ISSN 2305-9397. FbuibiM )#coHe 6intim. 2023. N° 3-2 (72)

TYUIH

3eprrey Kazakcran PecriyOnuMKachIHBIH SPTYpJIi alMakKTapblHIArbl CYTTI Ipi Kapa MajblH
eCipeTiH MmapyambUIbIKTapaa Xypri3iimi. 3eprrey HoTHKenepi OoibiHma 2019 KBUTBI CHMMEHTANT
TYKBIM/IBI CHBIPJIAPABIH ©CIpPeTiH YII I[apyambuislk OoiibiHINIa oprta ecemmen 21,9%, amartay
(2 mapyamsoieik) — 11,1%, rommrtue (6 mapyamsuiblk) — 28,6% TaOBIHHAH MIBIFAPBUTFAHEI
anpIKTanAbl. [llapya KokambIKTapbl OOWBIHINA CayblH MaycHIMBIHBIH 305 KYHIHAETi CHBIPIApIbIH
opTama CyT OHIMALNIri: CUMMEHTan TYKbIMBI OoWbiHIIa — 5361 kr, amartay TykbIMbl — 5800 kr,
roqmTiH TYKbIMBI — 8103 kr. 2020 >KpUIBI CHMMEHTal TYKBIMIBI CHBIPIAPABIH ©OCIPEeTiH YII
[IapyambUIblK, OOWBIHIIIA OpTamia TaOBIHHAH IIbIFapbUIFaHel 24,6%, amaray (2 mapyamibUIbIK) —
18,0%, rommTuH (6 mapyamsiiblk) — 25,8% xypanabl. lllapyamsuibikrap OOWBIHINA CHBIPIAPABIH
305 cayblH MaycChIMBI KYHIHIEri opTama CyT eHIMIUIr: CHMMEHTal TYKbIMBbI OoibiHIIA 5695 Kr,
amaray OoipiHma 6253 kr, TommTHH OoWbHINA 8298 Kr cyT caysuiabl. 2020 KbLIBI CHMMEHTAT
TYKBIMJIBI CHBIpJIAp apachlHAa TaObIHHAH MIBFAPBUTYBIHBIH HETI3Ti ce0enTepi - THHEKOJOTHSIIBIK
aypynap (32,4%) >xoHe >xemiH aypyiapsl (24,7%) Oonbin TaObUIABI. ['ONIITHH CHBIpIapbIHAA —
eHIMIINIK (26,0%) »xoHe TysIK aypynapsl (22,4%). Xyprizinren 3eprreynep >kpuibiHa 3%-0eH
MIEKTENTeH UMIIOPTTHIK CYTTI ipi Kapa MaJAbIH TaOWFH MIBIFBIHBI (©Ty) HOpMaJaphlH CaKTay MiHIETTi
TYpPZA€ CHBIp OHIMIUTITIHIH KYPT TOMEHJCYiHE, COHBIH CajlapblHaH aypy XOHE OHIMIUII TeMeH
CUBIPJIAP/IbI YCTayFa HETi3Ci3 HIBIFbIHIAPFA OKEJICTIHIH JIONCIICH I, CalbIll KeJIreH IS, IapyaliblIbIK
KYpri3ymri cyObekTinepaid TaiMcizairine. OTaHIBIK CeNEeKIUACHIHBIH CUBIPIAPBIH TaOBIHHAH IIIBIFAPY
KeM zerenze 25%, an mer enzieH aKkeniHreH cusipiaapabl 30-35% Kypaybl KEpeKTiri JosenaeH .
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REMOTE FORMS OF MONITORING THE VITAL ACTIVITY OF THE BEE COLONY
AND THEIR APPLICATION IN BEEKEEPING PRACTICE

ANNOTATION

Beekeeping has long been facing increasing problems related to stress factors that threaten the
lives and productivity of bees in apiaries. Since the late 20th century, global climate change,
destruction of natural habitats, environmental pollution, and pesticide use have led to deteriorating
living conditions for bees and increased mortality rates. As a result, a new direction called Precision
Beekeeping (PB) has emerged in agriculture, utilizing digital technologies to protect bees, support
beekeepers, and optimize production in apiaries.

This article discusses the latest advancements in the field of precision beekeeping, including the
use of Internet of Things (10T) systems and various types of sensors for monitoring bee activity in the
Republic of Kazakhstan. It describes data collection and analysis, and evaluates the effectiveness of
precision beekeeping in the face of modern challenges. The article also considers the sustainability and
scalability of the proposed solutions, as well as their economic implications.

This article provides an overview and explores the potential of emerging precision beekeeping
technologies in the Republic of Kazakhstan. It can serve as a valuable resource for beekeepers,
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researchers, and industrial enterprises interested in employing innovative approaches to protect and
support beekeeping in the country.

Key words: precision beekeeping, honey bee, remote monitoring, bee colony, hive, vitality

Introduction. In the early 2000s, the phenomenon of Colony Collapse Disorder (CCD)
emerged, which is associated with the sudden disappearance of honey bee populations [1]. There are
several factors that can contribute to bee mortality, such as pesticides, Varroa mites (a destructive mite
species), genetic strains, habitat degradation, Asian hornets, and viruses. However, it is still
challenging to establish a causal relationship and predict future consequences. In order to reduce bee
colony mortality, beekeepers need to improve the diagnosis of honey bee health and pay more
attention to prevention [2].

Interest in continuous monitoring of bee colonies arose in the early 20th century. In 1914, Gates
published data on hive temperature collected manually every hour over several days in 1907 [3]. In
1926, Dunham measured hive temperature using thermocouples [4]. The development of sensors and
electronic data collection systems has improved measurement processes. Various monitoring methods
have been employed, ranging from simple data observation in hives to systems capable of analyzing
this data [5].

"Precision beekeeping" is a branch of precision agriculture that was first mentioned in the article
by Zacepins et al. (2012) and described as a "hive management strategy based on monitoring
individual bee colonies to minimize resource consumption and increase bee productivity™ [6]. Its aim
is to address the challenges of beekeeping, particularly high mortality rates, by utilizing collected data
on bees at two main biological levels: the apiary and the colony. The apiary level consists of multiple
hives, each containing one bee colony. The colonies are located in the same geographical area. The
colony level focuses on an individual hive and encompasses the organization of bee life and behavior.

In programming, the term "connected hive" is used to refer to a hive capable of collecting data
about bees and transmitting or storing data as part of the "Precision Beekeeping" setup in the apiary.
A "smart hive" is a connected hive with data analysis capabilities, for example, a hive capable of
diagnosing colony health issues.

The main goal of Precision Beekeeping is to enable beekeepers to use automated tools to reduce
their workload while simultaneously increasing hive productivity. It also aims to protect bees and
enhance their long-term survival. The technological aspect of Precision Beekeeping lies in providing
beekeepers with time-saving solutions, as wireless installations allow them to receive real-time hive
data directly on their mobile phones.

The system operates as follows: electronic scales and a sensor unit (including temperature,
humidity, and sound sensors) record sensor readings at specific time intervals. The recorded data is
transmitted to a central hub where it is processed by a microprocessor, compiled, and sent to a
database. In turn, the information from the database can be accessed through a mobile phone
application (Figure 1).
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Figure 1 — "The Internet of Things" (1oT) describes physical objects or groups of objects with sensors
capable of processing data using software and other technologies, which can connect and exchange
data with other devices and systems through the Internet or other communication networks.
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In articles related to Precision Beekeeping and loT, a connected hive consists of a standard hive
with sensors connected to a microprocessor, which is powered by a battery or connected to a network
to send the collected data to a remote server. The design of the connected hive should meet the needs
of beekeepers, be technically feasible and accessible, and not hinder the activities of the bees.

Each connected hive has a common structure, consisting of a microcontroller that controls the
sensor. At regular intervals, the microcontroller collects and centralizes the data before transmitting it
to the remote server. There are different families of microcontrollers, with Arduino and Raspberry Pi
being the main ones. Each type of microcontroller has its strengths and weaknesses. For example,
Arduino-based boards consume very little power and are more specialized compared to Raspberry Pi
models, which consume more power but also run a full Linux-based operating system, providing more
capabilities.

Larger embedded computing devices are used for systems that require real-time results and the
execution of complex tasks.

The sensors are the organs of the connected hive. They are either directly connected to the
microcontroller or transmit the collected data through wireless protocols. The following are various
types of sensors.

Once the data has been collected using the sensors, it can be transmitted to a remote server. The
information is either formatted and displayed for beekeepers in an application that groups data by
hives, or the data can be analyzed by researchers.

Precision Beekeeping is not just a bee monitoring methodology; it involves the use of various
innovative technologies to optimize honey production and preserve bee populations. In one study, the
authors demonstrate how the use of precision beekeeping technologies, including wireless monitoring
devices and automated feeding systems, can significantly increase hive productivity and maintain bee
health[7].

Precision beekeeping technologies are applied not only in commercial beekeeping but also in
scientific research, such as studying the impact of climate change on bee populations. In one study,
wireless monitoring devices were used in different climatic conditions to study the influence of
temperature on bee activity and hive productivity[8].

One of the key advantages of precision beekeeping is the ability to obtain real-time data. This
allows beekeepers to quickly respond to changes in the apiary and take appropriate measures. In
another study, the use of a monitoring system helped detect bee health problems at an early stage,
leading to a reduction in bee mortality and improved honey quality[9].

Precision beekeeping can also play an important role in biodiversity conservation. In one study,
the authors demonstrate how the use of wireless monitoring devices allows determining the optimal
timing for honey harvesting, which contributes to the preservation of vegetation integrity and
improves conditions for other insect species[10].

Material and research methods.In 2022, as part of a scientific and technical program aimed at
developing technologies for efficient management of the breeding process in beekeeping, remote
monitoring systems for honeybee colony vitality were installed in base farms. These systems are based
on the use of modern electronic scales and sensor modules, including temperature, humidity, and
sound sensors. This equipment was acquired in Ukraine, where it has mainly been used as an
experimental tool for monitoring bee activity and preparing bees for wintering [11].

The operation principle of the systems is as follows: electronic scales and sensor modules
record measurements at specific intervals. A central hub is used to coordinate the sensors in the apiary,
ensuring the collection of high-quality information and its transmission for processing to a cloud
storage. The main function of the central hub is to collect and transmit data obtained from the sensors
to a database for subsequent processing (Figure 2a).

The information collected from hives equipped with sensors is transmitted through the LORA
wireless network every 30 minutes. Subsequently, the gathered information is sent to the central server
once every 30 minutes via Wi-Fi or GSM channel.

Thus, remote monitoring systems for honeybee colony vitality, based on the use of electronic
scales and sensor modules, represent an effective tool for monitoring the condition of bees and help
reduce the risks of diseases and mortality.

Influence of Hive Weight on Honeybee Colony Activity. Hive weight is one of the most
important indicators of honeybee colony activity. During the honey collection period, the hive weight
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reflects the weight of gathered pollen and nectar, as well as the number of bees inside the hive. In the
winter period, the number of bees decreases, and the available resources also become limited, which
can affect the bees' health and their honey storage level. To assess honey reserves, which serve as the
primary food for bees during winter, a wireless weight sensor can be used. For instance, Figure 2b
shows a wireless weight sensor with the ability to transmit data via Bluetooth.

T

Figure 2 a, b — The central hub and electronic scales

The sensor module, which includes temperature, humidity, and sound sensors, represents a
valuable tool for monitoring the health of the honeybee colony [12]. Temperature regulation inside the
hive is a key indicator of the honeybee family's well-being. During the summer, bees ventilate the hive
to ensure proper air exchange. An increase in internal temperature may indicate the presence of
swarming processes [13] (Figure 3).

Figure 3 — Snsor block

The honeybee colony is capable of regulating the temperature inside its hive. The internal hive
temperature serves as an indicator of colony health. Failure to regulate temperature puts the colony at
risk, particularly during winter when bees form a cluster to maintain a life temperature ranging from
32°C to 37°C [7]. In summer, bees typically ventilate the hive to ensure proper air exchange. An
increase in internal temperature may be associated with swarming [8]. The sounds produced by
honeybees reflect the state of the colony as a whole and can be detected by sensors. For example,
acoustic signals may be related to swarm preparation, queen identification, and pest infestation.
Knowing that bees produce sounds in the range of O to several thousand hertz, the frequency range of
the sound sensor should encompass this range for further data analysis.
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The humidity sensor measures the moisture level inside the hive and indicates the adaptability
of bees to environmental fluctuations. Bees generate moisture through processes such as water
collection, moist nectar, and even respiration. While it is important to maintain brood above a certain
humidity level, it is crucial to prevent excessive moisture condensation on the inner hive walls or even
on the combs themselves. A strong colony copes much better with humidity fluctuations than a weaker
colony [14].

Results and their discussion. The honeybee vitality monitoring system has been successfully
adapted and implemented in various environments, including the foothills of Fabrichnyi village
(Almaty region), the urban area on the roof of Kazakh Research Institute of Livestock and Fodder
Production (further KazRILFP) LLP in Almaty city, the industrial area of East Kazakhstan region
(Ust-Kamenogorsk city), the steppe zone in the fields of Akmola region, and the mountainous terrain
in Lepsi village (Almaty region). Examples of system installations in the East Kazakhstan, Akmola,
and Almaty regions are shown in Figure 4.

Figure 4 — Examples of installations in East Kazakhstan, Akmola, and Almaty regions:
1. IE Mayer
2. RodinaLLP
3. Lepsinsk OnimiLLP
4. Fabrichnyi
5. KazRILFP LLP

Measurement of bee weight was performed using a sensor, and the total weight of the hive,
including brood, bees, and food, was determined based on this data. Noise measurement was based on
the sound intensity inside the hive, while temperature and humidity were measured only inside the
hive.
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Figure 5 — Data on the vital activity of bees (weight, noise, humidity, temperature) 1.Rodina LLP, 2.
IE Mayer, 3. KazRILFP LLP, 4.Fabrichnyi, 5. Lepsinsk onimi LLP

Observations of bee vitality revealed certain patterns during the period from June to August. For
example, a decrease in hive temperature corresponds to an increase in relative humidity. On average,
noise intensity inside the hives was higher in the industrial locations of Almaty and Ust-Kamenogorsk.
In all locations, there was a consistent pattern of the hive's minimum weight in June, weight increase
in July, and slight weight decrease in August. Data obtained from the sensors for these four indicators
are presented in diagrams related to beekeeping operations (Figure 5).

Furthermore, after discussions with local beekeepers, it was discovered that they conducted
fewer hive inspections after implementing the monitoring system. On average, there was a reduction in
the number of interventions in the activities of bee colonies. Data from the electronic scales proved to
be particularly valuable for beekeepers as they could assess the health status and ongoing processes
within the bee colonies based on that information.

Following the use of the monitoring system, beekeepers expressed the need for a simplified
system due to the high cost of some existing systems, which hindered their widespread adoption. Most
systems require a subscription fee and cost more than 150,000 tenge per unit[15]. Data on bee vitality,
such as temperature, humidity, and hive noise levels, are of interest to beekeepers. However, they
relied more on the data from the electronic scales. Based on this information and their own experience,
beekeepers could assess the state of their colonies and take appropriate measures. There were also
difficulties with accessing mobile networks in all locations except Almaty. Therefore, a monitoring
system model capable of functioning independently of network connectivity would be preferable in
the territory of the Republic of Kazakhstan. Additionally, beekeepers expressed the assumption that it
would be economically feasible to use such equipment for mass pollination (over 100 hectares) of
oilseed crops and fruit orchards.

The high noise levels observed in June are likely associated with the bees' intense activity
during pollen collection and their increased efficiency in gathering nectar and producing honey [16].

For studies on the bee vitality period, it is necessary to record data throughout the year since
bees have vastly different lifestyles between summer and winter periods, and their behavior also varies
at the beginning and end of the main nectar flow.
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Problems.One of the main challenges in collecting data for statistical modeling (analytics) in
beekeeping is the bias and quality of data collection on-site. Typically, the duration of collected data
ranges from a few minutes to a few weeks. Furthermore, each bee colony is unique, so analyzing only
a few hives and only a portion of the bee's life cycle is insufficient to understand all the intricacies of
the apiary. Bias is more prevalent in analytical models trained on data from a single hive [17]. For
studies aimed at studying bee life, it is necessary to record data throughout the year because bees lead
vastly different lifestyles between summer and winter periods, and their behavior also differs at the
beginning and end of the main nectar flow [18].

Conclusion. Precision beekeeping remains a relevant research topic, and over the years,
numerous publications have emerged from various scientific fields, ranging from computer science to
agriculture [19]. However, tracking research in this field remains a challenging task as systems,
services, and data are initially developed for scientific purposes but transition into the commercial
realm. In other words, some working groups exhibit high productivity for a short period and then
disappear from the scientific community, often due to transitioning to commercial activities and
ceasing publication of their discoveries.

Due to the needs of beekeepers, there is a need for the development of more accessible
commercial solutions. However, currently available solutions on the market remain uncertain in terms
of cost and economic viability for widespread use in precision beekeeping. Commercial
implementation for industrial pollination of gardens and agricultural crops could be a catalyst for the
mass adoption of precision beekeeping, but only with a large number of interested participants seeking
to increase their productivity [20]. It is necessary to justify to farmers and beekeepers the potential
benefits of using precision beekeeping in terms of efficiency and economic feasibility. It is difficult to
envision the profitability of beekeepers' investments in the use of precision beekeeping without
scaling. The described application cases in the Republic of Kazakhstan are not profitable due to the
low production volume.

Acknowledgments.This research was funded by the Ministry of Agriculture of the Republic of
Kazakhstan, grant number BR10764957 “Development of technologies for effective management of
the Breeding process in beekeeping”.
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PE3IOME

[T4enmoBOACTBO YK€ MAaBHO CTaJIKHUBAETCS C BO3PACTAIONUMH MPOOJIeMaMH, CBS3aHHBIMH C
(akTopaMu cTpecca, yrpoKarolue XU3HH U [IPOU3BOJUTEIBHOCTH Imyen Ha nacekax. C koHua 20-ro
BEKa HAYaIHNCh TJOOATbHBIE W3MEHEHUS KIMMaTa, YHWYTOXEHHE ECTECTBEHHBIX MECT OOWTaHHMI,
3arps3HEHHE OKPYKaIoIIell cpelbl W HUCIOIb30BAaHHWE TMECTULUIOB, YTO IMPHUBENIO K YXYIUICHHUIO
YCIIOBUH JKM3HW TYENT W YBEIMYCHUIO WX CMEPTHOCTH. B CBS3M C 3THM, B CEIIbCKOM XO3SHCTBE
MOSIBIJIOCh HOBOE HarpaBlieHHe, Ha3biBaeMoe TO4YHbIM muenoBoactBoM (TII), roe wmcmomnp3yrores
IUQPOBBIE TEXHOJIOTHH JIJIS 3aLIUTHI ITYE, OJICPKKHU MIESITIOBOIOB M ONITUMH3ALINH ITPOU3BOJICTBA Ha
racekax.

B onmaHHOW craThe paccMaTpPHUBAIOTCA IIOCIEAHHWE JIOCTIKEHHMs B 00JacTH TOYHOTO
MTYEJIOBOJICTBA, BKJIIOYas HcCMonb3oBaHue cucreMbl MHrepnera Bemed (IoT) m pasnuyHbIX THIIOB
JIATYMKOB JUII MOHUTOPHHIA JKU3HEAesTebHOCTH Tuen B Pecniyonuke Kazaxcran. OnuceiBaercs coop
W aHalu3 JaHHBIX, a TaKkkKe oleHuBaeTcs S(M(OEKTHBHOCTH TOYHOTO ITYENIOBOJCTBA B YCIIOBHUSX
COBPEMEHHBIX BBI30BOB. B craThe Takke paccMaTpuBaeTcs YCTOHYMBOCTH M MaclITabMpPyeMOCTb
MpeJiIaraeMbIX pelIeHuil, a TaKkKe UX SKOHOMUYECKHE 3aTpaThl.

Ota craThd NpeAcTaBiseT 0030p M MOTEHIMAT WCIOJIB30BaHMS PAa3BHUBAIOIIMXCSA TEXHOJIOTUH
TOYHOTrO M4enoBojcTBa B PecrnyOnuke Kaszaxctan. OHa MOXET CTaTh MOJE3HBIM PECYpCcoOM st
MTYETIOBOJIOB, HCCIEAOBaTeNel W MPOMBIIUIEHHBIX MPEANPHUITHH, KOTOpPHIE 3aWHTEPECOBAHBI B
HCIOJIb30BaHNH NHHOBALMOHHBIX MOIXO0B JUIA 3aLIUThI M MOJJIEPHKKHU MTUEIOBOJICTBA B CTPAHE.

TYHIH
Apa mapyambUIBIFel Y3aK YaKbIT OOHBI OMapTaarbl apaiapliblH eMipi MEH OHIMJIUIITIHE Kayil
TOHJIpeTiH cTpecc (akropyiapblHa OalIaHBICTBI ©CII Kejie >KaTKaH Mocesiejiepre Tam OOJbl.
20 racbIpAbIH asFbiHAH Oacrtan j>kahaHJBIK KJIMMATTBIH ©3repyi, TaOUFH MEKEHJEY OpBIHAAPBIHBIH
’KOUBLTYBI, KOPIIAFaH OPTaHBIH JIACTAHYBI KOHE TIECTHIUITEPI KOJIaHy OacTaijisl, OYJ1 apanap/biy
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eMip CYpy JKaFJaiibIHBIH HallapiayblHa »OHE OJIApIbIH OJIMiHIH apTyblHa okenai. OchiFaH
0aliylaHBICTBl ayBUT MAPYaIIBUILIFBIHIA apajapibl KOpFay, oMapTambuiaplibl KOJJIay >KOHE oMapTa
OHJIIPICIH OHTAMTaHABIPY YIIIH NUQPIBIK TEXHONOTHSIAPABI KOJIAaHATHIH apa mapyambuibFsl (T11)
JIeT aTajaThlH )KaHa OaFbIT maiiaa OOk,

by makanaga Kazakcran PecrrybnukacsiHIaFbI apaiap TipUIUTITiHIH MOHUTOPHUHT YIIIiH 3aTTap
uaTepHeTi (IoT) kyiieciH xoHe MATYMKTEpIiH OPTYPINi TypiepiH maiimaraHyapl Koca ajFaHfa, apa
IIapyaIbUIBIFBl CaJIaChIHAAFbl COHFBI JKETICTIKTED KapacThIpbLIaabl. JlepekTep/i :uHay jKoHE Tanuay
CUTIATTaJIFaH, COHBIMEH KaTap Kasipri 3aMaHFbl ChIH-KaTepJiep >KaFIalbIHNIa apa [apyamlbUTbFbIHbIH
ThuiMaimiri OaramaHanbl. Makamaga YCBIHBUTFAH MICHTIMAEPAIH TYPAKTBUIBIFBI MEH ayKbIMIBLIBIFHI,
COHJIali-aK OJIAP/bIH SKOHOMHUKAIIBIK NIBIFBIHIAPH KAPACTHIPhLIAIBL.

byn makanma Kasakcran PecnyOnukacbiHna apa MIapyamibUIBIFBIHBIH JAMBIT KeJIe JKaTKaH
TEXHOJIOTHsIIAphIHA IOy MEH MaiiianaHy oJieyeTiH YChIHAAbl. byn enjeri apa mapyanibUTbIFBIH
KOpFay »JKOHE KOJAay YIIiH WHHOBAIMSUIBIK TACUIAEpAl KONJaHyFa MYUIEeNi oOMapTamibuiap,
3epTTEYIIIEp JKOHE OHEPKACINTIK KOCIMOPhIHAAP YILIiH Maiaalsl pecypc 6oia anasbl.
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ITPOI'PAMMHOE OBECITEYEHUE B MOP®OMETPHUH JIJIS1 ONTPEJAEJEHUS
MOPOJJHOM NPUHA VIEXKHOCTHU MEJIOHOCHBIX ITYEJI
SOFTWARE IN MORPHOMETRY FOR DETERMINING THE BREED AFFILIATION OF
HONEY BEES

ANNOTATION

In modern beekeeping, an important role is played by the use of technologies that help to
manage the processes of selection and breeding work on bee families as efficiently and accurately as
possible. One of these tools was morphometric analysis, a method used to study the shape, structure
and size of various parts of the body of bees.

Morphometric analysis provides valuable information about many aspects of bee life. It allows
beekeepers to assess the health status of bees, their reproductive capabilities, as well as to detect
possible pathologies or deviations. Thus, morphometric analysis is a key element in ensuring the
productivity and health of bee colonies.

Modern technologies greatly simplify and accelerate the process of morphometric analysis.
There are many software solutions on the market designed specifically for morphometric analysis in
beekeeping. They offer a variety of functionality, including automated measurements, data
visualization, statistical processing, and more.

The article combines an overview on the issue of software for conducting morphometry of
honey bees and recommendations on the choice and use of this software. The software for classical
and geometric morphometry was systematized and analyzed according to their functional capabilities.
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