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Kelvin-Voigt equations with memory: existence, uniqueness and
regularity of solutions

In general, the study of inverse problems is realizable only in the case when the corrésponding direct
problems have the unique solution with some necessary properties such as continuity and reg@larityaln this
paper, we study initial-boundary value problems for the system of 2D-3D nonlinear Kelvia-Voigtequations
with memory, which describes a motion of an incompressible homogeneous non-NeWwtonian, fluids with
viscoelastic and relaxation properties. The investigation of these direct problems isgfelatéd to the study of
inverse problems for this system, which requires the continuity and regularity ofésalutiongyto these direct
problems and their derivatives. The system, in addition to the initial conditiofgis Supplemented with one
of the boundary conditions: stick and slip boundary conditions. In both case§ of these boundary conditions,
the global in time existence and uniqueness of strong solutions to these injtialsbgundary value problems were
proved. Moreover, under suitable assumptions on the data, the regularity of selutions and their derivatives
were established.

Keywords: Kelvin-Voigt system, slip and stick boundary conditionsS;istrong solutions, global existence and
uniqueness, smoothness.

lntroduction

Let Q £ Rd, d = 2,3, be a bounded domain withga’smooth boundary dQ, and QT = Q x (0,T) be
a cylinder with a lateral I'T = dQ x [0, T]. Let us consider the following initial-boundary value problem
for the system of nonlinear Kelvin-Voigt, (Navier-Stokes-Voigt) equations with memory

t
vi+ (v -V)v —XA#t =vAv —J K(t —TAvV(X,r)dr + Vp =1, (x,t) £ QT, @)
0
divv(x,t) = 0, (x,t) £QT, (2)
supplemented withythe_initial condition
v(x,0) =vo(x), Xx£Q (3)

and ane ofithe follewing boundary conditions: stick boundary condition
v(x,t) =0, (x,t) £ETT 4)
or slip boundary condition
vn(x,t) =vmm =0, rotvxn=0, (x,t) £ETT. (5)

System (1)-(2) is called a Kelvin-Voigt (also called Navier-Stokes-Voigt) system with memory
or an integro-differential Kelvin-Voigt system, and models a motion of viscoelastic incompressible
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non-Newtonian fluids [1-5]. Most of hydrodynamics problems were considered with stick-boundary
condition (4), however, in recent years works have appeared on initial-boundary value problems with
a slip-boundary condition like (5), see for instance [6-8] et al. Because this is related to the fact that
these boundary conditions have an important meaning for non-Newtonian fluids [9,10]. In the case of
slip boundary condition (5), we assume that Q is a simply connected bounded domain [11]. System
(1)-(2), in some particular cases, can be considered as a nonlinear pseudoparabolic equation due to
the term Avt, therefore all established below results will be hold true also for initial-boundary value
problems for such type PDEs.

The issue of study of problems (1)-(4) and (1)-(3), (5) is aroused due to the investigation gf inverse
problems for system (1)-(2) that is supplemented with some additional conditions on solutions of the
corresponding direct problem. In generally, the study of inverse problems are realizable only,there is
information such as unique solvability of the corresponding direct problems and Smoothness ofitheir
solutions [12-14]. The direct problems for (1)-(2) with various statements have been studied”before in
some works as [5,7,15,16], where the existence and uniqueness of weak solutiong 'weregestablished. The
existence, uniqueness, and the regularities of smooth solutions of the initialéoUndary value problems
for system (1)-(2) without the memory term have been investigated in [17\for homogeneous fluids,
and in [18], in the case for non-homogeneous fluids. However, by our kinowledge) there is not work for
smooth solutions for problems (1)-(4) and (1)-(3), (5). By this purpase,infthis paper, we investigate the
existence and uniqueness of strong solutions of problems (1)-(4) and“(1)-(8), (5), and their regularities.
First we work on problem (1)-(4) and the study problem (1)-(3), (5)sis8imilar to the first one, therefore,
we omit some details of proofs.

1 Preliminaries

In this section, we introduce the main fungetional spaces and some useful inequalities related to
boundary conditions (4) and (5) from [8]. We distiaguish vectors from scalars by using boldface letters.
The symbol C will denote a generic constant - generally a positive one, value of which will not be
specified; it can change from one inequality to another. We denote by L2(Q) the usual Lebesgue space
of square integrable vector-valued functionsien Q, and by W m,2(Q) the Sobolev space of functions
in L2(Q) whose weak derivatives 0f an“erder not greater than m are in L2(Q). The norm and inner
product in L2(Q) denoted byoym|2Q and (m -)2n, respectively.

Let us introduce the functionyspaces regarding to the slip and stick boundary conditions (5) and
(4), respectively (see [3,6]):

Hn(Q) = {ve€ L2(Q) *diww = 0, vnjan = 0}; H(Q) = {v £ L2(Q) :divv = 0, v]an = 0};

HAQ) = {vef WA(Q)“divv = 0, vn|dn = 0}; H:(Q) = {v £ WA(Q) :divv = 0, v|dn = 0}

HO(M) =¢{v £°HO(M) NW 22(Q) : (rot v x n)|dn = 0}; H2(Q) = {v £ H"Q) MW 22(Q)}
andfor thessimplicity, we use the following common notation for both cases

V' = ( H(Q), inthecase (4; v =/ HI(Q), in the case (4);
\' Hn(Q), in the case (5), :\ Hn(Q), in the case (5), i = 1,2.

The scalar product and the norm in Vn(Q) we define by (rotv, rotu)2n and ||v||vi(Q := |[rot v||2n,
respectively. According to [3,6,8,11] and the references cited in them (see for example [9,19]), the
following inequalities are hold:
Poincare’s inequality

1vizn < Ci(Q) [[Vvll2a, v £ V'(Q); (6)

N1(Q) IV llwi.2(n) < lrotv Iizn < N2(Q) IV [lwi.2(n) , W £ VI(Q);
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N3(Q) |V [IW22(n) < lI"v N2n = llrotrot**n < N4(Q) |v|w2,2(n) , VW GV2(Q); (7

and Ladyzhenskaya inequalities [6].
Let us introduce a bilinear and continuous form a on V 1, associated with the operator A:

a(v,u) = (Vv,Vu)2n, Vv,u GV 1(Q) (8)

in case (4), and
a(v,u) = (rotv, rotu)2n, Vv,u GV 1(Q) 9)

in case (5). It is clear that a(v, v) is a norm on V 1(Q), which is equivalent to, Wodf2(Q)=nerm. In
particular, due to (6), in V 1the norm | rotv||2n is equivalent to the norm ||v|w 12(n),“and therefore
equivalent to the norm ||V v||2n.

Thus, a defines an isomorphism A from V 1(Q) to V -1(Q),

(Av,u) = a(v, u), Vv,u GV 1(Q),
where (m ® denotes the pairing of V1and V-1. There hold the following continuous inclusions

ViQ) " L2Q " V-IQ)

where each of the first two spaces is dense in the néxt One.

It follows from (7) also that in V2 the norm |[AW||2n%= |[rotrotv||2n is equivalent to the norm
liv llw22(n).

Regarding to sliding condition (5), we have the,Green formulas (see [6] and [8, 9]):

(-Av u)2n = - (VdivV,992n # (rot2 V,u)2n = - fpﬂdivv mndS+
(10)

+ (divv, divu)2n + u m(rotv x n) dS + (rotv, rotu)2n = (rotv, rotu)2,

Jdn

in case d = 3, and

(-A~"W)2n = (divv,divu)zn + (rot(rotv),» 2n =

(11)
= (rotv x n) udS + (rotv, rotu)2n = (rotv, rotu)2n,
Jdn ’ ’

in case d& 2 \where rot™> is the vector (tfx2, —ipxi)2n for the scalar function >
The regularity properties of solutions will be proved under the following lemma, which the proof is
given in [20].

Lemma 1. If f G Lp(0,T;X) and dit G Lp(0,T;X) (1 < p < Te), then f, after, which can be
changing on a set of measure zero (from segment (0,T)) be a continuous mapping [0,T]" X.

Definition 1. A vector function v(x, t) is a strong solution to problem (1)-(4) ((1)-(3), (5)) if:
1v(x,t) GC(0, T;VLQ)nV2Q)) nWEWO,T;V1Q)nV20Q));

2 Each equation in (1)-(4) ((2)-(3), (5)) holds in the distribution sense in the their corresponding
domain.
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2 Main results

Throughout the work, we assume that
K (t) £ L2([0, T]) and ||K|[l2(o,t]) = Ko < Te. (12)

For the problems (1)-(4) and (1)-(3), (5) the following results are hold.
Theorem 1. Suppose that

f £L2(0,T;L2(Q)), vo £V"Q) NV2Q),
and (12) are hold. Then problems (1)-(4) and (1)-(3),(5) have a unique strodg solution and the

following estimate is valid

I ® In W ln N LN

Iv 1Tto(0,T;VIQ)NV2(Q) + [v t]L20,T;Vi(n)nV2(n)) + Iiv [L2(0,T;V1@) ==£C < X,
where C is a positive constant depending on data of the problem.

Proof. The proof consists of following steps: by Gelerkin’s methad _censtructing a sequence of
approximated solutions; obtaining a priori estimates and passagg, to \limit.

2.1 Galerkin’s approXimations

To prove the existence of a strong solution to prablemy(1)-(5), we use the Faedo-Galerkin method
with a special basis of eigenfunctions of the spectral preblem

—Aipj + Vg = Aijg(fij £ V 2(Q)

is closely connected with problems (1)-(4) and (1)-(3), (5). In case (5), it is equivalent to the problem
[6.8]
Afij =0-Afij = Afij, fij £v2(q)
since Vq = 0 due to the fact
(AfigVp) = 0, for any fi £ V2(Q) and any p £ W"Q).

For the problem (1)-(3)sn(4), Afij = fij [21]. Given m £ N, let us consider the m-dimensional spaces
Xm spanned by<the “first m eigenfunctions fii,...,fim. For each m £ N, we search for approximate
solutions in the form

m
vm(x,i) = £ Gn()fijx), fij g xm,

;=1

where unknown coefficients cm(t), j = 1,....m are defined as solutions of the following system of
ordinary differential equations derived from

dt ((vm.fik)2,n —k (Avm, fik}2n) + ((vm sV) vm, fik)2fi —v (Avm, fik)2.n —
dt (13)

Kt —r) (Avm, fik)2ndr = (f, fik)2n,
0
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fork =1, 2, ..., m. System (13) is supplemented with the Cauchy data
vm(0)= vm, (14)
where m
vm = E (v0,7j)2n
=1

is a sequence in L2(Q) n V 1(Q) such that
vm ~ vO(x) strongasm” Te in V1(Q) n V2(Q). (15)

According to a general theory of ordinary differential equations, Cauchy problem#(13)2(€4)\has a
solution cm(t) in [0, T*j. By a priori estimates which we shall establish below, [0,7*] €an, be extended
to [0, T].

2.2 A priori estimates

Lemma 2. Assume that
f GL2(0,T;L2(Q)), vo(x) GV 1(Q),

and the conditions (12) and (15) are fulfilled. Then, for all t G [0, T, theyfollowing a priori estimate is
valid

m |LTQO, T;V(mnV1(n) + 1IMT120VIMA)) < Mo < Te, (16)
where MO is a positive constant depending only on“data“ef the ‘problem.

Proof. Multiply k-th equation of (13) by ‘em(t) and\summing up from 1 to m, then using Green’s
formulas (10)-(11), we obtain

dt G + Tl ™ Rran A4 G W) =
t
= K (- T)alvm(t), vm(T)) dT + (f, vm)2fi = N, (17)
0

where a is defined by (8)4and.(9), “regarding to the boundary conditions. Next, we estimate the terms
on the right-hand side,of((¥7) by Holder’s and Young’s inequalities

t

<Y IK(t- 1) m(T)Hv1(n) livm (t)|Va(n) dT + |[vm |2,n lifll2,n <
0

t
ARV 111\V 1 KO Cy m/_\|]2 j_ ., 1n mhlz2 , 1 upn2
< ~v Vi) + v (MVYn) dT 4 2 v 12n+ 2 " 12n.
0

Substituting last inequality into (17), and integrating by s from 0 to t, we obtain
t t

v b + Kllv HIYUR + VI VLR d$\EL(Y B6x3 | AM0Ex0 | MOEAAG0XH V1Y +1nllv - 112nds+
0 0

t s t
+ 03 J Ivm (s)|VLn) dTds + 1If|2,Qt < C1J (|jvmli2n + K|vm lIV1(n)) ds + C2,
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where
K2T
Cl = max{1,--0-} c2= [[vO(X)Ni,n + Klivo(x)|Vi(n) + |flI2QT .

Omitting the third term on the left hand side of (18) and applying Gronwall’s lemma and taking
supremum, we get

tes(l(J)PﬂglvaZ’n + ||vmnVi(n)3 < Cc3< Te (19)

where C3 = C3(v, k,T,C 1,C2). Plugging (19) with (18), we obtain the first energy estimate (16).
Lemma 3. Assume that all conditions of Lemma 2 are fulfilled. Then the followingiestimate s valid
llvm [LAMO, T;V(Q)nVi(n)) + 17M1b2(0,T;V(Q)nV1(Q) < MI < Te, Vt £_[0, T, (20)
where M1 is a positive constant depending on data of the problem.

Proof. Multiplying both sides of k-th equation of (13) by —_—€|5n and_summing up from k = 1to
k = m, we obtain

M sk kT g 4 Y& ™% 2 (W B vt v )2n-

(21)
- K(t- Ta(vm(t),vt(t))dTH (v t)2n = hi + /22.
0
Using Holder and Ladyzhenskaya together withyYoung inequalities, we have
21 < |((vm wV) v t,vm)| < ByMN{4n »vm|2n < | Bwvt“»V.(Q) + [lvm||V1ig>, (22
t
122 < f Ivt(i) BVu(Q) & —2 T/ llvm(T)|V2(Q dT + f |vt“(®)B2,n+ ~ | fiL,n. (23)
0

Plugging (22)-(23) with £7=38,i"="1, 2, 3 into (21), and integrating the result by s in [0,t], t < T,
we have

v Iivm IVa(m)eez,llv t (1) 2,QT + K |vm (t) 1112(0,T;V1(n)) <
< v |lvo|Vi(n) + 3C4(Q M2 + 3—2 MoT + 3 |f||2,Qt := Ca < Te
whi€h followsithat (20).
Lemma 4. Assume that in addition to the conditions of Lemma 2 holds
vo £ V(Q) MV 2(Q).
Then for all t £ [0, T], the estimate is valid

&4 LAY™112n + [Avm I26r < M2 < Te, (24)

where A = A for the problem with (4), and A = A for the problem with (5).
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Proof. Let us multiply the Kth equation of (13) by _,\kdaa}(t) and sum with respect to k, from 1to
m to obtain

iKmiiVi<n) + kK BAvm«2,n + 2 dt |[Avmi2.n = (vmw) vm,a * 2n—

t (25)
—/ K({t —T) (Avm(T™ Avm(t))2Hdr + (f(t) Avm)2Q = /31 + 32
0

Estimating the terms on right hand side (25) by using Holder, Ladyzhenskaya, Sobolev and Young
inequalities, we get the following inequalities

131 —Il|Avmil2n »vm|4n »Vvm|4n —f BAvm«2.n + llvm |IVi<n) [|Awm |23,
t
/32 _R2 H,'g‘rvrpn%iq?‘ln + |!§0 Jf ||£\VrerT\)iB.n dr + ?L3 I|/lt95\vmwilﬁn + Al ﬂ%ﬂzL , (26)
2 0

where C(Q) is a constant from embedding inequalities.
Substituting (26) with ei = f,i = 1,2, 3 into (25) and integrating\the“résult by r £ (0,t) and using
estimates (16), (20), we have

t t t
v IAViHRn 4 ) [wm@WAER) dr + k § |Avmi)?2n dr =C54 [IAvm(r)|2ndr + » (27)

0 0 0
where

5 = 3k9 (c20) + Ko™, &= v %) ¢ § Mpor.
By applying Granwall’s lemma and thé%standard techniques, we get from (27) estimate (24)

Along with the above estimatges, onejycan establish the following more regular estimate assuming
an additional smoothness fordata:

Lemma 5. Assume thatmin,addition to the conditions of Lemma 5 holds
f£L~(0,T;L2(Q)).
Then for all t £ JO, T) the"following estimate is valid

P_IKIIV~n) + P_|JAvn|2.n —M3 < Te. 2
tes[g.ﬂ n) tes[bl.t]l vn|2.n 3< Te (28)
Proof. Let us multiply the kth equation of (13) by —2k— , and sum with respect to k, from 1
to m. Then"we have
vmivi<n) + k JAVIiZn = (v mv) v Avihzn —
t (29)
—J Kt —r) (Avm (™ Avm(t))2ndr + (f(t), Avm)an —v (4" Avm)2n = J4+ "

where
/41 = ((vm -V) vm,Avm)2.n ,
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la2= - j K(t- 1) (Avm(T), Avm(i))2,ndT + (f(t), Avm)2,n - V(Avm,AvmVn .
0
Estimating /41 and /42 by using Holder and Cauchy inequalities as above, we obtain the following
inequality

141 < [JAvmilzn [vmian (Vvmpan < 3 BREZL 4 © Q Riam [BBZn . @o
t
14z < 8 [MAMINZEG + B A pawin(D)izn dT + Abjavm@izn + A [HZne

(1)
+ 7N |JAvm|2,n +y |[Avm(t)I2,n .
Choosing = KKi = 1,2,3,4 in (30), (31), and substituting into (29), we get
R’/Mlg/l(n) # ﬁ( fl&\\//fn)'/%n < 2C|<(Q) Wmf%/l(n) ”&\‘/’m)'/%n ¥
t (32)

K2 Cavm@iFndr+ 2 [f12°n e 2 1A WM
+ —° + - -
g IAVMMIEN OT+ 120 Sl YT

Now, taking the supremum by t G [0,T] on both sides of(32).and using (20) and (24), we obtain

tEpol] (lvm|V1n) + I§ |Avm|2,n) < '}I(’ M 1m 2+ KO M2T+R |f|L~§{),T;L(n))+“k M2 < K < Te.

2.3 Passage to the limit as m ~ Te

By means of reflexivity and up tegsomefsubsequences, estimates (16), (20), (28) imply that

vm ™ v weakly-* in L°(0,T;V(Q) nV1Q)), asm”" Te, (33)
vm” v_weakly h L2(0,T;V(Q) nV1(Q)), asm~”" Te, (34)
vm N vi# weakly in L2(0,T;V(Q) n V 1Q)), asm”" Te, (35)
vim ™ NggWeakly-* in L°(0,T;V2(Q)), asm”™ Te, (36)
vim AW weakly in L2(0, T;V 2(Q)), asm~”" Te, (37)
vm ™ vt weakly in L2(0,T;V2(Q)), asm”" Te. (38)
Ongthe othen hand, due to the compact embedding W 1,2(Q) L2(Q) and the Aubin-Lions

compaetness lemma, it follows that
vm — >v  strongly in L2(Qt) as m "™ Te. (39)

Let Z(t) G C0° ([0,T]) be an arbitrary function. Multiplying (13) by Z(t) and integrating the result by
t from O to T, we obtain

f vmm Zdxdt+ f (vmeV)vmm Zdxdt+v f Avmm Zdxdt+
JQt JQt JQt (40)

Avm ' Zdxdt= / [/ K(t- s)Avmm ZdsdT+ / fm Zdxdt
Qt "0 ~Qt
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for k £ {1,..., m}. Then, fixing k, we can pass in equation (40) to the limit m ~ Te, by using the
convergence results (33)-(39). Then, we obtain

/[ vt m<¥kZdxdt + (v mV) v m¥Zdxdt + v Av mrKk(dxdt+

JQt JQt JQt
+k / Avtm Zdxdt= / K(t—s)Avm (dsdT + / fm Zdxdt.
QT JQT JO JIQt
fork £ {1,..., m}.
By linearity, equation (41) holds for any finite linear combination of {zk = W ()} t=bwith\Z(t) £

C(f ([0,), and, by a continuity argument, it is still true for any z £ L2(0,T;V(®))sHence,"We can
see that v satisfies to

/[ vt mdxdt + (v -V) v mdxdt + v Av mZdxdt+
JOt JQt JQt

+k Avt mdxdt = [ K(t —s)Av mdsdT + /& Tmezdxdt,
*/Qt JQt JO 40t

i.e. v is a strong solution to problem (1)-(4).

3 Regularity of solutions
Theorem 2. Let all conditions of Theorem 1 be fulfilled, Then
v £ C(0, =V(Q) M2(Q)), p £ C(0, =G(Q)).

If, in addition,
f £.C(0,—L2(Q))

holds, then forall t £ (0, T)
v £€10=V(Q) n V2(Q)), p £ C(0, =G(Q)) (42)
holds.

Proof. Embedding!(42) follows from Lemma 1, under estimates (16), (20), (24). The second assertion
follows from thegembedding theorems under the estimates from [20,22].
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X. Xomnbiw, H.K. HyreimaHoBa

An-®bapabu aTbvTAars Llasal ynTThily yHuBepcnTeTi, AnmaTshl, LlagaucTaH

>Xaabl mywec 6ap KenbBUH-PorT Teugeynepk’ wewimgepaiy 6ap
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60]'bel, Xanrbl3gbirbl XX3H& PEeLYAdpP/bITbl

Xannbel anraHga Kepi ecenTepfi 3epTTey onapra calikec Kefeml Typa ecentepal, 6ipmaHgi wewimgini-
ri XaHe wew!mgepw, y3~cas3gT MEH Xorapbl perynapjbirbl CUAKTE Kelbip KaKeTT KacueTTepre ue
6onraH xargalifa raHa xysere acbipbinagbl. Makanafla TYTKbIp CEPnimMAi )XaHe penakcauuanblK Kacuet-
Tepi eCKepinreH cbirblIMaiTbiH 6ipTeKTi HbOTOHABIK eMEECY bl Tap bl KO3ranbiCblH CUNATTalThIH Xagbl
Myuwea 6ap 2D-3D Onwemai Cbi3biKTbl emec KefbanH-® okt TeHaeynep xYWeci YiwiH kpiibinraH 6acTankbl-
WeKTIK ecenTep 3epTTenreH. byn Typa ecentepai 3epTTey OCbl XxYie YLWIiH KOWbINraH Kepi ecentephi 3epT-
TeyMmeH GaiinaHbicTbl. Ce6e6i, OHAa OCbl Typa ecenTepguyfitiel !MaepLULL, )X3He 0NnapAblH TYblHAbINAPbIHbIH
Y3inicci3giri meH perynapnbirbl cusakTbl "€l e”epi KaxeT eTinegi. K,apacTblpbifbli OTbIpraH ecentepie
TeHaeynep xYileci 6acTankbl WwapTneH, KaTap, XXYry X3He cblpraHay CUAKTbl LIeKapanblK LWapTTapbiHbIH
GipiMeH TONbIKTbIpbiNagbl. OcCbl el0 WeKapaablk WapTTap XarjanblHaa 6acTankbl-lLeKapanblK ecenTepiin
ANAI WewimaepiHiH yakblT 60ibiHdra FhobanbAbl 6ap 601ybl XaHe Xanrbli3ablirbl ganengeHreH. CoHbIMEH
Katap, ecenTiH 6GepinreHaepi YWiH Konalfbl yiirapbiMaap >acaidi OTbIpbin, WewiMAepMeH 0napAblH TYblH-
OblnapblHbiH perynapnbirsl KOpceTwa”

KwT cB3gep: KenbBUH@OWRT XYii€ei, Xyry XaHe cblpraHayblH WeKapanbiK WwapTTapbl, an4i wewimgep,
rno6anbfbl 6ap 60NYbIKIHE KANTbI3AbITbl, TENCTX.

X. Xomnbiw, H.K. HyrbimaHoBsa

KasaxCKnit HauMoHanbHbIi YyHUBEPCUTET UMeHU anb-dapabu, AnmaTsl, KaszaxcTaH

YDaBHeHI/IFI KenbBuHa—Ponrta ¢ namsaTblo: cywecrtsoBaHue,
€EANHCTBEHHOCTb N PErynAapHOCTb peLIJeHVIVI

B o6uieM cnyyae n3yueHue o6paTHbIX 3afay OCYLLECTBMMO TO/bKO B TOM C/lyuyae, KOrjga COOTBETCTBYIOLME
npsMble 3afayv UMET eJMHCTBEHHOE pelleHne, 061ajatollee HeKOTOPbIMUY HE06X04MMbIMI CBOWCTBAMU, Ta-
KUMW KakK HEMpepbIBHOCTb M PerynspHocTb. B cTaTbe UCCNef0BaHbl HauaNbHO-KpaeBble 3a4aun 418 CUCTEMbI
2D-3D HenuHelHbIX ypaBHeHU KenbBMHA-®OrTa ¢ NaMaTblo, ONUCbIBAKOLLEH ABVXEHWE HECXKUMaemoii
0AHOPOAHON HEHbIOTOHOBCKOM XUAKOCTU C BA3KOYNPYTMMU W penakcalMoHHbIMK CBOcTBaMuU. Mccneaosa-
HWe TakUX MPAMbIX 33fa4 CBA3aHO C M3yYeHWeM COOTBETCTBYIOLLMX 06PaTHLIX 3ajay AN AaHHOK CUCTEMBI,
KOTOpoe Tpe6yeT CBOWCTB KakK HENpPepbIBHOCTM W PEryNspHOCTI PELIEHMS U UX NPOU3BOAHbLIX 3TUX MPAMbIX
3afjay peweHnii. Cuctema ypaBHeHWit, MOMUMO Ha4aNbHOrO YCNOBMUSA, AOMONHAETCA OAHUM W3 TPaHWUUHbIX
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Kelvin-Voigt equations

YC/I0BWIA: YCNIOBMEM MPUAUNAHUS WU CKOMbXEeHns. B 060ux cnydyasx [oKasaHbl rno6anbHOe BO BPEMEHM
CYyLLeCTBOBAHWE W eJMHCTBEHHOCTb CU/bHbIX peleHnii 3TUX HadalbHO-KpaeBblX 3afjay. bonee Toro, npu
COOTBETCTBYIOLMX NPEANONOXKEHUAX HA AaHHble 6blNa YCTaHOBAEHA PErynsapHOCTb PeWeHnid U NX npoms-
BOAHbIX.

Kniouesble cnosa: cuctema KenbBuHa-®olirTa, FrPaHN4YHbIE YCNOBUA CKONbXEHUA U npunnnaHna, CUNbHbIE
pewieHnA, rnobanbHoe cyuiectsoBaHne n eqUHCTBEHHOCTb, INaaKoOCTb.
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