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INVESTIGATION OF INFORMATION NETWORK LOADING IN THE
CONDITIONS OF REMOTE EDUCATION AND REMOTE MONITORING

The method of estimating the bandwidth of communication channels and routing of Internet packets in
the conditions of distance learning is considered. The research of media service platforms Microsoft Teams,
Google Zoom and Skype was performed. A feature of the method is a combination of direct and indirect methods
of estimating the bandwidth of communication channels. The application of this methodology makes it possible
to evaluate existing market solutions for the implementation of distance education. This allows us to conclude on
the feasibility of using the above services for distance learning. As a result, such a study helps to assess the
congestion of channels and the effectiveness of remote monitoring of remote objects when the time delay in the
delivery of information should not exceed a certain value. The results of the experiment showed that in general
the considered platforms are very similar in the mode of conversation using only voice traffic. Bitrate in this
case ranges from 100-130 Kbit/s. There is a significant difference between the platforms during the video traffic
session. The differences between the platforms in the bitrate for this case are more than 90% (in some cases
more than 100%). The study showed that the workload of the Internet channel on weekdays increased after ten
o'clock in the afternoon. The Microsoft Teams platform provides the best video image quality. There are no
differences between the platforms in terms of sound quality. General recommendations for organizing an online
TV broadcast are as follows: for voice traffic, you can choose any of the proposed platforms, due to the fact that
the difference in their characteristics is insignificant it's better to use Google Zoom to organize video
communication; it's best to choose the Microsoft Teams media platform to organize a screen demonstration
session. Studies have made it possible to assess the load that occurs during a communication session. The results
of the experiment showed that the Google Zoom media platform, with the same quality of communication,
creates fewer loads on the main Internet channels. The technical result obtained in this work is the creation of
tools for selecting the optimal media platform for remote communication.

Keywords: bandwidth of the Internet communication channel, media service platform, communication
session, total bitrate, network load.
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[HCTUTYT TpaHCTIOPTHHUX cHUCTEM 1 TexHOIOTiH « Tpancmary HamionaneHoi akagemii Hayk YKpaiHu

B.O. CBATOUIEHKO

HamnionanpHuii TeXHIYHUN yHIBEpCUTET «JHIPOBCHKA MOJITEXHIKA

AOCIIIZKEHHA 3ABAHTAKEHH S IH(I)OPMA'IIII\/‘IHOi MEPEXI B YMOBAX
JUCTAHIOIMHOI OCBITHU I JUCTAHINIMHOT'O MOHITOPUHI'Y

Posenanyma memoouxa oyino8anHs npONYCKHOI CHPOMONCHOCMI KAHANIG 36 °A3KY i Mmapupymusayii
iHmepHem-naxkemis 8 ymog8ax OUCMAHYIUHO20 HABYAHHA. Bukonano docniodcenns media cep8icHux niamegopm
Microsoft Teams, Google Zoom ma Skype. Ocobnugicmio MemoOuxu € NOEOHAHHA NPAMUX | HENPAMUX MemOo0i6
OYIHIOBANHA NPONYCKHOI CHPOMOJICHOCHI KAHANIE 36 °A3KY. 3aCMOCY8aHHA OaHOI MemOOUKU HA0ae 3MO2y
npoeecmu OYIHKY ICHYIOYUX HA PUHKY pileHb 0N peanizayii oucmanyitinoi oceimu. Lle oossonsaec spodoumu
BUCHOBOK w000 OOYINbHOCMI SUKOPUCHAHHA ONUCAHUX 6Uuje cepeicié Ona OUcCmauyitino2o nasyanns. B
niOCYMKY make OO0CHIONCeHHST OONOMA2AE OYIHUMU 3A8AHMANCEHICMb KAHANIE Ma eQeKmuericms pobomu
OUCMAHYITIHO20 MOHIMOPUHZY BIOOANICHUX 00 €KMie KOIU 4acosa 3ampumka 6 docmasyi iHgopmayii mae
cymmeee 3nauents. Pezyismamu excnepumenmy nokazau, wo 6 Yyiiomy posisiHymi niamegopmu 0yice cxodxuci
8 PeANCUMI PO3MOBU 3 BUKOPUCIAHHAM MITbKU 2071008020 mpagiky. bimpeim 6 ybomy unadky xoausacmucs 8
dianasoni 100-130 Kb6im/c. Cymmega po3bidxcHicms midc niam@opmamu cnocmepieaemuscs nio 4ac Ceancy
38 83Ky 3 BUKOPUCAHHAM 8I0e0 mpa@iky. Biominnocmi mixe niamegopmamu 6 dimpeiumi 011 ybo2o 8UNAOKy
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cknadaroms Oinvue 90% (8 oxpemux eunaokax nonad 100%). [ocniodcenHs noxaszano, wo 3a8aHICEHICMb
iHmepHem-Kkanany 6 OYOHI OHI 30inbULYSAnACcy nicasi Oecsmoi 2o0unu OHs. IInamgopma Microsoft Teams
3abesneuye HAUKpawyy SKIiCmv 6i0e0 300pajicenHs. 3a AKICmio 36YKY He BIO3HAYEHO BIOMIHHOCMEl MidC
naamgopmamu. 3azaneHi pekomeHOayii npu opeauizayii OH-IAUH MenesizitiHoi MpaHcAAYll noasieaome 8
HACMYRHOMY: 051 2010C08020 MPAIKY MO*CHA 0bpamu 6y0b-AKy 3 3aNPONOHOBAHUX NAAMDOpM, yepe3 me o
PpO30idCHICMb IX XAPAKMepUcmuK He3HAuHa, O OpeaHizayii 8ideo 383Ky OoyinbHiule BUKOPUCIOBYSAMU
cepsic Google Zoom; 0na opeanizayii ceancy 36’sA3Ky 3 0eMOHCMPAYICIo eKPaHy Kpauje 8cbo2o obpamu media
naamgpopmy Microsoft Teams. IIposederi 0ocnioxcenHa 003680IUNU OYIHUMU HABAHMANMCEHHA AKe 8UHUKAE NiO
uac ceamcy 36’a3ky. Pesynomamu excnepumenmy noxasanu, wjo media niam@popma Google Zoom npu pigHiii
AKOCMI 36 513Ky CMEOPIOE MEeHUle HABAHMAIICEHHA HA Mazicmpanbii inmeprnem-kananu. Texniunum pesyromamom
OMPUMAHUM 8 OaHiLl poOOMI € CMEOPeHHA THCMPYMEeHmapilo OlA 8UOOPY ONMUMATLHOL Media naam@opmu O
opeamizayii OUCManyiHo2o 36 ‘3KY.

Kniouoei crosa: nponyckuna 30amuicmo inmeprem-kanany 36'a3Ky, meodia cepgicna niameopma, ceauc
363Ky, 3a2anbHUll Oimpelim, HABAHMANCEHHSL HA MepediC.

B.1. MAT'PO

JIHUTIpOBCKHUN HAIMOHAIBHEIN yHUBepcuTeT nMeHn Onecst ['oruapa

C.B. INTAKCHH

WHCTUTyT TpaHCHOPTHBIX cUCTEM U TexHOosorui « Tpancmar» HanyoHanbHOM akageMuy HayK Y KpauHbl

B.O. CBATOUIEHKO

HaunoHnanbHbI TEXHUUECKUA YHUBEPCUTET «IHUIPOBCKAS MOJIUTEXHUKA

HCCJEIOBAHUE 3ATPY3KH HHO®OPMAIIMOHHOMN CETH
B YCJIOBUAX JTUCTAHIIMOHHOI'O OBPA3OBAHUA
N IJUCTAHIUOHHOI'O MOHUTOPHUHTI A

Paccmompena memoouxa oyenku nponyckHOU CHOCOOHOCMU KAHANO8 CBA3U U MAPUPYMU3AYUU
UHmMepHem-naKemos 6 YCIo8UaxX OUCMAHYUOHHO20 00yueHus. Buinoanenvr ucciedosanus meoua cepeucHbix
naamgpopm Microsoft Teams, Google Zoom u Skype. Ocobennocmuvio MemoOuKu A6isemcs couemanue nPambix
U KOCBEHHBIX Memo008 OYeHKU NPONYCKHOU CROCOOHOCMU KaHanog ceéasu. Ilpumenenue danHoll Memoouku oaem
BO3MOJCHOCTIG NPOBECTNU OYEHKY CYWEeCMEYIOWUX HA PbIHKe peuleHutl 01 pPeanusayuu OUCMAHYUOHHO2O0
obpasosanua. Dmo noseonAem coeiamv 6bl800 O Yereco0OPA3HOCMU UCHOTbI0BAHUSA ONUCAHHBIX 6bllle
Cepeucos 05l OUCMAHYUOHHO20 00yyeHus. B umoze maxoe ucciedoganue nomozaem oyeHUms 3a2Py*HceHHOCb
KaHanos u sgpghexmusHocms pabomel OUCAHYUOHHO20 MOHUMOPUHEA YOAIEHHbIX 00beKmos8, K020a 6peMeHHas
3a0epocka 6 oocmagke uHGoOpMayuu He OONHCHA NPesvbluams onpederennyio eeauuuny. Pesynvmamol
IKCNEpUMEeHmMa NOKA3AIU, YMO 8 Yel0M PACCMOMPEHHbIe NAAMPOPMbL OUeHb NOXOXHCU 8 PexcuMe pa3zoeopa ¢
UCNONIB308AHUEM MOJLKO 2010C08020 mpaguxa. Bumpetim ¢ smom cayuae konebnemes 6 ouanasone 100-130
Koum/c. Cywecmeennoe pacxodxcoenue mexncoy HAAm@popmamu HAOMO0aemcs 80 6peMs Ceancd C6s3U C
ucnonw3zo8anuem 6udeo mpagura. Paznuuus medxcdy naamgopmamu 6 obumpetime Ojsi IM0O20  CAYHAs
cocmasensirom bonee 90% (6 omoenvuwix cayuasx bonee 100%). Hccrnedosanue nokasano, 4mo 3a2pyAceHHOCMb
UHMEpHem-Kanania 8 OyOHue OHU YEeqUuduganoch nocie decamu yacog Owus. Ilnamgopma Microsoft Teams
obecneyugaem Hauryuulee Kayecmeo suoeo uzoopascenus. Ilo kauecmsy 36yKa He OMMEYeHO PA3Iuiull Mexcoy
naamgpopmamu. Obwue pekoMeHOayuYU nPU OPaHU3AYUY OHAAUH MeNeGUIUOHHOU MPAHCIAYUY 3aKTIOYAIOMCA 6
caedyrowem: 01 2010C08020 MPAPDUKA MON*CHO 8b10pamb 100VI0 U3 NPEONONHCEHHBIX NAAMPOPM, NOMOMY YMO
pasauyue ux Xapaxmepucmux He3HAUUMeNbHO, Ol Op2aHUu3ayuu 8UOe0C8A3U YelecoobpasHee UCHOIb308aNb
cepsuc Google Zoom; 014 opeanuzayuu ceanca ceéa3u ¢ OeMoHcmpayuell 3Kpana ayyue 6ce2o 8blopams meoud
naamegopmy Microsoft Teams. [Iposedennvie ucciedo8anus NO360MUNU OYSHUMb HAZPY3KY, KOMOPAs 603HUKAem
60 8pemsa ceanca ceasu. Peszyrvmamul sxcnepumenma noxaszanu, umo meoua niamgopma Google Zoom npu
DpasHoM Kauecmee C6A3U c030aem MeHbUYIO HASPY3KY HA MAa2Uucmpanvhvle unmepuem-kananvl. Texuuueckum
Dpe3yIbmamom, Komopbwiil nonyien 8 O0auuol pabome, AGNAEMCA CO30AHUE UHCHMPYMEHmMAapus O evlbopa
ONMUMANLHOU Meoua niam@popmul 015 OPeaHU3AYUU OUCAHYUOHHOU CEA3U.

Kniouesvle cnosa: nponycknas cnocoOHOCmMb UHMEpHeM-KaAHANa C6a3uU, MeOUua CepeucHas niameopma,
ceamc c6a3u, oowull bumpeim, Hazpy3Ka Ha cemb.

Formulation of the problem
An important issue that arises during the organization of distance learning is the
choice of platform on which it will take place. An important parameter is the ability to
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minimize the load on the communication channels while maintaining high quality. Another
important feature is the bandwidth of the communication channel.

Now the educational process takes place with the help of information networks. Every
day, thousands of students and teachers use media services such as Microsoft Teams, Google
Zoom and Skype to conduct online lectures or to communicate with teachers and classmates.
This download of the information network may affect the remote monitoring system of
remote objects.

Another important feature is the bandwidth of the communication channel. It can be
limited by a number of factors, such as the remoteness of the server you are connecting to.

Analysis of recent research and publications

When organizing any online broadcast, you should pay attention to the value of the
time delay in the delivery of packets [1, 2]. In most cases, it should not exceed a certain value.
The amount of delay is determined by the properties of the media service platform and the
characteristics of the communication channel.

Traffic scheduling is a key factor in ensuring time synchronization. Therefore, real-
time communication in distributed systems is difficult. Poor planning can lead to a high
degree of concatenation between the configuration of an individual data stream and the
configuration of global (network-wide) traffic [3]. Therefore, forecasting network traffic is an
important task [4]. Operators of cellular networks plan network traffic especially carefully in
order to ensure network performance and quality of service (QoS) [5].

Recently, special attention has been paid to the study of public networks. In particular,
the effectiveness of video streaming for public safety is investigated [6]. In this case, the
delay in the delivery of information should be minimal.

In the general case, the planning of the parameters of the communication channel
should be performed taking into account the requirements for the quality of service [7]. The
development of distance education makes it necessary to predict the use of bandwidth in order
to minimize time delays in the delivery of packets when remotely monitoring important
production processes.

The above factors determine the relevance of this work.

The aim of the study
The purpose of the study is to assess the load of information channels in terms of
distance learning. To achieve this aim, it is necessary to investigate the most common media
service platforms in distance education: Microsoft Teams, Google Zoom and Skype. It is
necessary to solve the following tasks: to develop an algorithm and conduct an experiment to
determine the bandwidth of the Internet channel; analyze the routing method and bandwidth
of the communication channel; compare media service platforms.

Presentation of the main material of the study
To collect information about the bandwidth of the communication channel, the iperf3
program was used. The collection of statistical information on the bandwidth of the Internet
channel and the preparation of data for analysis included the following steps:
1. Creation of an Excel table to save data on the bandwidth of the Internet channel (Tab. 1)
2. Checking the bandwidth of the channel by connecting to the server iperf.volia.net (Kyiv);
3. Copying data to the clipboard and pasting it into an Excel spreadsheet; the data was
divided into seven columns (time of the experiment), which in turn were divided into
three groups: "min" (minimum value of bitrate), "ave" (average value of bitrate) and
"max" (maximum value of bitrate);
4. Three hours later, the experiment was repeated;
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5. The "ave" value from the Excel spreadsheet was used to build diagrams that show the
change in channel bandwidth during the day.

Table 1
Bandwidth of the Internet channel
7.00 10:00 13:00 16:00 19:00 22:00 0:00

Datz|min Ma min max |min max | min max |min max | min max | min max
05.11| 12,4 64,1| 15,9 557|237 46,9| 13.4 43,7 152 444|243 48,0257 50
06.11| 5.2 56,7( 12,3 33,8 93 331| 104 272 13 32,9) 18,6 385|243 489
07.11| 65,1 96,2| 72,5 94,8603 ga.3| 66,8 B0.8| 663 832|221 78,2[18,2 64,2
08.11| 18,6 o949 24,2 90,7 (63,6 96,3 48 B7.4| 421 78,5|44,6 74,1[15.2 63,1
09.11| 12,9 47.4) 172 34.8(18.2 38| 145 30| 138 483|228 3m6(237 51,1
10.11| 4.3 B38| 174 53,1(28.1 511 119 419 68 62,2 21.7 555(12,3 56,2
1.11| 20,2 el a7 78,8 7.2 364 19 531| 53 40,9/ 16,7 355(19.,5 40
12,11 23,4 60,3 24,4 64,4 20 521 43 /6| 134 39,4)|9,00 33,7 89 476
13.11| 16 589 9.8 73,2| 26,3 61| 123 521 138 47| 1.2 72,3217 55,5
14.11| 77.9 93| 65 96.8|69.1 99.3| 47,2 752 526 BD9| 3.3 106 1.1 89
1511 28 100 24,2 90.7 | 63.6 96,3 46 B21| 594 785|446 74,1152 721
16,11 12.4 B4,1| 158 557|237 511 1.9 418 68 62,2 21,7 555(12,3 56,2

During the experiment, an Excel file was formed with statistical information to
analyze the bandwidth of the Internet channel. More than 70 experiments were carried out to
collect information for the implementation of the actions specified in paragraph 2. The
research was conducted on the basis of the Internet provider Uranus.

Microsoft Teams, Google Zoom and Skype were chosen to experiment with services
that provide the ability to communicate on the network. To connect the subscribers, the
"client-server" communication scheme was used. The chosen communication scheme allows
the experiment to be carried out under the conditions of an ordinary user.

Statistical information was collected using Wireshark. The functionality that
Wireshark provides is very similar to that of tcpdump, but Wireshark has a graphical user
interface and much more sorting and filtering capabilities. The program allows the user to
view all traffic passing through the network in real time. The collection of statistical
information about the bandwidth of the Internet channel and the preparation of data for
analysis included the following steps:

1. Preparation for recording a communication session in the Wireshark program, namely,
disabling all possible processes on the computer that could interfere with the purity of the
experiment;

2. Start of recording a session in Wireshark;

3. Simulation of one of the possible conversation options;

4. Wireshark captures Internet packets that arrive at the receiver ports;

5. Plotting inbound / outbound traffic.

During the experiment, files with the extension ".pcapng" were formed with recorded
information about the communication session for video traffic analysis. A study of three
different options for communication between users based on the media service platforms
Microsoft Teams, Google Zoom and Skype was carried out. During the analysis of the
collected information about the bandwidth of the Internet channel, an Excel-table 1 was
created, the data from which were used to construct table 2.

Analysis of table 2 shows that on weekdays in the period from 13: 00-19: 00 there is
the greatest decrease in channel capacity (Fig. 1). On weekends, on the contrary, the
minimum values of throughput are observed in the period from 19:00 (Fig. 2). Most online

classes are held from 10:00, during the period when communication channels are already
loaded.
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Table 2
Generalized communication channel bandwidth data

Date 7:00 10:00 13:00 16:00 19:00 22:00 0:00
05.11.20 26.6 35.3 31.0 24.5 25.6 30.4 33.6
06.11.20 23.4 23,1 21.5 19.6 20.6 28.1 30.4
07.11.20 84.4 80.0 77.2 71.2 72.5 56.0 46.5
08.11.20 68.2 74.8 84.5 71.6 58.1 514 46.6
09.11.20 20.3 22.8 23.1 25.7 33.8 30.4 31.0
10.11.20 23.2 33.3 38.8 31.2 28.3 42.3 35.7
11.11.20 24.0 40.6 259 22.6 28.2 26.0 32.7
12.11.20 41.9 41.9 35.3 22.4 26.6 19.6 26.8
13.11.20 38.1 40.6 35.2 28.3 31.3 37.9 42.3
14.11.20 81.9 70.2 79.6 64.3 69.3 33.5 39.6
15.11.20 62.8 74.8 84.5 71.6 77.4 514 46.6
16.11.20 26.6 35.3 31.0 31.2 28.3 42.3 35.7

In the course of research on the capture of Internet packages, a server has been
installed through which data is exchanged in communication services. In fig. 3 shows the path
of packets, from user to server, on the example of the service Microsoft Teams. Iperf3 allows
you to find out the delay of Internet packets and the path of packets. That is, through which IP
addresses packets pass to the final server of information exchange (tab. 3). During a
communication session, the delay to the server, which is located in Dublin, is 88 ms. The
starting point for sending packages is the city of Dnipro. Internet packages travel on trunk
channels through Kyiv and then across Europe to Dublin.

40,00
30,00
20,00
10,00

0,00
7:00 10:00 13:00 16:00 19:00 22:00 0:00

Fig. 1. Average value of channel bandwidth on a weekday (Mbps)

100

0
7:00 10:00 13.00 16:00 19:.00 22.00 0:00

Fig. 2. Average value of channel bandwidth on the weekend (Mbps)

The characteristics of media service platforms for distance education are compared.
The considered media platforms transmitted information using the UDP protocol. Based on
the results of the collected information, comparative tables were created. Table 4 provides
information about the communication session using only voice traffic. It can be seen that all
three media service platforms have almost the same results; the divergence of their
characteristics is minimal. The best value of the bit rate in the Internet channel was provided
by the Google Zoom service — 840 Kbytes/s. Table 5 shows general information when
simulating a webcam session. The results obtained differ significantly. It can be seen that the
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Microsoft Teams service provided a load on the Internet channel twice as much as on other
platforms. It should be noted that the quality of the video picture was different in different
services. Comparison of video service platforms during the screen demonstration is shown in
table. 2. Skype service creates a load on the communication channel by 60-145% more than

other services.

[ JON ) ) osvald — -bash — 80x24

For more details, please visit https://support.apple.com/kb/HT20805@.
MacBook-Pro-Osvald:~ osvald$ traceroute 52.114.251.26

traceroute to 52.114.251.26 (52.114.251.26), 64 hops max, 52 byte packets

1 192.168.0.1 (192.168.6.1) 3.291 ms 2.614 ms 1.755 ms

2 10.208.0.1 (10.208.0.1) 2.194 ms 1.566 ms 1.788 ms

3 172.20.0.121 (172.20.6.121) B.741 ms 10.121 ms 9.653 ms

4 ae2-236.rt.ntl.kiv.ua.retn.net (87.245.237.16) 12.638 ms 12,300 ms 9.069
ms

5 ael8-8.rt.lim.waw.pl.retn.net (87.245.232.154) 24.733 ms 25.847 ms 23.757

6 ae62-0.waw@l-96chbe-1b.ntwk.msn.net (104.44.13.218) 22.618 ms

25.346 ms

ae63-0.waw@1-96che-1a.ntwk.msn.net (104.44.13.216) 25.501 ms

7 % % %

8 x be-20-0.ibr@3.fra3@.ntwk.msn.net (104.44.32.54) 88.232 ms
be-21-0.1br@4.fral3@.ntwk.msn.net (104.44.32.56) 91.296 ms

9 be-7-0.ibr@2.par21.ntwk.msn.net (104.44
be-7-0.ibrel.par21l.ntwk.msn.net (104.44
be-7-0.1bre2.par21.ntwk.msn.net (104,44

186.452 ms

11 be-8-0.ibr@2.dub08.ntwk.msn.net (104.44

be-5-0.ibre1.dub08.ntwk.msn.net (104.44

10 104.44.17.81 (104.44.17.81)

.19.29) 87.566 ms
.19.27)
.19.29) 97.527 ms

81.239 ms

87.576 ms 96.564 ms

.17.90) 93.202 ms 87.147 ms
.17.88) 88.442 ms

12 ae120-0.icr@1.dub@8.ntwk.msn.net (1@4.44.11.86) 86.771 ms *
2e122-0.1cr02.dub08.ntwk.msn.net (104.44.11.82) 87.917 ms

13 % * %

Fig. 3. IP addresses of servers through which the communication session takes place

Location of servers

Table 3

No. Server Server location No. Server Server location
1 87.245.237.16 Ukraine, Kyiv 8 104.44.19.27 France, Paris
2 87.245.232.154 Poland, Warsaw 9 104.44.19.29 France, Paris
3 104.44.13.218 Poland, Warsaw 10 104.44.17.81 Great Britain, London
4 104.44.13.216 Poland, Warsaw 11 104.44.17.90 Great Britain, London
5 104.44.32.54 Germany, Frankfurt 12 104.44.17.88 Great Britain, London
6 104.44.32.56 Germany, Frankfurt 13 104.44.11.86 Ireland, Dublin
7 104.44.19.29 France, Paris 14 104.44.11.82 Ireland, Dublin

Table 4

Information about the communication session using only voice traffic

Media service platform Average bitrate, The amount of information transmitted | Number of erroneous
Kbit/s per minute of conversation, kbytes Internet packages
Microsoft Teams 127 900 0
Google Zoom 118 840 0
Skype 135 960 0
Table 5
Information when simulating a webcam session
Media service platform Average bitrate, The amount of information transmitted | Number of erroneous
Mbit/s per minute of conversation, Mbytes Internet packages
Microsoft Teams 2.8 21,5 0
Google Zoom 1,4 10,2 0
Skype 1,7 13,0 0
Table 6
Comparison of video service platforms during the screen demonstration
Media service platform Average bitrate, The amount of information transmitted | Number of erroneous
Mbit/s per minute of conversation, Mbytes Internet packages
Microsoft Teams 0,4 3,4 0
Google Zoom 0,3 2,2 0
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Skype | 0,7 | 5.4 | 0

Conclusions

The proposed technique allows estimating both the bandwidth of the Internet channel
and the load on the telecommunications network. A feature of the technique is the
combination of direct and indirect methods for assessing the throughput. The application of
this methodology allows for a preliminary assessment of the existing infrastructure.

The studies carried out made it possible to estimate the total bitrate and the load that it
causes on communication channels when organizing distance education based on the media
service platforms Microsoft Teams, Google Zoom and Skype. The results of the experiment
showed that, in general, the platforms considered are very similar in the talk mode using only
voice traffic. The bitrate in this case is in the range of 100-130 kbps.

A significant difference in performance between platforms is observed during a
communication session using video traffic. On average, the difference between platforms is
more than 90% (in some cases, more than 100%).

General guidelines for organizing online television broadcasting are as follows:

- it is better to use the Google Zoom service to organize video communication;

- for a screen sharing session, it is best to choose the Microsoft Teams media

platform.

The scientific novelty of the results obtained lies in the development of a methodology
for choosing a media service for organizing distance learning. It consists in identifying the
capacity of the platform for organizing student-teacher communication and assessing its
components using a software package for fixing Internet packages and bandwidth.

The practical significance of the results obtained lies in the creation of tools for
choosing the optimal media service platform. As a result, such a study helps to assess the
congestion of channels and the effectiveness of remote monitoring of remote objects, when
the time delay in the delivery of information should not exceed a certain value.

Prospects for further research are to use the proposed technical solution for the
organization of distance learning in educational institutions under quarantine measures.
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