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Article history Abstract. Phenomenological models represent the behavior of random
Received: March 11, 2022 phenomena in reality, the model and the function it should perform. Simi-
Revised: September 5, 2022 larly, tuning parameters allow us to assess the fit of observed data to a vari-
Accepted: September 10, 2022 able in a particular mathematical model and to test the validity of the model

for representing a real event. These models, used in the exact and earth
Keywords: sciences, analyze the behavior of complex variables that vary in space and
hydrology, maximum rainfall, hydraulics, time and are the object of special analysis. The present paper contains sta-
probabilistic model, intensity, duration, tistical and probabilistic analyses of rainfall patterns in the Portoviejo basin
frequency curves over a half-century period. As a result and due to the novelty of the study,

a new model of intensity, duration and frequency curves for the most im-
portant meteorological stations of the aforementioned basin, such as Por-
toviejo-UTM and Lodan, was obtained. The data used for the calculation
were those provided by the National Institute of Meteorology and Hydrolo-
gy of Ecuador (INAMHI), the country's state agency for the collection and
planning of meteorological data. Calculations were performed separately
for the Portoviejo-UTM and Lodan stations. Using the equations obtained,
an analysis of the results was done, which made it possible to derive other
intensity equations used later in the runoff analysis for the intermediate
zones between the two stations considered in this study.
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THIPOJIOTHS, MAKCUMAIBHOE KOJIMYECTBO
0CaJIKOB, THAPABIINKA, BEPOSATHOCTHAS
MOJEJIb, Kpl/IBblC HUHTCHCUBHOCTH,
MPOAOJKUTEIBHOCTH, YaCTOTHI

,H.]'lil HUTHPOBAHUSA

AnHoTanus. DeHOMEHOJIOTHYECKUE MOJIEIH MTPEACTABIISIOT OBEJICHUE CITY-
YalHBIX SBJICHUH B PEAILHOCTH, MOJIENb M (DYHKIIHIO, KOTOPYIO OHA JOJDKHA BBI-
HOJIHATh. AHAJIOTMYHBIM 00pa30M HapaMeTpbl HACTPOWKH MO3BOJISIFOT OLCHHUTh
COOTBETCTBHE HAOJIONAEMBIX NaHHBIX IEPEMEHHONH KOHKPETHOW Marema-
TUYECKOW MOJEIH U MPOBEPUTH JOCTOBEPHOCTh MOJIENH ISl IPEACTABICHUS
peaNbHOTro COOBITHA. DTH MOJEH, NPUMEHsIeMble B TOUYHBIX HayKax U Hay-
Kax o 3emiie, aHATM3UPYIOT TMOBEACHUE CIIOKHBIX MEPEMEHHBIX, KOTOpBIS
M3MEHSIOTCSL B IPOCTPAHCTBE M BPEMEHH U SIBJIIFOTCS OOBEKTOM CIIEIUaIBHOTO
aHanu3a. Hacrosiimas paboTa coepKUT CTaTUCTHYECKHHA U BEPOSTHOCTHBIN
aHalM3 MoJeleld OCaaKoB, BHIMaBHIMX B OacceifHe peku I[lopToBBEXO
3a MOJIyBEKOBOH nepuoj. B pe3ynbraTte u B CBA3U C HOBU3HOM HCCIIE0BaHUs
II0Jly4yeHa HOBas MOJAETIb KPUBBIX HHTEHCHUBHOCTH, MNPOJODKUTEIBHOCTH
U 4acTOThl Ui HamboJiee BaKHBIX METEOPOJIOTMYECKUX CTaHLMN BhILIE-
yHnoMsiHyTOTO Oacceiina, Takux kak [loptoBeexo-YTM u Jlonana. J{ns pac-
YyeTa MCIOJIb30BAIKMCh JAaHHbIE, NMPeNoCTaBlIeHHbIe HallMoHaIbHBIM HHCTH-
TyTOM MeTeoponoruu U ruaponoruu JDxBanopa (INAMHI), rocymapcTBeHHBIM
areHTCTBOM CTPaHBbI 110 cOOpY M IUIAHUPOBAHUIO METCOPOJIOTHYECKHIX TAHHBIX.
Pacuers! MpOBOIMINCH OTAENBHO JUIS KaIO0H cTaHiuid. C MOMOIIBIO I10-
JIy4YEHHBIX YPaBHEHHMH BBINOJIHEH aHAJIU3 PE3YJIbTaTOB, MO3BOJMUBILUM BbI-
BECTH JPYrH€ YpaBHEHHS MHTCHCHUBHOCTH, UCIOJIb3YyeMbIE B JNallbHEHIIEM
IIpY aHalIM3€ CTOKA JJIS MIPOMEKYTOUHBIX 30H MEXAY IBYMS CTaHLUAMM,
pPacCMOTPEHHBIMH B UCCIIEIOBAHUU.

Mendoza Alava J.O., Zambrano Xavier Horacioa V., Mendoza Cederio J.J., Sinichenko E.K., Gritsuk 1.I. Phenomeno-
logical model of the intensity, duration and frequency of precipitation patterns for the Portoviejo river basin, Ecuador //
Bectauk Poccuiickoro yHuepcurera apy:x0bl Haponos. Cepust: MmxenepHsle ucciaenosanus. 2022. T. 23. Ne 3. C. 246-253.
http://doi.org/10.22363/2312-8143-2022-23-3-246-253

Introduction

Methods and models have been developed to
assess the parameters involved in the formation of
surface runoff.! In accordance with the generality of

the hydrological cycle, all moisture that reaches
the clouds and falls to the ground in the form of snow-
fall, rain, hail, thaw, etc., is involved in the for-
mation of runoff.

However, there is a hydrographic basin in Ecua-
dor, the Manabi Hydrographic Demarcation, which

! Ismaiylov GJ, Perminov AV. Balance hidrico mundial
y recursos hidricos de la tierra, catastro del agua y supervision
de los elementos hidricos. Moscow: FGBOU MGUP; 2013; Sistemas
de informacion geogrdfica para aplicaciones agropecuarias en
el ordenamiento de territorio y manejo integral de cuencas.
Ministerio de Agricultura y Ganaderia, IICA, CLIRSEN; 2015.
Available from http://www.uazuay.edu.ec/promsa/ecuador.htm
(accessed: 03.03.2015); USDA natural resources conservation

is distinguished from the others, because its fluvial
regime is formed exclusively by rainfall in the rainy
season, which generally begins in December and
ends in June [1; 2].

service soils. United States Department of Agriculture; 2015.
Available from http://www.nrcs.usda.gov/ (accessed: 03.03.2015).
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Considering these particularities, to improve,
with data updated to the year 2019?, the models of
Intensity-Duration-Frequency curves for the meteor-
ological stations located in the Portoviejo River ba-
sin, this research work has been developed. in which
new equations are provided for the estimation of rain
intensities of return periods and different durations.

The methods used in the analysis of the sto-
chastic variables of precipitation are based on statis-
tical and probabilistic methods developed through-
out the history of earth sciences [3], among which
the following stand out: methods of filling data
missing from averages, regression line and orthogo-
nal correlation accompanied by the respective data
consistency analysis. For the frequency analysis, the
data was subjected to the treatment with the Karl
Pearson Type III correlation [4-6], where with the
3 moments and with the help of the Foster — Rybkin
tables it was possible to estimate the extraordinary
events for probabilities between 0.01 to 99.99%.

To obtain the rainfall intensity equations, the me-
thod of least squares was used, where the intensities
for rainfall durations corresponding to 0, 15, 30, 45,
60, 90 and 120 minutes were processed.

1. Materials and methods

The basic information used for the analysis and
development of the research is composed of the pluvio-
metric records of maximum rainfall in 24 hours re-
corded at the Portoviejo-UTM meteorological sta-
tions (Portoviejo (M005) and Lodana (M298) for
the period 1964-2019. These Data were provided
by the National Institute of Meteorology and Hy-
drology (INAMHI) The total number of records
used amounts to 1104.

The meteorological stations of the study are in
the Portoviejo River basin, which correspond to the
Portoviejo-UTM stations, with code MOO005, loca-
ted in the vicinity of the Botanical Garden of
the Technical University of Manabi, at coordinates
559523.22 E, 9884982.27N; and the Lodana station,
with code MO298, located at coordinates 568606.76 E,
9871040.58N (Figure 1).

To carry out this research, the experience of-
fered by the National Institute of Meteorology and
Hydrology (INAMHI)® [7; 8], in the studies of in-

2 Anuarios meteoroldgicos. Instituto Nacional de Hidrologia
y Meteorologia; 2015. Vol. 2015.

3 Determinacion de ecuaciones para el calculo de inten-
sidades maximas de precipitacion. Quito: INAMHI; 2015. Avail-
able from https://www.gob.ec » inamhi (accessed: 25.02.2022).
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tense rains carried out in 1999 with its update in
2015 was taken as a starting point, and that, be-
tween others, presented a series of equations for
estimating rainfall intensities for the entire national
territory based on geographic location, duration of
storms and specific return periods.

The present work intends to be a complement
to the methods that are currently used for the esti-
mation of rainfall intensities, very useful when cal-
culating runoff, product of rainwater drainage [9;
10]. The records used are updated and consistent
and correspond to the period 1964-2019.

The most relevant methodological aspects are
inscribed in: a) selection of the meteorological sta-
tions;* b) collection of the required information;
¢) analysis of data consistency; d) filling in missing
data in the series [11]; e) variability analysis; f) pre-
paration of the probability curve’ [12]; g) estimation
of rainfall intensities [3]; and h) obtaining the inten-
sity — duration — frequency (IDF) curves.

Based on the values of maximum precipitation
in 24 hours, obtained with the Pearson Type III dis-
tribution analysis, the weighted values of precipita-
tion were obtained in accordance with the distribu-
tion of daily precipitation obtained in the hydrologi-
cal studies of the basins of the Chone and Portovie-
jo rivers. This served as the basis for obtaining rain-
fall intensities for specific return periods.

The functionality for estimating the events cor-
responding to various return periods contemplated
by the Pearson Type 3 methodology is indicated in
the formula:

x =%(1+TC,), (1)

were x — event (precipitation) for specific return
period, mm; X — arithmetic mean of records, mm;
T — Foster — Rybkin coefficient (probability theory);
C, — coefficient of variation.

The equations for estimating rainfall intensities
were obtained by analyzing the method of least
squares, whose mathematical expression is summa-
rized in the following expression:

4 Anuarios meteoroldgicos. Secretaria de Gestion de Riesgos;
2014. Available from http://186.42.174.231/index.php/clima/anuarios-
meteorologicos (accessed: 25.02.2022).

5 Rumyantsev VK. Hydrological calculations in hydro-
technical constructions. Moscow: RUDN University; 1992.
(In Russ.)
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were i — rain intensity, mm/h; ¢ — rain duration, min;
a and b — coefficients according to the return period.
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Figure 1. Location of the study area

2. Results and discussion

Based on the guidelines and methodological as-
pects displayed in the materials and methods section,
the rain intensity equations were obtained for the Por-
toviejo-UTM and Lodana stations, which became a fun-
damental input for the elaboration of the respective
rainfall curves. Intensity — duration — frequency (IDF).

Figure 2 shows the histograms of the variability
of the maximum annual rainfall observed in 24 hours
for both the Portoviejo-UTM and Lodana stations.
In general, it is observed that there is a great non-
uniformity in the analyzed values, which is quanti-
tatively evidenced with the calculation of the coef-
ficients of variation, which were obtained equal to
0.54 and 0.56 for the Portoviejo-UTM and Lodana
stations respectively. Despite being two geograph-
ically distant stations, separated from each other at
an approximate distance of 17 km, the climatic va-
riability conditions are similar, which allows statis-
tical inferences to be made on the physical variables
of the environment [2].

24 HOURS (mm)

MAXIMUM PRECIPITATION IN

=—&— PORTOVIEJO-UTM  ==f=- LODANA

Figure 2. Histograms of maximum precipitation in 24 hours

Tables 1 and 2 show the results of the coeffi-
cients of the rain intensity equations for the return
periods corresponding to 2, 3, 5, 10, 20, 25, 50, 100,
200, 500 and 1000 years for the stations under study.

In the case of the Portoviejo-UTM station, ap-
plying the equations obtained, various values of rain-
fall intensities ranging from 5 to 120 minutes, values
ranging from 22.17 to 249.88 mm/h, were estimated.
These detailed results are summarized in Table 3.

Table 1

Coefficients of the rain equations — Portoviejo-UTM station

Tr, years b
1000 44327.56 155.85
500 40184.24 155.85
200 35508.82 155.85
100 31393.40 155.85

50 27510.75 155.85
25 23183.22 155.85
20 22052.07 155.85
10 17936.65 155.85
5 13690.59 155.85
3 10324.26 155.85
2 7615.46 155.85
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Table 2
Coefficients of the rainfall equations — Lodana Station
Tr, years a b
1000 16626,45 155,85
500 15331,83 155,85
200 13487,90 155,85
100 12008,29 155,85
50 10509,73 155,85
25 9273,29 155,85
20 8712,82 155,85
10 7255,63 155,85
5 5776,03 155,85
3 4636,64 155,85
2 3691,13 155,85
Table 3
Rain intensity for the Portoviejo-UTM station, mm/h
¢ min Return period, years
’ 1000 500 200 100 50 25 20 10 5 3 2
0 284.42 257.83 227.83 201.43 176.52 148.75 141.49 115.09 87.84 66.24 48.86
5 275.58 249.82 220.75 195.17 171.03 144.13 137.09 111.51 85.11 64.18 47.34
10 267.27 242.29 214.10 189.28 165.87 139.78 132.96 108.15 82.55 62.25 4592
15 259.45 235.20 207.83 183.74 161.02 135.69 129.07 104.98 80.13 60.43 4457
30 238.51 216.21 191.06 168.91 148.02 124.74 118.65 96.51 73.66 55.55 40.98
45 220.69 200.07 176.79 156.30 136.97 115.42 109.79 89.30 68.16 51.40 37.92
60 205.36 186.16 164.50 145.44 127.45 107.40 102.16 83.10 63.43 47.83 35.28
120 160.69 145.67 128.72 113.80 99.73 84.04 79.94 65.02 49.63 37.43 27.61
Table 4
Rain intensity for Lodana station, mm/h
¢ min Return period, years
’ 1000 500 200 100 50 25 20 10 5 3 2
0 106.7 98.4 86.5 77.0 67.4 59.5 55.9 46.6 37.1 29.7 23.7
5 103.4 95.3 83.9 74.7 65.3 57.7 54.2 451 35.9 28.8 22.9
10 100.2 92.4 81.3 72.4 63.4 55.9 52.5 43.7 34.8 28.0 22.3
15 97.3 89.7 78.9 70.3 61.5 54.3 51.0 42.5 33.8 271 21.6
30 89.5 82.5 72.6 64.6 56.5 49.9 46.9 39.0 31.1 249 19.9
45 82.8 76.3 67.2 59.8 52.3 46.2 43.4 36.1 28.8 23.1 18.4
60 77.0 71.0 62.5 55.6 48.7 43.0 40.4 33.6 26.8 21.5 17.1
120 60.3 55.6 48.9 43.5 38.1 33.6 31.6 26.3 20.9 16.8 13.4
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Figure 3. Curves IDF - station Portoviejo
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Figure 4. Curves IDF - station Lodana

Similarly, in Table 4, the corresponding rain in-
tensity values for the Lodana station are broken
down. In this case, the amounts obtained are in
the range of 10.74 to 93.72 mm/h.

The graphic representation of the intensity —
duration — frequency (IDF) curves are contained in
Figures 3 and 4. Each of these graphs presents three
variables, which are important to consider when
planning, designing, and controlling water resources
that are the result of surface runoff, such as: the in-
tensity of rain, the duration of the storm with its
respective frequency of recurrence [2; 13; 14].

Conclusion

Regarding the study and development of in-
formation related to the determination of the curves
of intensity, duration, and frequency, for different
territories of Ecuador, the institution that has led
the execution of these projects has been the Na-
tional Institute of Meteorology and Hydrology,
with the support of related development institutions,
such as the Manabi Rehabilitation Center, the Manabi
Water Resources Corporation, the Water Resources
Board, among others. One of the products generated
in this context has been the so-called Study of In-
tense Rainfall, whose initial version came to light in
1999, with an update to the year 2015.

Comparing the values of maximum precipita-
tion in 24 hours obtained through the equations pro-
posed by the National Institute of Meteorology and
Hydrology in the study of intense rains with those
obtained from this study, it has been established that

the former exceeds to the seconds in average values
equivalent to 114.44%. This situation is since
the proposed model of this institution considers in
the same function the variables of duration of rain
and return periods, which could lead to obtaining
the results.

Intensity duration and frequency curves were
obtained for the Portoviejo-UTM and Lodana sta-
tions, located in the Portoviejo River basin. Each of
the graphs consists of 11 curves for the correspon-
ding return periods 2, 3, 5.10, 20, 25.50, 100, 200,
500 and 1000. These curves constitute updated in-
formation for the year 2019 and serve as support
within the field of management and optimization of
water resources within the territory within the basin
in question.

Once the rainfall intensity equations were ob-
tained, for their validation, rainfall durations ranging
from 5 to 120 minutes were considered for both
stations. For the case of the Portoviejo-UTM sta-
tion (MOO005), it was estimated that the intensities
for return periods between 2 and 1000 years are
in the range of 22.17 to 249.88 mm/h; while for
the Lodana station (MO298) between 10.74 and
93.72 mm/h. For the intermediate zones between
the stations, an inference was made by way of weighting,
which allowed, through specific regression analyses,
to obtain another 11 equations for the two stations.

According to the analysis of variability in the
series of maximum rainfall in 24 hours, it has his-
torically been determined that there is a great non-
uniformity in the distribution of rainfall with coeffi-
cients of variation greater than 0.5, which leads to
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the formation of peaks recurring, estimating in ac-
cordance with the trend, that in the future there will
be an increase in the values of maximum precipita-
tion in 24 hours above 89.9 mm.

References

1. Campos AF, Sinichenko EK. Caracteristicas de
sistemas fluviales pequerios y recursos hidricos de la
demarcacion hidrogrdfica de Manabi, perspectivas de
desarrollo, 2017. Moscow; 2017.

2. Campos Cedeno AF, Mendoza Alava JO, Sini-
chenko EK, Gritsuk II. Influence of the El Nifio pheno-
mena on the climate change of the Ecuadorian coast.
RUDN Journal of Engineering Researches. 2018;19(4):
513-523. https://doi.org/10.22363/2312-8143-2018-19-4-
513-523

3. Chow VT, Maidment DR, Mays LW. Hidrologia
aplicada (ME Suarez, ed.). Bogota; 1994. Available from
https://docer.com.ar/doc/ssx0c8 (accessed: 25.02.2022).

4. Campos AF, Sinichenko EK, Gritsuk II. Hidraulica
e hidrologia para ingenieria. Moscow: RUDN Univer-
sity; 2016.

5. Sinichenko EK. The forecast of changes in hydro-
logical characteristics of small rivers under anthropogenic
impact. Gidrotehniceskoe Stroitel'stvo. 1997;(4):24.

6. Sinichenko EK. Zone changes and generalized cha-
racteristics of the water regime of small rivers ETP. Jour-
nal of Engineering Research. 2005;(1):89-93. (In Russ.)

Cunuuenxo E.K. 30HambHBIC N3MEHEHUSI OCHOBHBIX
1 00O0OIICHHBIX XapaKTEPUCTHK BOAHOTO PEXKHMMa MaJIbIX
pex ETP // Bectauk Poccuiickoro yHuBepcuTeTa ApYiK-
0n1 HaponoB. Cepusi: MmkenepHble uccienoBanus. 2005.
Ne 1. C. 89-93.

7. Ling L, Yusop Z. The collective visual represen-
tation of Rainfall — Runoff difference model. Cham:

About the authors

Springer International; 2015. https://doi.org/10.1007/978-3-
319-25939-0 24

8. Zhurkin IG, Shaytura SV. Geographic information
system. Moscow: Kudits Press; 2009. (In Russ.)

Kyprun U.I'., Hlaimypa C.B. T'eoundopmannonHbie
cucremsbl. M.: KYJIULI-TTPECC, 2009. 272 c.

9. Golian S, Saghafian B, Maknoon R, Elmi M.
Probabilistic rainfall thresholds for flood forecasting:
evaluating different methodologies for modelling rainfall
spatial correlation. Hydrological Processes. 2011;25(13):
2046—2055. https://doi.org/10.1002/hyp.7956

10. Campos Cedeno AF, Mendoza Cedeno JJ, Sini-
chenko EK, Gritsuk II, Gritsuk AI. Evaluation of the
potential water erosion of the Jama river basin for ma-
nagement and control purposes. AIP Conference Pro-
ceedings. 2022;2559. https://doi.org/10.1063/5.0100219

11. Chereque M. Hidrologia para estudiantes
de ingenieria civil (2a ed.). Pontica Universidad
CatoOlica  del  Pert; 1989.  Available  from:
http://repositorio.pucp.edu.pe/index/bitstream/handle/123
456789/28689/hidrologia.pdf (accessed: 25.02.2022).

12. Krochin S. Diserio  hidraulico. Ecuador:
Editorial ~ Universitaria; 1986.  Available from:
https://pdfslide.net/documents/diseno-hidraulico-s-
krochin.html?page=1 (accessed: 25.02.2022).

13. Zambrano XHV, Campos Cedeno AF, Mendoza
Alava JO, Mendoza Cedeno JJ, Sinichenko EK, Gritsuk II.
Mathematical model to determine the runoff coefficient
based on precipitation and curve number data, in the Manabi
hydrographic demarcation, Ecuador. Journal of Physics:
Conference Series. 2020;1687. https://doi.org/10.1088/1742-
6596/1687/1/012036

14. Campos Cedeno AF, Valencia Zambrano XH,
Cevallos Castro CA, Sinichenko EK, Gritsuk II. Water
supply and demand of the hydrographic demarcation of
Manabi, Ecuador. IOP Conference Series: Materials Science
and Engineering. 2019;675. https://doi.org/10.1088/1757-
899X/675/1/012021

Junior Orlando Mendoza Alava, Associate Professor, Technical University of Manabi, Av. Urbina y Che Guevara, 130105,
Portoviejo, Republic of Ecuador; ORCID: 0000-0002-0395-6927, Scopus Author ID: 57220749191; jmendoza7865@utm.edu.ec

Valencia Zambrano Xavier Horacio, master, engineer, Faculty of Sciences, Mathematics, Physics and Chemistry, Technical
University of Manabi, Av. Urbina y Che Guevara, 130105, Portoviejo, Republic of Ecuador; ORCID: 0000-0002-1948-1161,
Scopus Author ID: 57220745767; xaviervalenciazambrano@gmail.com

Jorge J. Mendoza Cederio, Associate Professor, Technical University of Manabi, Av. Urbina y Che Guevara, 130105, Por-
toviejo, Republic of Ecuador; ORCID: 0000-0002-0567-451X, Scopus Author ID: 57220749191; jmendoza7865@utm.edu.ec

Evgeny K. Sinichenko, Ph.D., Associate Professor of the Department of Civil Engineering, Academy of Engineering, Peo-
ples’ Friendship University of Russia (RUDN University), 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation;
ORCID: 0000-0002-9159-1218, Scopus Author ID: 6506801225, eLIBRARY SPIN-code: 2900-7009; sinichenko-ek@rudn.ru

Ilja I. Gritsuk, Ph.D., Associate Professor of the Department of Civil Engineering, Academy of Engineering, Peoples’ Friend-
ship University of Russia (RUDN University), 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation; senior re-
searcher, Laboratory of Channel Flow Dynamics and Ice-Thermics, Water Problems Institute, Russian Academy of Sciences,

252



Me+do3a Anasa /[.0. u dp. BectHuk PYOH. Cepusi: ViHxeHepHble nccneposanust. 2022. T. 23. Ne 3. C. 246-253

3 Gubkina St, Moscow, 119333, Russian Federation; Associate Professor of the Hydraulic Department, Moscow Automobile
and Road Construction State Technical University, 64, Leningradskii Prospekt, Moscow, 125319, Russian Federation; ORCID:
0000-0002-5671-7620, Scopus Author ID: 17343469800, eLIBRARY SPIN-code: 5449-8425; gritsuk-ii@rudn.ru

CaenieHust 00 aBpTopax

Menoosza Anaea /Picynuop Opnando, Maructp, NOMOLIHUK podeccopa, HaKyIbTeT CTPOUTEIbCTBA, TeXHUUCCKUI YHUBEP-
curer Manabu, Pecny6nuka OxBagop, 130105, IMoproBbexo, yi. Ypo6una-u-Ue-I'eBapa; ORCID 0000-0002-0395-6927,
Scopus Author ID: 57220749191; jmendo-za7865@utm.edu.ec

3amopano Kcasve Opacuo Banencusa, Maructp, umxeHep, GpakyabTeT €CTECTBEHHBIX HAayK, MAaTEMaTUKH, GU3UKU U XUMUH,
Texuuueckuit yausepcureT Manaobu, Pecnybmiuka DkBanop, 130105, TToproBeexo, yin. Ypouna-u-Ye-I'eapa; ORCID: 0000-
0002-1948-1161, Scopus Author ID: 57220745767; xaviervalenciazambrano@gmail.com

Menoosa Cedenvo Xopxe /Iriconnu, MarucTp, MOMOLIHKK Tpodeccopa, GakyIbTeT CTPOUTENBCTBA, TeXHUUECKHIT YHHBEPCUTET
Manabu, Pecnybnuka DxBamop, 130105, IMoproBbexo, yn. Ypouna-u-Ue-I'esapa; ORCID: 0000-0002-0567-451X, Scopus
Author ID: 57220749191; jmendo-za7865@utm.edu.ec

Cunuuenko Eezenuiit Koncmanmunoguy, KaHINIAT TEXHAIECKUX HayK, JOLEHT AeNapTaMeHTa CTPOHTENbCTBA, MHKeHepHas
axkagemus, Poccuiickuii yHuBepcuteT Apy>x0bl HaponoB, Poccuiickas @enepanus, 117198, Mocksa, yn. Mukityxo-Maknas, 1. 6;
ORCID: 0000-0002-9159-1218, Scopus Author ID: 6506801225, eLIBRARY SPIN-koz: 2900-7009; sinichenko-ek@rudn.ru

T'puyyx Hnvsa Heopesuu, xkaHIuJaT TEXHUUECKHUX HAYK, JIOLEHT AeNapTaMeHTa CTPOUTENbCTBA, MHxkeHepHas akagemus. Poc-
CUICKUI YHUBEpPCHUTET IpyKObl HaponoB, Poccuiickas denepauus, 117198, Mocksa, yia. Mukiyxo-Maknast, A. 6; cTapmunit
Hay4HBbIl COTPYIHUK, 1a0OpaTOpHs AUHAMUKH PYCIOBBIX IOTOKOB U JIEAOTEPMHUKH, IHCTUTYT BOIHBIX IIpobieM, Poccuiickas
akajemus Hayk, Poccuiickas ®enepauus, 119333, Mocksa, yi. ['yOkuHa, 1. 3; A0o1eHT kaQeapbl THAPaBIUKH, MOCKOBCKUI
aBTOMOOUIILHO-IOPOXKHBII rOCYapCTBEHHbIA TexHUYeCKH yHUBepcuTeT, Poccuiickas ®enepauust, 125319, Mocksa, Jlenun-
rpaickuii mp-kT, 1. 64; ORCID: 0000-0002-5671-7620, Scopus Author ID: 17343469800, eLIBRARY SPIN-kox: 5449-8425;
gritsuk-ii@rudn.ru

253



