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OPTIMIZATION OF CLOUD TRAFFIC FOR STREAMING APPLICATIONS:
ANALYSIS AND MONITORING APPROACHES

Abstract. The article explores innovative strategies for improving the efficiency of data transmission in cloud
streaming services. It addresses advanced coding techniques aimed at reducing latency and bandwidth consumption
while preserving data integrity. The study provides a comprehensive overview of analysis and monitoring approaches
that track performance metrics and optimize traffic flow. Using adaptive coding and real-time monitoring tools, the
paper demonstrates how to achieve cost-effective and reliable streaming. The article offers practical recommendations
for optimizing cloud traffic for developers and operators of streaming applications. Based on the analysis, the authors
identify the key factors affecting the efficiency of data transmission and propose specific solutions to eliminate them.
The findings offer actionable insights for developers and engineers seeking to improve cloud infrastructure for high-

quality media delivery.
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Introduction. Different applications have unique
requirements for bandwidth, latency, and computing re-
sources. Understanding traffic characteristics enables
cloud systems to be configured for optimal resource uti-
lization, which reduces costs and enhances efficiency
[9]. Some applications, like video conferencing, require
minimal latency, whereas backup operations can tolerate
higher latency. This approach helps ensure the necessary
quality of service, enhancing user satisfaction and improv-
ing their experience with cloud services.

The study will assist specialists involved in the de-
sign, configuration, and optimization of cloud infrastruc-
ture. Understanding the impact of streaming applications
on traffic will help them effectively allocate resources,
plan the required bandwidth, and configure load balancing
to ensure stable system operation.

MAIN PART

A. Mathematical calculations of traffic
in cloud systems

To study the impact of streaming applications on
traffic in cloud systems, various calculations and formulas
can be used to analyze load and data transfer volume. Here
are some possible calculation methods.

The traffic volume generated by streaming applica-
tions can be calculated using the following formula:
T=BXRXD, )
where T is a total traffic volume (in bytes or megabytes);
B — bitrate (data transfer rate) for a single user (in bits per
second); R — number of active users simultaneously; D —
duration of application usage (in seconds).

The formula is applied in various scenarios related
to network traffic analysis and optimization. For instance,
this formula helps determine the traffic volume generated
by users of streaming applications. It is useful for calculat-
ing the required network bandwidth to avoid congestion
and ensure stable connections. Cloud system architects
use it for designing and optimizing cloud infrastructure to
assess the traffic volume that video or audio streams may
create on the infrastructure and to calculate the resources
needed to support them. Additionally, such calculations

help companies estimate traffic volume to calculate data
transmission costs, especially if cloud providers charge
based on the amount of data transmitted.
It is possible to calculate the average traffic volume
per user:
T =1T/N, (2)

avg
where T, is average traffic volume per user; 7' total traf-
fic volume (from the formula above); N — total number of
users.

The formula helps determine the average load per
user, allowing for more accurate planning of the network’s
overall bandwidth. This is especially useful for organiza-
tions that aim to ensure a stable connection as the number
of users grows. If cloud service providers charge based
on the volume of data transferred, calculating the average
traffic per user helps companies forecast costs and more
accurately budget for supporting streaming or other traf-
fic-intensive applications.

To ensure proper servicing of streaming applica-
tions, it is important to calculate the required network
bandwidth. It is calculated using the formula:

C=BxU, 3)
where C — required bandwidth (in bits per second); B —
stream bitrate (in bits per second); U — number of simul-
taneous users.

Network administrators and engineers use this for-
mula to plan network bandwidth in order to ensure reliable
service for a large number of users who are simultane-
ously connected to streaming applications, such as video
or audio streaming. When organizing video conferences
or online learning platforms, the formula helps evaluate
whether there is sufficient bandwidth to support all partici-
pants without a loss in connection quality.

An important indicator of network quality is packet
loss. Packet loss can be calculated using the following for-
mula:

P
PL =19 %100%, 4)
total

where PL — percentage of packet loss; P, , — number of

lost packets; P ,— total number of transmitted packets.
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Network administrators use packet loss calculations
to diagnose network issues. This helps determine whether
there are obstacles in data transmission that could degrade
connection quality. For video conferences and VoIP com-
munication, packet loss affects the quality of video calls
and voice calls over the Internet. High levels of packet loss
can lead to interruptions and decreased connection quality,
making this metric frequently measured to ensure stable
communication. In cloud systems, connection stability be-
tween the user and the server is critical. Packet loss may
indicate infrastructure issues that need to be addressed to
avoid downtime or delays in application performance.

An important metric to measure is data transmission
latency. Latency is calculated as the average time required
for a packet to travel from the client to the server and back.
It can be calculated using the following formula:

RTT,
L= I;OMZ , (5)

where L — average latency (in milliseconds); RTT, , — to-
tal round-trip time for all packets; P — number of packets.

In cloud environments, transmission latency be-
tween the client and the server can impact service qual-
ity. Measuring latency enables cloud architects to op-
timize data transmission routes, improving application
performance. Additionally, latency can be an indicator of
potential security issues, such as network attacks, traffic
congestion, or malicious activities. Measuring latency can
help identify such threats.

In cloud systems, it is also common to use a formula
to analyze the load on a cloud server, where the load factor

is measured:
A
p =
n
where p — server load factor; A — average request rate
(number of requests per unit of time); |1 — average service
rate (number of serviced requests per unit of time).

The formula allows you to determine the average
server load, which helps assess whether the server can han-
dle all user requests or if there is a risk of delays and request
accumulation. If the load factor (p) approaches or exceeds
A, it may indicate the need to scale resources to support a
higher volume of requests. This helps ensure reliable sys-
tem performance during peak loads. Additionally, using this
formula, you can assess how efficiently the server's exist-
ing resources are being utilized and make decisions about
optimizing software or configuring servers to reduce load.

All of the mentioned calculations will help analyze
and model the traffic of streaming applications, as well as
determine the necessary resources and service quality to
ensure stable operation in cloud systems. These formulas
are widely used in network monitoring programs that help
assess network status, bandwidth, latency, packet loss, and
server load. Among the popular programs and network
monitoring tools that use such calculations are Nagios
[8], Zabbix [6], PRTG Network Monitor [5], SolarWinds
Network Performance Monitor [10], Wireshark [10], Ma-
nageEngine OpManager [11], and others. Let's consider
network monitoring software tools and outline their main
functions in ensuring network stability.

Nagios is an open-source software for monitoring sys-
tems, servers, and networks. Nagios provides monitoring
of network devices, resources, and services, allowing for
quick problem detection and alerting the administrator.
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Fig. 1. Nagios program window

The features of the Nagios program include server,
network device, and service monitoring; high customiza-
tion and extensibility through plugins; support for visual-
ization extensions, such as Nagios XI; and a high level of
configuration complexity, especially for beginners.

Zabbix is a free, open-source system for monitor-
ing networks, servers, cloud services, and applications.
Zabbix supports real-time monitoring and offers flexible
configuration options.
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Fig. 2. Zabbix program window

The features of the Zabbix program include auto-
matic detection of network devices; powerful trigger and
alerting mechanism; graphical interface for generating re-
ports and graphs; a wide range of templates for various
devices and services.

SolarWinds Network Performance Monitor (NPM)
is a powerful tool for monitoring network performance,
allowing for the detection and resolution of network is-
sues. SolarWinds NPM is targeted at medium to large net-
works.
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Fig. 3. SolarWinds NPM program window

The features of the SolarWinds NPM include real-
time network performance monitoring; network topology
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visualization; support for intelligent alerting and reporting;
integration capability with other SolarWinds products.

In cloud systems, specialized monitoring tools are
typically used to analyze the impact of streaming applica-
tions on traffic, which can operate in cloud environments
and integrate with cloud platforms such as AWS, Microsoft
Azure, Google Cloud Platform (GCP), and others. Some
notable applications include Amazon CloudWatch (AWS)
[14], Azure Monitor (Microsoft Azure) [12], Google Cloud
Monitoring (Google Cloud Platform) [2], Prometheus
with Grafana [13], and others.

Let's examine the impact of streaming applications
on traffic in cloud systems. Streaming applications are
those that deliver media content (video, audio, or data) in
real time, allowing users to consume the content imme-
diately without needing to download it in full. Streaming
applications are generally categorized as video on demand
(VoD) and live streaming video [7].

Streaming applications require high bandwidth,
minimal latency, and a stable connection to ensure smooth
content delivery without buffering. These applications
generate a prolonged, consistent traffic stream with mini-
mal permissible delays. For this purpose, cloud providers
need to maintain distributed servers in various geographic
locations (CDN — Content Delivery Networks) to deliver
content to users with minimal delays. The network must
provide low latency and high bandwidth, which can cre-
ate peak loads, especially during high user activity periods
(e.g., live broadcasts of sports events or premiere shows).
Cloud systems must be capable of rapidly scaling resourc-
es to meet demand and prevent server overload.

Examples of streaming applications include video
streaming (YouTube, Netflix, Amazon Prime Video, Twitch),
audio streaming (Spotify, Apple Music, SoundCloud), and
real-time online gaming (Google Stadia, Nvidia GeForce
Now, Microsoft xCloud).

Let's compare the bandwidth requirements for
streaming video in different resolutions on popular plat-
forms like YouTube and Netflix [3]. Table I shows the
minimum bandwidth needed for quality video playback at
each resolution level.

Table 1.

Comparison of minimum Internet connection
bandwidth requirements for video streaming

Resolution of video YouTube, Mbps Netflix, Mbps
SD (480p) 1.1 3
HD (720p) 2.5 5
Full HD (1080p) 5 5
4K (2160p) 20 15

Analyzing the bandwidth requirements for YouTube
and Netflix across different quality levels, we can con-
clude that for the first indicator, "SD (480p)" Netflix re-
quires nearly three times the bandwidth. This is likely
due to Netflix using different compression algorithms or
providing higher image quality even at lower resolutions.
However, this also creates a significant load on the net-
work [7], which is not an advantage for this service.

For HD (720p) video, Netflix also requires double the
bandwidth compared to YouTube. This may indicate that
Netflix provides more data per frame to ensure smoother
and more detailed visuals. At the Full HD (1080p) level,
the requirements for YouTube and Netflix equalize. This
suggests that both platforms achieve high image quality at
this resolution level with similar bandwidth requirements.
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A different situation arises for 4K (2160p), where
YouTube video requires 5 Mbps more bandwidth than
Netflix. This is possibly due to YouTube's use of lower
compression to enhance detail in the 4K format or its use
of a different codec for compression. This data highlights
different approaches to optimizing streaming content:
Netflix focuses on maintaining stable quality at lower
speeds, while YouTube emphasizes maximum quality for
the highest resolutions.

It’s worth noting that the use of high-resolution
streaming video continues to grow. Forecasts indicate that
by 2023, 66% of televisions will support 4K. Looking
ahead, the next generation of video—360° video—allows
for pixel transmission from all directions [7].

Let’s compare the bandwidth requirements for audio
streaming at different sound quality levels on platforms
like Spotify and Apple Music [1]. Note that the values pro-
vided are approximate and may vary depending on spe-
cific content and network conditions. To achieve smooth
playback without buffering, it is recommended to have a
slightly higher bandwidth than the minimum required.

Spotify:

— Low Quality (24 x6it/c): 0,024 Mbps

— Normal Quality (96 k6it/c): 0,096 Mbps

— High Quality (160 x6ir/c): 0,16 Mbps

— Very High Quality (320 k6it/c): 0,32 Mbps

Apple Music:

Standard Quality (256 x6it/c): 0,256 Mbps
Lossless (16 6i1/44,1 x['): 1,5 Mbps

— Hi-Res Lossless (24 6i1/48 xI['n): 2,3 Mbps
— Hi-Res Lossless (24 6i1/192 kI'm): 9,2 Mbps

Analyzing the bandwidth requirements for Spotify
and Apple Music, we can see different approaches taken
by both platforms to ensure sound quality.

Spotify offers a low bitrate (24 kbps) and normal
quality (96 kbps), which are suitable for those using mo-
bile data or with limited internet access. This is ideal for
situations where the connection is unstable or when users
wish to reduce data costs. Apple Music does not provide
such options, instead targeting an audience that prioritizes
high sound quality.

High quality (160 kbps) and very high quality
(320 kbps) on Spotify are intended to deliver detailed
sound suited for dedicated listeners. These options are op-
timal for users with sufficient bandwidth who want high
sound quality without excessive data usage.

Apple Music offers only standard quality at 256 kbps
(AAC), which slightly surpasses Spotify's very high quality
(320 kbps MP3) due to more efficient sound encoding. This
quality is suitable for daily listening and provides an opti-
mal balance between sound quality and data consumption.

Lossless (1.5 Mbps) and Hi-Res Lossless (2.3 and
9.2 Mbps) are lossless formats that deliver maximum sound
quality, close to studio-grade. The bandwidth requirements
for these formats are significantly higher, making them
suitable for audiophiles and those with stable, high-speed
internet access. Spotify does not offer these quality levels,
making Apple Music a better choice for sound enthusiasts.

For optimal traffic management, a cloud system
should support adaptive bandwidth management for
Spotify, allowing quality adjustments. In the case of Apple
Music, particularly with Lossless formats, strategies to
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reduce peak loads are essential, such as caching popular
tracks and using CDN to distribute data among users in
different regions.

Let’s compare the bandwidth requirements for re-
al-time online gaming using Google Stadia and Nvidia
GeForce Now as examples (table 2).

Table 2.

Comparison of Minimum Internet Bandwidth
Requirements for Real-Time Online Gaming

Resolution Google Stadia, Nvidia GeForce
Mbps Now, Mbps
720p at 60 FPS 10 15
1080p at 60 FPS 20 25
4K at 60 FPS 35 45

The Nvidia GeForce Now gaming service requires
5 Mbps more than Google Stadia for 720p playback. This
may be due to codec differences or the image quality the
platform aims to deliver. For 1080p, Nvidia GeForce Now
also requires 5 Mbps more than Google Stadia. This indi-
cates higher requirements for stable playback on GeForce
Now, which may provide better image quality or reduce
latency. For 4K, GeForce Now demands 10 Mbps more
bandwidth than Google Stadia. This may result from
GeForce Now offering higher-quality 4K images with
greater detail or better frame processing.

Conclusion. The study of the impact of streaming
applications on traffic in cloud systems highlights the im-
portance of resource optimization to ensure high-quality
service. It has been established that streaming applica-
tions have varying requirements for bandwidth, latency,
and computing resources, necessitating adaptation of the
cloud infrastructure. Calculations of traffic volume, aver-
age user load, and bandwidth allow for load forecasting
and network congestion prevention. Packet loss and data
transmission latency are critical indicators affecting con-
nection quality and require constant monitoring.

Cloud systems must provide flexibility and sca-
lability of resources to meet service demand. Formulas
for server load analysis enable the determination of re-
source utilization efficiency and server optimization. The
use of specialized monitoring tools integrated with cloud
platforms allows for detailed traffic control and reliable
operation of streaming services. Such tools help reduce
costs and improve infrastructure efficiency. Given the sig-
nificant impact of streaming applications, providers must
employ adaptive technologies and strategically manage
network resources to deliver high-quality user service.
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ONTHUMIBAIISI XMAPHOI'O TPA®IKY
JUISI HOTOKOBUX JIOJATKIB: IIIIXOIN
AHAJII3Y TA MOHITOPHHI'Y

AHoTamisi. Y cTarTi AOCHTIIKYHOThCS 1HHOBAIiHHI
cTparerii nigBUIIEHHS e(EeKTUBHOCTI Nepeaadi JaHuX y
XMapHHUX TOTOKOBHX cepBicax. BoHU cTocyroThCs mepe-
JOBUX METO/IB KOAYBAaHHs, CIIPSIMOBAHUX HAa 3MEHIICH-
Hs 3aTPUMKH Ta BUKOPUCTAHHS MPOIYCKHOI 3IaTHOCTI,
30epiraroul LiTICHICTh AaHUX. JOCHiMKEHHS MICTUTbH
BUYCPITHUIA OIS MiAXOMIB A0 aHANi3y Ta MOHITOPHH-
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TY, K1 BIACTEXXYIOTh OKa3HUKH €()EKTUBHOCTI TA ONTHU-
MI3YIOTB IOTIK Tpadiky. BukoprucroByroun iHCTpyMEeHTH
aJJaNTUBHOTO KOJYBAaHHS T4 MOHITOPHHTY B PEaIbHOMY
4aci, y cTarTi MOKa3aHo, SK JOCSITH €KOHOMIYHOTO Ta
HaZi{HOTO MTOTOKOBOTO MEepeiaBaHHs.

CrarTsi IPONOHY€E NPAaKTHYHI PEeKOMEHIaIil IIoxo
onTuMizalii XxMapHoro Tpadiky LIl po3poOHHKIB Ta

PH, 1LI10 BIUIMBAIOTh HA €()eKTUBHICTH Iepeiadi JaHUX, Ta
MIPOTNIOHYIOTH KOHKPETHI pilIeHHs JUIst X yCyHEeHHS.

OTpuMaHi pe3yabTaTd MPOIOHYIOTH PO3POOHHUKAM
Ta IHXKeHepaM IPaKTH4YHY iH(OpMallio, SKa IparHe BIO-
CKOHAJIUTH XMapHY 1H(PaCTPYKTYpy I BUCOKOAKICHOL
JOCTAaBKH MeJlia.

Kurouogi ciioBa. Tpadik, XMapHi cHCTEMH, TOTOKO-

oreparopiB CTPIMIHIOBHX JToAaTKiB. Ha ocHOBI mpose-

i ! Bi IPOTpaMy, Mepexa, MepekeBi IHCTPYMEHTH, MOHITO-
JICHOTO aHaJli3y aBTOPY BH3HAYAIOTh KIIOYOBI (haKTo-

PHHT Mepexi.
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POJIb ULM®POBUX PECYPCIB Y MOOEPHI3AUII NTPUPOAHUYO-HAYKOBOI OCBITU

AHoTtanisi. Y crarTi oOIpyHTOBaHO POJb HU(POBHX pecypciB IJIsi OHOBJIEHHS I ONTHMI3alil NPHPOIHUYO-
HayKoBO1 OCBITH. PO3IIsIHYTO OCHOBHI BHAHM LHU(POBUX PECYPCIB, sIKIi MOKHAa BUKOPHUCTOBYBAaTH KOMOIHOBAHO 3 Tpa-
JTUNITHAMA pecypcaMy HaBYaHHS Uit MalOyTHIX (axiBLiB: BUMTEINIB (i3MKH Ta iHKeHepiB-aBiallifHUKIB. Y cTaTTi
BHUKOPHCTaHI Taki METOIH JOCHIII)KEHH: TEOPETUYH] — aHaIli3 HayKOBOI JiTepaTypH, HOPIBHAIBHUM aHAMi3. y3arajib-
HEHHSI; eMITIpUYHI — IIearoTiYHUH eKCIIepIMEHT (CIIOCTepexeHH s, anpobaris, pekomenaanii). Ha ocHoBi nposene-
HOTO JOCTIKEHHS C(OPMYIbOBAaHO PEKOMEHJAIll Ta JOJAaTKOBI acleKTH IU(POBOro HaBYAHHSI MaOyTHIX (axiB-
L[iB TYMaHITapHOTO Ta iH)KEHEPHOTO HApAMY 3700yBaHHS OCBITH. ABTOPKH CTaTTi ONMCAIN POJb HUPPOBUX pecyp-
ciB y TenepimHii 4ac B YKpaiHi Ta BIUIUB iX Ha MOTHBAIIiI0, 3a0X0USHHS 10 HaBYaHHI. HuMu po3misHyTi Taki mud-
POBI pecypcH SIK-0T: BUKOPUCTAHHA BipTyaJbHUX JJaO0opaTopiii, CTBOPEHHs OHJIAIH-KypCiB, 3aCTOCYBaHHS MOOUIEHUX
JIOZIATKIB, CIIBIIpAI 3 IHITUMHU YHIBEpCUTETaMH, MOJEIIOBAHHS IIOIBOTY, aHAJIi3 KOHCTPYKIiil, BABYCHHS aepOIHA-
MiKH, po3po0Kka HU(POBUX MPOTOTHUIIIB, CTBOPEHHS IIU(POBOi 6i0MI0TEKH, PO3BUTOK OHIANHH-CIIIBHOT, POBEACHHS
OHITaifH-BeOiHapiB Ta KOH(pEpeHIIii Tomo. BUCHOBKY 3 HOCIIDKEHHS CBIYATh 1IPO Te, IO POIb MU(PPOBUX PECYPCiB
JUISL CTYACHTIB y 3100yBaHHI OCBITH, 30KpeMa i IPUpPOAHNYO-HAYKOBIiH, 3pOCTa€ SIK Mporpecis, i moTpiObHO 3aBxKIU
BIOCKOHAJIIOBATH Ipo¢eciiHi 3HaHHS Ta MUPPOBI KOMIETEHTHOCTI, {00 OyTH KOHKYpPEHTOCIPOMOXKHIM Ha PHHKY
mpati, GaxiBIAMU 3 YHIKQIBHIMH OCOOIMBOCTSAMHU.

Kurouosi ciroBa: nmudposi pecypcH, IpupogHUI0-HayKOBa OCBITa, MalOyTHI (axiBIli, MOTHBALIA, (izuKa.

[IBuakwii PO3BUTOK iHPOPMAMIMHUX TEXHOJOTIH
KapAWHAJIBHO 3MiHIOE 001MyYYst cy4dacHoi ocitd. L{ud-
POBI pecypcH, IO Jeaali DIUOIIe IHTerPyIThCS B OCBIT-
Hill Tiporec, BIIKPUBAIOTh HOBI MOXKIIUBOCTI ISl HABYaH-
Hs Ta ni3HaHHs. OcoONMBO aKTyaJIbHUM € ITUTaHHS BH-
KOPUCTaHHS LU(POBUX IHCTPYMEHTIB Yy HPUPOAHHYO-
HayKOBIM OCBITI, sIKa TPaIULIHHO OpiEHTOBaHA HA E€KCIIe-
PUMEHT, JOCIHIIKEHHsI Ta PO3yMiHHS (DyHIaMEHTaIbHUX
3aKOHIB TIPHPOIH.

MonepHizartis MIPUPOTHUIO-HAYKOBOT OCBI-
TH 32 JOTIOMOTOI0 IMU(POBHX PECYPCiB € HEBiA'€MHOIO
YaCTUHOI0 TIOOANBHUX TPEHIIB Y PO3BHTKY OCBITH.
VYrpoBakeHHsI IHTEPaKTUBHUX CUMYJIAIIH, BipTyalb-
HUX JabopaTtopii, OHIalH-TIIaTGOpM Ta IHIUX Udpo-
BHX 1HCTPYMEHTIB JO3BOJISE€ 3pOOUTH HABUAHHS OiIBII
JieBUM, ¢()CKTUBHUM, I[IKABUM Ta JOCTYIHUM JUIs IIH-
poxoro kosa 3m00yBadiB. lle crnpusie ¢popmyBaHHIO B
3100yBauiB CTIHKNUX 3HaHb, NPO(ECIHHUX KOMIIETEHT-
HOCTEeH, HEOOX1THUX UISl XKUTTS B Cy4yacHOMY iH(opmMa-
LifHOMY CYCHiJIBCTBI.

JlaHa cTarTs NpUCBSYEHA aHANI3y POl HUPPOBUX
pecypciB y nporeci MojepHizalii NpupoAHUYI0-HAYKOBOT
ocBiTH. PO3MIsiHYTO TEOpeTHYHI OCHOBM BHKOPUCTAHHS
U(POBUX TEXHOJIOTIH y HaBYAaHHI MPUPOJHUIMX HaYK,

MPOaHaJi30BaHi CydacHi TEHICHIIii Ta MPaKTUKH, & Ta-
KOXX TIPE/CTABJICHI Pe3yNnbTaTh JOCIHiPKeHb, y BUIISII
peKOMeHIaIli#, sKi MiATBEPIKYIOTh JIi€BICTh Ta eQek-
TUBHICTb 3aCTOCYBaHHS U(PPOBHUX PECYPCiB Y HaBUAIb-
HoMy npoueci [1, 2].

Ha ocHoBi aHani3y jiteparypHuX mKeped, iHpopma-
LiifHUX pecypciB, iHTerpauis HU(PPOBUX pecypciB y Ha-
BYQJIBHUH TIPOLIEC € OJHUM i3 NPIOPUTETHUX HAIpPSMIB
PO3BHTKY cydacHOi ocBiTr. OHAK, Ha PAKTHII IeH TIpo-
[IEC CTHKAETHCS 3 PSAFIOM TPYIHOIIB, MOB'A3aHUX 3 HENO-
CTaTHBOIO ITiITOTOBKOIO BUKJIA1a4iB, BIACYTHICTIO €IMHIX
CTaHIApTIB Ta METOAWK BHKOPUCTAHHS IH(PPOBUX TEXHO-
JIOTiH, a TaKOXK 3 OOMEKEHUMH MaTepialbHUMHU pecypca-
MU HaBYaJBHUX 3aKiaaiB. JlOCTHiKeHHS TOKa3ylOTh, M0
e(eKxTrBHEe BUKOPUCTAHHS ITUPPOBUX PECYPCIB BHUMArae
KOMIIJIEKCHOTO T1JIXO/LY, SIKHH BKJIIOYAE HE TINBKU TEXHIY-
HE OCHAIleHHs, ajie # po3po0Ky HOBUX HaBYAJIBHUX HPO-
rpaMm Ta MeToauK [3, 4].

AmHauni3, MOpiBHSIHHS Ta y3arajbHEHHs! OCTAaHHIX J0-
CJIJKeHB 1 myOMniKaliil y HayKoBHX KypHajlax y Taiysi
NPUPOAHNYO-HAYKOBOI ocBiTH [5-10] cBiunTSH MpO TE, 10
npo0iiemMa JI0CTaTHbO aKTyasIbHa.

IIpumipom, yaena Onbra Mexen — JOKTOpKa Tefa-
TOTIYHHX HayK, npodecopka HamioHanbHOTO yHiBEpCHTE-
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