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FINDING ALLOWABLE DEFORMATION
OF THE ROAD ROLLER SHELL WITH VARIABLE CURVATURE

Abstract. The article examines a new mechanic and mathematical model for the conditions of the roller flexible
shell of the road roller assessing its load bearing capacity, reliability and strength and making it possible, depending
on the properties of the material to be compacted, to select abroad roller with the required performance of rollers
before the work is started. It also reviews issues related to the acceptable transformation of the flexible shell circular
surface and allowable displacementlimit while exceeding ofthe latter may lead to a failure of the road roller
capability. The article is aimed at giving scientific evidence and finding feasibility of using flexible shells in the road
roller design and determining their parameters that are sufficiently accurate to be used for engineering purposes. It
also describes the experimental equipment used to investigate the parameters of flexible shells and presents practical
effect in the form of schematics and full-scale structures, as well as an experimental roller of a road roller with a
flexible steel shell. The results complement and integrate into previous studies and they are compared with analytical
and elemental solutions of similar tasks from the scientific literature [7, 9, 13, 14].

Key words: Cylindrical shells, Elastic Deformation, elastic bending of a circular ring, flexible shell of roller of
road roller, load bearing capacity, strength, kinematic parameters.

1. Introduction. Compulsory compaction of soil, crushed stone and asphalt in the road sector is
actually the main operation to ensure their strength, stability and durability [6].

The main compacting equipment is a road roller which can be equipped with rollers of various shapes
and dimensions.

Analysis of the available experimental data shows that the increase in the roller weight without
adjustments in the roller diameter does not make it possible for the standard roller to adapt to the current
properties of the compacted materialbecause the pressure applied to the contact arca may exceed the
material strength and this will lead to over-compaction and loosening of the material.

To remedy the situation and adapt to the properties of the compacted material using its optimum and
compaction-friendly parameters is possible only by the application of road rollers with flexible rollers
[1-3] which, given permanent static weight of the roller, allow for changing its linear pressure on the
material in the area of their contact by varying the curvature radius of the roller.

The radius of flexible rollers is changed by their forced deformation along the entire perimeter and
local deformation in the area of contact with the ground [1, 4, 5].

The economic significance of the problem is so high that even its partial solution will have a
noticeable effect on the efficiency of road construction and their operation reliability [8, 10, 12].

2. Problem. Modern compaction equipment is marked by more advanced technologies and
compaction effect that provides a change in the pressure at the supporting surface contact area due to
variation in the shell curvature radius. However, given the roller weight and its pressure on the shell, an

— 197 =——




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

Figure 1 — Rollers of road rollers withflexible shells under provisional patents of Kazakhstan No. 18131 (a) and No. 21592 (b)

issue of the flexible shell operability, reliability and ability to recover its original shape becomes highly
relevant [6].

Cylindrical shells with different thickness and made of different materials behave differently when
forcibly deformed by external or internal forces. After the cylindrical shape is changed in order to achieve
the desired contact area, if the allowable deformation limit is exceeded, the steel roller shell may not
recover its original shape and remain flattened or stretched. Then the capability of the roller or the road
roller as a whole will be completely broken, limited or terminated.

It is required to conduct a research and find scientific evidence of the allowable vertical and hori-
zontal displacements of the roller shell after which the shell will guaranteedly retain its initial cylindrical
shape. It is also needed to complete the previous studies of the roller flexible shell [6], combining them
with the findings of experimental test of its stress and strain state.

3. Analytical Model. The goal of this research is to do an experimental test, complement and
complete ecarlier analytical linear connection of displacement #, v [6] for a scale-down model of a
cylindrical shell made of engineering alloy steel30XI'CA (GOST 4543-71) with modulus of elasticity
E=2.11-10° MPa (N/mm?®), Poisson's ratio x=0,282, yield limito;=830 MPa (N/mm®) and dimensions
R=152,15 mm; B=399.3 mm; 0=1,98 mm - outside radius, width and thickness respectively, (figurel)
frequently used for various operating elements of road and screening equipment [6-8, 15, 16].
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Figure 2 — Theoretical and calculation schematics of cylindrical shell

Let usintegrate the analytical model of the roller stress and strain state presented carlier [6]and the
new calculated and force linear connections:
For the ellipsis curvature radius p = p(x) (figure 2), upon replacing arbitrary size of bodies a, b with
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their allowable values a,, by, the function p, = p,(x) was obtained [6] at the highest change of the
deformed shell contour expressed in terms of R,.:

x2 3/2
P = Pa(x) = 1,333R (1 — 0,2708§) —a, <X <a, (1)
where,whenx=0,

Pmax = pn(o) = 1,333R,, 2

and whenx = +a, = +1,09537
Pmin = pn(ian) = 0J7394'Rc (3)

Functional width of flexible shelld, should fall into the ranges

6 L Omax =2,18cm 4)

When this condition is fulfilled (4), the given physical and mathematical model will be sufficiently
correct with an error value allowable for engineering calculation below 5% [12, 14].

The function of internal [6] bending moment AM/=M(x):

M_1 1 5
75 R )
where H is rigidity of the shell rectangular section core [8]:
EB&®
H= 12(1-u2) (6)

Figure 3 — Test stand for finding allowable displacement of flexible shell and its instruments

The rule of the moment signMis derived from equation (5), meaning that the parameter H>0: if the
core curvature increases, then M>0 and M<0 — if it decreases. The difference change sign is also

considered 1/ o= 1 /R »1¢. the positive value M>0 corresponds to 1 / 0= 1 /g > 0 and vice versa.
(4 4

Changing the symbols M = M,, p = p, and substitutingp,, based on (1), in the ratio (5), let us
obtain a linear connection for the function of the ultimate bending moment M,,(x):
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H 0,7502
Mn=Mn(x)=R— —-—1 (7)

c x2\ /2
(1—0,2708—2>
RC

—1,09537R, < x < 1,09537R,.

Figure 4 shows dimensionless modification M,, of epure M,
£ R 0,7502
£2\ /2
(1—0,2708R—%>

That corresponds to analytic expression (7) subject to the symmetry of the figure 4 calculation model

while to calculate the boundary coordinate y, of the ellipsis (M,, epure basis) the formulay = +b /1 - z—z

was used where a = a, and b = b,,, that means

2
y, = +0,9R, [1— Z— )

where the variablexis changed though the interval 0.2 a,,:

x=0; £0,24q,; £t0,44a,; +0,6 a,; +0,8 a,; *a, (10)
Y
X
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Figure 4 — E pures of internal force factor M;; and N adequate
to the limiting boundary condition of rigidity v, = 0,1 R, [6]

The figures M;; = M/ (x)are defined for the same points (10) of elliptical profile and given in table 1.
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Table 1 — E pure M, calculation values for the ultimate bending moment

X 0 02a, 04a, 0,6a, 08a, a,
Vn +0,9R, +0,882R, +0,825R, +0,72R, +0,54R, 0
M -0,2498 -0,2372 -0,1890 -0,0416 0,1263 0,3524

Using figure 4 let us find the function of axial forceN, = N,(x) in the shell cross section
N, = %cosa (11)
where & = a(x) is an angle of descent to the ellipsis changing in quadrant I at a closed interval
0<a<? (12)

and dependent on the argument x based on known differential and trigonometric ratio [7] subject to (1.37):
dy, 0,9R.x

tga = =2 = ——== (13)
a2 [1-2
n a%
1 1
cosa = prreees —\/ (14)
dy2
14828
dx

The general form of half of the epure N, = N,(x) is shown in the same figure 4 and
Npax = N,(0) = %, when x = 0 and N,,;,, = N,(a,) = 0 section 4.

In accordance with the epure M, (figure 4) and linear connections (6), (8), the bending moment M., in
the point A at x = +a; = £1,09537R, equals to

EB&?

H
Mn - Mn(ian) - 0,3524R_c = 0,05873 (1—-u2)(2R-98)

(15)

When finding M,(+a,) by the static method [16-18] as the moments of all forces summed with

respect to the point A for the upper (3 mzpper) right quarter of the ring, let us obtain:
upper Pn H

M, (ta,) = 2 my =5 b, —M,(0) = 0,45P,R, + 0,2498R— =
c

= 0,225P,(2R — 6) + 0,04163 ;
e (Ol

where M;;(0) is a bending moment in the section C calculated similarly to (15) at x=0, i.c.

EB&?

H
M (0) = —0,2498R—C = —0,04163 Ao GR o) (17)
By making right part of the equations (16) equal tothat of (17)
M,(£a,) = X m;P, (18)

let us find the unknown stretching force, maximum permissible by boundary condition of rigidity P,:

__ 0,076:EBS® 19
" (1-u2)(2R-8)2 -
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It is obvious that the equation (18) and the adequate load P_n determined by the above ratio (19)
ensure an ellipsis-like bending of the shell. This operation and process requirement is taken into account
when manufacturing flexible rollers (figure 5) of a road roller based on known inventions [4, 5] and it
belongs to the basic preconditions of the calculated theoretical model.

Figure 5 — Road roller with flexible shell, Kazakhstan patent No. 18131

The essential feature of the task set in this research relates to two types of non-linearity available:
ageometrical linearity resulted from large displacementsy, v (u > §; v >> §) that vastly exceeds the
thickness § of the roller cylindrical shell with an original radius of middlesurface R, = const, anda con-
structive one resulted from a supposition about ¢lastic bending of a circular ring [6, 7] by two mutually
balanced radially stretching concentrated forces P by ellipsis equation with semi-axes a, b in the
coordinate system x0Oy (figure 2) given the following correlations between the design values are
maintained:

6 K B, 4 Si; (20)

Pmin 20

where p,,;, 1s the lowest median radius of the shell curvature in case of an elliptical shape:
pmin = b2 ) a_l S Rcl (21)

As for the assumption about the transformation of theroller circular surface to an elliptical one that
relates to flexible type, a possibility of its existence is proved at any value of stretching force Pas long as
the shell is a physically linear structure [8], while the length of the arc S of the deformed cylinder guide is
not changed when it recovers to the circumference with a radius R, , i.e. according to the classical
assumption used in the fundamental theory for calculation of flexible ¢lastic rods: § = 2mR, = const.

Then let usapproximate the perimeter length S by a complete elliptical integral £ (%, & ) =E (&) of

the second sort in the form of Legendre which is reported not to be expressed through elementary
functions. Reference tables [8] were compiled for its calculation depending on eccentricity or ellipsis
module & with a large semi-axisa = b.For circumference (a=b=R_) which is a special case of the equation
(2), the parameter £=0, and E(0)=1,5708 8]

S=4a-E(®), (22)

f= 1-Zo0<¢e<1 (23)

a
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The further mathematical modeling of the deformed state of the shell (figure 2) is based on a
functional equation P = P(¢) adequate to a design model of pure bending [8] and the following classic
preconditions [4, 6, 7, 8, 11] along with the limitations (20), (22):

— the material of the structure with an elasticity module E and Poisson's ratiopis a homogeneous,
isotropic, continuous material governed by Hooke's law while the proper mass of the shell is not taken into
account.

— by the ratio of geometric characteristics p,,;,, > 56, that satisfies a boundary in equation (3), the
ring element of figure 2 is classified as a thin beam — cover (8 > 58) of low curvature with all known
simplifications that arise there [11];

— classic Kirchhoff and Love’s hypotheses regarding invariability of normal to the deformed middle
surface of the shell and the lack of pressure from one material layer to another are complied with.

A theoretical lincar connection P(&) obtained by the method [2] corresponding to the above assump-
tions takes the form of

P = P(&) = EB&® 1+a3 20\
=P = 6(1 — u2)R2 b3 R.b)
_ 8EBSE®  (E@A-YVIT-@+1-m(1-8)
3m2(1 — u?)(2R — 6)? (1—¢&2)/1-¢2
and the ellipsis semi-axes are described by the expressions:
a=a = —
) =5 E(e)
Guided by (5)-(7), at the medium radius (figure-2)

(24)

= b(O) =T R, e3)

R, _R——:15215—%_15116mm (26)

Governed by design and process considerations [1, 21] let us introduce the rigidity condition (figure 2)

v < 0,1R_into the calculation model and from the transcendent equation [2]
74 ’1—5,%
E (fn) - 1.8

let us find the limitary eccentricity &, = 0,57 at m = 3,1416, and the respective boundary values
a, = 1,0954R., b, = 0,9-R., u, = 0,0954R,, v, = 0,1R, of the functions (25) of ¢llipsis semi-axes and
displacements where the variable & ranges within 0 < & < &, = 0,57.

_ _ _ _ _ my1-83f
Replacing arbitrary sizes of semi-axes a, b with their allowable values a,, b, — (14) in (21) let us

obtain [2] p*

min

@27

= 0,7394 R.. Then the secondboundary in equation(20) becomes more explicit

8§ « 0,05 =0,03697 R,. (29)

For example, at R,=151,16 mmthe given thickness d=1,98 mm of the studied structure (figure 2)based
on (29) meets the necessary condition|2] d=1,98 mm<d max=3,52 mmby a wide margin. Thisensures a
sufficient correctness and accuracy of the physical and mathematical model with an error value allowable
for engineering calculation below 5% [7, 19, 20].

4. Experimental Procedure and Results. To verify the theoretical inferences and find the expe-
rimental displacementu, = u,(P), v, = v,(P)a special stand was designed in compliance with the appli-
cable process requirements to experimental research on materials and structures [12, 17, 18]. The facility
includes three dial gauges — an IC detector (GOST 377-68) for measuring linear displacement between
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0 and 10 mm with an accuracy of 0,01 mm; and force measuring instrument - an indicator-type dyna-
mometer DORM 0,1 (GOST 9530-60) with New tone scale (N), unit value of 1,724N.

The flexible shell for uniform distribution of the force P along the width B was fixed along its axis
between the rigid cylindrical stops, movable - 5 and fixed - 8, connected with the drive and instruments.
All kinematic changes in the shape of the roller flexible shell model that occur when the movable stop
starts moving as the result of the tension at the rod moved by the rotating adjusting nut were recorded by
the instruments and added to the table. To construct the graphs, the mean values of displacements were
used deduced from 10 identical experiments carried out under identical conditions, but with a uniform
rotation of the cylindrical shell with respect to rigid stops, for each experiment.

Table 2 — Theoretical and empirical data related to the finding of displacements u (P), u,(P), v(P), v,(P) based

on the known method [8]
& 0 0,2588 0,3420 0,3827 0,4226 0,5000 0,57
E(©) 1,5708 1,5442 1,5238 1,5116 1,4981 1,4675 1,4340
P,N 0 17,1 552 88,6 139,1 305,5 5892
u,mm 0 2,60 4,66 5,93 7,33 10,64 14,42
u,, mm 0 2,57 4,58 5,79 7,06 10,11 13,54
AL, % 0 12 1,7 24 3.8 52 6,5
v, mm 0 2,65 4,75 6,03 7,51 11,04 15,12
v,,mm 0 2,61 4,67 5,88 7,21 10,47 14,15
A, % 0 1,5 1,7 2,6 42 54 6,7
v,V (mm
/5 JE > (M) 15,12
______________ 14,15
J 4 1
“{J -__ _______ ]'-J 1([))
5 -
X
PN
U 1] i i i >
2 : 200 400 600

Figure 6 — Schematics of the flexible shell experimental stand
(top view): 1 — indicator-type dynamometer DORM 0,1;

2 — hour indicators; 3 — adjusting nut to lock the specified load P
(see the table), 4 — fixed supports; 5 — Rigidmovable 5 and fixed 8
cylindrical stops; 6 — initial round shape of the shell
at P=0; 7 — elliptical profile of the shell when P>0

Figure 7 -
External load P-dependency
of the displacementsv(P), v,(P)

To achieve the highest accuracy and experimental integrity, the stand is designed in such a way that
practically excludes the impact of the shell weight when it is positioned horizontally, as well as friction,
and deformation of related parts.

The results of the theory and its experimental check are summarized in table 2 and illustrated by
graphs in figures 7 and 8.

In this case the letter symbols A,, A, are used to indicate values that qualify the deviation between the
calculation u, v and experimental u,, v, kinematic parameters in per cents, depending on the external load
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Au, u, (mni)
15 1T
f = ———————
' u (P)
Figure 8 —
External load P-dependency |
of kinematic parameters u (P), u,(P)
3 =
P.N
0 f i >
200 400 600

P to the shell (figures 2 and 3), the values of which (in N) are set in table 1 and recorded by a dynamo-
meter (figures 3, 6).

Conclusions.

1. The experiment findings prove the feasibility of using the road roller shell with a variable contact
area made of steel 30XT'CAJ3].

2. The research shows that the discrepancy between the overstated calculationu, v and experimental
u., v, data, subject to the boundary in equation 0 < & < &, ranged with in A,= |u —u,| - u; 1 - 100 % <
< 6,5%, A,= v —v,|-v;1-100 % < 6,7 %. This means that the mechanical and mathematical model
designed by the authors [2] to assess the strength of the variable-shape shell is a high quality and adequate
model from the theoretical and calculation perspective.

3. Given the operation and process limitation v < 0,1R, is complied with, the experimental model of
the steel thin-walled cylindrical shell (figure 3) was operating under the load P in an ideally elastic way,
1.e. without any residual displacement when the highest normal tension g,,,,, did not exceed the yield limit
0, of the material.

4. The experiment demonstrated that the surface of the shellhad been deformed practically on an
elliptical curve. This is convincing evidence showingthe validity of using the ellipsis equation for the
approximation of the shell.

5. As a result of the theoretical and practical studies of road roller flexible shells that adapt to the
compactedmaterial, the optimal variation range forthe shell curvature in the contact area was determined.
Exceeding of the range can lead to a loss of the roller initial shape and a failure of the ability to recover it
after the load is removed.

6.The deformation and load of the roller shell let were found for different values of the curvature
radius in the contact area.

7. The developed calculation algorithm for the allowable parameters of the shell deformation can be
represented as an element of the base for the creation of an automated roller parameter selection system
when designing different standard sizes of rollers or onboard roller system to control the reliability of the
compaction parameters.

Acknowledgements. The authors would like to thank all the study participants. All authors have seen
and approved the final version. Conflicts of interest: None declared.

REFERENCES

[1] Pavlov V.V., Konyayev A.B. Road roller with a variable curvature leading roller // Construction and road machines.
1995. N 4. M., 1995: 23-25. (in Eng.).

[2] Golovnin A.A. Vibratory road rollers: Construction. Theory and calculation. Case record: monograph [Text] / A.A. Go-
lovnin. Tver: TSTU, 2002. 76 p. (in Russ.).

[3] Maslov G.S., Zeltserman [.M., Konyayev A.B., Korolev V.A., Makarov-Zdrok V.A. Road roller. A.S. USSR No.

— 205 =——



H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

1096330, MKIZ E01C 19/29. Published 06/07/1984, Bul. No. 21. (in Eng.).

[4] Sakimov M.A., Golovnin A.A., Kuznetsovet P.S. el. Roller of road roller. Preliminary patent of Kazakhstan 18131.
MPK EO1C 19/26, EO1C 19/23. Published bul. No. 12; 15.12.2006. (in Russ.).

[5] Guryanov G.A., Rechitskiy S.V., Andreyev F.V. Roller of road roller. Innovative patent of Kazakhstan No. 21592. MPK
7 E01C 19/26. publ. 14.08.2009, bul. No. 8. (in Russ.).

[6] Abdeyev B.M., Sakimov M.A. et el. Applied theory for the strength evaluation of the roller steel shell at changes in the
curvature of a cylindrical guide. // D. Serikbaecva EKSTU Vestnik, No. 4. Ust-Kamenogorsk, 2011:27-36. (Part 1).
http://www.ektu kz/files/vestnik/tech04 2011.pdf(in Eng.).

[7] Doudkin M.V, Vavilov A.V., Pichugin S.Yu., Fadeev S.N. Calculation of the Interaction of Working Body of Road
Machine with the Surface. Life Science Journal. 2013. Vol 10. Issue 12. Article number 133:832-837.
doi:10.7537/marslsj1012s13.133 (in Eng.).

[8] Doudkin M.V, Pichugin S.Yu., Fadeev SN. The Analysis of Road Machine Working Elements Parameters // World
Applied Sciences Journal. 2013. Vol. 23. Issue 2. P. 151-158. (ISSN / E-ISSN: 1818-4952/1991-6426). IDOSI Publications, 2013.
DOI: 10.5829/idosi.wasj.2013.23.02.13061 (inRuss.).

[9] Popov E.P. Theory and calculation of flexible elastic rods. M.: Science, 1986. 296 p. (inRuss.).

[10] Zermina Gull Bhutta, Naeem M.N., Imran M. On Vibration of Three-Layered Cylindrical Shell with Functionally
Graded Middle Layer / American Journal of Applied Mathematics, 2015. 3(3-1): 32-40. Published online June 12, 2015
(http://www.sciencepublishinggroup.com/j/ajam)(in Eng.).

[11] Pichugin S.Yu., Fadeev S.N., Doudkin M.V. Studying the Machines for Road Maintenance // Life Science Journal.
2013. Vol. 10. Issue 12. Article number 24- P. 134-138. doi:10.7537/marslsj1012s13.24(in Eng.).

[12] Fadeev S.N., Pichugin S.Yu., Doudkin M.V. Contact Force Calculation of the Machine Operational Point // Life
Science Journal. 2013. Vol. 10. Issue 10. Article number 39-P. 246-250. (ISSN:1097-8135). doi:10.7537/marslsj140817.39,
http://www lifesciencesite.com. 39(in Eng.).

[13] Xiangyu Li, Zhenduo Li, Minzu Liang. An Analytical Approach for Deformation Shapes of a Cylindrical Shell with
Internal Medium Subjected to Lateral Contact Explosive Loading // Hindawi Publishing Corporation Mathematical Problems in
Engineering. Volume 2015, Article ID 563097, 10 pages. http://dx.doi.org/10.1155/2015/563097 (inEng. ).

[14] Anooshiravan Farshidianfar, Pouria Oliazadeh. Free Vibration Analysis of Circular Cylindrical Shells:
Comparison of Different Shell Theories. International Journal of Mechanics and Applications 2012, 2(5): 74-80.
DOI: 10.5923/j.mechanics.20120205.04(in Eng.).

[15] Kim A., Doudkin M., Vavilov A., Guriyanov G. New vibroscreen with additional feed elements, Archives of Civil and
Mechanical Engineering 17 (4) 2017:786-794 http://doi.org/10.1016/j.acme.2017.02.009.(inEng.).

[16] Surashev N. et al., The Planetary Vibroexciter with Elliptic Inner Race, Advanced Materials Research, 2013:694-
697:229-232, doi: 10.4028/ www.scientific.net/AMR.694-697/229.(inEng.).

[17] Said D., Abd El Halim A.O., Pais J.C. Study of the Causes and Remedies of Premature Surface Cracking of Asphalt
Pavements, EPAMS3 // 3rd European Pavement and Asset Management Conference, Coimbra, Portugal, 7-9 July, 2008, (in Eng.).

[18] Abd El Halim, A.O., Haas R. (2004). Process and Case Illustration of Construction Innovation: From Concept to
Commercial Realization, Journal of ASCE Construction Engineering and Management, 130:4:570-575, (in Eng.).

[19] Mostafa A., Halim A. O. A. (2004). Evaluating the Effect of Surface Cracks on Moisture Induced Damage Using
Different Standard Test Methods for Airfield Asphalt Pavement Mixes, CTAA pp 318-339, Montreal, QC, (in Eng.).

[20] Ozhikenov K., Mikhailov P., Ismagulova R., Azamatova 7., Azamatov B. Development of technologies, methods and
devices of the functional diagnostics of microelectronic sensors parts and components,2016 13th International Scientific-
Technical Conference on Actual Problems of Electronics Instrument Engineering (APEIE), Novosibirsk, Russia, 3-6 Oct.
2016, http://iecexplore.iece.org/document/7802218/, (in Eng.).

[21] Azamatov B., Ozhikenov K., Azamatova 7. Assessment of the effectiveness of the use of palladium in catalytic SHS-
units for diesel engines,News of the National Academy of Sciences of the Republic of Kazakhstan, Volume 4, Number 424 (2017),
pp. 142-147, http://www.geolog-technical kz/images/pdf/g20174/142147 pdf, (in Eng.).
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18J1—<1>apa61/1 arsrHAars Kaszak yaTTeIK yHUBEpCHTETI, AnMmarsl, Kasakcras,
*J1. Cepix6acs arbiamars! LIIsrsic KasakcTan MEMICKETTIK TEXHUKATBIK YHABEPCHTETI, OckeMeH, KazakcTan

KABBIKINACBIHBIH KHCBIKTBIT bl O3I'EPLIMEJII 7KOJI AYHAFBI BLIITTHIH
MEKTIK JE@OPMANUAJIAHYBIH AHBIKTAY

Annoramus. TeIFR3IaY KYMBICTAPBIHBIH OACBIHIA, THIFBI3AATATHH MATCPHATAAPABIH TAJIAN CTIITCH KACHCT-
TEpiHE KAJKET CHIIATTAMANAPFa He OUTIKICH a0 AbIKTAJFaH, KO aYHAFBIH TAHAAYFa MYMKIHZIIK OCPETIH sKOHE OHBIH
OCpIKTITiH, CCHIMILIITI MCH TipeK KAOLTCTIiH OAaFamaiiThIH, KO ay HAFBIHBIH HiTMEITi O1ITiTi JKaFJaibIHBIH )KAHA MCXa-
HHKA-MATCMATHKAJIBIK MOJCT KapacTHIPEUTABL Makaja, sKOJI ayHAKTAPBIHBIH KYPBIIBIMBIHIA HITMEITI KaOBIKIIAHEI
KOJITAHY IBIH TYPHICTHIFBIH KOHC KAOBIKIIAHBI HEKCHEPIIIK jK00aIay MAKCATBIHAA JKCTKITIKTI TOPEHKEICTI JOMTIKICH
KOJITaHyFa OOJIATBIH HETi3ri MApaMCTPICPiH AHBIKTAYFa JKOHC AC FBUIBIMH HCTi3meyTe OarbITTaiFaH. KaOBIKmIach,
nixMerni O0NaTTaH KaCaIbIHFAH OIMIKTEH TYPATHIH TOXIPHOCIIK KO ayHAFbl MCH CYJI0aIap, COHBIMEH KaTtap HaTyp-
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JBIK KYPBLIBIM PETIHAC MPAKTHKAIBIK KOPBITHIHABLIAP KEATIPLITCH KOHE AC HIIMET KAaOBIKMIAHBIH HAPAMCTPIICPiH
3CPTTEYTC apHAIFAH IKCIICPUMCHTTIK JKA0ABIK CHMATTANFAH. KOPHITBIHABLIIAP FRUIBIMH QACOHCTTCPIACTI YKCAc Tam-
CBIPMATTAPIBIH JICMCHTTIK KOHC AHAIHTHKABIK IMCTIIMACPIMCH CATBICTBIPBLUIBINT OYPBIHFBI 3epTTCYIepai OipTyTac
OipiKTipeai KOHE TOBIKTBIPATIBL.
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OIIPEJEJEHME JOIIY CTUMBIX I[“E(I)OPMAI_II/II‘/‘I“BA.JIBI_IA“I[OPO)KHOFO KATKA
C IEPEMEHHOU KPUBU3HOU OBEYAUKHA

AnnoTtammsi. PaccMoTpeHa HOBAas MEXaHMKO-MATEMATHYECKAsI MOJETb COCTOSIHHS THOKOH OOCHaHKH BajbIa
JOPOKHOTO KATKA, OLCHUBAOIIAS €& HECYILYIO CIIOCOOHOCTD, HANC)KHOCTD H IPOYHOCTH, H MO3BOIFOMIAS, B 3ABHCH-
MOCTH OT CBOMCTB YIUTOTHACMOTO MATepHaja, eIe 10 Havana paboT moxodpars KaToK ¢ TPeOyEeMBIMH XapaKTepPHC-
THKAMH VIUIOTHSIONIHX BajJbIOB. PACCMOTPCHBI BOMPOCH JOMYCTUMOHM TpaHC(HOPMALHH KPYTOBOH MOBCPXHOCTH
THOKO# 0OCUAIKM BANBIA W MPSACAC ¢C AOMYCTHMBIX MCPCMCIICHUH, MPCBBIIICHHC KOTOPHIX MPHUBCACT K 00IEMY
CpBIBY pabOTOCTIOCOOHOCTH BaNbLA AOPOKHOTO KaTka. CTaThs HAMPABICHA HA HAYYHOC OOOCHOBAHHC M YCTAHOB-
JICHHC LCICCOOOPA3HOCTH HCIOIB30BAaHMA THOKHX 00CYACK B KOHCTPYKUHAX BANBIOB JAOPOYKHBIX KATKOB H OIpC-
JOCTICHHA WX MAPAMETPOB, KOTOPHIC MOXKHO C JOCTATOYHOH TOYHOCTBI0 HCIOJB30BATh B LCIIX HHKCHEPHOTO
mpockTHpoBaHms. OMUCAHO SKCIICPUMCHTAIBHOC 000PYA0BAHUS I HCCACAOBAHUS MAPAMCTPOB THOKHX 00CHACK H
NPUBCACHBI MPAKTHICCKHAC PE3YJIbTATEI B BHAC CXCM H HaTypHOfI KOHCTPYKIHH, U ONMBITHOTO BaJbLd AOPOKHOIO
KaTKa ¢ THOKOHM CTaJIbHOM 00cualikoil. Pe3ympraThl JOMOTHAIOT W OOBCIMHAIOTCSA B LEI0C C MPCABITY IIAMH HCCJIC-
JAOBAHWAMHU H CPABHUBAKTCA C AHAJTUTHYCCKAMH W 3JICMCHTHBIMH PCIICHUAMHU AHAJTOTHYIHBIX 3a4a1 W3 Hay‘{HOfI
JTHUTCPATYPBL
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