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ON A 3D ELASTIC BODY WITH
A THIN RIGID INCLUSION
A. M. Khludnev

Abstract: We analyze an equilibrium state of a three-dimensional elastic body with
a thin two-dimensional inclusion. At the first step we assume the inclusion to be de-
laminated from the surrounding elastic body, which provides an interfacial crack. To
describe a mutual nonpenetration between the crack faces, we impose inequality type
boundary conditions at the crack faces. Additional difficulties appear in view of the
Neumann type conditions considered at the external boundary of the elastic body. We
analyze a passage to the limit provided that the stiffness parameter of the inclusion
tends to infinity. The limit model is analyzed, which describes an equilibrium state of
the elastic body with a thin rigid inclusion. Various equivalent problem formulations of
the limit problem are presented.
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1. Thin elastic inclusion

In the paper [1], a boundary value problem describing an equilibrium state
of a three-dimensional elastic body with a thin delaminated elastic inclusion was
analyzed. The Neumann boundary conditions at the external boundary of the elastic
body was imposed. The goal of this paper is to substantiate the possibility of limiting
the stiffness parameter of the thin inclusion within the framework of the considered
model and, in the limit, to obtain a thin rigid inclusion incorporated into the elastic
body.

A huge number of publications can be found related to the equilibrium states
of elastic bodies with thin incorporated elastic, rigid and semirigid inclusions [1-17],
see also [18,19]. Almost all publications describe 2D elastic bodies with 1D inclu-
sions. In the mentioned works, the discussions concern a solvability of boundary
value problems, asymptotic analysis of solutions, optimal control problems, junction
problems, shape sensitivity of solutions, inverse problems, etc. As for boundary
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Fig. 1. Elastic body with inclusion ~.

problems for elastic bodies with Neumann conditions imposed on external bound-
aries, we refer the reader to [20-22] and the literature therein. The present paper
focuses on justification of a passage to the limit with respect to the stiffness param-
eter, providing a transition from delaminated elastic inclusion to a rigid one for 3D
elastic body with the Neumann condition considered at the external boundary.

First, we present the formulation of the problem analyzed in [1] for a 3D elastic
body with a thin elastic inclusion.

Denote by 2 C R? a bounded domain with smooth boundary I'; ¥ C Q, v =
Yo X {0}, 70 is a bounded 2D domain with a smooth boundary, see Fig. 1. Let
n = (n1,n2,n3) be a unit normal vector to I'; v = (v1, ) is the unit vector to the
boundary 0y of vo; 2, = Q\ 7.

Introduce elasticity tensors A = {ain}, i.7,k,0 = 1,2,3; B = {biju}, D =
{dijui}, 1,7,k 1 = 1,2, satisfying the usual properties of symmetry and positive
definiteness, ikl € LOO(Q); bijkl, dijkl € Loo(”y).

All functions with two lower indices are symmetric in those indices. Summation
convention over repeated indices is used; functions defined on v are identified with
functions of the variable (z1,z2) € 0.

For a scalar function w defined on v we put VVw = {wg;}, 4,5 = 1,2. If
M = {M,;}, i,j = 1,2, then VVM = M;;;;. Introduce notations for a bending
moment M" and a transverse force TV = TV (M),

M"Y = —M;jvivy; TV = —M;j v — Mij pmiemijvi,  (11,72) = (—v2,v1).  (L1.1)

In the model analyzed, the domain €2, represents an elastic body, and ~y corresponds
to a thin elastic inclusion.

The formulation of the problem, considered in [1], is as follows. We have to
find a displacement field v = (u1,us2,us) of the elastic body and a displacement
v = (v1,v2),w of the thin inclusion defined on v such that

—dive = g,0 = Ae(u) in Q,, (1.2)

—div N = [(013,023)], N = Be(v) on 7, (1.3)
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—VVM = [os3], M =-DVVw on~,
on=0onl; Nv=0, M"=T"=0on 0y,

u;, =v;, =12, uz = won,

lus] >0, 033 <0, 053=0,7=1,2 |uslog; =0on,

/u — 07 /(ui,j - Uj)i) = O, i,j = ]., 273. (18)

Q, Q,

Here, the function g € L?(2) represents a given external force acting on the
elastic body; [h] = h" — h™ is a jump of a function h on v; N = N(v) = {N;;},
M = M(w) = {M;;}, i,j = 1,2, are stress and moment tensors to be defined on ~;
o=o(u) ={oi;}, 1,7 = 1,2, 3, is the stress tensor for the elastic body to be defined
in Qy; e(u) = {ei;(w)}, €5 (u) = 3(uij + uj;) is the strain tensor, i,j = 1,2,3. The
inclusion 7 is delaminated from the elastic material, forming a crack between v and
the elastic body. In particular, the delamination of the elastic inclusion means that
a displacement field of the elastic body has a jump on ~. The signs + correspond to
positive and negative faces of the crack with respect to the normal vector (0,0, 1).
It is assumed that the delamination takes place at v. In such a case, suitable glue
conditions are imposed at vy~ , see (1.6). Relations (1.2) are the equilibrium equation
of the elastic body and the constitutive law (Hooke’s law), respectively. Relations
(1.3), (1.4) provide equilibrium and constitutive law equations for the thin inclusion
~ being an elastic plate in the frame of Kirchhoff-Love approach. As for boundary
conditions (1.7), they guarantee a mutual non-penetration between the crack faces
4* with zero friction at y*. The contact set is unknown a priori in the frame of
the model (1.2)—(1.8); the approach used corresponds to a free boundary one. The
right-hand sides in the first equations of (1.3) and (1.4) describe forces acting on
from the surrounding elastic body. The first boundary condition of (1.5) corresponds
to the Neumann type which implies the non-coercivity of the problem (1.2)—(1.7).
To obtain a unique solution, we impose conditions (1.8).

The problem (1.2)—(1.7) admits a variational formulation. To this end, consider
Sobolev spaces H' (), H' (), i = 1,2,

U= {(u,v,w) € H(Q,)?> x H'(7)* x H*(7) | u; =v;, i = 1,2,

uz —won y; u = (u1,uz,uz), v—= (v1,v2)}

and the subspace U; C U,

U, = {(u7v7w) eU| /u =0, /(ui,j —u;;)=0,47=1,2,3; u= (U17U27U3)}.
Q, Q,

For any set G C R?, introduce the space of infinitesimal rigid displacements

R(G) = {p=(p1,p2,p3) | p(x) = C + Fz, 2 € G; C = (c!,?,¢%),
F = {fzg}a fl] — _f]l7 27] - 172733 Cz7f7,_] € R}
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Note that if (p1, p2, p3) € R(7), we have
(p1,p2) (@) = (c!,?) + flza, —x1), pa(x) = + fiwy + fawo;
x:(x17x2)€70; Ci?f?fiE]R-
Consider next the energy functional £ : U — R,

E(u, v, w) — %/a(u)s(u) —/gu+ %/N(v)s(v)—%/M(w)VVw.

Q, Q. Y

For simplicity we write o(u)e(u) and N (v)e(v) instead of 0y (u)e;; (v) and N;j(v)e;;(v),
respectively.
Let @ be the set of admissible displacements

Q= {(u,v,w) €U | [us] = 0 on v;u = (u1, uz,u3)}.
Consider the minimization problem

E(u,v,w). (1.9)

m
(u,v,w)eQNU;

It is proved in [1] that the problem (1.9) has a unique solution (u,v,w) provided
that the external forces satisfy the following condition:

/gp =0 VpeR(Q,). (1.10)
Q,

This solution satisfies the variational inequality

(u,v,w) € QmUh (1.11)
/ o (w)e(T—u)— / g(T—u)+ / N (v)e(7—0)— / M(w)VV (T—w) > 0¥(T,5,) € Q.
" " ' ' (1.12)

Moreover, the problem formulations (1.11), (1.12) and (1.2)—(1.8) are equivalent
assuming that the solutions are quite smooth. This means that all relations (1.11),
(1.12) can be derived from (1.11), (1.12), and conversely.

We should add that the condition (1.10) is not only sufficient for the solvability
of the problem (1.11), (1.12) but it is necessary.

2. Stiffness parameter tends to infinity

In this section, we introduce a positive parameter ¢ into the model (1.2)—(1.8).
This parameter characterizes a stiffness of the inclusion . Our aim is to justify a
passage to the limit as § — 0o. More precisely, supplying the displacement fields with
the parameter §, we consider the boundary value problem for finding u = (u‘ls, ug, ug),

v = (vf,vg),w‘;, such that

—dive =g, o= Ae(u®) in Q,, (2.1)
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Fig. 2. Neighborhood S.

—0div N = |(013,093)], N = Be(v’) on 7,
—6VVM = |o33], M = —DVVuw’ on 7,
5

u®m =) i =1,2, w3’ =w on v,

19

(2.2)
(2.3)
on=0onT; Nv=0, M'=T"=0ondn, (2.4)
(2.5)
(2.6)

I:ug] 2070;3§07 0’;’5’,:07 7::]‘727 [ug}aé‘%:()on’y’

/u5 =0, /(u;{j —ul;)=0,4,j=1,23. (2.7)

Q, Q,
The condition (1.10) is assumed to be fulfilled in this section.
The problem (2.1)—(2.7) admits a variational statement and corresponds to
minimization of the energy functional

Es(u,v,w) — %Q/ o (w)e(u) —Q/gu+g/1v(u)s(u) - g/M(w)VVw

over the set @@ N U;. The solution of this problem satisfies the following variational
inequality
(u’,v°,w’) e QN Uy, (2.8)

/o(u‘s)a(ﬂ —ud) — /g(ﬂ —u®) + 5/N(U6)£(ﬁ —°)

Q. Q,

_ 5/M(w5)vwm _wf) >0 V@, eQ. (2.9)

At the first step, we obtain a priori estimates for the solution of the problem
(2.8), (2.9) being uniform with respect to 0. These estimates will allow us to pass to
the limit in (2.8), (2.9) as § — oo.

From (2.8), (2.9) the following relation is obtained

({U(u‘s)f(uf;) _KZQU‘S*‘sV/N(U(;)E(U‘S)—5/M(w5)vvw5 _o (2.10)

We can follow the arguments of the paper [1] used for proving the coercivity of the
functional F and derive from (2.10) the estimate being uniform in § > §p > 0,

H(u‘s,v‘57w6)||U <ec. (2.11)
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In view of (2.11), it can be assumed that as § — oo,

(u’, %, w’) — (u,v,w) weakly in U. (2.12)

Moreover, by (2.11), from (2.10) it follows

N(v <4 <4
/ <5 / VVw =3
g

Hence, in view of (2.12),

/N / w)VVw = 0.
¥

S
This means that
€ij(v) =0, w;;=0o0nvy, 4,j=1,2.

Consequently,

(v1,v2,w) € R(7). (2.13)
Introduce the space

W ={ue H'(Q,)° | ul,- € R(v)}
and the set
Qoo = {u = (u1,u2,u3) € W | [uz] > 0 on ~}.

In view of (2.12), (2.13), we can pass to the limit in (2.8), (2.9) as § — oo. Take
any element 7 € Qo and denote (T,W) = ul|,-, U = (U1,72). Then (4,7, w) € Q.
Substituting (7,7, w) in (2.9) and passing to the limit as 6§ — oo, we obtain

(U,’U,U)) € Qoo N W17 (214)

/a(u)s(ﬂ —u) — /g(ﬂ —u) >0 VY(u,7,w) € Qw, (2.15)

Q, Q.

where

Wy = {u ew | /u =0, /(u” —u;;)=0,4,7=1,23 u= (Ul,UQ,ug)}.
¥ Qy
Hence, the following statement has been proved.
Theorem 1. There exists a solution of the problem (2.14), (2.15) provided the
condition (1.10) holds.

Note that the solution of the problem (2.14), (2.15) is unique. Indeed, assuming
an existence of two different solutions u!, u?, from (2.14), (2.15) the following relation

can be derived for v = u! — u?,

/a(u)s(u) ~ 0.

Q,
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Since u € W1, in view of Proposition 1.4 from [23], this leads to u = 0, which is a
contradiction.

We can write down the differential formulation of the problem (2.14), (2.15). It
is necessary to find a function u = (u1,u2,us) defined in €., as well as a function
po € R(7) such that

—dive =g, o= Ae(u) in Q,, (2.16)
on=0onT, (2.17)

u~ = po on v, (2.18)

[us] >0, 043 <0, o05=0,i=1,2, [us]os;=0on+, (2.19)

ﬂm%z&cﬂ%,%ﬂmmﬁﬂvwwmmmﬁRm, (2.20)

v Y
/’LL = 0, /(uiﬁj — uj,i) = O, Z,_] == 1, 2,3 (221)
Qy Q,

REMARK 1. By (2.19), conditions (2.20) can be rewritten in the following equiv-
alent form

/[033103 =0, /([0’13]7 [o23])(p1,p2) =0 Vp=(p1,p2,p3) € R(7),  (2.22)

Y Y

or, in the following form
Jiomlo —0 voe Ry, (229
¥

where m = (0,0, 1) is a normal vector to 7.

REMARK 2. According to (2.20), a principal vector of forces and a principal
moment acting on vy are equal to zero.

The following assertion establishes a connection between problems (2.14), (2.15)
and (2.16)—(2.21).

Theorem 2. Problem formulations (2.14), (2.15) and (2.16)—(2.21) are equiv-
alent provided that the solutions are smooth.

PROOF. Assume that (2.14), (2.15) is fulfilled. It is easy to derive equilibrium
equation from (2.16) and boundary condition (2.17). Take test functions in (2.15)
in the form @ =u £, [us] = 0 on v, u = (U1, U2, us), ul,- = (p1,p2,p3) € R(7). It

/a(u)s(ﬂ) - /ga: 0.

Q. Q.

gives

This relation, by the equilibrium equation, implies

Jlotwm @ o,
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or (with o(u) = o)

/[0'33]173 + /[0'7- . ﬂT] - 0, Or — (0'13,0'23), 177- - (ﬂl,ﬂg). (224)

Since U, are arbitrary, the identity (2.24) proves that

03 =053 =0 on 7. (2.25)

By virtue (2.25), the identity (2.24) has the following structure:

/ josalos / (oash lozal) (1, p2) = 0 ¥p = (p1, paps) € R(7),

Y Y

and we arrive at (2.20) (or (2.22), or (2.23)).
Next, we take in (2.15) test function of the form % = u + %, % € Qoo, U3 > 0 on
v; supp @ C S; @ = (U1, Uz, Us), see Fig. 2. This implies

/a(u)s(ﬂ) - /gaz 0.

Q, Q,
Consequently,
/ (o) +of T <0,
¥
and by the choice of the test functions, we obtain

03,+3§00n'y.

Now, we prove the last relation from (2.19). Assume that [usz(y)] > 0, y € SN ~.
Taking test functions in (2.15) as U = u 4 Ay, supp ¢ C S, X is small. This provides

/U(U)E(w) - /gw: 0.

Q, Q,

By the equilibrium equation and (2.25), this identity implies

/aé%(pg =0.

v

Hence 043 = 0 on SN+, what implies the needed equality o5 (y)[us(y)] = 0. On the
other hand, assuming that o5(y) < 0, we easy obtain 045 (y)[us(y)] = 0.

Thus, all relations (2.16)—(2.21) can be obtained from (2.14), (2.15).

Let us prove the converse. Let (2.16)—(2.21) be fulfilled. We have

/(—diva—g)(ﬂ—u) =0 YU€ Quo-

Q,
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Integrating by parts, the following relation is derived

/J(u)s(ﬂ —u) - /g(a —u)+ /[am(a — )| = 0. (2.26)

Q. Q.

Let us prove that

/[am(ﬂ _ )] <0. (2.27)

In this case, the inequality (2.15) follows from (2.26). We rewrite (2.27) in the
equivalent form

/[033(ﬂ3 - U3)] + /[UT(ﬂT - UT)] <0. (228)

Notice that, by the second and the last relations (2.20), the following inequality
takes place

/U?B([%] — [us]) < 0.

v

Then, taking into account (2.20) and relations o3 = 0,7 = 1,2, on 7, we arrive at the
conclusion that (2.28) holds. Hence (2.15) is proved. Consequently, the variational
inequality (2.14), (2.15) can be derived from (2.16)—(2.21). Theorem 2 is proved.

We can write down one more equivalent formulation of the problem (2.14),
(2.15): it is necessary find a function u = (u1,u2,us) defined in Q,, as well as a
function py € R(y) such that

—dive =g, o= Ae(u) in Q,, (2.29)

on=0onT, (2.30)

u” =po, [us]=0on, (2.31)

/[am-u]:o, /[am-mgo VI € Que, (2.32)
8! 8!

/u = 0, /(uiﬁj — uj,i) = O, Z,_] = 1, 2,3 (233)
Q. Q.
Let us check that problem formulations (2.14), (2.15) and (2.29)—(2.33) are equiv-
alent for smooth solutions. Let (2.14), (2.15) take place. The equilibrium equation
from (2.29) and boundary condition (2.30) can be derived by standard arguments.
Next, from (2.14), (2.15) it follows

/ o(w)e(u) — / gu = 0. (2.34)

Q, Q,
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From here, integrating by parts, we obtain the first relation of (2.32). By (2.34), the
inequality (2.15) has the form

/o(u)a(ﬂ) - /gU > 0.

Q, Q,

Hence the second relation from (2.32) follows. Consequently, all relations (2.29)—
(2.33) can be obtained from (2.14), (2.15).

Now we prove the converse. Let (2.29)—(2.33) hold. We have

/(—diva—g)(ﬂ—u) =0 Vu€ Q.
Q'Y

Hence

/a(u)s(a —u) — /g(a —u) + /[am(a —u)] =0. (2.35)

Q, Q.

By (2.32), we see that

/[am(ﬂ _ )] <0.

Thus, from (2.35) the inequality (2.15) follows.

Consequently, we have checked that problem formulation (2.14), (2.15) and

(2.29)—(2.33) are equivalent.

10.
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MaremaTunueckad >KU3Hb

Me>KropoicKoii Hay YHO-HCCJIeJOBATEJIbCKUII CEMUHAP
«Hekyaccudeckue 3aga4m MaTeMaTUdeCcKoOi (pu3mKm»

28 mapra 2026 r.

«K 80-j1etuto Thiubicbeka [Mlapunosuya Kaapmenosa. O030p HEKOTODBIX Ha-
VUHBIX DE3YJIbTATOBY.

Hoxnaguuk: M. Canpibeko (MHCTUTYT MATEMATUKHA U MATEMATUYECKOTO MO-
nesnupoBanue, Asmvarel, Kazaxcran).

Jam kpaTKuit 0030p OCHOBHBIX HAYIHBIX pe3yabTaToB mpodeccopa T. 1. Karb-
MeHOBa. DBoJjiee moapoObHO M3I0KEHbI KPUTEPUU KOPPEKTHOCTH 3agadn Komm jirs
ypaBHenud Jlanmaca.

11 anpesasa 2026 r.

«Pazpemmumocts 2d4v-cucrembr Bposysiuia ¢ mepuogmdecKuMu yCJIOBUASIMA IO
IIPOCTPAHCTBEHHBIM [T€PEMEHHBIM ».

Hoxnamank: A. H. Aprromun (HoBocuupckuii rocyiapcTBeHHBIN yHUBEPCHUTET,
Hosocubupck, Poccus)

ITycrs 2 = (0,27) x (0,27). B mumuagpe @ = (0,7) x Q paccmarpusaeMm
CUCTEMY ypaBHEHUl

1 1
up +uy = —(wz —wv), v —v, = —(wz — uwv),
€ 5
1 1
wt+wy:g(uv—wz), zt+zy:g(uv—wz).

Jnsa wee craBurca 3anada Komu ¢ nepuopudeckumu yeiosusimu 1o (z,y). Ilocse
MacIITabUPOBaHUS MOXKHO CUATATh, 4TO € = 1.

Hamnast cucreMa sBJseTCa MOjeabio Tuna bosbiivana. C omHO CTOPOHBI, OHA
HaCJIeIyeT XapaKTepHble 0ocoOeHHOCTH ypaBHeHusi bonabnmana. C Apyroil cTpoHBI,
OHA CYIIECTBEHHO IIPOIIE, YTO JAaeT HaJEXKIy Ha BO3MOXKHOCTH ee OoJjiee cojieprKa-
TEJIBHOT'O UCCJIEIOBAHUS.

B pa6orax E. B. Pajgkesuua (c coaBropamu) HCCJIEI0BAJICH BOIIPOC O CTAbUIM3a-
WY PENIeHnil K CTAIlMOHAPHBIM. BBIJIO MOKA3aHO, YTO UMEET MECTO IKCIIOHEHIINA b~
Hasl CTAOMIN3allUsd B CJIy4Yae MAJIbIX IVIAJKUX PErYIISPHBIX BO3MYIIEHUN KOHCTAHT.

Hac 6yner maTepecoBars camblil 00U CITydaii.

1. Yro Oymer B ciaydae HEPETYJISPHBIX BO3MYIIeHUH! UTO MOXKHO CKa3aThb
Ipo IpesiesibHoe crarmonapHoe perenne? Ilokazano, 9To jake €ro ruroTeTHIecKoe
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CYIIECTBOBAHNE CBA3aHO C PA3PEIMMOCTBIO OJHON HETPUBUAJIBHOU HEeJIWHEHHOU 3a-
nmaun ¢ Lo-tipoekTopamu. Ilokazano, 4To 3Ta 3a/1a4a pa3peninma Ipu CaMbiX 00X
IIPEJIIIOJIOXKEHUSX .

2. B kakux ciydasx MOYXKHO JIOKa3aThb CYIIECTBOBAHUE JIOKAJBHOIO DEIICHUS !
H-teopema Bosbnimana maer jmmb KpaiiHe ciabyio OIEHKY. Y PaBHEHHS B CHCTEME
tuna Pukkatu. [losroMmy B THIMYHON TeopeMe O JIOKATHHOM Pa3PEeNIuMOCTH UCIOJb-
3yercst KJIacc orpannvdeHHbx dyHKIm. OKa3blBaeTcs, YTO HA CAMOM JeJIe MMeeTCsI
JIOKaJIbHast oreHka B Kiacce Lo (0,T; Lo(R2)). Bosee Toro, ona HOCHT TOTOYEUHBIH
XapakTep, a He MHTerpaJbHblil. Hajmane HeJIMHEHHOCTH OCJIOXKHSET JIEJI0, TaK ITO
TaKOI OIEHKU I JI0KA3aTeIhCTBA PA3PEIINMOCTA HE XBATaeT. 1eM He MeHee, [pu
HEKOTOPBIX JIOIOJIHUTEIBHBIX IIPEJIIIOJIOKEHNAX HA HAYAJIbHbIE JTaHHBIE JIOKAJILHYIO
Pa3penIuMoCThb J0Ka3aTh YIAeTCs.

3. YTo MOXKHO CKa3aTh O PEryJISPHBIX BO3MYIIEHUIX CAMBIX OOIINX CTAIOHAD-
HBIX pemtennii! B Gosiee-MeHee TPOCTHIX CIydasX YAAeTCs UCIOJb30BATH PA3JIOKe-
Hus B paapl Pypre. B obrem ciiydae Takasi BO3MOXKHOCTH HE TTPOCMATPUABAETCS.

Astop BeIpazkaer rirybokyio Osaromapuocts E. B. Pajkesudy 3a BHUMaHUE K
paboTe u comepKaTeIbHbIE 00CY XK ICHUS.

25 amrpesia 2026 .

«Bapuarmonubie HepaBEeHCTBA € BBIPOXKIAIONUMICS AHU30TPOIHBIMUA K03(DhU-
muenTaMu 1 L'- TaHHbIMITs.

Hoxnaguuk: A. A. Kosanesckuii (Mucturyr MaTeMaTuku u Mexanuku uMm. H.
H. Kpacosckoro ¥YpO PAH, Exarepun6ypr, MacturyT npukiagHoil MAaTeMaTUKU U
mexanuku, Jonenk, Poccust).

PaccmarpuBatoTcst HeTMHEHHbIE JIIMITHYECKNE BapUAIIMOHHbIE HEPABEHCTBA C
BBIPOKIAIOMUMHUCH (110 IPOCTPAHCTBEHHO NMEPEeMEHHON) U AHU30TPOIHBIME KO3(]-
cunmenTamu u L'-mpasoit yacTeio. PasbmparoTcs ciydan, KOTIa COOTBETCTBYIONEe
MHO2KECTBO OIPDAHWYEHUI [TPUHAJIEIKAT OMPEIETCHHOMY aHU30TPOITHOMY BECOBOMY
npocrpanctBy CobosieBa U HEKOTOPOMY 6o0jiee MIUPOKOMY KJIACCY, COIIEPIKAIIEMY
Hecymmupyemble GyHKImu. JIIs KaXkJI0ro u3 9TUX CIydaeB NPUBOIATCH DPE3YJib-
TaTBl O CYIIECTBOBAHUHU WM CBOWCTBAX PEIIEHMWI PACCMATPUBAEMBIX BAPUAIMOHHBIX
HEPABEHCTB, & TaKyKe Pa3HOOOpa3HbIe IPUMEDHI BBIIOTHEHUS IPEIIIOJIOKEHI OTHO-
CUTEJIbHO MHOYKECTBa OTDAHUICHUH.

Yyactuuku cemruapa «Hekiraccuueckue 3a/1a9u MaTeMaTUIeCKOt (DU3UKIY> OT
BCell JiyTiu mo3apaBJisioT npodeccopa Usana Eroposuua Eroposa co ciraBHBIM 1001-
seem — 75-neruem! 2Kenaem Bam, Ban Eroposud, ycrexos u c4acTbst B Ku3Hu!
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