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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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Introduction. Classical morphometric analysis is based on studying and comparing the size and
shape of different parts of the body of bees [1]. Initially, this analysis was carried out manually,
requiring considerable time and high accuracy, since even small errors could lead to erroneous
conclusions. A large number of samples was necessary for the reliability of the results, which further
increased labor costs. However, this method has been an invaluable source of information, improving
our understanding of bee biology and breeding efficiency.

The development of computer technologies has led to a significant simplification and
acceleration of morphometric analysis. State-of-the-art software solutions automate the analysis of
sample images, perform accurate measurements, and provide extensive data for analysis. This not only
saves time for performing the analysis, but also increases its accuracy, eliminating the possibility of
human error.

DuPraw first applied the concept of numerical taxonomy to the classification of honey bees [2,
3, 4], andg its further development was continued thanks to the work of Ruttner and his colleagues [5].
Ecotypes or races usually differ slightly in the average values of some characteristics, so additional
statistical analyses are required to distinguish them [2, 3, 4].

Kozhevnikov paved the way for morphometric analysis of individual chitin components of bees
[6]. In his monograph "Materials on the natural history of the bee (Apis mellifera L.)" [6, 7], he
carefully studied the existing data on the genus Apis, in particular, Apis mellifera L. Based on his
morpho-anatomical studies, Kozhevnikov formulated a number of conclusions regarding the
taxonomy of the genus, morphology and anatomy of bees. This work was continued in the studies of
his student Alpatov and Mikhailov.

Since the beginning of Kozhevnikov's research, morphometry has involved the study of various
types of characteristics, including color features, linear and angular dimensions, and computational
characteristics such as indices and sums. The latter were supplemented with another feature - "wing
shape", which is used in" geometric morphometry " [6].

The front wing of a bee has the largest number of measurements, indices, and data for analysis
[8, 9]. However, due to the lack of generally accepted standards, there are differences in the
measurement and analysis of wing morphometric characteristics. The wing venation pattern is of
particular interest in the taxonomy of insects in general, and therefore different methods of
morphological analysis of the forewing are currently used.

Wing morphometry, based on classical principles, includes the analysis of a variety of physical
characteristics of the wing, including its length and width [1], as well as the structure of the veins.
DuPraw made a significant contribution to the introduction of angle measurement in the practice of
bee morphometry, identifying 17 key angles [2]formed at the junction of wing veins. Subsequently,
Ruttner revised this approach and reduced the number of measured angles to 11 [5, 9] (Figure 1).

Figure 1 — 11 corners located between the centers of intersections of the veins on the right front wing
according to Ruttner [9], the numbering is the author's.
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Modern research continues to develop new approaches and technologies that allow for a deeper
understanding of the anatomy and functions of bees. It is important to constantly review and adapt
existing methodologies to ensure that they are relevant and effective in the light of new discoveries
and technological innovations.

Modern research in the field of morphometry increasingly involves the use of geometric
morphometry [10, 11, 12], and the methodological basis for this approach was formulated in the works
of Thompson d'Arcy [13]. Geometric morphometry is an effective analytical tool based on the theory
of shape, allowing you to work with the coordinates of placemarks, which, in the context of studying
the anatomy of bees, are located at the intersections of the veins of the bee wing.

The advantage of geometric morphometry is that numerical data is represented in the form of
geometric images [14]. This improves the visual perception of the objects under study and provides
researchers with a more accurate perspective.

Working with this method begins with superimposing objects of research on their centroids at
the intersection of the axes of space. The centroid dimensions of objects are then normalized to one,
which allows them to be aligned and eliminates the influence of the"size factor". Alignment is
achieved through an isometric transformation that minimizes the difference between the values of
centroids calculated for all labels (Procrustes method), or for the selected pair of labels (baseline
method). The subsequent isometric "rotation" of objects relative to the reference serves to minimize
the total difference in coordinate values for all [15].

Taken together, geometric morphometry is a powerful tool for studying bee anatomy,
complementing and developing classical morphometric methods. As a result of applying this
approach, a deeper and more accurate understanding of the structure of the objects under study is
achieved.

Relevance. Morphometric analysis has become a fundamental tool in a number of scientific
fields, including biology, medicine, anthropology, geology, and even in such fields as archaeology and
art. Studying the shape and structure of objects can provide valuable information about interactions
between organisms and their environment, evolutionary changes, pathological conditions, and other
important aspects. In the context of beekeeping, morphometric analysis helps to determine the breed
affiliation and line of the colony under study, which allows for better selection, breeding and research
work.

Currently, there are many software solutions available for morphometric analysis, each of which
has its own characteristics, advantages and disadvantages. However, there is still no clarity in the
scientific community as to which of these tools are most suitable for specific research purposes.

This makes reviewing and evaluating the available software for morphometric analysis an
urgent task. Providing objective, informed and accessible information will help researchers choose the
most appropriate tools for their tasks, improving the efficiency and accuracy of research, as well as
reducing the time and cost of training and adapting to new software.

Materials and methods of research. During the preparation of this review, systematic
selection and evaluation criteria were used for software designed for morphometric analysis. Our goal
was to cover both commercial and free software, as well as take into account open source software.

Theselection criteria were aimed at programs that are the most popular and widely used in the
scientific community, and which are designed specifically for morphometric analysis.

The software evaluation took into account the following criteria: functionality (including the
ability of the software to process various types of data and perform basic and advanced morphometric
analysis tasks), usability, availability and quality of training resources, cost, and compatibility with
various operating systems.

Information for the review was collected through a systematic review of the scientific literature,
official websites, and software manuals. We also used each of these software solutions to perform
morphometric analysis test tasks to gain practical experience with them. A survey of specialists in the
field of morphometry was conducted to get their opinions and feedback on the software.

Each of the considered software is described in detail in the corresponding section of the
review. These descriptions include general information about the program, information about the
developer and version of the program, an overview of the main features, a description of the user
interface, and information about available training resources.
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After describing each software, we performed a comparative analysis based on the evaluation
criteria mentioned above. This includes direct feature comparison, test task results, cost analysis, and
overall value assessment for potential users in the scientific community.

Research results. The methodology for measuring the morphometric characteristics of a bee's
wing has undergone a significant evolution since the beginning of the 20th century [16], when
researchers such as Kozhevnikov, Alpatov, and Mikhailov used manual measurement methods. With
the advent of new technologies, combined approaches have been developed, including analog and
digital equipment, as well as specialized software, which has led to a significant increase in
measurement accuracy [17, 18].

An important step in morphometric analysis is to obtain a digital image of the object. Various
systems are used for this purpose, and they can be divided into the following categories:

1. Systems based on the use of microscopes, macroscopes, stereomicroscopes, and other similar
devices. Various digital video and still cameras without a lens, mounted on microscopes using special
adapters, are used as image capture devices. When using these devices, make sure that there is no
optical distortion.

2. When using a flatbed scanner to scan the prepared product, it is important to perform the
procedure quickly enough to avoid dilution of glycerol and leakage of moisture, which can degrade the
quality of the resulting image and complicate measurements. To protect the scanner glass and speed up
the process, we recommend using a transparent film.

A key role is played by software that is specialized for image analysis and allows you to
perform accurate measurements. Unlike manual measurements, the corresponding software allows you
to measure polylines, angles, areas, and so on.

For further analysis, you need to perform placemark placement and then get the placemark
coordinates file. One of the most common programs with the necessary functionality is TpsDig2 [19].
TpsDig?2 is a software developed specifically for digitizing landmarks and contours used in geometric
morphometric analysis. The program was developed by F. James Rohlf at Stony Brook University One
of the features of the program is the ability to perform various operations to improve the image,
including zooming, adjusting the image brightness profile, as well as support for AVl and MOV files.

The output data of the program is presented in TPS format, the files of which include the name
of the image file for each sample [20]. This allows you to visualize landmarks directly on the
corresponding image. Files in the TPS format are created in the standard ASCII format, which makes
it possible to edit them and convert them to other formats for use in various software [21].

In addition, TpsDig has functionality for calculating the areas of closed areas, perimeters, and
linear distances, which can be useful for more detailed morphometric analysis. Thus, this program is a
powerful tool for working in the field of geometric morphometry.

WingsDig is a program that specializes in digitizing bee wings (Figure 3) [22]. The software is
very similar to TpsDig2, but despite the similarity in operating modes and command set, the
philosophy of working in WingsDig is significantly different. The program was developed by 1.
Dovgunyk for the Association of Sailors of Ukraine and is available for free use for non-commercial
purposes.

"Figure 2-WingsDig software. Interface for dotting (digitiz:a;[iro>n).
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One of the unique features of WingsDig is the presence of a permanent internal " TPS object
"(file template), which is created when the program is loaded. This TPS object contains (or may
contain) a collection of images of bee wings (or scans), each of which, in turn, includes (if digitized) a
set of points.

Thus, WingsDig provides users with the ability to performa thorough and detailedyro
digitization of bee wings, with a particular focus on geometric morphometry.

PhyloNimbus is a web-based application specifically designed for researchers working in the
field of morphometry, including geometric morphometry [23, 24]. It provides functionality for
collecting two-and three-dimensional landmarks, linear measurements, as well as curves and
semicircular marks.

One of the main advantages of PhyloNimbus is its flexibility: it is able to load coordinates in
various file formats, which makes it as convenient as possible for researchers working with a variety
of data types.

In addition, the app is highly compatible, supporting a variety of operating systems, including
Windows, Mac, and Linux, as well as all major browsers. This makes PhyloNimbus easy to use and
accessible to a wide range of users, regardless of their technical platform. When working with the
program, pre-registration in the web application is required.

StereoMorph is a software package for R (a programming language for statistical data
processing and graphics) [25]that provides tools for collecting 2D and 3D landmarks and curve data. It
includes a web application for digitization, functions for automatic calibration using two or more
standard digital cameras using a simple checkerboard. In addition, StereoMorph provides functions for
restoring, aligning, and combining sets of three-dimensional landmarks and curves [26].

This software package is cross-platform, supporting Mac, Windows, and Linux operating
systems. With compatibility with most web browsers, including Chrome, Firefox, and Safari, it
provides a user-friendly and flexible experience for researchers.

The authors of StereoMorph are Aaron Olsen and Annat Haber, researchers specializing in
biology and geometric morphometry. This is a tool developed by researchers for researchers, which
makes it tailored to the needs and flow of work specifically in this area. The complexity of working
with a software package is the need for knowledge and experience with the R programming language.

CooRecorder is a commercial program designed to register the coordinates of points selected in
digital images [27]. The program is part of the CooRecorder+CBeeWing software package, where
CooRecorder performs the point placement function. It is a useful tool for researchers and
professionals working with large amounts of data that require statistical analysis.

The program's functionality allows you to scan objects using a standard computer scanner or
even a film scanner if the objects are small and transparent. The resulting image can then be displayed
on a computer screen, magnifying it for easy viewing and analyzing details.

The CooRecorder program significantly facilitates the process of registering the coordinates of
points of interest in the image. Instead of manually recording the coordinates of each point, the user
simply clicks on the points of interest in the image, and their coordinates are automatically recorded in
a file. This file can then be used for analysis in another program, which significantly saves time and
reduces the possibility of errors during manual data entry.

Modern approaches to morphometry analysis include manual, semi-automatic, and automatic
measurement modes [28]. Although these latter methods can significantly reduce analysis time and
increase the accuracy of bee species identification, they require high-quality images to be used
effectively.

The research process in morphometry begins with the systematic collection of data through
precise measurements, which are usually recorded in a specialized notebook. When using computer-
based measurement tools, the data can be directly transmitted to the appropriate software capable of
mathematical data processing. An important step is to check the obtained data for compliance with the
results calculated manually using formulas presented in the specialized literature.

After data is collected and verified, they are transferred to computer software for mathematical
processing. The software used depends on the level of complexity of the task: MS Excel can be used
for simple tasks, while more complex methods of multivariate statistical analysis, such as principal
component analysis (PCA), canonical analysis (CVA), and discriminant analysis, require more
advanced software, such as Statistica [29].
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In the analysis process, only primary, measurable features are used, excluding their sums or
indices. Two main methods are often used: PCA and k-means clustering. These methods are used to
determine whether the test samples represent one or more groups. If the groups have been clearly
defined, the data is further analyzed using discriminant analysis, which helps determine the
significance of group differences and the accuracy of redistributing samples into groups.

However, keep in mind that the sample structure may create the illusion of two or more distinct
groups, especially if the sample is heterogeneous. Differences found in non-uniform sampling may
disappear with a more uniform sample. It is also important to remember that true groups are often
characterized by dramatic morphological changes that depend on their geographical origin.

CBeeWing is a commercial specialized software designed for analyzing points registered in the
CooRecorder program. This is part of the CooRecorder+CBeeWing software package, where the main
function of CBeeWing is to analyze these points [27].

The main task of this software is to analyze morphometric indices, including the cubital index
(Ci), dumbbell index (Hi), and discoidal displacement (DsA). These metrics are used to characterize
the shape and structure of a bee's wing [10, 11, 30].

CBeeWing performs its analytical function, focusing mainly on two bee breeds: Apis mellifera
mellifera and Apis mellifera carnica. This reflects the program's focus on analyzing the wing
morphometry of these particular species.

Identify, developed by Adam Tofilski [31], is a software for semi-automatic classification based
on the principles of geometric morphometry. This tool was originally developed for identifying insect
species, but its use is not limited to this: it can be used to classify any objects whose shapes represent
differences.

Identifycan also be used as an alternative to TpsDig2 for two-dimensional digitization of
landmarks (Figure 3-A). Currently, this software is mainly used for identifying subspecies and
pedigrees of honeybees (Figure 3-B).

®

BEIBIRAR Q : ’ a |cvagaph

Figure 3 — Identify software. A: dotting interface. B: interpretation of the results of the analysis of
pedigrees.

A unique feature of Identify is its flexibility in setting up classification. The user can configure
or create new classification templates in XML format in accordance with research goals, provided that
they have the necessary knowledge in the field of working with XML.

"Breed by Wings" is a software solution developed by Anatoly Kartashev based on Excel and
VBA (Visual Basic for Applications). This tool is designed to analyze data in TPS format based on
eight points on bee wings [32].

The program specializes in data analysis of four bee breeds: Apis mellifera mellifera, Apis
mellifera Caucasica, Apis mellifera Ligustica and Apis mellifera carnica. The analysis uses metrics
such as the qubital index (Ci), dumbbell index (Hi), and discoidal offset (DsA) (Figure 4).
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Figure 4 - Software "Breed by wings". Interpretation of results based on indexes.

After analyzing these metrics, the program compares the results obtained with the breed ranges,
thus revealing the breed affiliation of each sample. So, "Breed by wings" is a simple and useful tool
for determining the breed affiliation of bees based on the analysis of their wings.

MorphoXL is a software solution developed by I. Dovgunyk based on Excel and VBA (Visual
Basic for Applications). This tool was created to analyze data in TPS format based on eight reference
points [33].

The program is able to analyze data from five bee breeds: Apis mellifera mellifera, Apis
mellifera Caucasica, Apis mellifera Ligustica, Apis mellifera carnica and Apis mellifera sossimai. The
analysis uses indicators such as the cubital index (Ci), dumbbell index (Hi), and discoidal
displacement (DsA).

After performing the analysis, MorphoXL compares the obtained values with the breed ranges,
on the basis of which it makes a conclusion about the breed affiliation of each sample.

It should be noted that the program has a limit on the number of processed samples-no more
than 100 wings per analysis. To work with MorphoXL, you must have MS Excel installed, since the
program operates on its basis.

Apislab Portable is an advanced software solution developed on the basis of Excel and VBA
(Visual Basic for Applications). This solution was created at the Kazakh Research Institute of Animal
Husbandry and Feed Production, which is located in Almaty, Kazakhstan [34]. This product was the
result of further development of the ideas laid down in the software solutions " Breed by wings " [32]
and" MorphoXL " [33].

The essence of Apislab Portable is to analyze TPS data, which is based on marks made at eight
or twelve points. At the same time, the program is able to process information about five breeds of
honey bees, including Apis mellifera mellifera, Apis mellifera Caucasica, Apis mellifera Ligustica,
Apis mellifera carnica and Apis mellifera sossimai.

When performing an eight-point analysis, Apislab Portable extracts data for parameters such as
the qubital index (Ci) (Figure 5), dumbbell index (Hi), and discoidal offset (DsA). After that, it
compares the data obtained with breed ranges, which allows you to determine the breed affiliation of
each studied specimen.
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Figure 5 — Apislab Portable Software.Interpretation of the results: frequency of distribution of the
qubital index.

209



AybU1 Lapyalubl/ibiFbl FbI/IBIMAAPb]

In addition, the program also has the ability to analyze TPS data at twelve points. This advanced
analysis provides additional information about the precubital index (PCi), as well as two experimental
indices: the EDHP offset and the EDBH offset.

Apislab Portable is integrated with MS Excel and requires it to work correctly. This means that
before using the software solution, you must install MS Excel on your desktop device. This simple and
convenient solution allows you to perform complex data analysis directly in the software environment
that many users are familiar with.

Based on the obtained data, a comparative table was compiled during testing (Table 1), in which
the software under study was compared in terms of the availability of image digitization functionality
(dot placement), data analysis and interpretation, which implies assigning significant conclusions to
data. Within the framework of the study, such conclusions are the definition of breed affiliation or the
ratio to bee lines. The data can only be interpreted if the software contains, or allows you to import, a
reference database for breeds or lines. Also, an important characteristic of the software is its
availability or free of charge, most of the software in question is free for non-commercial use. A
secondary characteristic is the support of the operating system of a particular system. Since all the
software under consideration supports working from under the Windows operating system, you should
pay attention to supporting other operating systems, if you work from under them.

Table 1 — Comparative table of morphometry software

Features

5 @ S S = 5

= o
2 Sy = g . 3 g e
z N & < kS T = b
=S = pin o L 3 e o

= .= — <5 >
2 S o 2 E 2
()] &) L g — =
support TpsDig no no es es no no

pp 2 yes Yy y!

WingsDig yes no no yes yes no no
PhyloNimbus yes yes no yes yes yes yes
StereoMorph yes yes no yes yes yes yes
CooRecorder yes no no no yes no no
CBeeWing no yes yes no yes no no

Identify yes yes yes yes yes no no
"Breed by wings" no yes yes yes yes no no
MorphoXL no yes yes yes yes no no
Apislab Portable no yes yes yes yes no no

Conclusion. Morphometric analysis has become a valuable tool in beekeeping, allowing
researchers and beekeepers to study the physical characteristics of bees and link them to genetic
factors, the health and productivity of bee colonies. While historically this analysis was limited by the
speed and accuracy of manual measurements, the development of computer technologies, especially
artificial intelligence and neural networks, offers new opportunities for improving and automating
morphometric analysis.

However, it is important to emphasize that the choice of software for morphometric analysis
should be justified not only by its technical characteristics, but also by the research or application
goals, as well as by the availability and training requirements. Switching to automated analysis also
requires a deeper understanding of statistics and morphometry.
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It is important to keep in mind that any software that provides results about pedigrees or
lineages bases its analysis on a built-in database or reference data. These data are pre-collected and
analyzed information sets that are used as a reference or reference point for subsequent analyses.

For example, when determining the bee species, the program can compare the obtained data
with the already known characteristics of various breeds stored in its database. Thus, the analysis is
based on already existing data provided by the program, and its accuracy largely depends on the
accuracy of this reference data.

However, it should be noted that breed ranges by index, i.e. ranges of values of certain
characteristics that are considered typical for a particular breed, may not be described for all breeds.
This means that if you try to determine breed membership for an animal whose breed is not included
in the program's reference data, the program may not provide an accurate answer.

Therefore, when you use software to determine breed affiliation or lineages, it is important to be
aware of these limitations and take them into account when interpreting the results obtained.

Based on our research and our review, we recommend the following:

1. Conduct a detailed study: before choosing a specific program for morphometric analysis, it is
recommended to conduct a detailed study of the various available options and make sure that
they meet your requirements and goals.

2. Get the necessary training: therapid application of morphometric analysis software requires an
understanding of its functions and operation.

3. Be prepared for changes: ttechnologies continue to evolve, and this should be taken into
account when planning for the future. Be prepared for the new opportunities that new
developments in the field of Al and neural networks can offer.

In conclusion, bee morphometry is an important tool for understanding and improving
beekeeping. The use of modern technologies, such as artificial intelligence and neural networks,
promises to provide new opportunities for improving this approach.

Thanks. This study was funded by the Ministry of Agriculture of the Republic of Kazakhstan, under
the program BR10764957 "Development of technologies for effective management of the breeding
process in beekeeping".
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TYHUIH

Kasipri apa mapyambUIbIFbIHAA apa KOJOHUSUIAPBIHIA CENEKIMSIIBIK-aChUl TYKBIMIBI KYMBIC
MporecTepiH OapbIHIIA THIMAI JKOHE TN OacKapyra KOMEKTECETiH TEeXHOJIOTHSIIapAbl KOJIJaHy
MaHbBI3ABl pen aTkapaabl. OcelHAad KypangapAblH Oipi MophoMeTpusubIK Tanaay Oongbl-apaiap
JCHECIHIH OpTypii OeJIKTepiHiH MilliHiH, KYPbUIBIMBIH JKOHE ONIIeMJIEpiH 3epTTey YIIiH
KOJIJAHBUIATHIH SicC.

MopdoMeTpHsIBIK Taljay apajiap eMipiHiH KeITereH acleKTiiepl Typajibl KYHABI akmapat
Oepeni. byn omaprambiiapra apanapblH JACHCAYNBIFBIH, ONapIbIH PENpOAYKTHUBTI MYMKIHIIKTEpiH
Oaranayra, COHAAH-aK BIKTHMaJ MATOJOTHSUIApAbl HEMece ayBITKYJIapIbl aHBIKTayFa MYMKIHJIK
Oepeni. Ocputaiinma, MOp(QOMETPHUSITBIK TANIAy apa KOJOHHMSIIAPBIHBIH OHIMIIIII MEH JIeHCAyIbIFbIH
KaMTaMachl3 €TY/IiH HETi3ri 3JIEMEHTI OOJIBI TaObLIaIbl.

3amMaHayw TEXHOJOTHIAD MOP(OMETPUSIIBIK Tangay MpOIECiH endyip XeHUIAeTeIl >KoHe
xkepenaereni. Hapeikra apa mapyamsiibFbIHAa MOPGOMETPHSUIBIK TajAay KYPTidy YIIIH apHaibl
o3iplieHreH KemTereH OaFgapinaManslk Imemimaep ©Oap. Omap opTypii  (YHKIHMOHAIIBUIBIKTHL
YCBIHAIBI, COHBIH IIIiHIE AaBTOMATTAaHIBIPBUIFAH  OJIIEY, JACPEeKTepli  BHU3yaIM3alusay,
CTaTHCTHKAJIBIK OHJCY KoHE T.0.

Makanaga Oanm  apachlHBIH MOP(OMETPHSCHIH KYpri3yre apHanran OarJapiaMallblk
yKacaKTamara IIONy >KOHE OChl OarjapiamaiblK jKacaKTaMaHbl TaHAay jKoHe Maiaanany OOMbIHIIA
yCchIHBICTAp  OipikTipinren. Kiaccukanplk JKoHE TEOMETPUSUIBIK MOpQOMETpusFa apHaIFaH
OarmapriaMabIK KacaKkTaMa oJap/blH (pyHKIMOHAIIBIFEI OOMBIHIIIA )KYHEICHTeH JKOHE TallJaHFaH.

PE3IOME

B coBpeMEHHOM MUENOBOJICTBE BaXXHYIO pPOJIb MTPacT NMPUMEHEHHE TEXHOJOTMH, KOTOpBIE
MOMOTAIOT MaKCHMAaNbHO 3()()EKTUBHO M TOYHO YHPABIATH MPOLECCAMHU CENEKIMOHHO-TITIEMEHHON
paboThl Ha/I MYETTMHBIMU ceMbIMU. OJJHUM U3 TaKMX MHCTPYMEHTOB CTall MOPQOMETPHUYECKHI aHATIN3
— METOJ, UCIOJIb3YeMbI Ul U3ydyeHHs (HOPMBI, CTPYKTYPBl M Pa3MEpOB Pa3IMYHBIX yacTeil Tena
myes.

MopdomeTprueckuii aHaTN3 TPEIOCTABISIET IEHHYI0 HHPOPMALIMIO O MHOTHX acleKTax >KU3HU
myen. OH MO3BONSIET IMYETOBOJAM OLIEHUTh COCTOSHUE 3J0pOBbS IUEN, WX PENpOAYKTHUBHBIE
BO3MOXXHOCTH, a TaKKe OOHAPYKUTh BO3MOXKHBIE TATOJIOTMHM HWJIM OTKJIOHEHHS. TakuMm oOpasom,
MOpP(POMETPUYECKUI aHATIHM3 SIBISETCS KIFOUEBBIM 3JIEMEHTOM B O0ECIIEYeHUH NPOJYKTUBHOCTH M
3/IOPOBBSI TUENUHBIX CEMEH.

CoBpeMEHHBIE ~ TEXHOJIOTMM  3HAQUYHUTENBHO  YOPOIIAIOT M YCKOPAIOT  MpOLEce
MOp(POMETPUYECKOTO aHainu3a. Ha pbhIHKE CylIecTByeT MHOXKECTBO MPOTPAMMHBIX pEIICHHH,
pa3paboOTaHHBIX CHENUAIBLHO JUIS TPOBEJeHHUsT MOP(OMETPUUECKOro aHau3a B myenoBojacTBe. OHU
OpeIaraloT  pa3iudHble  (QYHKIMOHAJIbHBIE BO3MOXHOCTH, BKJIIOYash aBTOMAaTH3MPOBAaHHBIE
M3MEpPEHHs], BU3yaIH3aluI0 TaHHBIX, CTATHCTHYECKYI0 00paOOTKy U MHOTOE JIpYToe.

B cratee coBmemeH 0030p MO BONPOCY MPOTPAMMHOTO OOECTI€YeHHs IS MPOBEIACHHS
MOpGOMETPUH MEJOHOCHOW MYeNnbl M PEeKOMEHAALUMH 10 BHIOOPY M HCIOJIB30BAHMIO JTAHHOTO
nporpaMMHoro obecrieueHus. IlporpamMmHoe obecrieueHue il KIACCHUECKOW M Te€OMETPHYECKOMN
MoppOMETpUr OBUIO CHUCTEMATH3MPOBAHO M IPOAHAIM3MPOBAHO MO WX (QYHKIHOHAIBHBIM
BO3MOKHOCTSIM.
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