peak of the primary, and, passing the epidemic threshold of about 70,000 total cases in early June, generated the new
third epidemic wave developing unpredictably and dynamically. The purpose of this work was to call into use a simple dynamical system represented by the discrete
logistic equation with unknown parameters to predict secondary waves using the official statistical data. The mathematical modelling reveals the secondary epidemic
waves in Sweden, the United States, Ukraine, Serbia, Romania, Czech Republic, Portugal, Luxembourg, Poland, and Ecuador. Also, the second waves appear
in Russia and other countries. Despite many individual differences in the epidemic spread in different countries, we have traced regularity in the rise of secondary
waves. The beginning of each new wave, if focusing on the number of total cases, practically coincides with the time of the maximum growth rate of the previous
early epidemic. Thus, the passing through the threshold of the current wave should be the most responsible for strict observance of the rules of self-isolation and
other sanitary standards.
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MPOrHO3HbI MOHUTOPUHI BTOPbIX BOJIH 3NMUAEMUKX COVID-19 B UPAHE, POCCUI
N APYTX CTPAHAX
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" Hxkeropoackuin rocyapCTBEHHbIN TEXHUYECKUI yHBepcuTeT nmern P. E. Anekceesa, HxHmin Hosropog, Poccus
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B nocnegHen nexkane anpens 2020 r. B paHe nogHAnace BTOpPasi BOMHa HOBOW SNWAEMMM KOPOHABMPYCHOM MHdeKLmMn. HoBas BOSHa BO3HMKIIA B OKPECTHOCTU
MOPOroBOW TOYKM, OTMEYEHHON npumepHO 44 000 cnydaeB 3apakeHus, rae CKOpOCTb HapacTaHWs MepBOl BOMHbI SnuaeMun, nosieuslLencs B VpaHe B
cepeavHe despans 2020 1., 6bina MakcvmansHa. Bropas BonHa noYTi BABOEe MpeBbicua MUK NepBowi, 1, B CBOIO OYepefpb, B Ha4Yane MIoHs, MPeofones HoBbI
nopor, coctasnsaoLLmi okono 70 000 cnyvaeB 3apaxxeHns, Nopoanna TPETIO BOJHY, Pa3BMBAtOLLYIOCS AVHAMUNYHO 1 Henpeackadyemo. Llensio paboTsl Obi1o
MPOBECTU 151 BbISIB/IEHWS BTOPbIX BO/IH 06paboTKy odmLmnanibHbIX CTAaTUCTUHECKUX AaHHbIX HA OCHOBE MPOCTENLLEN ANHAMUHYECKO CUCTEMbI, MPEeACTaBIEHHOM
[VICKPETHBIM NOrUCTUHECKUM YPaBHEHWEM. VI3yHeHie 3Tol MaTeMaTn4eckor Moden nokasaso, YTo BTOPble BOMHbI SMMAEMUM YKe MOXHO HabnoaaTs B LLsewyn,
CLUA, YkpavHe, Cepbun, PymbiHuK, Yexun, OxBagope, MNoptyranum, Jliokcembypre, a Takke B Poccum n apyrix ctpaHax. HecmMoTps Ha vuHavBuayansHble
paznnuns B AUHaMVIKE PacrpoCTpaHeHnst SMMAeMnn B OTAEMbHbIX CTPaHax, 3akOHOMEPHOCTb MOLbeMa BTOPbIX BOSIH OCTAETCA TOM »Ke: Ha4ano HOBOW BOJHbI,
€CIIN OPUEHTUPOBATBLCS MO KOMMYECTBY OOLLWX CRyYaeB 3apadkeHusl, MPaKkTUHeCcKy COBMaaaeT Co BPEeMEHeM AOCTVKEHWS MakCVIMabHOM CKOPOCTM pocTa
npedployLlei snMaeMnn. 3TO 03HAYAET, YTO B NMEPVOA, MEPEXOAA HePe3 KPUTUHECKIIA MOPOT TEKyYLLIEV BOMHbI HEOOXOAMMA HanbosbLUAs OTBETCTBEHHOCTb C TOYKM
3PEHUSA HEYKOCHUTENBHOTO COBMIOAEHNS MPaB CaMOU30NALMN U MHbBIX CAHUTAPHbIX HOPM.
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The first epidemic wave in Iran had attracted the attention of
observers and researchers by a relatively high rate of overall
infections [1-5]. The processing of official statistics to predict

Recently, the secondary waves of the epidemic have
started in Sweden, the United States, Ukraine, Serbia,
Romania, Czech Republic, Ecuador and some other

the second waves based on a logistic model showed that the
first wave was only a harbinger of the spread of a new, higher
wave of the epidemic, which had already swept through this
country and gave rise to the third wave in early June. (We
interpret an epidemic wave as the process either of transferring
and spreading the infection to a new territory with a new
population or returning to the old places partially or completely
have recovered after the primary epidemic.)
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countries. As yet, there are no rigorous mathematical models
to shed light, in particular, on those critical points at which the
secondary epidemic appears (we understand a strict theory
as axiomatics based on the maximum principle. Any epidemic
naturally "strives" to occupy the entire territory and cover the
entire "available" population).

Today, there are more and more messages in the media
about the expectation of second waves of the epidemic in
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Fig. 1. Epidemic history of Iran. The solid line marks the total officially reported cases by day since the beginning of the epidemic in this country

Russia. However, this acute question remains open without a
rigorous analysis of the input data.

The purpose of this work is to describe the secondary
epidemic waves mathematically. We have chosen a simple
dynamic logistic system with the unknown parameters which
are determined by the official data (data source: https://covid.
ourworldindata.org/). The aim is to identify the most favourable
conditions for the occurrence of secondary waves.

METHODS

We use the tabular autocorrelation dependencies N, | = £(N,),
to construct the dynamic system. Here, N, is the number of
total cases, accumulated to the date /, in the country number c.
The least-squares method determines the polynomial
approximations of tabular functions 7, denoted as F_.

Numerical experiments confirm the sufficiency of the
quadratic approximation of functions /£, from the argument N,
that provides a logistic model. So, we have got the analytic
point mapping having the right-hand side F_(N,) = a, + a,N, + a/N?,
where g are the parameters determined from the tables (data
source: https://covid.ourworldindata.org/). The transition
time between the states N, and N, , takes a day. The logistic
mapping approaches the steady-state N = N*, as a positive
solution to the equation N* = a, + a,N* + a,N*. The steady-state
N* corresponds to almost zero dynamic increase in disease
[6]. At the time of achieving this stable equilibrium, the logistic
equation is no longer sufficient to describe the evolution of the
disease in a developed human society. The fate of infected
people depends on the quality of quarantine measures, medical
care, etc.

We suppose that the logistic equation describes the
temporal evolution of each wave of the epidemic adequately
in countries with high-quality statistics. After processing the

data, we select results using simple criteria and standard Maple
software (Maplesoft; Canada).

There is no doubt that, theoretically, the epidemic can
develop for the second and third time, etc. in an unpredictable
way, if we neglect the appropriate anti-epidemic measures. As
calculations show, the second wave of the epidemic, as a rule,
rises after passing the critical point, which is the inflexion point
of the logistic curve [7-9]. The linear equation a, + 2a,N = 1
defines the threshold N.

In the case of secondary epidemic waves, we use the
same dynamic system for calculations. The described above
procedure calculates the current parameters a, using a new,
appropriately decomposed input data set. We remove the
already calculated data, provided by the logistic curve of the
first wave, from the old input data set. The computation process
continues until the input data will represent a superposition of
various individual logistic curves.

There is no doubt that all input is perfect. In case of failure
of the specified decomposition of the input data, we decide
that the algorithm described above does not work, and omit
such input data from the analysis. Note that the idea of such an
algorithm is not new — it first appeared in the socio-economic
sciences [10].

There are examples of its successful application in mathematical
biophysics [11]. In the context of the current pandemic, the work
[12] is of interest. The authors take into account the secondary
wave to adjust the results of their previous work [13].

RESULTS

Consider an example of the epidemic history of the countries
that did not escape the risk of the second wave. Let it be the
most vividly manifested country in this respect, Iran, the history
of the epidemic of which is shown in Fig. 1.
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Fig. 2. Absolute and relative errors of forecasting. On the left, the solid line traces the exponential approximation of a discrepancy between actual and forecast data
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The graph above shows that around the middle of April, the
second wave of the epidemic rose in Iran. The epidemic spread
is still very far from complete since the growth of the third wave
has been observed from the beginning of June. Notice that
the mentioned above algorithm decomposing the secondary
waves could not recognize the third wave, and interpreted the
data as statistical errors for two or three weeks ago.

Let us now try identifying the first wave of the epidemic in
Iran by estimating the absolute and relative errors between the
input and forecast data, which are described by the logistic
curve. The mean squared error is minimal if the first wave
reaches the threshold at 93 days from the start of the epidemic
(Fig. 2). Note that the search for the minimum uses a priori
dynamic data analysis that should not have to cover the entire
history of the epidemic.

Figure 2 on the left displays that the input data, starting from
the very beginning of the epidemic and up to the point of the
maximum absolute error, obey the exponential dependence
shown by the solid line. This fact is not a revelation: the behaviour
of real data over time shown in graphs is not a specific feature
of the history of the epidemic in Iran only. The authors of some
works on the problem of the pandemic have noticed such a
pattern, explaining this regular exponential component with
useful medical intervention in the early epidemic.

However, it is easier to assume that this unavoidable regular
error is due only to the specifics of data monitoring. Moreover,
the analytical approximation of the input data set continues
further, starting from the point of maximum absolute error up to
the inflexion point using the power function [14, 15].

We have studied this regular monitoring error by analyzing
the epidemic history in some countries of Western Europe,
which had reached the first epidemic peak [16]. Notice that
to reach the epidemic peak is necessary to apply a posteriori
data analysis that leads to the same results that we obtain in
the case of the dynamic a priori analysis. We have analytically
revealed the regular component of the monitoring error. This
error explained the reason for the failure of a priori mathematical
forecasting of probable epidemic events in various countries
of the world, undertaken in numerous studies. The statistical
data processing of almost all countries that have reached the
epidemic peak showed that the regular monitoring error is
subject to a simple pattern: the higher the epidemic peak, the
greater the time delay of the monitoring data compared to the
forecast.

Let us identify the primary epidemic wave in Iran, following
a priori approach. Thus, we believe that the discrete logistic
equation N, , =1,118N, - 1,344 x 10°N? adequately describes
the first wave. Notice that the parameters of the first wave no
longer change throughout the epidemic when the second wave
appears. Figure 3 shows the solution to this equation.

Now we decompose the input data taking into account
that the logistic curve shown in the above figure adequately
approximates the early history of the epidemic. At the next stage
of processing the input data, we identify the second epidemic
wave. Calculations are performed recursively in the same way
as used above. The discrete logistic equation also adequately
describes the second wave, but with a different right-hand
side: N, | = 1,066N, - 3,202 x 107N? . The parameters of this
equation slowly change in time until the formation of a sufficient
height of the third wave. Figure 4 displays this decomposition
graphically.

This figure displays that the residual data, corresponding
to the secondary and tertiary waves, can no longer represent
a single logistic line. Thus the epidemic in Iran has become
a continuous wave cascade, the most unfavourable for
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combating the epidemic. In any case, Iran cannot avoid the
third epidemic wave.

We can repeat the above arguments and calculations
using other data on the epidemic history in other countries,
for example, Sweden. The first epidemic wave of in Sweden,
compared with Iran, had a relatively small height with the
threshold of about 15,000 registered cases reached in
115 days after the start of the epidemic (Fig. 5). Also, this
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Fig. 3. Profile of the first wave of the epidemic in Iran. The extrapolation points
reach the epidemic peak of the first wave
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Fig. 5. Decomposition of the full input data by total cases in Sweden as a
superposition of two logistic lines of the first and second waves
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illustration explains the input-data decomposition for detecting
the secondary waves.

Figure 6 shows that a situation similar to that in Iran takes
place in Ukraine.

In comparison with the other countries, the secondary
epidemic wave in the United States has got a gigantic scale,
growing exponentially (Fig. 7).

Today, on the World Wide Web and television, there are
more and more messages about the expectation of a second
wave of the epidemic in Russia. These reports, as a rule, are
based on speculation, which leaves open a burning question:
should or not be the second wave of the epidemic in Russia?

Using our mathematical tools, we have found that the
second epidemic wave in Russia had already risen in the first
half of May. The height of this wave is about half the primary
wave. The third wave has started in Russia at the end of June.
Figure 8 represents a decomposition of the epidemic history in
Russia as a superposition of the primary and secondary waves.

The appearance of the second wave in different countries
possesses similar features despite some differences in the
epidemic spread. We have admitted regularity in the rise of the
second waves. These waves appear when passing through the
critical point of the epidemic threshold of the current wave.

Pragmatically, passing through the threshold of a new wave
should be the most responsible in terms of strict observance
of the rules of self-isolation and other sanitary standards. The
secondary waves of the epidemic are insidious in that they do
not appear immediately but after a sufficiently long time. For
example, in Iran, the second wave significantly showed itself in
no less than 60 days.

DISCUSSION

There are several different mechanisms, each of which can
generate secondary waves in acute infectious disease. The
first two mechanisms are due to the direct viral transmission
and a change in its behaviour, which favours the emergence
of additional ways of its spread. The third one is associated
with the heterogeneity of the population. A new wave either
occupates new territories and population or rolls over the
previous places again. The fourth item is a mutation in the virus
that causes delayed susceptibility to infection in humans. One
more mechanism is weakening immunity. There is no problem to
take these mechanisms into account in complex mathematical
models to simulate secondary waves [17]. We may add that
secondary waves are, not least, a consequence of the lax
compliance with quarantine and sanitary rules by people who
trust rumours and consume unreliable mass information.

In this work, the authors abandoned multivariate models,
which, in ideal implementation, are designed to study the
impact, for example, of border control at the beginning of an
outbreak, predicting the timing of self-isolation, assessing the
required amount of available drugs, and others. Indeed, the
practice of recent months has shown that the well-tested and
widely known mathematical methods, directly used to describe
future events of the spread of the epidemic by processing the
available statistical data, have demonstrated ineffectiveness.

We know the well-known logistic equation adequately
describes the epidemic evolution. However, neither various
versions of this mathematical model nor modifications of the
logistic equation demonstrate usefulness. In any case, the
simulation gives a satisfactory result only on a small-time
horizon, within one or two weeks [18].

If so, then we are dealing with not predictive, but with
monitoring models, which, for all their value, are still useless

for developing medium-term and strategic action plans to
overcome the pandemic [19]. Other promising predictive
technologies based on graph theory [20], percolation theory
[21], and stochastic processes [22] turned out to be too clumsy
or incapable to produce a clear and concrete result on an
urgent issue. In other words, the available forecast methods
have demonstrated helpless when solving the problem.

There is a paradox. On the one hand, it could seem that
everything about the dynamics of the pandemic is known
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qualitatively in advance. On the other hand, standard methods
cannot provide an adequate prediction.

Let us try to shed light on the main reasons for such
a failure and try to formulate the principles for overcoming
the current situation. First of all, note that, in contrast to the
experimental data, say, in physical experiments, data on the
epidemic situation cannot be redundant, but only insufficient.
Indeed, it is difficult to imagine a situation where redundant data
regularly appears in the monitoring fixing the total number of
newly detected cases since the case is too delicate to allow
such sloppiness. It is natural to expect that the data has a lack
of information. Thus, we can postulate that the regular error
describes some deficit in the data. Indeed, we can obtain a
comprehensive epidemic data only a posterior. However, a
priori analysis requires to identify this regular error using the
statistical data of those countries which already have passed
the epidemic peak.

We had managed to find the specified regular component
of the error inherent in many countries of the world in monitoring
the spread of the current pandemic in terms of exponential and
power-law approximating functions. This error influences the
forecasting of epidemic events critically. However, statistical
data of countries have reached an epidemic peak demonstrate
the analytical regularity in the virtual time delay. This fact allows
us to pose the following question. Is a country that already has
passed the threshold close to the peak epidemic or is still far
from it?

The regular error of monitoring causes failures of a priori
mathematical modelling [16]. We may point out that the
predicted and real data, as a rule, practically coincide from
the threshold to the peak of the epidemic. The explanation is
simple: when crossing the inflexion point, the growth rate of
registered infections decreases while the maximum effort is
involved in solving the monitoring problem.

Thus, we have decided to limit ourselves to the simplest
logistic model in this paper. On the one hand, this model
requires a minimum of information to construct it. We need
to know the initial number of cases, the final peak number,
and the time from the beginning of the epidemic to its peak.
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REHABILITATION OF PATIENTS WITH CEREBRAL PALSY USING HAND EXOSKELETON CONTROLLED
BY BRAIN-COMPUTER INTERFACE

Bobrov PD'2E Biryukova EV'?, Polyaev BA', Lajsheva OA"$, Usachjova EL®, Sokolova AV?, Mihailova DI, Dement’eva KN, Fedotova IR?

' Pirogov Russian National Research Medical University, Moscow, Russia
2 Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
% Russian Children's Clinical Hospital of Pirogov Russian National Research Medical University, Moscow, Russia

Cerebral palsy (CP) is one of the most severe central nervous system diseases in childhood associated with motor impairment. The study was aimed to assess
the efficiency of the complex comprising brain-computer interface (BCI) and hand exoskeleton as an instrument for the motor function recovery in patients with CP
complementing the essential therapy. The Fugl-Meyer Assessment scale, ARAT test and Jebsen-Taylor function test were used in 14 children and adolescents for
the motor function improvement assessment after the therapy complemented by 7-10 BCl-exoskeleton based procedures. The EEG mu-rhythm sources properties
during the motor imagery BCI control were studied. After the procedures completion, the significant improvement of the Fugl-Meyer Assessment scale score
(7 (2; 11) for hand active movements; 4.5 (1; 6) for proximal arm and 2.5 (0; 5) for hand), ARAT test score (7.5 (1; 31) for total score, 1.5 (0; 12) for grasp movement
and 1.5 (0; 8) for grip movement), as well as significantly different from the zero execution time reduction in three out of seven Jabsen-Taylor function test items
(-1 (-4.13; 0.25) for simulated feeding; —1 (-2; 0) for moving light and heavy cans) were identified. The average BCl detection level was 0.51 (0.45; 0.54) (max = 0.70).
In most EEG recordings the mu-rhythm sources were detected, both for intact and affected hemispheres. The mu-rhythm desynchronization associated with motor
imagery was observed, significantly affecting the BCl accuracy. The results obtained indicate that the use of BCl-exoskeleton complex effectively complements the
standard rehabilitation methods for children with CP, and suggest that its clinical effectiveness in individuals with CP may be proven by enrollment of more patients.

Keywords: cerebral palsy, rehabilitation, brain-computer interface, hand exoskeleton, EEG
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PEABUNTUTALNA BOJIbHbLIX C AETCKUM LEPEBPAJIbHLIM MAPAJTMHOM C NMOMOLLIbHO 3K3OCKEJIETA
KUCTW, YMPABNISEMOIO UHTEP®ENCOM «MO3M-KOMIMbIOTEP»

M. [. Bobpos'2E E. B. Buptokosa'?, B. A. Monses!, O. A. Nanwesa'?, E. 1. Ycauésa®, A. B. Cokonosa®, [1. V. Muxainosa?, K. H. JemeHTbesa®,
M. P. ®epoToBa?

T POCCUIACKNI HALWIOHANBHBIN UCCEeLoBaTeNbCKU MEOVLIMHCKNI YHUBEPCUTET UMeHn H. . Muporosa, Mocksa, Poccust
2 VIHCTUTYT BbICLLEN HEPBHOW AesTENBHOCTU U Hepoduanonorun, Mockea, Poccust
8 Jetckas KnHuYeckas 605bHNLa POCCUICKOro HaLWIOHaIbHOrO MCCNenoBaTeIbCKOro MeaMUMHCKOro yHMBepcuTeTa nmern H. W, Muporoea, Mockea, Poccus

LeTckunii LiepebpanbHbIi Napanny — OAHO U3 TKeNbIX 3ab0oneBaHuin LeHTPaNbHOM HEPBHOW CUCTEMbI Y AETE, CONPOBOXAAOLLEEC ABUraTenbHbIMU
HapyLeHnamy. Lienbto paboTbl 66110 onpeaeniTb 3PMEKTVBHOCTL MPUMEHEHNA KOMMEKCa, 0ObeanHAIOLLEro HTepdenc «Mosr—komnbtotep» (VMK) n sk3ockenet
KUCTW, B Ka4eCTBE CPEACTBA BOCCTAHOBNEHUSA ABUraTeNbHOM (DyHKUMM Yy naumeHTos ¢ LM B 4ONOAHEHWMN K OCHOBHOW Teparun. Y 14 geteit n NogpoCcTKOB
no wkanam ARAT, Fugl-Meyer, Jebsen—Taylor oueHMBanM M3MeHeHVe aBuratenbHON yHKUMKM B pesynstate Tepanun, AononHeHHo 7-10 npoueaypamn ¢
komnnekcoM VIMK—-3aK30CKeneT, a Takke MCCNenoBan CBONCTBA NCTOYHMKOB U-puTMa O3 Npy BOOBPaXKeHWN ABVKEHWIA BO Bpems ynpasneHnsa VIMK. Mocne
npoueayp 6blnn BbISBEHb! JOCTOBEPHO MONOXUTENBHDBIN MPUPOCT 6annoB no wkanam Fugl-Meyer (7 (2; 11) — AN akTVBHbIX ABMKEHWA pyku; 4,5 (1; 6) —
0N NPOKCUManbHbIX oTaenoB 1 2,5 (0; 6) — ans kuctwv), ARAT (7,5 (1; 31) — ana obuent cymmbl 6annos, 1,5 (0; 12) — ans waposoro n 1,5 (0; 8) — ansa
LWIMHAPUHECKOrO 3axBaTta) U JOCTOBEPHO OT/IMHHOE OT HyNA CHYDKEHWE BPEMEHM BbINMONHEHNS TPex 13 cemu 3adad Tecta Jabsen-Taylor (-1 (-4,13; 0,25) — ons
nMmTaumn Kopmnenust; =1 (-2; 0) — ans nepecTaHoBKM NErkux 1 Tshkenbix 6aHoK). CpeaHsst BEPOATHOCTbL NpaBuibHOro pacnosHasaHus VIMK coctasuna 0,51
(0,45; 0,54) (max = 0,70). B 60onblunHCTBe 3anmcein D3I Obinn BblaeneHb! MCTOYHUKN J-PUTMA, Kak B COXPaHHOM, TaK U B MOPaXXeHHOM nosyLiapun. NokasaHo
Hanmyme AeCUHXPOHM3aLMN U-pUTMa NPy BOOBPaKEHU ABVKEHWIA, OT CTENEHW KOTOPOW [OCTOBEPHO 3aBUCUT TOHHOCTL paboThl VIMK. PesynsraTsl nokasbisaioT,
YTO NpuMeHeHre komnnekca VIMK-ak3ockeneT apekTVBHO AOMONHAET CTaHAapTHYO peabunutaumio aetein ¢ LN, a Takke aatoT ocHoBaHUA npeanonaratb,
4TO ee KNMHMYeckas ahheKkTMBHOCTb B ciydae [LIMN MoxeT 6bITb fokasaHa ¢ npusnevdeHriemM 6onbLUEro Yncna nauyveHToB.

KntoueBble cnosa: [, peabunutaumsi, HTEPdENC «MO3r—KOMIMbIOTEP», 9K30CKENET KUCTW, aNeKTpoaHLedanorpamma
DuHaHcMpoBaHue: paboTa BbIMOHeHa NPy PMHAHCOBOWM NOAAEPXKE rocyaapcTsa B fmLe MnHobpHaykin Poccum (naeHtudmrkatop cormarlenms RFMEFIG0519X0184).

Bknap aBsTopos: . [1. Bobpos — 0bpaboTka 1 aHanma I3, oLeHka TouHocTV paboTsl VIMK, Hanvcanmne ctateu; E. B. BuptokoBa — cratuctnyeckas obpabotka
KIMHWUYECKNX LKan, HanucaHve ctatbi; b. A. Monses, O. A. Nanwesa, E. J1. YcadeBa — gm3ainH KNMHU4eCKoro nccneqosanus; E. J1. YcadeBa — opraHmsaums
KnHW4eckoro nceneposarns; O. A. Jlanwesa, A. B. Cokonosa, . V. Muxainoea, K. H. JemeHTbeBa — paspaboTka MeToamkn paboTbl ¢ AeTbMu, cOop
KNMHWHYecknx ganHbix; . V1. Muxainosa, K. H. JemeHTbeBa — Helponcuxonormyeckoe obcnenosanmne, TpeHuHr; V. P. depgotoBa — aHanva nutepatypsbl. Bee
aBTOPbI MPUHMMAN y4acTVie B UHTEPMPETaLmN pe3ynsTaToB 1 0OCY KAEHUN TEKCTa CTaTby.

CobniofeHNe STUHECKMX CTaHJAPTOB: 1CCNeAOBaHMe OA0OPEHO STUHECKM KOMUTETOM (MpoTokon Ne 184 ot 15 anpenst 2019 r.), NpoBEAEHO COracHO MPOTOKONY
KMHMYecKon anpobauyn 2019-63-6, yTBEP>KAEHHOMY 3KCMepPTHbIM coBeTOM MuH3apasa Poccun. Poautenn Bcex naumeHToB NOANmMcani MHoOpMMpoOBaHHOE
cornacvie Ha y4acTie B UCCNeaoBaHumv, AeTv ctaplle 14 neT nognvcisant MH(POPMUPOBaHHOE Cornace AOMOHATENBHO K MOANUCU POAUTENEN.
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