Discrete & Continuous Models
& Applied Computational Science

ISSN 2658-7149 (Online), 2658-4670 (Print)

2024, 32 (3) 325-336
http://journals.rudn.ru/miph

Letters
Research article
UDC 93/94+811.58+75.04+003.324+004.9
PACS 01, 02.60.Ed, 68.37.-d, 93.85.Bc, 95.75.De
DOI: 10.22363/2658-4670-2024-32-3-325-336 EDN: FHPKYK

New method for correct identification of structural elements
of ancient hieroglyphs

Maia A. Egorova, Alexander A. Egorov

RUDN University, 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation

(received: October 14, 2023; revised: December 20, 2023; accepted: January 20, 2024)

Abstract. A new method for the correct identification of various complex structural elements of ancient hiero-
glyphs is described. The method is based on photometry of the studied surface of the ancient artifacts. The
obtained data are converted into digital form in order to determine the characteristics and parameters char-
acterizing the properties of the investigated artifact surface. Digitized data is processed in various graphic
applications, including those working with vector images. Several control experiments were also carried out. In
particular, the corresponding statistical characteristics and parameters of the studied artifact surface profiles
were determined. The data obtained made it possible to unambiguously detect the ancient hieroglyphs on the
artifact surface and determine their number. Described method of studying ancient artifacts makes it possible
to obtain sufficiently reliable results that will undoubtedly be useful and promising in the study of ancient hiero-
glyphic signs. Our research method is characterized as: non-contact, informative, and sensitive. This testifies to
its importance and prospects in the study of similar ancient artifacts.
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1. Introduction

Writing on bronze vessels (Jinwen) and tortoise shells and fortunetelling bones Jiaguwen relate
to the oldest examples of art and culture [1-10]. They are unique in their own way. Jiaguwen
(F'& 3 / Jiaguwén, XIV-XI c. BC) are hieroglyphic inscriptions fixing the results of fortune telling or
predictions [3, 6-9].

Bronze vessels Jinwen (jinwén / 43, the earliest of which date back to the end of 2nd millennium
BC) belong also to the most ancient samples of Chinese history, linguistics, archeology, and science [4,
7, 8]. These ancient objects are often poorly preserved, but these objects are of great historical,
cultural and scientific value [11]. Basically, their research is devoted to the study of hieroglyphic
inscriptions written in the surface in order to interpret their contents, as well as the identification of
ancient keys (hieroglyphs) or Chinese radicals (bushou / ##).
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Figure 1. An example of Jiaguwen (H'# 3¢, “Turtle shell inscriptions”)—hieroglyphic inscriptions fixing the results of fortune
telling or predictions. Vertical lines in the center: “1” corresponds to the central part of the investigated surface of
the shell, where there are no hieroglyphs; “2” corresponds to the investigated part of the surface of the shell, where

there is a column of ancient Chinese hieroglyphs

The present paper is devoted to the development of a new method for solving some problem for
recognition of ancient artifacts [7, 12]. Using digital photometric data of the artifact relief, this method
allows determining various characteristics and parameters, including statistical ones, characterizing
the properties of the studied ancient surface, e.g. Jidaguwén, jinwén [7, 11-20]. The main task of the
work is to reveal the possibility of correct identification of groove-type elements that are an integral
part of various structural surface elements. In technical applications, these elements can be various
single grooves, which are the constituent elements of such widely used structures as diffraction
gratings and grating’s type structures. In the study of the oldest artifacts, for example, Jiaguwen or
Jinwen, there is a need to study ancient hieroglyphs written on the surface of a tortoise shell, copper
vessel or stone [3, 4, 6-9].

2. Materials and methods

This article uses a new statistical method of research, which can be a good addition to the currently
used traditional methods (mainly visual) of research [8, 9, 11-18]. This method allows using
various digital photometric data on the surface of the shell (see Figure 1) to determine various
characteristics and parameters characterizing different properties (including statistical) of the
investigated surface [8, 12].

The main advantages of our research method are: contactless, informativeness, non-destructivity,
and potentially high enough resolution (for example, according to the statistical parameters of the
surface profile). This allows us to talk about its promise in the study of such ancient art and culture
as Jiaguwen. The main goal at this stage of the study is to demonstrate the possibility of a certain
identification of ancient hieroglyphs written on the surface of the tortoise shell using the obtained
digital surface profiles of the test sample.
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It is important to emphasize that the results obtained allowed us to solve the formulated problem
of identifying the studied surface images, namely, to determine approximately the number of ancient
Chinese radicals placed on the scan line of the surface profile with hieroglyphs. It is shown that the
discrepancy with predetermined number of hieroglyphs does not exceed 10%. At this stage of the
study, the results obtained can be considered good.

Our method is based on photometry of artifact surface profiles, in which a sample of brightness
levels in a discrete set of points is carried out with subsequent conversion to digital form [7, 11, 12].
Photometric data of the surface profile can be obtained using for example “Fiji Image]” program for
Windows [7, 11-16]. The obtained data are digitally processed in order to determine the characteristics
and parameters characterizing the properties of the researched artifact (see Appendix) [7, 11, 12].

We utilize different research methods including a statistical approach, which allows us to find the
characteristics and profile parameters of the test sample according to photometry of its surface [7].
This research method will finally solve an important inverse problem of pattern recognition: find
the number of characters in the studied sections of the surface profile, as well as identify a solitary
micro-object of the groove type. Properties of these structures will be useful in further research of
different type ancient hieroglyphs, for example Chinese hieroglyphs (see Appendix).

The use of digital methods for processing large amounts of experimental data, for example, using
such well-known signal processing methods as the fast Fourier transforms or wavelet transform,
undoubtedly allows us to obtain new interesting results [7, 12]. However, we should note that these
studies are quite expensive and time-consuming.

Figure 1 shows a processed photo of a shell, which is one of the objects under study. The images
used in this paper are taken from open sources and are used as illustrations [4, 6, 7, 9, 11].

The subject of the study is the ancient shell with or without hieroglyphs written on it surface
by the antique scribe. Major attention is paid to the improvement of innovative methods for the
correct identification of the same type of hieroglyphic signs in the ancient hieroglyphic inscriptions
according to the typical digitized data. The solution of this key problem makes it possible to avoid
mistakes at the initial stage of the study. As a result, at all subsequent stages of research it becomes
possible to examine the accurate data. Finally, when the correct recognition of hieroglyphic signs is
carried out, one can obtain the quantity of ancient hieroglyphs.

3. Results

Our main goal is to find the quantity of ancient Chinese hieroglyphs (radicals / bushoéu / ##) S. For
this purpose we propose several procedures (see Appendix) [7, 12, 14, 15]: 1) as an initial estimate -
an integral method that permits to define the number of grooves (structural elements of hieroglyphic
inscriptions) on the scanning line; 2) division the scan interval length L of the artifact profile to the
correlation radii r, characterizing the statistics of these profiles; 3) numerical Fourier transform of
the photometric data of the surface profile.

Indeed, the correlation radius determines the characteristic size of the “particles” of scatterers
on the surface of the object under study [7, 12]. These “particles” should not be taken literally. This
term is used to indicate the area within which correlation takes place, i.e. areas of “distortion” of the
surface. In our case, this distortion is created by the ancient hieroglyphs; therefore, our estimate
§ is quite fair. The approximate average length of the scan line of the surface profile of the shell:
L = 18 cm. In this case, both shorter and longer sections were used in the calculations.
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Let us make a remark about which correlation radius should be taken in the calculations. Formally,
one need to take the correlation radius defined for the surface profiles of the shell with hieroglyphs.
However, it is necessary to take into account the certain contribution of a surface free of hieroglyphs,
since its role in the formation of the final profile is undoubtedly also present.

Note that to solve this problem, it is not necessary to determine the rms height with high resolution,
it is sufficient that the signal-to-noise ratio level allows for the reliable identification of the presence
of the relevant objects (hieroglyphic signs) on the surface of the test sample.

As an initial step, the following approach can be proposed. Where a sufficiently dense arrangement
of ancient Chinese radicals is visually observed, the contribution of a surface free of hieroglyphs
will be taken into account to a lesser extent. Given the statistical approach in our analysis, for
simplicity, we will find the average of two estimates of the correlation radii: for surface profiles
without hieroglyphs and with hieroglyphs. The data obtained above for a comparative analysis of the
graphs in Figure 2 and Figure 3 confirm the validity of this approach (see Appendix).

Therefore, we will determine the number of ancient Chinese hieroglyphs by the following simple
formula [12]:

S =L/ (1)

Let’s find the average value of the correlation radius 7, taking into account the above: 7 = (1, +1,)/2,
where 1 is the correlation radius of the shell surface, where there are no hieroglyphs, and », is
the correlation radius of the shell surface, where there is a column of the ancient hieroglyphs (see
Figure 1). We take into account a Gaussian approximating correlation function. We can find currently
7: 7 =[(25.7 + 2.9)/2] mm = 14 mm.

Now we can finally find the approximate number of Chinese radicals in accordance with the given
above formula (1):

S =180/14 = 13. 2)

So, we found from equation (2) that the number of ancient hieroglyphs (or ancient Chinese radicals
(& / bushou)) is equal to 13. According to our preliminary data, this vertical scan line (marked with
the number “2” in Figure 1) contains 12 hieroglyphs.

Thus, the value close to the exact quantity of Chinese radicals was determined: error is 8.3%. If
the length of the scan line changes, the number of ancient hieroglyphs changes a little too. Indeed, if
in calculations according to formula we take not the average value L, and the dimensions of the used
scanning lines of the shell vertically in different sections (with a horizontal shift), and take others r,
we obtain that § may vary from about 11 to 15. Consequently, the greatest error in finding the number
of radicals S will be approximately 25%. At this stage of research, such an error can be considered
quite acceptable.

4. Conclusion

Itisimportant to emphasize that the results of the work made it possible to finally solve the recognition
problem posed, namely, to determine the number of ancient hieroglyphs on the artifact under study.
It is shown that the discrepancy with the specified number of hieroglyphs located on the studied scan
lines is less than 10%. At this stage of the study, the results obtained can be considered good.

The advantages of the research method implemented in this work are its non-contact, non-
destructive nature, informative value and high resolution in terms of statistical parameters of the
surface profile. This indicates its promise in studying such ancient art and culture samples as Jiaguwen
or Jingwen—ancient hieroglyphic inscriptions that record the results of fortune-telling or predictions.
Moreover, a certain simplicity and clarity of implementation allows it to be used in interdisciplinary
research involving specialists from different subject areas of knowledge. The results obtained in
the article will undoubtedly be useful in areas such as graphic document processing and applied
linguistics, especially in the statistical analysis of ancient hieroglyphic inscriptions. Considering that



Egorova, M. A., Egorov, A. A., New method for correct identification of structural elements of ... 329

the most ancient studied samples often have poor preservation, as well as of high historical, cultural
and scientific value, our method can be a good addition to the traditional (mainly visual) research
methods currently used.

The methods developed in this paper can be used in the future, for example in computer intelligent
systems for recognition of text containing large arrays of various hieroglyphic signs. A particularly
promising advantage, in our opinion, is the ability to identify the statistical properties of large
arrays of studied data. Knowledge of statistics allows, for example, to use the intelligent computer
classification of ancient objects under study in a confident way. The results obtained can be useful
in linguistics, lexicostatistics and sociolinguistics, especially in the statistical analysis of such old
hieroglyphic inscriptions, as well as the information contained in them. Of particular interest may
be the study of the relationship between the information contained, for example, in the Jiaguwen
or Jinwen and the socio-cultural conditions for the development of the language and society in the
corresponding eras.

Appendix

A new research method used in this work allows determining different characteristics and parameters
describing the properties of the studied artifact surface [7, 12]. As a result, the form of approximating
autocorrelation functions (ACF) can be found, both without hieroglyphs and with hieroglyphs. And
the corresponding statistical parameters are accordingly determined: the standard deviation and the
radius of correlation of the surface profile irregularities.

The most important statistical characteristic of an uneven surface is autocorrelation functions, which
characterizes the relationship between the analyzed function and its shifted copy of the shift value of
the argument (the process under consideration is stationary).

The most important statistical parameters are the root-mean-square (rms or standard deviation)
o and correlation radius r of surface irregularities. Root mean square characterizes the amount of
dispersion of the values of a random variable relative to its mathematical expectation, i.e. average
value. A larger value of the standard deviation indicates a larger scatter of values in the presented set
of values, and a smaller value of it, respectively, shows that the values are grouped around the average
value. Correlation radius determines the characteristic size of the “particles” of scatterers on the
surface of the investigated object. These “particles” should not be taken literally. This term is used to
indicate the area within which correlation takes place, i.e. areas of “distortion” of the surface [7, 12].

It is possible to determine the statistical characteristics and parameters describing the properties
of investigated surface without involving complex scattering theories, requiring more laborious and
subtle experiments and complex calculations than the use of more simple scalar equation (3) [11-
15]. However, if necessary, more complex, for example, vector scattering theories and appropriate
calculation algorithms can be used [7, 11-15].

Incident and reflected radiation intensities I; and I, are related by the next known expression:

I, = Liexp{—[(zh/2) cos 6]*}, ®)

where h is the height of the surface profile irregularities (e.g. ordinary roughness and hieroglyphs),
h ~ 40; ™ ~ 3.14; theta is the angle of incidence of light on the artifact surface, 4 is the radiation
wavelength (in the case of non-monochromatic light, one can take, for example, the average value);
light intensities incident on the surface and reflected (scattered) from it, satisfy the condition: I,/I; <«
1.
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From expression (3) we can find the height h of the studied artifact surface:

bl
h= (—zﬂ 4 e) In(,/I,). @)

Consequently the height of the artifact (surface) profile irregularities is directly proportional to
In(1;/1,), obtained from the photometric data of a certain section of the profile (at the fixed values of
6 and A).

It follows from the expression (4) that to determine the profile heights of the surface under study,
it is sufficient to know the values of 4, 8 and I;/I,.

Since in our case the quantity I; is also fixed, we assume that 1 depends only on the intensity I,
of the light reflected (scattered) from the artifact surface, i.e. in accordance with expression (4) the
spatial distribution of & is a reflection of dependence I, (or simply I;) on the average surface profile:
h « h(I) « h(y). Therefore, by measuring the spatial distribution I, for example, along a certain
direction, we can get an average surface profile. In the case of using a statistical research methods,
this approach is justified and, moreover, necessary [7, 12].

Now, some approximating autocorrelation function can be found, that characterizes the
relationship between the analyzed function and its shifted copy of the shift value of the argument
Y=Y

RO, y2) = (h(y1)h(»2)), ®)
where brackets (...) mean (statistical) average.

An approximate estimate of the experimental (empirical) autocorrelation function (5) on a discrete
set of points N (sample implementation of an encoded profile h(y), see Figure 1) can be calculated
using the following formula:

N
R(mu) =N7! Z H(iw)H(iu + mu), (6)
i=1
where mu is the shift interval, m = 0,1,2,...,M — 1, where M is number of measured ordinates
(counts) of the function h(y).

This procedure is carried out by recording an array of digitized values h(y), followed by their digital
processing in accordance with the expression (6). The resulting numerical data allows us to construct
a graph of the approximating ACF and determine the corresponding statistical parameters of the
irregularities of the artifact surface: standard deviation and correlation radius.

It should be noted that the most accurate (consistent and unbiased) estimates of the statistical
characteristics of a random profile can be obtained as an average over the entire ensemble of
realizations. It is clear that this will require a significant increase in processing time for all received
data.

Now we can give the formulas of two well-known autocorrelation functions that are most frequently
used in statistical analysis: exponential and Gaussian. They are often used by researchers to
approximate experimental ACFs.

Exponential and Gaussian ACF are described by the following formulas accordingly [7]:

R(y) = o exp|—|y/rll, R(y) = o*exp|—-(y/r)*|. )

We should note that not only ACFs (7) were used in the research, but also other approximating
functions, for example: decaying cosine, logistic (see Figure 2; 1 arb.u. = 100 m), polynomial,
logarithmic, etc. In the calculations, we took sections of different lengths, from about 3 to 10 cm.
Several results were obtained by averaging over these profiles realizations.
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Figure 2. Approximate experimental (1) and logistic (2) normalized functions R(y)

As an example Figure 2 shows the logistic fitting function (indicated by the number “2”). To test
the method, we used onyx, jasper, and jade specimens, the surface of which is similar to the surface
of ancient specimens [9, 12]. These results confirmed the possibilities and prospects of the described
method.

It should be noted that a solitary object of the groove type that is a part of the complex element
similar to the old hieroglyph can be easy determined if its depth and width are not less than 0.1 mm.
We should outline that the groove width must be greater than wavelength of radiation incident on the
object under study. A more detailed analysis of this problem, especially the issues of the incorrect
inverse problem of restoring the geometric profile of a groove, is beyond the scope of this article. We
only note that this problem can be solved using fairly complex algorithms that implement a numerical
reconstruction of such geometric profiles, in particular with super-resolution, i.e. exceeding the
Rayleigh limit.

The mathematical model of the groove in the broad optical range of wavelengths is described by
the next expression:

) = exp[~i2kh(y)]. (®)

The notation in the formula (8) is as follows: k = 27/ is wave number, 7 = 3.14; h(y) = —h, at
|yl < Ay/2 and h(y) = 0 at |y| > Ay/2; his a groove depth (h < 2 mm); Ay is a groove width (4y <1
mm). In one of the subsequent works, we plan to show the possibility of reconstructing a geometric
profile h(y) from its experimentally obtained optical relief f(y) (solution of an ill-posed problem).

Figure 3 shows I(y) (i.e. a profile h(y) « I(y) ) for a line containing ancient Chinese hieroglyphs.
As can be seen in the figure, the number of grooves is 39 considering some level of intensity I > 0.15.
If we take into account smaller details, we get a little more: the number of grooves is about 45. In
this case, only one groove with number “18” is uniquely identified with the element in the center of
the scan line on the surface under study (see Figure 1). Obviously, it is quite difficult to identify all
ancient Chinese hieroglyphs based on the data shown in Figure 3 (1 arb.u. =100 m). One can make
only some assumptions about the number of ancient hieroglyphs and/or Chinese radicals (bushou).

To test the method, samples of onyx, jasper and jade were used, which surface is similar to the
surface of ancient artifacts. Eventually, several control experiments were conducted, during which
the following were investigated: 1) systems of structural elements, similar to the system of elements
in hieroglyphic writing on the surface of antique samples, each of which contains elements similar to
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a groove; 2) hieroglyphs “yué” - month; meat (depicted on the surface of the sample by the co-authors
of this article).

As an example, data are given on the study of two hieroglyphs “yué”, carved with a fine chisel on
the surface of onyx (written on the surface by co-authors of this paper). Figure 4 shows a processed
photograph of the surface of the onyx sample, which is one of the objects under study (photo of
co-authors of this paper).

Figure 5 shows a smoothed approximated curve for the horizontal profile of two ancient Chinese
hieroglyphs “yué” (month; meat) depicted on the Figure 4 (photometry was carried out approximately
in the middle of hieroglyphs; 1 arb.u. is about 10 m). Digital profiles were obtained using the “Fiji
Image]” program for Windows. The length of the horizontal scan profile was approximately 1-5 cm
(or 200-600 pixels).

We can note that the curve from the Figure 5 can be approximated by the function like sin(x):

I(X) = Inax [SINQ27rXy, + @0)], )
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Figure 6. Jiaguwen with two numbered hieroglyphs Figure 7. Digital 3D image of Jiaguwen (see Figure 6)
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where I, is a peak amplitude, 7 = 3.14, x,, is a dimensionless parameter, ¢, is an initial phase.

We use different types of curves as fitting functions and not only the type given in equation (9). The
research showed that the final profile under study is well characterized by adjustable functions of
the sinusoidal (periodic) types, i.e. the functions that describe harmonic vibrations. This approach
demonstrates additional possibilities for processing the received digital data. We plan to give a more
detailed description in subsequent works. It can only be noted that such an approach can be promising
in solving the problems of ancient hieroglyphs identification and certain automation of the research
process.

The results obtained allow, in particular, to express the idea of using the series expansion of the
obtained profiles in some basis functions, for example, like sin(x) and cos(x). So, we can use functions
of periodic type not only as approximating functions in similar study, but also as the basis functions,
i.e. as some orthogonal basis.

A comparison of Figure 1, Figure 3 and Figure 5 shows that profiles similar to those shown in the
Figure 5, can be found in the Figure 3, for example, at the beginning, middle and the end of the
profile. It is in those places that there are hieroglyphs containing elements similar to the hieroglyph
“yué” (see Figure 4).

In the Figure 6 a part of the bone (scapula) presumably of a large horned animal is presented, on
which written signs are depicted, recording the interpretation of fortune-telling or predictions [6].

The Figure 7 shows a digital 3D image of this Jiaguwen from Figure 6, obtained with the computer
program “Fiji Image]” for Windows. The hieroglyphs are shown in Figure 7 as in Figure 6, from top
to bottom and from left to right (along the vertical, i.e. y-axis in Figure 6, but slightly at an angle to
the horizontal x-axis). Note that a section along the horizontal axis gives 2D profiles similar to those
shown in the Figure 5 (after appropriate smoothing).

We emphasize that the computer program “Fiji Image]” for Windows allows you to export data in
raster and vector formats. Then the digitized data can be processed in various graphic applications
(for example, CorelDraw, etc.) that work, among others, with vector images. In conclusion, it is
important to note that at a low noise level, it is possible to reliably identify a groove with a depth
and width of at least 0.1 mm. It is unlikely that scribes used in antiquity (about 3-4 thousand years
ago) finer tools for drawing hieroglyphs. Therefore, we can conclude that the described method of
studying ancient artifacts makes it possible to obtain sufficiently reliable results that will undoubtedly
be useful and promising in the study of ancient hieroglyphic signs. It should be emphasized that, in
general, the error of the described research method at this stage does not exceed 20%.
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For this study the following sources of illumination were used: natural (sunlight) light, household
light sources (1 = 0.5 um), and LEDs (with illumination of 150-300 lux). Digital surface profiles
were obtained using the “Fiji Image]” program for Windows [12, 16]. Computer processing of digital
photometric data makes it possible to judge not only the different structural complexity of the
test object and hieroglyphs under study, but also to determine their number and location [7, 12].
The processing of digital photometric data and the necessary calculations were carried out on the
computer “Intel Pentium 4”.

The methods proposed in our paper cannot completely replace the traditional research methods in
linguistics, history and archeology; however, they undoubtedly allow us to look at current scientific
problems from new, non-standard positions and obtain a number of innovative results. It should be
noted that other approaches to the study of different kind of hieroglyphs have recently been developed
(see e.g. [17, 18]). At the same time, it must be emphasized that the process of combining ancient
Chinese hieroglyphic characters with modern digital systems is the significant milestone towards the
popular and widespread use of this character system [19]. At the same time, it is obviously necessary
to see the entire research process in broader historical, philosophical and cultural aspects [3-8, 19, 20].
In our opinion methods described in this article can be used for studying different symbol inscriptions
like oldest hieroglyphs and cuneiform in various antique artifacts (bronze vessels, tortoise shells,
stones, and clay tablets), for example: Chinese, Hittite, Akkadian, Sumerian, and Egyptian.

The possibilities of our innovative method can be expanded by using: a) ultraviolet and infrared
light sources, including coherent radiation sources; b) various computer processing methods, both
digitized images and the resulting digital surface profiles of the studied antique samples. The main
advantages of the research method used are its non-contact, informative nature, and potentially
sufficiently high resolution, which makes it possible to speak about its prospects in the study of such
ancient artifacts.
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HoBbIii MeTop, KOPPEKTHOM UAEHTU(UKALUN CTPYKTYPHbIX
3/1IeMEeHTOB A peBHUX nepornucgos

M. A. EropoBa, A. A. Eropos

Poccuiicknii yHuBepcuTeT apyx6bl HapoaoB, ya. Muknyxo-Maknas, a. 6, Mocksa, 117198, Poccuiickas
depepauns

AHHoTauus. B cTaTbe oIricaH HOBBII MeTOZ KOPPEKTHOM HeHTU(hUKALINY Pa3TUIHBIX CTPYKTYPHBIX 37IeMEHTOB
IOpeBHUX Heporaudos. MeTozs ocHOBaH Ha GOTOMETPHU HCCIelyeMOi TOBEPXHOCTH ApeBHero apTedakTa. [To-
Jly9eHHBbIe JaHHbIE [TPeobpasyioTcs B udpoByio GOpMY C LieIbI0 OIIpeeIeHUsI XapaKTePUCTHK U [TapaMeTPOB,
XapaKTepU3YIOI[UX CBOMCTBA KCCIeAyeMoil moBepxHoCcTY apTedakTa. OnmbpoBaHHble JaHHbIe 00pabaThiBa-
IOTCS B PaslIMYHBIX TpadUuecKUX NPUIOKEHHUAX, B TOM YHCIe paboTaIIUX C BEKTOPHBIMYU U300paskeHUIMU.
IIpoBefieHO TaKKe HECKOIBKO KOHTPOJIBHBIX 9KCIIEPIMEHTOB. I10lydeHHEIe JaHHBIE ITI03BOJIMIIN OFHO3HAYHO
06GHapYXUTh Ha IOBEPXHOCTU apTedaKTa ApeBHIEe NePOrTUdbI U ONPeIeTUTh UX KOTHNIeCTBO. ONUCaHHBIH
MeTOZ, U3y4eHHUs JPEBHUX apTe(daKTOB MO3BOJISIET IOIYIUTh ZOCTATOYHO AOCTOBEPHBIE Pe3yIbTaThl, KOTO-
pBle, HECOMHEHHO, OYAYT MOJe3HEl U IePCIeKTHUBHBI IPY U3YYeHUN JPEeBHUX NepPOrTU(PUIECKHIX 3HAKOB.
Hamr MeToZ rccieoBaHUs XapaKTepru3yeTcs Kak: 6eCKOHTAKTHBIHM, NHOOPMATHUBHEIH, 4yBCTBUTEIbHBIN. DTO
CBUZIETEIBCTBYET O €I0 BXKHOCTH U IIePCIIeKTUBHOCTH B UCCIeA0BaHUY IT0J00HBIX JPeBHUX apTe(paKTOB.

KnioueBble cnoBa: neporiududeckas HaJINUCh, CTPYKTYpHBIE 3J€MEHTHI, IIOBEpXHOCTb, (OTOMEeTpHS,
LI3sryBoHb, LI3MHBBIHB, KUTANCKUE KII09H, KOMIIbIOTepHasa 06paboTKa JaHHBIX



