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The ZE10 magnesium alloy with the rare-earth metal additives, which contribute to a better forming of the alloy, was used as studied
material. The ZE10 magnesium alloy with the rare-earth metal additives, which contribute to a better forming of the alloy, was used as
studied material. Sheet material is usually straightened on roller levelers to relieve residual stresses and improve flatness. The metal is
subjected to alternating deformation by bending when straightening. The changes in the structure, crystallographic texture and, as a
result, physical and mechanical properties occur in the metal are often not taken into account in the future. The elastic modulus is an
important parameter, for example, in the production of products using bending. In this work, the elastic modulus of sheets of magnesium
alloy ZE10 was estimated in three main directions. A starting sheet was obtained by extruding an ingot, then rolling in the longitudinal
direction and then rolling with a change in direction by 90° after each pass in combination with heating to 350°C. The original sheets
were subsequently subjected to alternate folding. Evaluations were made of the elastic modulus of the original sheet, as well as the
sheets after 0.5, 1.0, 3.0 and 5.0 alternating bending cycles. To estimate the elastic modulus, we used the Kearns texture parameters ,
which we calculated from the inverse pole figures, as well as the elastic constants of the single crystal of the ZE10 alloy found by us.
The maximum deviation of the calculated and experimental values of the elastic modulus did not exceed 5.2%. Strong correlations and
quadratic regression equations have been established between the values of the elastic modulus, mechanical characteristics (tensile
strength, yield stress, elongation), on the one hand, and the above-mentioned parameters of the Kerns texture, on the other hand. The
approximation reliability coefficients are 0.76 - 0.99.

KEYWORDS: magnesium alloy, alternating bending, Kearns texture parameters, elastic modulus, tensile strength, ultimate tensile
strength, relative elongation

Magnesium, as the lightest metal suitable for the manufacture of structures, is the most attractive for use in the
aviation and space industries [1]. However, the practical use of pure magnesium is difficult due to unsatisfactory forming
during plastic deformation [1]. A crystallographic texture of the central basal type mainly is formed during rolling of Mg,
in which the crystallites are oriented with their hexagonal axis perpendicular to the rolling plane [2]. As a result, for
example, during subsequent stamping or deep drawing, the material is destroyed. Therefore, in practice, structural
materials are used not pure magnesium but magnesium-based alloys. In this case, aluminum, zinc, zirconium, lithium, as
well as rare earth metals or less common metals (LCM) are used as alloying elements [3]. Such additives to magnesium
in alloys contribute to an easier plastic flow of the metal during deformation due to an increase in the role of prismatic
and pyramidal sliding and a decrease in the contribution of the basal one [4].

The alloy of magnesium with zinc, zirconium and rare earth metals ZE10 is one of the most promising for practical
application of magnesium alloys. Before use, sheet material is usually straightened on roller straightening machines [5].
With such processing sheet or roll metal subjected to the alternating bending (AB) experiences periodic tensile-
compression deformations. This helps to reduce residual stresses and favors the creation of a flat sheet [5]. Earlier it was
shown that as a result of alternating bending, the original texture and, as a consequence, the physical and mechanical
characteristics of the sheet are changed [6] that should be taken into account in the manufacture of products.

The alternating bending render most significant impact on the structural parameters and mechanical properties,
which are sensitive to small deformations during tensile tests. These are texture, yield stress and twins [6, 7]. The texture
in [6, 7] was represented using inverse pole figures (IPF) of the direction (ND) to the rolling plane (IPF ND). The linear
equations of regression with approximation reliability coefficients of at least 0.7 were established between the normalized
values of pole density exceeding one on IPF ND, on the one hand, and values of the yield strength, ultimate tensile strength
and elongation, averaged over all direction of the sheets, on the other hand [6, 7]. At the same time, it seems more correct
to compare the values of properties and texture characteristics measured in the same corresponding directions. The use of
Kearns texture parameters allows carry out this comparison [8].

The Kearns texture parameters for materials with a hexagonal structure can be calculated both from their full direct
pole figures, and from the inverse pole figures (IPF) of the corresponding directions in the sheet - normal direction (ND),
rolling direction (RD), and transversal direction (TD) [8]. Moreover, knowledge of the Kearns texture parameters and the
values of the properties of single crystals along and across the hexagonal axis allow calculating the tensor properties (for
example, elasticity) of a polycrystalline sample in three mutually perpendicular directions [8].
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This work aimed the Kearns texture parameters to find and evaluating on this base the elastic and mechanical properties
of sheets of magnesium alloy ZE10 after industrial processing and subsequent alternating bending (AB). Such approach to
evaluating of the elastic and mechanical properties of sheets of magnesium alloy ZE10 has not been used before.

MATERIALS AND METHODS

Sheets of ZE10 magnesium alloy (1.3% Zn, 0.15% Zr, 0.2% rare earth metals (REM), among REM mainly cerium)
were obtained by processing [9], which consisted of ingot extrusion at a temperature of 350°C, after which a slab 6 mm
thick and 60 mm wide was obtained. Next, the slab was rolled sequentially in the longitudinal direction to a thickness of
4.5 mm in 2 passes in combination with heating to 350 ° C after each pass. Further rolling to a thickness of 2 mm was
performed in the transverse direction in combination with heating to 350°C after each pass. The degree of deformation
for each pass was approximately 10 %. From a thickness of 2 mm, the direction of rolling was changed by 90° after each
pass with a degree of deformation of approximately 10 % in combination with heating to 350°C, and thus obtained sheets
with a thickness of 1 mm (original sheets).

The alternating bending (AB) was simulated on a manual bending device that included three rollers. The diameter
of the bending roller was 50 mm. The speed of metal movement during bending was ~ 150 mm/s. The study was performed
after 0.5; 1.0, 3.0 and 5.0 cycles. One cycle of alternating bending consisted of bending in one direction (0.25 cycles),
straightening to a flat state (0.5 cycles), bending in the other direction (0.75 cycles) and straightening (1.0 cycle).

The three series of samples for mechanical testing in every from the three direction namely rolling direction (RD),
diagonal direction (DN, i. e. at an angle of 45° to the RD), and transverse direction (TD) were cut out from original sheet
as well as from the sheets after bending for 0.5, 1, 3 and 5 cycles. Mechanical tests of abovementioned samples were
performed at room temperature on the tensile-testing machine Zwick Z250 / SNSA with a force sensor at 20 kN. The total
length of the samples was 90 mm. The length and width of the working part of the samples was 30 mm and 12.5 mm,
respectively.

For the Young's modulus measuring were cut out the samples through every 15° from the rolling direction (RD) up
to the transverse direction (TD) (by three samples in every direction) from original sheet as well as from the sheets after
AB. The length and width of the samples were respectivelyl 00 mm and 10 mm.

The Young's modulus was measured dynamically by the frequency of natural bending oscillations of flat specimens.
The error Young's modulus measuring did not exceed 1% [10].

The average value by three series of measured and tested specimens in each according direction were taken as values
of the elastic and mechanical properties.

Samples to the texture study were cut also.

Before studying the texture, the samples were chemically polished to a depth of 0.1 mm to remove the distorted
surface layer. The crystallographic texture was investigated on the two surfaces of the sheets, as well as in the rolling
direction of the samples after above number of the RB cycles by means of the inverse pole figures (IPF) of the normal
direction (ND IPF) and the rolling direction (RD IPF) on a DRON-3m diffractometer in filtered Ka-Mo X-ray. A
typesetting sample was used to record of RD IPF. The sample without texture was made of fine recrystallized sawdust of
the investigated alloy. Morris normalization was used in the construction of the IPFs [11].

EXPERIMENTAL RESULTS AND DISCUSSION

The experimental IPFs of the alloy under study are shown in Fig. 1. The texture of the initial sample of the ZE10
alloy (Fig. 1a,b) is characterized by a wide preferential scattering of normal’s to the basal plane in the TD. The maximum
deflection angle is 90°. Intermediate maxima of the deviation of the hexagonal prism from the ND are observed both
towards the TD at 40° and towards the RD by 40°, in contrast to the texture, which is usually formed in Mg, Ti, and Zr.

Changes in the character of texture scattering are observed depending on the number of AB cycles (Fig. 1c - m).
The pole density values on the IPFs change also. The observed changes in the pole density distribution at different stages
of the AB indicate the occurrence of deformation processes of sliding and twinning [6, 7].

The Kearns texture parameters are often used to quantify the texture of hexagonal materials [8]. These coefficients,
/f; (index j means the corresponding direction ND, RD or TD in the sample) show the degree of coincidence of the c-axes

of the crystalline hexagonal cells of grains with a given geometric direction in a polycrystalline material and can be found
by the IPFs according to the ratio

fi= <cos a> ZA,PJI cos’ a, (1)
; 1,/1, isthe ratio of the integral intensity of the i-th reflex on the j-th IPF to the corresponding

value of the intensity of the reflex of the sample without texture /,; A is statistical weights of the i-th reflex

(ZA P, = 1) 12]. Conditionally 4 determined by the fraction of the surface area of the stereographic triangle around
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the normal to the i-th reflex of the corresponding IPF; ¢; is the angle of deviation from the c axis of the i-th
crystallographic direction for the j-th direction in the sample.

For hexagonal single crystal, the value of some properties connecting two vector quantities or a tensor with a scalar
quantity is determined [13] as:

P((p)mf =P cos’ p+P, (l—cos2 ¢) )

Where P((p)ye ; is property in the selected direction, P, and P. are the properties of a single crystal in a direction

perpendicular and parallel to the direction [0002] , respectively, ¢ is the angle between the selected direction and [0002] .
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Figure 1. Experimental IPFs of the alloy ZE10: (a, b) are IPFs of the original sheet; (c - ) are IPFs after 0.5 of the RB cycle; (f - h) are
IPFs after 1 of the RB cycle; (i - k) are IPFs after 3 of the RB cycles; (1 - n) are IPFs after 5 of the RB cycles; (a, c, f, i, 1) are IPFs of

ND; (b, e, h, k, n) are IPFs of RD; (d, g, i, m) correspond to the stretched out sides of the sheets; (¢, e, h, 1) correspond to the compressed
sides of the sheets

Assuming that crystallites in a polycrystalline contribute to the volumetric property in proportion to their volume
fraction, Vl , the contribution to the volumetric property of crystals whose axes ¢ are oriented at an angle of inclination ¢
to the chosen direction can be written in the form:

P(g,),, = BVicos’p,+ PV, (1-cosg,). 3)
Summing over the entire volume, we get:

P(p),, =P Y Vcos'p + PV, (1-cosg). @
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Since ZV, =1, and ZI/,.cos2(/),. = f, is the Kearns texture parameter, we can write
P(p),, =fB+(1-1)P,. (5)

To find the Kearns texture parameters by formula (1), we used the IPFs in Fig. 1, the values of 4 were taken

from [12]. To calculate the angles between the crystallographic planes of a hexagonal single crystal using the known
formulas [14], it is necessary to know the ratio of the crystal lattice parameters c¢/a of the alloy under study. According to

our data, for magnesium alloy ZE10 (c/ a) =1.622 . A similar result was also obtained by the authors of [15].

Kerns showed [8] that if a material property can be described by a tensor (for example, elasticity), then it obeys
relation (5). In this case, the sum of f; in the three main directions of the sample should be equal to one and a value of

f; = 1/3 in each direction determines the isotropic case. Thus, if the Kearns texture parameters found from ND IPF ( fao )
and RD IPF (f,,) are known, then can find the Kearns parameter for the third direction in the sheet - the transverse
direction (TD) - f;,, by the ratio:

Jeo + S+ S =1 (6)

The Kearns texture parameters calculated from ND IPF ( f,) and RD IPF (f,,) in Fig. 1 as well as f;,, found
using relation (6) are given in Table. 1.

Table 1. Kearns texture parameters

Kearns texture parameters
Cycles number, n o ) o
ND ND ND fRD -fTD
0 0.340 0.340 0.340 0.176 0.484
0.5 0.322 0.324 0.323 0.203 0.474
1.0 0.322 0.318 0.320 0.208 0.472
3.0 0.326 0.306 0.316 0.217 0.467
5.0 0.323 0.315 0.319 0.153 0.528

Analysis of the distribution of pole density on the ND IPFs of opposite sides of the sheets after a different number
cycles of AB showed certain inconsistencies (Fig. 1, ¢, d; f, g; 1, j; |, m). The cause of these discrepancies is due to the
fact that when bent to one side, the metal layers on the convex side of the sheet are subjected to tensile deformation. At
the same time, the corresponding metal layers on the concave side of the sheet are deformed by compression. The
deformation processes are alternated when the sign of bending is periodical changed. Similar inconsistencies in the
distribution of the pole density on the IPFs of the outer and inner sides of the strips obtained after cutting along the axis
and subsequent straightening of the tube made of Zr-2.5% Nb alloy were found earlier in [16].

The noted inconsistencies are reflected on the values of the Kearns texture parameters, calculated from the ND IPFs
of opposite sides of the sheets after the AB ( £} ,and £}, Table 1). For further analysis of the AB effect on the properties

ND >
of investigated alloy in the ND to the sheets plane were used of the Kearns texture parameters averaged over both sides
of the sheets after the corresponding number of AB cycles.
The values of the modulus of elasticity, measured every 15° in the rolling plane of the sheets of investigated alloy,
are presented in Table 2.
Tables 3-5 show the experimental values of ZE10 alloy mechanical characteristics: ultimate tensile strength o ,

yield strength oy, and relative elongation e = Al/1.

Table 2. Experimental elastic modulus £__ after alternating bending of ZE10 alloy sheets

exp

) Elastic modulus E__, GPa
Angle with the i

RD, deg. Number of the AB cycles, n

0 0.5 1.0 3.0 5.0

0 46.3 46.0 45.8 45.0 44.8

15 44.3 44.0 43.8 43.5 43.7

30 43.5 43.1 43.0 43.1 42.8

45 43.1 43.0 42.8 42.7 42.5

60 43.3 43.2 43.0 42.5 42.5

75 43.6 43.5 43.1 43.0 42.8

90 43.9 43.8 43.0 43.3 43.3
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Table 3. Ultimate tensile strength 0, after alternating bending of ZE10 alloy sheets

Angle with the Ultimate tensile strength o,,s, MPa
RD, deg. Number of the AB cycles, n
0 0.5 1.0 3.0 5.0
0 246.0 250.0 252.0 256.0 250.0
45 231.0 219.0 219.0 221.0 229.0
90 216.0 221.0 225.0 234.0 214.0

Table 4. Yield strength o, after alternating bending of ZE10 alloy sheets

Angle with the Yield strength o, , MPa
RD, deg. Number of the AB cycles, n
0 0.5 1.0 3.0 5.0
0 174.0 174.0 102.0 89.0 173.0
45 132.0 99.0 88.0 100.0 89.0
90 91.0 88.0 89.0 91.0 96.0
Table 5. Relative elongation = Al /[ after alternating bending of ZE10 alloy sheets
Angle with the RD, Relative elongation = Al /1, %
deg. Number of the AB cycles, n
0 0.5 1.0 3.0 5.0
0 23.1 21.0 20.5 19.1 28.3
45 28.0 36.1 19.1 35.6 25.0
90 334 32.6 33.0 31.0 34.3

Let us estimate the value of the elasticity modulus of the alloy under study in three directions of the sheets: RD, TD
and ND. For this we are used the Kerns texture parameters (Table 1) and the single crystal elastic constants of the alloy
under study. Earlier in [17], we found the values of the elastic constant S',; and the combination of the elastic constants

a:Sl3—Sll +0.5S44, (7)
b=58,+8; =285, ®)

According to [17]
(S ,=2.287;a=-0.100;5=0.128)-10™" Pa". 9)

Simple transformations of relations (7) - (9) made it possible to calculate the elastic constant of S, =2.22-10"" Pa™".

A relation was obtained in [18] that makes it possible to express the elastic modulus in terms of the Miller indices,
the ratio ¢/a , and the elastic constants of a hexagonal single crystal:

e

2 2 2 2
Sll{h2+(h+2k) ] +S (al4)+(S44+2S33)[h2+(h+2k) ](“zj
3 5\ C 3

c

E(hkl) =

(10)

As a result of substitution of the corresponding quantities of S 11> S33 , h, k, I, ¢, and a into relation (10), we obtain that

E(001) = E, =— =45.147 GPa, (11)

€
S33
a

E(100) = E(110) = E, = — =43.730 GPa. (12)

11
Now let us estimate the value of the elastic modulus of the sheets of the investigated alloy in three directions of the
sheet E,,, E,,,and E,, by arelation of the type (8), using the values of the elastic modulus of the single crystal along

and across the hexagonal axis of the ZE10 alloy (11) and (12), as well as the corresponding of the Kerns texture parameters
(Table 1). The calculation results are presented in the Table 6. The experimental values of the modulus of elasticity for
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convenience of comparison are also given in the Table 6. It is seen that the maximum deviation of the calculated and
experimental values of the elastic modulus was 5.2%.
We could not experimentally measure the elastic modulus in the normal direction E,,, to the rolling plane due to

the small sheet thickness (1 mm). The value of the E,,, in the original sheet of the ZE10 alloy estimated earlier us in [16]

was 43.8 GPa. The value of the E,,, obtained in this work (Table 6) deviates from the above value by 0.9% (Table 6).

Unfortunately, it is impossible to estimate the value of the mechanical characteristics of the alloy under study using
the Kearns texture parameters, similar to the above calculations for the elastic modulus, since data on the strength and
plastic properties of the single crystal of the alloy ZE10 are missed in the literature.

Table 6. Experimental and calculated elastic modulus after alternating bending of ZE10 alloy sheets

b oveies n | E-GPa | E.GPa | ABE.,% | E.GPa | E5°.GPa | ARy, % | Eif.GPa
0 46.3 439 5.2 439 44 4 -1.1 442
0.5 46.0 44.0 43 43.8 44 .4 -1.4 44.2
1.0 45.8 44.0 39 435 44.0 -1.1 442
3.0 45.0 44.1 2.0 433 44 .4 -2.5 44.2
5.0 448 44.0 1.8 433 44.5 -2.8 442

It is known that one of the main causes for the appearance of anisotropy in the physical and mechanical properties
of polycrystalline metallic materials is the crystallographic texture formed during deformation. As mentioned above,
Kearns texture parameters are often used to quantify the texture of hexagonal materials [19].

Let us analyze the observed changes in the studied characteristics (Tables 2-5) in connection with the
crystallographic texture, represented by the Kearns texture parameters (Table 1). The analysis was showed that there are
strong correlations between the values of the modulus of elasticity, mechanical characteristics, on the one hand, and the
above-mentioned Kearns texture parameters, on the other hand. The corresponding regression equations and
approximation reliability coefficients are represented by the relations (13) - (20):

ES? =—1514.6f2 +563.9 f,, —6.0;R> =0.99 (13)
ES =-846,2f2 +841.4f, —165.1;R* = 0.90 (14)
oo =—48102.0 £2 +16566.0 £, —1239.5;R> = 0.76 (15)
oo =2047.1f2 +1932.7f,, +545.8;R* = 0.84 (16)
ol =4640.5f2 —1584.7f,, +381.0;R> =0.99 (17)
oo =17176.0 £2 —17387.0 f,, +4606.3; R> = 0.94 (18)
£5 = 143732 —664.0f,, +96.0;R> = 0.98 (19)

£ =—1916.6£2 +1952.8f,) —462.5;R* = 0.84 (20)

CONCLUSION

The crystallographic texture of the original sample of polycrystalline magnesium alloy ZE10 after ingot extrusion,
further rolling in the longitudinal direction and subsequent rolling with a direction change by 90° after each pass in
combination with heating to 350°C is characterized by a wide predominant scattering of normal’s to the basal plane in
the TD with a maximum angle deviations of 90° and intermediate maxima of the deviation of the hexagonal prism from
the ND both towards the TD by 40° and towards the RD by 40°, in contrast to the texture, which is usually formed in Mg,
Ti and Zr.

Inconsistencies in the distribution of pole density on the ND IPF after a different number cycles of alternating bending
are caused by alternating deformation by stretching and compression, respectively, on the convex and concave sides of
the sheets results to a mismatch of the Kearns texture parameters, which were calculated from the ND IPF of opposite
sides of the sheets.

Evaluations of the elastic modulus in three main directions of the original sheet of magnesium alloy ZE10, as well as
sheets after 0.5; 1.0; 3.0; and 5.0 cycles of alternating bending were carried out using the Kearns texture parameters and
the elastic constants of the alloy single crystal. The maximum deviation of the calculated and experimental values does
not exceed 5.2%.
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Strong correlations the elastic modulus and mechanical characteristics values with Kearns texture parameters
established and quadratic regression equations with approximation reliability coefficients of 0.76 - 0.99 were found.

The presented results may be useful to develop a technology for obtaining improved characteristics of the shaping and
minimal anisotropy of mechanical characteristics of magnesium alloys sheets.
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OLIHKA NPYKHUX BJJACTUBOCTEM JIUCTIB CILIABA ZE10
3A TAPAMETPAMMU TEKCTYPH KERNS
Banentun Ycos?, Hatans Hlkaryasik?, Onena CaBuyk®, Hagis Pu6ax?
“[Tis0enHOyKpaincoKull HayioHanbHul nedazociunutl yHisepcumem imeni K. JI. Yuuncokozo
eyn. Cmaponopmogpanxiscera, 26, Odeca 65020, Vrpaina
bHayionanenuii ynieepcumem «Odecvka mopcvka axademiay, éyn. diopixcona, 8, Odeca 65000, Yipaina

Marepianom mns mociimxkeHHs nocnyxkus ciiaB ZE10 marniro 3 modaBkaMil piKiCHO3eMEIbHUX METANIB, sIKi CIIPHUAIOTH Kpamioi
(bopmo3Minu crutaBy. JIucToBHit MaTepiai micis MPOKaTKH 3a3BUYail BUNPSIMILIOTh HAa POJIMKOBUX NPABUJIBHUX MAIIMHAX I 3HATTS
3aJIMIIKOBUX HANpy>KeHb 1 TOJINIIeHHs IUIOIUHHOCTI. B mporeci mpaBku MeTat migmaeTses 3Hako3MiHHOT nedopmarii Burunom. He
JIBJLSTYACH Ha HE3Ha4yHy Ae(opMallilo B Mpoleci MPaBKH, B METANl BiIOyBa€ThCS IOMITHI 3MiHH CTPYKTYpH, KpucTayorpadiqHoi
TEKCTYpPH 1, K HACIIJOK, (Pi3MKO-MEXaHIYHUX BIACTHUBOCTEH, IO YaCTO HE BPAXOBYETHCS B MOAANbIIOMY. MOIyib NPY)XHOCTI €
Ba)KJIMBHUM I1apaMeTPOM, HAIIPUKIIAJ, IPY BUPOOHHUITBI BUPOOIB 3a TONOMOTrOI0 THYTTS. Y JaHii po6oTi Hamu Oya NpoBe/ieHa OLiHKa
MOy JIsl IPY’KHOCTI JTUCTIB MarHieBoro cruiaBy ZE10 3a TppoMa OCHOBHMMH HampsiMKaMmu. Buxiguuii nuct OyB OTpUMaHH HUIIXOM
eKCTPY3il 3/IMTKa, IOJANBIIMM BaJbLIOBAHHAM B IIO3JI0BXHbOMY HAIpPAMKY Ta HACTYIIHHM BaJbLIOBAaHHSM 31 3MiHOIO HANpPAMKY
BaJbLIOBaHHA Ha 90 © Micis KOXKHOTO MPOXOAY B MOEAHAHHI 3 HarpiBaHHAM 10 350° C. BuxiaHi TUCTH B MOAANBIIOMY HiAdaBaIHCs
3HAaKO3MiHHOMY BUTHHY. Hamu Oy mpoBe/ieHi OL[IHKH MOYJIiB IPYKHOCTI BUX1THOTO JIMCTA, a TaKoX JiucTiB micist 0,5, 1,0, 3,01 5,0
IUKJIB 3HAKO3MIHHOTO BUTHHY. [IJIs1 OIIHKK MOMYJISL TIPY>KHOCTI BHKOPHCTaHI ImapaMeTpu TekcTypu KepHca, po3paxoBani Hamu 3i
3BOPOTHHX MOMIOCHUX (iryp, a TaKoXK 3HAHICHI HAMU IIPYXHI MOCTIHHI MOHOKpHcTana ciuiaBy ZE10. MakcuManbHe BiIXMIJICHHS
PO3paxXyHKOBHX 1 €KCIIEPUMEHTAIBHHUX 3Ha4YeHb MOJYJIS NPYXHOCTI He repeBuinyBaio 5,2 %. Hamu Oyiio BCTAaHOBIEHO CHIIBbHI
KOpEJISALiifHI 3B’3KM Ta KBaApaTHI PIBHSIHHS perpecii MK 3HaYEHHSAMH MOJIYJIS IPY)KHOCTi, MEXaHIYHUX XapaKTePHCTHK (Mexa
MILHOCTI, TPAHHMIISL TEKYy4YOCTi, BiJHOCHE MOJOBKEHHs), 3 OJHOTO OOKY, i 3ralaHNMH BHIIE Tapamerpamu Tekctypu KepHcea, 3 iHIIOro
6oky. Koeodiuientu HaaiiiHocTi anpokcumaii cxianu 0,76 - 0,99.

KJIFOYOBI CJIOBA: marHieBuii criiaB, 3HaKO3MIHHHI BUTHH, TapaMeTpu TeKCTypu KepHca, MOIyb MpyKHOCTI, MeKa MIITHOCTI
MIPH PO3TATYBaHHI, MeXa INIMHHOCTI IPH PO3TATYBaHHI, BiTHOCHE TIOAOBKECHHS.



