DEVELOPMENT OF TECHNOLOGY OF MEAT PRODUCTS USING VEGETABLE RAW MATERIALS
N. Abilmazhinova, A. Tayeva, Sh. Abzhanova, B. Dzhetpisbayeva

The article presents the results of a study on the use of lentil flour in recipes of semi-finished meat
products in order to create a product for herodietic purposes. The choice of lentil flour is based as an
ingredient of meat-growing semi-finished products. The maximum possible dose of vegetable raw materials
for semi-finished products has been established, which allows increasing their nutritional value while
maintaining their favorable consumer properties.
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NON-AXISYMMETRIC EQUATIONS OF SHELL OSCILLATIONS WITH ATTACHED MASSES

Abstract: Thin-walled shell constructions that are capable of carrying intensive external loads are
widely and variously used in aircraft engineering, rocket engineering, mechanical engineering, shipbuilding,
construction and other sectors of the national economy. Modern requirements to reduction of weight-size
parameters of flying and transport vehicles, industrial and civil constructions under condition of ensuring
necessary durability to reliability have made calculation of their stress-strain state one of the actual problems
of deformable solid body mechanics. Recently, a steady tendency has been observed to conduct complex
theoretical and experimental studies of non-stationary deformation of real shell structures, usually consisting
of several sections and characterized by the attached cargo, various supporting elements, holes and other
complicating factors. The need to adequately define the dynamic behavior of shell systems with complex
geometric and rheological structures leads to mathematical models that are beyond the traditional calculation
schemes. Thus, for example, in [1] the effect of impulse waves on a cylindrical shell with solid bodies of
different masses and moments of inertia at their ends is considered. The numerical analysis of dynamic
reaction of objects is carried out within the framework of nonlinear theory of shells by V.V.Novozhilov. The
vibration state and amplitude-frequency characteristics of a combined shell-and-rod structure with attached
masses were numerically studied in [2, 3].

This paper presents a complete system of shell equations based on hypotheses of S.P.Timoshenko
[4, 5]. The use of the modified theory of shell dynamics, which takes into account the inertia of rotation and
transverse shift of a normal element, is due to the fact that polymer and composite materials, widely used in
modern technology, are characterized by weak resistance to shear deformation, which are not taken into
consideration by the classical theory of shells, and within the framework of this approach take nonzero
values.

Key words: two-dimensional thermoviscoelastic waves, stability of a difference scheme,
convergence of a solution of a difference problem, indenter, deformation, stress tensor.

Introduction
Let us consider a thin shell, the middle surface of which is formed by rotation of a smooth

curve around the axis Oz (Fig. 1 ). The radius-vector r(s,$>)of an arbitrary point on the
median surface is set as follows

r(s,p) =(R(s)cosr ,R(s),z(s)). (1)
Directing vectors of the orthogonal local coordinate system in the point are entered as
follows:
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R=R(s).
Using these vectors, we define the components of the metric tensor
gl p=r.p): g, =7 -7 =Ry +() =1;

Rcos @, Rsin ¢, O); 2

Cm=R: 2,=2,,=0; g=|g.|=F. 3)
as well as Lame coefficients 77, = ! H, =1, H, :% .
8oa

The normal vector 7 will be set as

ﬁ=é7¢xa :(z'cosw,z'sinw,—R');
~ on .
=—=(z"cos @, z"sinp,— R"):
AY
on P '
n(p:%:(—z sin @, z cos¢,0); (4)
R = dzR(s). S dzz(s).

2

ds’ ds’
and the components of the second metric tensor b, will be calculated as

b,y =bs, =—1,-14:

o

b,=—ii, -7 =—Rz"+zR

88

or, considering the relations between

e
A

get
bss:L:Lo;
JI-(RY R
R2
b _=-h -F =—R=—: (5)
07
PP ¢ @ R¢
bwzb@:O

Here Roz—l_(R')2 RO=— K

Mixed components of the second metric tensor are calculated as follows:

- radii of curvature in directions s and ¢ respectively.

1 1
b’=—:; b?=—:; b =b"=0. ®)
5 [ 4 0?2 4 s
R} R,
Christophele's characters in the selected coordinate system are as follows
5 5 5 . s . R'
Lo =Tg =18 =1,,=1,=0, rW:—RR,rwf:rsi:E. (7)

Now let us proceed to the finding of the basic ratios of the shell dynamics. The determining
equations in tensor form for the shell of arbitrary curvature are given in [6]. Let us write the
equations of motion, Hooke's law and Cauchy's relations, keeping only their linear part.

Motion equation:

ph8” =V N¥-blO“ + p”,
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o’ =V 0% +b, N +q, (8)
o’ =V 0% + baﬂN”"B +q;

Here, the second derivative in time ¢ is marked by two dots above the letters. For recording
the expressions in the right part (8), the rule of summing up by two repetitive indexes is used.

Symbols «,3 denote variables s,¢p,9” w,;y” - the counter-variant components of the
displacement vector and the normal angle of rotation, respectively. N*” ,O% .M *f - counter-variant
components of force and moment tensors; pﬂ,q,mﬂ— intensities of forces (tangential and

transverse), as well as moments distributed on the shell surface. V_, - covariant derivative, p -

3
density of material, / - thickness of the shell, / = E

Hook's Law:
N :hA“'H@“g@u ;
M =A%y (9)
QO{ :kthoBé?(wﬂ + l//ﬂ),
Caﬂé‘,u _Caﬂ33c33§u .
C3333

The coefficients C*** are Hook's elastic coefficient matrix:
o’ =C™y,, (i,j,k,1=123,s=1,¢=2).

AP

2

5
K’ :g - the shear coefficient in the S.P.Timoshenko theory. The tensors included in the

right parts (9) are determined from Cauchy ratios:
1 1y, F
8zzﬁ :E(szﬁ +l zx); szﬂ :E(szﬂ +Zﬂzx)>
1
E,y = E(wa +1//a); Ly =V, 85 +b,,w, (10)

Zos =V Wz w, =V, w+b 9"

The representation of relations (8) - (10) in terms of physical components of
displacements, forces and moments is illustrated by the example of the first equation in (8) at
£ =s . By definition of the covariant derivative from the invariant tensor is obtained as follows

ON“#

VN =t NVT 4 NT
X
orat f=s
S5 @
VN = a]ai ¥ % + N(20 + T8 J+ N7 (32, + T2 )+ N#T2, + N, =
S8 @ 4
:5 +8L+£NSS_R/RNW
Os op R

Here we used formulas (7). Further from (6) we have

5 o 5 5 l 5
bO =bst+b¢,Q‘”=FQ.

Then the first equation in (8) takes the form

S5 @ '
2 +8N +£N”—RR'NW—LOQS+])S. (11a)
os op R R

Similar calculations lead to the following system of equations:

phd* =

S
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s@ pp 4
ON*® N L.V B
0Os o R RO
. o0 o0 R 1 . R
PhWZa—QS+%+EQ TN N g, (11b)
oM*  M*” R
s + _Mss RRMW_ s+ms;
Y os op R ©
s PP !
ph(//¢:aM —i—aM +3£MW—Q¢+I’)’I¢.
os op R

Physical components of tensors are determined by the following formulas
a” T T'HH
a o =a,, = =a,H,, T =T/ =T#%=T HH,=
0‘(¢) (¢) Ha ot o D‘ﬂ(¢) 0‘(¢) (¢) 27 ot p (H H ) H,g

Substitute in (11) all components of the tensors with their physical equivalents (sign “¢”

ph§? =

(12)

suppressed):

. ON, 10N, R R

hg =—~+——+—N_——N +p.;
psasRaq)RsRWROQp

h9 ON oN ‘
prs, 1 S¢+L2_W+3R2 > = oQ +p,;
R R 0s R° O¢p R RR,
i = aQS-Fl%-FEQ +LN +—N +q; (13)
P & Rdop R R 7 R;Wq’
aM 14 14
p[l/'/'szaM“ +l £ +£MS—£M -Q. +m
& R 0p R R
Y oM oM '
pl//¢:l S¢+i2 W+3R2 s¢_lQ¢+m¢'
R R 0s R O¢ R R

Finally, let us enter the variable y = R¢ and rewrite the system (13) in a divergent form:
O\RN oN !
phlgs — l ( ss) + @ R W n
R Os oy R R,
O\RN ON '
phd, = 1 ( ¢)+ 2 2£NW
R as oy R
6,
L 8(RQ) Q 0N +—0N +q; (14)
R s 8y R R,
. 1o(RM,) oM, R
[y =— Sy —F M -0 +m,
p l//s R as 8)/ R PP QS S
0 M, !
ply = 1 ( 7’) +—2 + ZEM -Q,+m,
°*" R s oy R

Now let's consider ratios (10). By definition of a derivative

Q + D55

—0,+D,;

RO

phw =

o

ou, .,
Vou,=—-15u,;, V,w=
ox ox

Then, using expressions (7), from (10), we have
09,  w 1 [ags 6194,] R'S,

>

oo RV 20y o R
0% Ry w 1(ow &
8W_ Tt s po2 G T2 0
&y R R 2 a5 R
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s _1féw 3p,_\ = 6WS.
m 2 dy "R2*"S P X s

P J
6Wp R 1fdys.+6Wp) R'
Xwooey "RYSE P 206y 653 RV

Turning on the formulas (12) to the physical components, we get

63 1 1f63_ ,63p) R

6s ROw; Ssp 276y 6sJ R 3p;
63, R 1 _1fdw 3,7+W%

. o+ 3 W; s + (15)
PP By R 3 RO r 2 6sS RO
_ 16w 3'73— Wo: s 6 Ws « BWp . R'W
- = - — 4+ + - = =" = + — N
Sr_~ 2By  R— p; s’ pp 6yp R S,

1fewp , 6Ws) R’
2165 6y WRwP;

In the future we will consider orthotropic material, so Hooke's law for the physical components of
force, moment, and deformation tensors is as follows [7]:

xsp

N~=-Eh-(sss+V2sp \ N =ANMh s + Spp};
1_VM( P P =" (s + spp}
N sp= Np = 2thpssp;Qs = ZKZ'IGrSSrS; (16)
E,I
Qp =2k hGrpSrp; M ss = 1 XXsss + V2% pp);
1 Viv2
e 2i X
m opp= _ ("X™ +Xp} M sp=M ps = 2IGsp SSp'
1-vV

Here E ,E2,v,v2 - Jungian modules and Poisson's coefficients in the directions sand
p respectively, and Elv2=E A/l ; Gsp,Grs,Grp - shear moduli.

Thus equations (14) - (16) comprise the complete system for determining displacements,
normal angles, forces, moments and deformations.

Let's consider the left end of the shell with an absolutely hard drive attached to it, the
thickness 2 H , radius R and mass M . Since the linear equations of the theory of shells are used,
it is assumed that the mass makes small oscillations under the action of external forces and
reaction of the shell. As the origin of the movable reference system related to mass, let us choose
the center of inertia of the body O and direct the axes OA,0B,0Calong the main axes of mass

inertia (Fig. 2). Let us also introduce a stationary reference system Ox'y'z', coinciding at the
starting point of time with the system.

The law of mass motion in vector form has the form of [8]:
P=FO0+F; L =Ka+K, 17)
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roe P - total body impulse; I - impulse moment; FO " IZO - main vector and main force moment

acting on the mass from the shell side; F v K - main vector and moment of external forces.

Equations (17) refer to a fixed coordinate system and derivatives P and L represent a
change in time of vectors P and L in relation to this system. Meanwhile, the simplest relationship

between the components of solid state rotational moment [ and angular velocity components
occurs in a moving coordinate system OABC. Therefore we transform the equations of motion to
moving coordinates. For this purpose we apply the equation of transformation of the time derivative

of an arbitrary vector D at transition from a stationary system to a rotating one:

dD dD I
= | = +lexD) 18
{ dt jnpocmpancm%o { dt j}’}’l@/lo ( ) ( )

where, @ - body angular velocity vector.

Due to the small amplitudes of mass oscillations and the striking nature of the system's
stimulation, it is possible to ignore the difference between the decomposition of any vector (and its
derivative in time) on the axes of the moving and stationary coordinate system. Then the law of
mass movement in vector form takes the following form

MV =F,+F, I, o=K,+K, (19)
roe V - center radius vector; /, - body inertia tensor.

Since the system's axes OABC are directed along the main axes of inertia, the inertia
tensor /, has a diagonal view and its components can be easily calculated.

4H* \M MR?
]01 :]03 :[KZ +T j?’ ]02 :T.
Now let's consider the ways of orientation of the moving trihedron OABC relatively to fixed
Ox'y'z'. There is a well known method of determining the orientation of the trihedron OABC with

r_r

respect to Ox'y’z" using Euler angles 8,¢, through 6 and ¢ the polar angles of the axis OC,
and through iy -the angle between z'OC plane and COA plane. Let us indicate through

o,,0,,0, the components of the angular velocity vector respectively in the axes OA4, OB, OC':
o, =Bsiny — @sin O cos ¢,
o, =Bcosy + @sinfsin g, (20)
0, =@cos@+ .
If at some point in time the trihedron OABC coincides with the trihedron Ox'y'z'so that
0=¢p=w =0, from (20) it follows that @, =0, », :9, o, =@+ . The component turns out to be
equal to zero, no matter what the values 9,(}),1/'/,are, which in general is wrong. That is why it is

inconvenient to use Euler's corners in those cases where the trihedron OABC coincides with the
trihedron Ox'y’z" at some point in time, except for those cases when the vector @ lies in a plane

Oy'’z" at this moment.

Let's consider another way to determine the trinedron orientation [9, 10]. As it was stated at
the beginning, the trihedron OABC coincides with Ox"y’z’. Transition of the trihedron to the final

position is carried out by performing the following three consecutive operations: turning it by an
angle 6, around the axis OA4=Ox’, then turning it by an angle 6, around the axis OB in the new

position and, finally, by an angle 6, around the axis OC in the new position. Let's define through
G the matrix of guiding cosines of axes OA, OB, OC: in relation to fixed axes Ox’,Oy’,0z". If
)?:(xl,xz,x3)- the coordinates of the vector in the system OABC, and f:(yl,yz,y3) - its
coordinates in the system Ox'yz’, then
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X =GY. 21)
Let's result without the proof the following lemma: if the trihedron OABC rotates on an angle 6
near an axis OA, the matrix of guide cosines in new position G, is set by the formula

G, =BG,
where
1 0 0
B(0)=|0 cos® sind |- (22)

0 —sin@ cosé
Similarly, when turning by angle & around an axis OB, we get
G, =B,G,
where
cos@ 0 —sind

B,@)= 0o 1 0 |, (23)
sind 0 cosd
and when rotates by angle ¢ around the axis OC .

G, =B,G,
where
cos@ sind 0
B,(0)=| —sin@ cos® 0| (24)
0 0 1

B,, B,, B, - orthogonal matrices, besides, B;l(e):B,.(—Q), i=1,2,3.
If the starting position OABC is the same Ox'y’z’ and the end position is reached by turning
by angles 6,,6,,6,,, then

G =B, (‘93 )Bz (‘92 )Bl (‘91)> (29)
or
C,C; €83 +8,5,C;5 8,5, +C,5,C,
G=|—cc; €3 +5,85,85, 86;+C5,8; |. (26)
P 56 G&

Here, ¢, and s,,i =1,2,3,

The infinitesimal rotation associated with @, should be considered as a set of three
consecutive infinitesimal rotations with angular velocities 91,92 93. Then, according to the known

definition for cosé, un sind, .

vector property of infinitely small rotations, we can consider & the sum of three separate angular

velocity vectors 51:(9 OO), 0, :(0,92,0), 63:(0,0,93) recorded in different coordinate

1> >

systems. However, the components of these vectors with respect to any coordinate system can be
obtained using orthogonal transformations B, B,, B, . Let's write out components of a vector in the

system connected with a moving body:
a_j = B3(63)B2(62)B1(61)§1 + B3 (63)B2(62)§2 + B3 (63)53 (27)
and detailed: ‘ ‘
O, =¢,630, +5,0,;
W, = —02S3(91 + 03‘92; (28)
0, = 5,0, +6,.

Let's resolve the system (28) regarding 6,,6,,6;:
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0, = 5,0, +C,0,; (29)

Therefore, there is a one-to-one correspondence between @ and & vectors for all 8,,6,,6,, except

cos@, =0. Thus, in the case of small fluctuations of mass near the equilibrium position, this
method of trihedron orientation OABC relatively to Ox'y’z" excludes those "undesirable

paradoxes" that were encountered when using Euler angles.
Taking out the second order members in (26) and (28), we get

1 0, -o, .
G=l-0, 1 o | 0=0. (30)
0, -0 1

2 1

Let us define I as the contact surface of the shell with the mass, through
o= (aw,a o, ) the components of the stress tensor. Then, the reaction of the shell is given by

582

the following formulas:
F HB ) c-dy; (31)
¥

R, =[G +B,'(0)-B(- )3)X(B;1(¢)B{1(—ﬂ)5)d7,

T
where 7 :(Rsin qo,H—gsinﬂ,Rcos gpj , E, :(O, 0, 1)T and S -angle between the positive

axes z' and r and the points of junction of the mass with the shell.
Through N= (NW, SS,Q) and M = (1\/[ M O) signify the components of the force and
moment tensors on I, taking into account the known expressmns

i-fou.

& rdr; (32)

>

S.'—.w \

2

and ratio dy = Rdrd¢ of formula (31) transformed to:

2
Fy= [B,'(p)- B (- B)- NRdp;
0

£~ [l <5 0) B C AF)+ (5 )8 B < (5 0)8 (vt . 39

The formula (19), (30), (33) fully describe the linearized law of solid mass movement.

Let us now consider the boundary condition at the left end of the shell. The displacement of
the mass points corresponding to the points of the median shell surface is summed up by the
displacement of the center of the mass and the displacement due to rotation. Therefore, the vector
of displacement of these points in the local shell basis y, s, can be obtained by the formula:

U= B (_ ﬂ)Bz(¢)[I7+ (Gilfb _76)]: pe [07 2”]7

where U = (uw,us,w)

Let us indicate 7 as a single vector of the external normal to the median surface, where
n,,ngn, - its components in the local basis. In non-deformable state 7 it coincides with E3, and

after deformation it is expressed by the following formula:

- BB B (5 PIE,
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It's not hard to see that v/, =n i, =n,.

Equations of motion of the mass attached to the right face of the shell are recorded in a
similar way (see Fig. 2):

.. 2z
MV =~ [B{g) B(- ) N' Rdgp+ F,
0

126 =[x (5260 B C 20+ (5220 C £)E) < (52 0 )81 R+ K
Here, ~ inodicates that the marked value refers to the second mass and
Z)’:(Rsingo,—H +§sinﬂ,Rcos (pjT.
The conjugation conditions of the mass to the shell in this case are as follows:
0 =B, I8N + (@) 7 -7)}
ii'=B,(- £)B,(pXG') ' B, (9B, (- B)E;, p<[0,27]
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KOCbINTFAH MACCANAPbl BAP CUMMETPUANDBI EMEC KABbIKLWWANAPAObIH TEPBENICTEPIHIH
TEHOEYNEPI
M.M. bykeHos, E.M. MyxameToB, E.A. OcnaHos, C.T. CynelimeHoBa

KapkbiHObI CbIPMKbI XyKmemenepliy ocepiHe memen 6epe anambiH XyKa Kabbipranbl KabbiK
KOHCMPYKUUsnapbl — asuakypbiibiCma, MawuHa xacay, Keme xacay, KypbifbiC XoHe  XalbiK
wapyawbinbifbiHbIH 6acka Oa cananapbiHOa pakemarnbiK mexHukada KeH XeHe op mypri KondaHyobi
mabadbl. ¥Wy XoeHe Kenik arnnapammaphbiHbiH, 6HePKoCINMIK XoHe a3amammbiK KypbiibicmapliblH canmak
eabapummi KepcemkiwmepiH memeHOemyze KolibinambiH 3amaHayu mananmap ceHimoinikke kaxemmi
b6epikmikmi Kammamachbi3 emy xar0alibiH0a onapdbiH kKepHeyni-OechopmayusanaHamseiH KylinepiH Kammsbi
OeHe MexaHUKacbiHbIH 0eghopmayusaniaHambiH 63eKmi macesnenepiHiy 6ipi peminde ecenmey xacalbl.

Conxfbl yakeimma, O6ipHeule cekyuanapdaH mypambiH XOHe XXajiraHfFaH XYKMmiH 605nybiMeH
cunammanambiH, apmypni Hbiralimyws! anemeHmmepldid, mecikmepdi ancipememin xoHe b6acka Oa
KubiH0amamsbiH  chakmopnapObiH ~ Hakmbl  KabblK  KOHCMPYyKUUSANapbiHbIH — cmayuoHapiblik  eMec
OechopmavusanaHybiHa KeleHOI meopusnbiK-aKcrepumeHmanobiK 3epmmeynep xypaidydiH mypakmsl ypoici
balikandbl. Kypleni eeoMempusnbiK XoHe PeosiocusifibiK Kypbinbimoap myparnbi KabbiKmbIK xylenepliH
OuHamuKarnbIK MiHe3-KyriKbiH bapabap cunammay Kaxkemminiei dacmyprni ecenmik cxemanap weHbepiHeH
whbiramsiH mMamemamukarnsik MmodenibOepze okenedi. Mbicanel, [1] wemiHOe spmypni maccanapbl MeH
uHepuus momeHmmepi 6ap Kammbl OeHenep 6ap UunuHOPiK Kabbikmarbl COKKbl MOJIKbIHOaPbIHbIH
opekemi KapacmbipbinifaH. Q6bekminepliH OuHamuKanblK peakyuscbiHblH caHOblK mandaysi B.B.
HoeoxxunoemsiH KabbiKuanapbiHbIH CbI3bIKMbl eMEC Meopusicbl weHbepiHde opbiHOaiFaH.

[2, 3] xymbicmapdarbl apanacmbipbiiiraH KabblK-e3eKuwesi KypbinbIMHBIH eubpayusanbik xardalibi
XoHe amnnumydarnbik — XUinikmik cunammamanapb! caHObIK ecenmey xarbiHaH 3epmmernoi.
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[4, 5] xymbicma C.[1. TumoweHKOHbIH aunome3anapbiHa Hezid0enzeH KabbiK meHdeynepiHiH monbiK
Xyleci kenmipinedi. AliHanyObiH UHEPUUSCBIH XOHEe KallbinNmbl 311eMeHMMIH KendeHeH aybiCyblH eCKepemiH
Kabbikwanap OuHamMuKacbIHbIH HakmbliaHFaH meopusckiH natidanaHy Kasipai 3amaHfbl mexHukada KeHiHeH
KondaHbiiambiH MOMUMEPIIIK XOHEe KOMMO3UUUANbIK mMamepuandap bifbicy 0egopmauyuscsiHa oJici3
kedepeimeH cunammanaldsl, osilap KabbiKuwanaplbiH KrnaccukanblK MeOopPUACkbIMEH ecKkepinmelodi, an
KapacmbipbinameiH mocin wieHbepiH0e Hendik emec moHOepdi Kabbindaliosbl.

Tylin ce3dep: eki eonuemdi MepMoOMymKbipceprimOi mornkbiHOap, albipbiMObIK CXEMaHbIH
OPHBIKMbINbIFLI, alblpbIMObIK ecenmiy WeWIiMIHIH XUHakKkmbinbifbl, UHOeHmop, Oechopmayus, MeH30p,
KepHey.

YPABHEHWA HEOCECUMMETPUYHbIX KONEBAHUN OBONOYEK C MPUCOEQUHEHHBLIMU
MACCAMU
M.M. bykeHos, E.M. MyxameToB, E.A. OcnaHos, C.T. CynelimeHoBa

TOHKOCMEHHbIE 0005104e4YHbIE KOHCMPYKUUU, CrIOCOBHbIe sbidepxusames Oelicmeue UHMEHCUBHbIX
BHELUHUX Hazpy30K, Haxodsm wupoKoe U pasHoobpasHOe MNPUMEHEHUE 6 asuacmpOeHUU, PakemHol
MexHUKe MawuHOCMpPoeHUU, cydocmpoeHuu, cmpoumenbcmee U Opyaux ompacriax HapooOH020
xosaiicmea. CospemeHHble mpebosaHuss K CHUXEHUIN eecozabapumHbiX nokasamenel remamernbHbiX U
MPpaHCoOPMHbIX annapamos, MPOMbILLNIEHHbIX U 2PaX0aHCKUX COOPYXeHuUl npu ycrnosuu obecrnedeHus
Heobxodumoli npoyHoCcMU K HadexHocmu coenanu pacdem Ux HanpsXeHHo-0eghopMupyemMmoz20 coCmosHus
O00HOU U3 akmyarnbHbIX nNpobriem MexaHuKu 0eghopmupyemozo meepdoeo merna.

B nocnedHee sepemsa Hamemunace ycmolidueasd meHOeHUUsa K poeedeHuUto KOMIIEKCHbIX
meopemuKko-aKcnepuMeHmaresHbiX  uccrefosaHulli HecmauyuoHapHo20 JdehopmuposaHuss  pearibHbIX
060J104eYHBIX KOHCMPYKUUL, COCMOAWUX, KaK NMpaesusio, U3 HECKOJIbKUX CEeKUUll U xapakmepusyouiuxcs
Hanu4uem npucoeduUHeHH020 2py3a, paa3nuyHoz20 poda nodKpennanwux anemeHmos, ocnabnaruux
omeepcmull U Opyeux ycrnoxHawowux ¢akmopos. Heobxodumocmb adekeamHoO20 onucaHus
OUHamMu4eckKoe20 rnogedeHuss 060104e4YHbIX CUCMEM O YCITOXHEeHHbIMU 2eomempuyeckoll u peosioaudeckoll
cmpykmypamu  npusodum K MamemamuydecKum MoOenaM, ebIX00AWUM 3a paMKku mpadulUOHHbIX
pacdyemHsbix cxem. Tak, Hanpumep, 6 [1] paccmompero Oelicmeue yOapHbIX 60nH Ha UunuHdpu4deckol
obosouke, Ha mopuyax Komopbix Haxodamcs meeplble mesna ¢ pasfudyHbIMU Maccamu U MOMeHmamu
uHepuuu. YucnerHsilli aHanu3 duHamuydeckoll peakuuu 06bEKMOo8 8bINOIHEH 8 pamKax HeJluHeliHoU meopuu
obornoyek B.B.Hosoxunosa.

BubpayuoHHoe cocmosHue U amnnumy_OHO-4acmomHble XapakmepucmuKku KOoMOUHUPOsaHHOU
06015104 YHHO-CMePKHEe|O U KOHCMPYKUUU C NPUCOeOUHEHHbIMU Maccamu YUcreHHo uccrniedoesanucs e [2, 3].

B Hacmosaweli pabome npueodumces ronHas cucmema 0605104e4YHbIX ypasHeHUl, OCHOB8aHHbIX Ha
eunome3ax C.[1. TumoweHKko [4, 5] Hcnonb3oeaHue ymoyHeHHOU meopuu JQuHamuku 060JIoYexK,
yyumsieaiowiell UHepyuo epaweHus U rnornepeyHblli cosue HOpMasibH020 afneMeHma, 0byCrioesieHO mem,
4mMo MONTUMEPHBIE U KOMIO3UUUOHHBIE Mamepuaribl, WUPOKO MPUMEHAEMbIE 8 COBPEMEHHOU MEXHUKE,
Xxapakmepu3syromces cnabbiv conpomussieHuem Oecghopmayuam cdeuza, Komopbie He ydumbliealomcs
Knaccuyeckoli meopueli 06osioueK, a e pamkax paccmampueaemoz0 rnodxoda npPUHUMAKM HeHynesble
3Ha4YeHuUs.

Knioyeebie cnoea: 0syMepHbIe MepPMOBSa3KOyrnpyaue 6051HbI, yermolqyueocmb pa3HOCMHOU CXemMbl,
CXO0UMOCMb peleHUs pa3HocmHoli 3adadu, uHOeHmop, dechopmayus, MeH30p, HarnpPsXXeHUs.

MPHTW: 50.47.29.

B.B. Opas6aeB’, [I.P. 3unara6aeHoBa’', K.H. Opas6aeBa’, E.A. OcnaHoB® .
'N.H. F'ymunes aTbiHaarsl Eypasus ¥nTTbiK yHusepcuteTi, Hyp-CynTaH k.

’Kasak 3KOHOMUKA, Kap>bl KoHe XanblkaparsiK cayaa yHusepcuteTi, Hyp-CyntaH .
*Cemelt kanacbiHbIH, LLokapim aTbiHAaFbl YHUBEPCUTETI

FA30bl TAPATY XXOHE ECENKE ANY YPLOICTEPIHIH BACKAPY XYNENEPIH TANOAY,
ONAPAOBLI XETINAIPY TOCINAEPI

AHOGamna: a3dbl mapamy xoHe ecenke any ypdicmepiHiH 6ackapy xylenepiH manday Hemuxenepi
Kenmipinin, aHbIKCbI30bIK nNeH bacmarkbl aknapammeiH alkbiHCbI30birbl XarlalinapbiHOa XyMmbiC xacay
ywiH mandaHraH xylienepdi xemindipy macindemersnepi yCbiHbINFaH.

a3 mapamy xoeHe ecernke ajly mexHono2usanbiK ypdicmepiHiy asmomammaxObipbiiiraH 6ackapy
XylienepiriH KypbinbiMbl cunammarnraH, myHoall xylienepdiH Hezidai anemeHmmepi MeH akKnapammeiK jLKi
Xylenepi KapacmebipbinfaH. [a30bl macbimManday XoeHe mapamy mexHonoeusnslK  ypdicmepiH
asmomammaHOblpbiiiraH  backapy  xylenepi  mexipubenik-eHOipicmik  akcrninyamayuanay — xalinbi
aknapammsesl manday HamuxeciHO0e wmyHOalli asmomammaHObipy Xylenepi onepamopnapObiH Ker
KalimanaHbin  XacanblHambiH XYMbICMapbiH MUHUManObl KbllambiHbl  aHbliKmarnsaH, ColiKeciHwe
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