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e-Approximation of the temperatures model of inhomogeneous
melts with allowance for energy dissipation

Accumulated facts and information about the Navier-Stokes equations, together with a large number of
experiments and approximate calculations, made it possible to reveal some discrepancies between the
mathematical model of a viscous melt and real phenomena in the nature of real molten systems. There
are many reasons for this. One of them is the nonlinearity of the Navier-Stokes equations. And for non-
linear equations it is known that in non-stationary problems, a solution satisfying it can exist not on
the entire interval ¢ > 0. Over a finite period of time, it can either go to infinity, or crumble.A solution
lose regularity and no satisfying the equations and begin branching. It is mathematically proved that if
this solution exists for ¢ > 0, then it may not seek to solve the stationary problem when stabilizing the
boundary conditions and external influences. The solutions of the nonstationary problem obtained even
with a smooth initial regime and smooth external influences can become less regular with time, and then
generally go into irregular or turbulent regimes. The actual implementation of this or that branch of
the solution depends on extraneous reasons not taken into account in the Navier-Stokes equations. In the
proposed paper, we constructed a numerical scheme with good convergence. The regularization of the initial
systems of differential equations by e-approximation is constructed. The Galerkin method is implemented
ensuring the correctness of boundary value problems for an incompressible viscous flow both numerically and
analytically. A splitting scheme for the Navier-Stokes equations with a weak approximation is constructed.
An approximation is constructed for stationary and nonstationary models of an incompressible melt, which
leads to nonlinear equations of hydrodynamics to a system of equations of Cauchy-Kovalevskaya type.

Keywords: energy dissipation, system approximation, Cauchy inequality, Galerkin method, a priori estimates.

It is known that the Navier-Stokes equations are analytically insoluble, and if they are solvable, then in
relatively simple cases.

To solve the Navier-Stokes equations, a nonconformal finite element method was proposed in [1]. It is based
on the modification of the Navier-Stokes equations with the introduction of weight functions. The solution of the
Navier-Stokes equations with respect to natural variables, from which pressure is excluded, is considered in [2].
This approach is already known. Thus, the Navier-Stokes equations system is integrated numerically using a
finite-difference method using splines. Other methods are also being sought. An attempt is made to derive the
Navier-Stokes equation itself using the variational method, as presented in [3].

We investigate the initial-boundary value problem for nonstationary Navier-Stokes equations in this section.
Let us consider the temperature model of an inhomogeneous melt [4] in the region Q C R2.

p((a;t)+(v-V)v):uAU—Vp+69p+pf; (1)
ap o
L (0 V) p=0; (2)
divv = 0; (3)
00 )
p ((% +(v-V) 0> = div (A (0) V) + po; (4)
2 fou v\
”:Z<a;-+a?> ; (5)
i,j=1 J v
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with initial-boundary conditions
Uli=o =vo (2),plt=0 = po (2),0|t=0 = b0 (2);

00
U|S :0,8—n|5 ZO,tE[O,T], (6)

where o— energy dissipation; v (x,t) — velocity vector; 6 (z,t)— temperature field; p (x,t) — density field;
p(x,t) — pressure field; f (z,t) — mass force vecto; p— melt viscosity; A (6) — thermal conductivity coefficient;
n is the outer normal to the boundary S, e = {0,1}.

Solvability of the problem (1)—(6) was studied in Sh.S. Smagulova and A.B. Kazhikhova [5, 6].

The system of equations (1)—(5) is non-evolutionary, therefore direct application of the method of fractional
steps is difficult. In connection with this we study the approximation of the system (1)—(5) by a system of
evolutionary type and study the existence theorem for the solution of the auxiliary problem. Let the motion of
the melt occur in a bounded region Q C R?with a sufficiently smooth boundary S. For simplicity we assume
that the boundary S is impermeable and there is no mass transfer between the melt and the external medium.

We consider a system of equations with a small parameter approximating the system of equations (1)—(5):

a 154 154
p° ( (;; + (v°- V) ’UE) = pAv® —Vp*+eb°p° +p°f — pa%divva; (7)
0% () o
o T V)T =0; (8)
ep® + divv® = 0; (9)
06° ‘
p° 5 T (v° - V)6 ) =div(X(0°) V%) + po; (10)

with initial-boundary conditions:

V° |1=0 = vo (), p° t=0 = po (x), 0 |=0 = b (x);

€
vy =0, % s~ o0t o), (12)

Before proceeding to the proof of the theorem, we formulate an important definition.

Definition.A function (v, p, p, 8) ,that is summable together with the derivatives entering into the system of
equations (1)—(6) satisfying (1)—(5) almost everywhere in the corresponding measure is called a strong solution
of the problem (1)—(6).

The definition of the strong solution of the problem (7)—(12) is defined similarly.

Theorem 1. Let f € L, (Q),Q C E?vo (x) € W, (2),0 < m < po(x) < M < o0,A(f) — is continuously
differentiable with respect to

0,00 (x) € Wy (2),p > 2,A(0) ~ 6,atd — 00,00 (x) € Lo, (Q),00 € Ly (), > 0,5 € C?, pu>0.

Then a unique strong solution of problem (7)—(12) exists and we have the estimate for the solution, where
C — the constant does not depend on

ove
ot

.
oz, 0wz + 2 vl o L) T 10 Twar @) + 16wz ) < € < oo

L,(0,T,L,(2))

The proof of the theorem is constructed from three stages: obtaining a priori estimates, applying Galerkin’s
method for constructing approximate solutions and limiting the transition.

A priori estimates.

We have by the maximum principle:

0<m<pg(r) <M < .
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We multiply equation (7) scalarly in v¢ (x, t) space and integrate by parts. Applying the Cauchy inequality:

/Q/f(f,ve)dfv < </Qp€|v€2dfl7>é (/Q,fJ'glJ”QdiL“>é

We have the estimate on the basis of imbedding theorems:

(> 1 N g
lozllz, 0.2, @) + 2 ldivvZlly, om @) < € < oo (13)
We obtain further multiplying (10) by 6%, integrating by parts :

1d e 52 552 o

1 2
:/ 7{)\/(95)9; -Hf}dx—i—/uUEQfdx—/pa (v® - V) 6° - 07 du.
Q2 Q Q

We estimate the integrals on the right-hand side and integrate with respect to the variable t:

e112 c112
orgntagXT ||0xH2,Q + 10 ||2,Q <C.

We will write down the energy equation:

P05 — (A (0°) AG7) = po® — p© (v° - V) 0F + N (6°) - 0
and multiply it by lAQE. We have After integration €:

€ 5 € _ €. e _ ! (peN pE? 1 e
th/e dm+/ () = (AH)dx—/Q{p(U V)0 — po A(H)Gm}prde.

We find after integrating over the variable ¢, estimating the integrals on the right-hand side:

£ 154
0r<nta<x [ ||QQ+||A9 Hz,Q

<C.

We conclude as a result:
HHEHng(Q) < C < o0. (14)

We obtain multiplying equation (8) by u, integrating by parts Q:
1d
2dt

/ (v® - V) p*ApSdz = 0.
Q
With allowance for the estimate (13) by virtue of the maximum principle it follows that:
16y < € < . (15)
We have estimating p® from the negative norm, as in [7]:
Ip°ll < CIVP®|| < oo. (16)

It is known that if v¢, p®—solution of the following linear Stokes problem:

pAvE — Vp® = f; (17)
ep® + divv® = 0;
ap*
€ —_n = 0’ B = 0’
v° |s5=0 o |s
then provided that f € L, (Q)the following inequality holds:
Hvellwgm% +pllw,, < Cllfl, - (18)
P
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We take the function as a function f in problem (17):

f=-r (5;; + (v* - V) U€> —00°p° — p°f — ps%divaE.

We estimate the right side by the Cauchy inequality using the maximum principle:
191,y < € (107 + [ (107107 4 1524 01657) ). (19)

We have the following estimate taking into account the inequalities of the embedding and the obtained
estimates (13)—(14):

2 2 2 2 2
PVt de < P VP de < |of ; V| <
R e S o N PP O
< led o2 Cs vfl% 20
P (20)

We multiply equation (7) scalarly by v® (t)in space Lo (€2) . Then we estimate the integrals in absolute value
from above and, applying the inequalities of imbedding theorems, we obtain the following estimate:

19 e d < C IV mic ] 3 0 <

1 1

< Cllve]|? ve||? V¢ v < 21

e Y A (L P PR @1
pl P

2

2
< Olvgllz, @ +oll7l, 2 (O W(Q)
P pl

+ Cs [[v°]%
w

1

(DN

P

We finally get an estimate following the evaluation methodology in the works [8, 9]:

el 0.1, Lo T IV, (0 mwzi)) T IVP Nz, 072, < € < o0 (22)

where C' does not depend on the value of the small ¢.

We establish one more estimate of the global time character, the constant in which depends only on the data
of the problem. This estimate in the future guarantees compactness in space Lo (Q)sequences of approximate
solutions, which are built according to the Galerkin method.

Lemma. For any §, such that the following condition holds 0 < § < T', the inequality holds:

T—6 .
/ 0% (t+8) — o° ()2 dt < C5%.
0

Evidence. We fix 4, in such a way that inequality 0 < ¢ < T — §. Consider equations (7)—(11) on the time
interval 7 € (¢,t + ) .We multiply equation (7) scalarly by ®an arbitrary function in spaceLs (2) .
We arrive at the inequality after simple transformations:

1,
7 P05 @),y = (07 (V7 V) @,0%) 1, g) + 5 (PP divr™ - 0%, @), ) +

+ (0, @) py0) = L0, ), 0) — LV, @) 1,0 + (P, div®) 1 (o)

where ® =v (t+ ) —v (¢).

We integrate this identity with respect to the variable 7 ranging from t before ¢+ §, and then put
S =0(t+9)—v°(¢).

We write expression p (t + §) v° (t + ) — p° (¢) v (t) in the following form p° (¢t + §) (v° (t + &) — v (t)) +
+(p° (t+9) — p° () v° (t) and then we find the difference between p° (t + ) — p° (t) by integrating equation
(8) in the range fromtbefore ¢ 4+ 0.The resulting relation is integrated with respect to the variable tfrom 0
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beforet + dand for each term on the right-hand side, we use estimates from [10, 11], on the basis of which we
derive the estimate of the lemma.
We now turn to the construction of approximate solutions by the Galerkin method.

0
Let {¢; };)';1 — orthonormal basis in space Ly (Q2) of W2(Q2) (W (£2) and the following is true:
pl

(@jma"‘%)Lz(Q) = (‘Pj7WJ)L2(Q) ‘

Approximate solution v™>¢ (¢) looking for in the form:

CY (t) e,

M=

vNoE (t) =
k=1

where CY (t) € C1[0,T] .Densityp™ ¢ (t) —there is a classical solution of the problem:

ap™= (t)

o+ (M) V) e () = 0; (23)

pN’S |t:0 = pg)\/[ (I)a

where p)! (x) —smooth initial function [12].
Sequence p)f (z), M = 1,2... converge to p,(z) in the norms L, (Q), Wk(Q), pd! (z) € C?(Q).
Pressure p™-¢ () — there is a classical solution of the problem:

divo™E = ep™Ve; (24)

/ pNedx = 0.
Q

Temperature V¢ (t) —is defined as the classical solution of the problem:

00N = (t
pNE <3t() + (Ve (t) - V) N F (t)) = div (A (0VF (t)) VOV= (1)) + po™ s (25)
00N = (¢
OV lsmo =0 (@), 25 D) =0t o),
on
where 6} (z) — an initial smooth function satisfying the equation:
905" (t)

—— s =0,t€(0,T].

on ‘S NS [ ) ]
Functions CY (t), k = 1,2,..., Nare determined by a system of ordinary differential equations with

coefficients that depend in an operator way on p™V:¢ (t) ,p™¢ (¢) :

ot
+VPNE () = 007 (8) p"F () + ™7 () f105 ) i) = O-
We can select subsequences for which we have based on the Schauder principle, using the obtained a priori
estimates, from the sequences{v™<}, {p™=}, {p™<}, {67<}:
ve — veweaklyatL, (07T’ W;? (Q))7
HN,E — waeaklyatWI?’l (Q) 5
pN,E — ps *weak]yathl’l (Q) 5
oNe vestrongatL, (0,7, L, ());
6N:e — 0°strongat Ly, (0, T, L, (2));
v — viweaklyat Ly, (0, T, Ly, ());
pN® — pPweaklyatLy, (0,7, W, ().

(pN’E (t) <8UN’€ (t) + (UN’E (t) - V) vle (t) + %UN’E (t) diva’€> — ,uAvN’E (t)+
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This completes the proof of Theorem 1.

The following is valid.

Theorem 2. Suppose that all the conditions of Theorem 1 are satisfied. Then the strong solution of problem
(7)—(12) converges to the strong solution of problem (1)—(6) for ¢ — 0.

Evidence. Because of the a priori estimates obtained earlier, we have:

v® — v weakly at Ly, (0,7, W2 (Q));

0° — 6 weakly at W' (Q);

p° — p weakly at W' (Q); v° — v strong at Ly, (0, T, Ly, (Q));

6° — 0 strong at L, (0,T, L, (2)),

vi = v,weakly at L, (0,7, L, (Q));

p® — pweakly at L, (0,7, W} (Q)).

Passing to the limit as € — 0 in the corresponding identities, we establish that the limit functions
v, p, p, — there is a strong solution of problem (1)—(6).

Theorem 2 is proved.

References

1 Thiele A. A weighted upwind finite element method forolving the stationary Navier-Stokes equations /
A.Thiele, L.Tobiska // Wiss. Tech. Univ. -Magdeburg. — 1989. — Vol. 33. — No. 6. — P. 13-20.

2 Prosnak W.J. On a new method for numerical solution of the Navier-Stokes equations / W.J. Prosnak,
Z.J. Koma // Acta Mech. — 1991. — Vol. 89. — No. 1. — P. 45-63.

3 Sciubba E.A. Variational derivation of the Navier-Stokes equationsbased on the exergy destruction of the
flow / E.A. Sciubba // J. Math. And Phys. Sci. — 1991. — Vol. 25. — No. 1. — P. 61-68.

4 Uckenueposa J.A. e-O6061eHHOe pelienne 01Hoi Mozesin HeoqaopoaHoi xkugkoctu / 1. A. Vckenneposa,
B.ZK. Carungukos // Becrauk KasHY. Cep. Maremaruka, Madopmarnka. — 1998. — Ne 11. — C. 53-65.

5 Kaxukenosa C.III. TeopeMbl O CyIeCTBOBAHUU DEIIECHNUS OJHOI CTAIIMOHAPHOI MOJIETH HECXKIMAEMOTO
pacruiasa / C.III. Kaxurenosa // Tpynst yausepcurera. — 2008. — Ne 3(32). — C. 28-30.

6 Kaxxuxos A.B. O KOppeKTHOCTH KPAaeBbIX 3a/a4 B OJHOI M dy3nOHHON MO/ HEOHOPOIHOM KU KO-
ctu / A.B. Kaxunxos, III.C. Cmarysnos // JAH CCCP. — 1977. — T. 234. — Ne 2. — C. 330-332.

7 Kyrreikoxkaesa II1.H. e-Anmpokcumarins Mojiesin ypaBHEHUsT CBOOO/IHBIX KOHBEKIHI ¢ YI€TOM IT€peMeH-
ubix dyHkimii Toka u Buxps ckopocreit / IIL.H. Kyrroikoxkaesa, C.III. Kaxxukenosa // Becruuk KasHY.
Cep. Maremaruka, Uudopmaruka. — 2002. — Ne 2(30). — C. 93-95.

8 Abylkairov U.U. On the e-approximation for the Modified equations of the heat convection /
U.U. Abylkairov, S.T. Mukhametzhanov, Kh.Khompysh // Universal Jornal of Mathematics and Mathe-
matical Sciences. — India: Pushpa Publishing Allahabad, 2004. — Vol. 5. — No. 1. — P. 37-51.

9 Meirmanov A. Mathematical model of a liquid filtration from reservoirs / A. Meirmanov , S. Mukhamet-
zhanov // Electronic // Universal Jornal of Dierential Equations. — Vol. 2014(2014). — No. 49. — P. 1-13.

10 Awnronnes C.H. Kpaesbie 3a1aun Mexanuku Heoqaopoanbix xujgkocreit / C.H. Auronnes, A.B. Kaxuxos,
B.H. Monaxos. — Hoocubupck: Hayka, 1938. — C. 318.

11 Kamay6aes K.C. O6 omgrom npubiinzkeHHOM MeTojie pereHust ypasaernii HaBbe-CToKca B €CTECTBEHHBIX
nepemennbix / K.C. Kamay6aes, II1.C. Cmarysnos, H.M. Temup6ekos // Hokmansr Axagemuu Hayk PK.
— 1999. — Ne 5. — C. 10-15.

12 Kaxukenosa C.III. AnnpokcumMalius CTar@OHAPHON MOZEIM HEOJIHOPOIHON HEeCKMMaeMoil KUaKocTu /
C.III. Kaxukenosa // Becru. Kys6ac. roc. Texn. yu-ra. — Kemeposo, 2010. — Ne 6. — C. 113-116.

98 Becrnuk Kaparanmguickoro yHuBepcuTera



e-Approximation of the temperatures model...

C.II. Kaxuxenosa, M.U. Pamazanos, A.A. Xaiipkymosa, [.C. Illauxosa

DHepPTUugHbI AUCCUTIAIUSIAYFa apHAJFAH »KOJIMEH OipTEeKTiI emec
OaJKblJIaMaJap/IblH, TEMIIEPATYPAJILIK, MOJIEJIH £-)KYBIKTaY bl

YkeH caHIapMeH ToXKipube KoHe XKYBIKTay ecemnTeysiep »Kacayra Gaitnanbictel HaBbe-CTOKC TeHeyl Ty-
pasbl KUHAKTAJIFAH MOJIMETTEPACH TabUFaTTarbl HAKTHI KYOBLIBICTADABIH HAKTHI OajKbIMaap Kyieci
MeH TYTKBIp OaIKbIMaJIapAbIH MaTeMaTHKAJIbIK MOJE apachblHIAFbl COUKECTIKTI Oailkayra MyMKIHIIK Oe-
peni. Byn yrin kenreren cebenrep 6ap. OmapabiH 6ipi — cb3bIkThl eMec HaBbe-Croke TeHeyi. ChI3bIKThI
eMec TeHJIeyJiep YIIIiH CTaIlMOHaPJIbl eMeC ecenTep/li KAaHAFaTTaHIbIPATHIH memiMaepi ¢ > 0 mHTepBaJIbIHIA
GapJIBIFBIH I8 O0Maybl MYMKiH ekeHi Genrii. COHFBI yaKbIT apaJjbIFbIHIa IIEKCI3IIKKe YMTBLIYBl MYMKIiH
HeMece KYJIIbIPAii/ibl, SFHU TYPAKTBLIBIFBIH YKOFAJITA/ Ibl, TEHJIEY/l KaHAFATTAHIbIPMA/IbI XKOHE TapMaKTa-
Ja Gacraiizpl. Erep ocer memtim ¢ > 0 Gosranma, OHZA OJI CHIPTKBI 9CEp MEH IMEKAPAJIBIK, IapPTTAP/IbI
TYPaKTaHIBIPY Ke3iHJe CTAIMOHAPJIbI €CENTIH IIenliMiHe YMTBIIMAYbl MaTeMATHKAJIBIK TYPFbIIA J1JIEJIeH-
Ji. AJbIHFAH CTAIMOHAPJIBI EMEeC €CENTIiH IIeNTiMi Teric 6acTalmKbl TOPTIIITE XKOHE TETIC CBIPTKBI 9cepepie
VaKBIT ©T€ TYPAaKTBUIBIFBIH a3aiita 6epemi. Coman KeifiH TypakChbi3 HeMece TYPOYJIEHTTI peXKuMre KeOIei.
ITemimuiy 6ip HEMece GipHelIe TapMarblH HaKThI icKe acklpy HaBbe-CTOKC TeHJeyiH/e eCKepiiMereH Ke3
KeJIreH cebenTepre 6ailIaHBICTHI. Y CHIHBIJIFAH MAKAJIa1a YKAKChl XKYBIKTay apPKBIIbI CAHIBIK CXeMa KYPbLI-
el e-2KybIKTaybl apKbUIbl AuddOepeHIInaIIbIK, TEHIEYIEP/IiH OACTAIKEI Ky HeIepl Peryisipu3aliisIaH/Ibl.
CaHJIbIK YKOHE aHAJUTUKAJIBIK TYP/Ie ChIFbUIMANTHIH TYTKBIP aFbIM YIIIH [IEKAPAJIBbIK, €CEIITEP/IIH Iy PhICThI-
FBIH 3epTTeyAl KaMTaMach3 ereTin amepkun omici eHrisisai. Ouici3 xkysikraysl 6ap Hasbe-CrTokc Tenzeyi
yiria 66y cxeMachl Kypbuiibl. ['maponnHaMuKaHbIH ChI3BIKTEL eMec TeHaeyin Komm-KoBameBckmit TunTi
TeHJeyJIep XKyiieciHe KeTipyre O0aThIHAAN CHIFBIIMANTHIH OATKBIMAHBIH, CTAIMOHAPJIBI YKOHE CTAIMOHAD-
JIBI eMeC MOJIEJIJIEPIH »KYBIKTAY KOJITAHBLIIbI.

Kiam ce3dep: sHEPTUSIHBI TUCCUTIANIUSIAY, XKYileH] KakbIHIaTy, Kommu TeHcizairi, [amepkun oici, ampuop-
JILIK, OaraJsiay.

C.III. Kaxxuxenosa, M.I. Pamazanos, A.A. Xaiipkymosa, [.C. [Ilauxosa

8-AHHpOKCPIMa.I_II/I$I TeMHepaTypHOﬁ MoAdeJIn HeOJHOPOAHbIX
PacCIilJiaBOB C y49e€TOM JUCCHUIIaAIIN dHEeprumn

Haxkonennsie dakTe! u cBeennst 06 ypapuerusx Hasbe-CTokca, HApsiy ¢ GOJIBIIIMM 9UCIOM IKCIIEPUMEH-
TOB U PUOJIMKEHHBIX PACYETOB, TO3BOJIUIN BbISIBUTH HEKOTOPbIE HECOOTBETCTBUS MEXKIY MaTEeMaTHIECKON
MOJEJIBIO BSI3KOT'O PACILIABA M PeabHBIMU SBJIEHUSIMUA B IPUPOJIE PeaIbHBIX PACILIABIEHHBIX cucTeM. U aTo-
My ecTb MHOrO npuaunt. OHa U3 HUX — HeJIUHeHHOCTh ypaBHenuilt Hasbe-Crokca. A jijist HeJTMHEHHBIX ypaB-
HEHUI U3BECTHO, YTO B HECTAI[MOHAPHBIX 33/1a4aX yJ/IOBJIETBOPSIONIEE MM PEIleHUEe MOYKeT CYIIeCTBOBATDH HE
Ha BceM mHTepBaje t > 0. 3a KOHEUHBIH MPOMEXKYTOK BPEMEHU OHO MOXKET JIMOO YHTH B GECKOHEUYHOCTD,
00 PACCHITIATHCS, T.€. MOTEPITh PETYIAPHOCTh W HMEPECTATH YAOBJIETBOPITH YPABHEHUSIM W HAYATH BET-
BUTBHCsA. MareMaTH4ecKn JI0Ka3aHO, YTO €CJIU Ke 9TO pelleHue cyiecrsyer upu ¢ > 0, TO OHO MOXKET He
CTPEMUTHCS K PEIIEHUIO CTAIMOHAPHOM 3a1a4y TPU CTaOMIM3aIlii KPAaeBbIX yYCJIOBUI M BHEIIHUX BO3JIEli-
crBuit. [Tosyuennbie penieHus HeCTAIMOHAPHON 3aJ]a9U JIaxKe MPU IVIAJKOM HAYaJIbHOM PEXKUME U TJIAKUX
BHEIIHUX BO3JEHCTBUIX MOI'YT CO BPEMEHEM CTAHOBUTLCSI MEHEe DEryJIsipHbIMU, a 3aTeM BooOIle repeiTu
B HeEperyJIsipHble WX TypOy/IeHTHbIe pekuMbl. PakTUIecKasl pean3aliisi TOW WM WHON BETBU pEITeHUsT
3aBUCHUT OT IIOCTOPOHHMX IIPUYMH, HEYUTEHHbIX B ypaBHeHusx Hasbe-Crokca. B mpeiaraemoii crarbe mo-
CTpOeHa YHCJIEHHAsl cxeMa, obJiajaroliasi Xopolreil cxomuMmocTbio. [locTpoena perysisipusaliusi UCXOHBIX
cucreMm uddepeHInaIbHBIX YPABHEHUN TyTeM e-anmpokcumanun. Peanmmsosan meron [anepkuna, obecie-
YMBAIONIUI U3yYeHNEe KOPPEKTHOCTH KPAEBBIX 3aJad [JIs HECXKUMAEMOrO BI3KOT'O MOTOKA KAaK YHCJIECHHO,
Tak ¥ anajuTudecku. [locrpoena cxema paciemuienus st ypapaenuiit Hasbe-Crokca co csraboit annpokcu-
marmeit. [locTpoena anmpokcumarysi CTaIlMOHAPHON U HECTAIMOHAPHON MOJIe/Iell HeCXKMMaeMOr'o pacIliaBa,
YTO MPUBOIUT HEJIMHEHHBbIE YyPaBHEHUs IUIPOJUHAMUKN K cucreMe ypasaennii Tuna Komu-KosaseBckoii.

Kmouesvie carosa: quccunanys SHEPTUH, AIIIPOKCUMAIIAsT CUCTeMBI, HepaBeHCTBO Koru, metosn [anepkuna,
allpUOPHBIE OIEHKU.
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