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We investigate weak solvability of the initial-boundary value problem for the hyperbolic
equation with distributed parameters on the oriented limited graph and regional conditions of
the third type. The spatial variable is changed to the limited oriented graph. The differential
ratio was determined on the edges of the graph without the end points. Internal differential
ratio graph nodes are replaced by generic terms of Kirchhoff. The differential ratio in internal
knots of the graph is replaced with the generalized conditions of Kirchhoff (in applications
the balance relations). The space of the admission weak solutions consists of functions with
bearer on the graph belonging the space of Sobolev and satisfy the generalized conditions in
“limits” sense. Idea analysis of initial-boundary value problem remains the classic: selected
functional space with a special base (system of generalized eigenfunctions of an elliptic
operator task), which consider the initial-boundary value problem; for approximations to the
weak problem solving (the Faedo—Galerkin approximations) establishes a priori estimates of
the energy type inequalities; shows weak compactness the Faedo—Galerkin approximation
family. Previously initial-boundary value problem is seen in the space of functions with the
second generalized derivatives and for such a task is proved equivalent energy inequality.
From this it follows: a) convergence of Faedo—Galerkin approximation to the weak solution;
b) approximation of the original problem of a course-measuring system of ordinary differential
equations. In the work point out the path approximation of the original problem-dimensional
system, which allows you to get the theorem on approximation used in the tasks of an
applied character. Presents light conditions on the original task data, guaranteeing the weak
solvability task. These conditions often occur in applications. Considered by the task and the
approach to its analysis of enough is frequently often used in the mathematical description
of the oscillation processes in technical designs-net, also in examining wave phenomena in
hydronet. The results are fundamental in the study of problems of optimum (of optimum
control)of network industrial construction.

Keywords: graph, hyperbolic equation initial-boundary problem, a priori estimates, the weak
solutions.

Introduction. Examines the weak solutions of initial-boundary value problem for a
hyperbolic equation of second order with distributed parameters on an arbitrary oriented
graph. Such solutions are determined by using the integral identities, substitute an
equation, initial and boundary conditions. It includes point out the space in which it
is proposed to find a weak solution and provides conditions for the solvability of such a

(© Canxr-Ilerepbyprekuii rocyjapcTBeHHbIH yHuBepcurer, 2019

https://doi.org/10.21638/11702/spbul0.2019.108 107



task. The central idea, which all the contents of the present work consists in applying
used in monographs O. A. Ladyzhenskaya [1, pp. 146, 196] approaches to the analysis of
evolutionary initial-boundary value problems and synthesis of famous classical statements
the existence of weak solutions of the equation of hyperbolic type, based on the evidence of
weak compactness many Faedo—Galerkin approximations [1, p. 196] (see also [2, p. 132]).
Are considered homogeneous boundary conditions of the third type (mixed boundary
conditions), more frequent in applications.

The results are fundamental in the study of problems of optimum control of network
industrial construction.

Basic concepts and designations, the space of functions on the graph. In
section contains a few proposals that are used in the study. Designations are used, taken
in [3, 4]: T is the limited geometric graph; the ribs v of the graph are parameterized
[0,1]; OT is many boundary knots ¢; J(I') is many internal knots &, with this settings z
and x¢ knots ¢ and £ ribs « take the values 0 or 1 depending on the parameterized v of
[0,1]; Ty is the combination of all ribs that do not contain ending points; I's = T x (0,1),
o'y = O x (0,t) (¢t € [0,T]). Throughout the work uses Lebesgue integral for the field

Lo or Iy [ f(z)dz = [ f(x)dx = ¥ f(x)ydx or [ f(z,t)dzdt = Y f(x,t)ydzdt, f(-)y is
o r B! I, Ye

narrowing function f(-) on an ribs .

Relabel Ly (T") the space of integrable on T' functions with square (similarly, you enter
aspace Ly(TI'r) and Li(T'r)); W2(T) is the space of functions from Ly(T') with generalized
derivative first-order also from Lo(I'); Wi (I'7) is the space of functions from Ly(I'7) with
all the generalized derivatives first-order of La(I'r); Lo 1(I'r) is the space of functions
from L; (') with norm

T

1/2
filiascon = | (£ 000s) at
0\l
Remark 1. It should be noted what elements W3 (I'r) defined on each section of the
cylinder I'r plane ¢ = to as elements of the space Lo(T") and are continuous on ¢ in the
norm Lo(T") (see also [1, p. 70]).
In space W3(T") consider the bilinear form

L) = [ (a (@) 2242 b (@) p (@) v (@) ) do

with fixed measurable and limited to Ty coefficients a(z), b(x).
Occurs following approval.
Lemma 1 [2, p. 92]. Let the function u(z) € W3(T') such that £(u,v)— [ f(z)n(z)dz =
r

0 for any n(x) e Wi(T) (f(z) € La(T') is fived function). Then for any rib v c T' the
narrowing a(x)w% continuously in the end points of the rib .

Statement of lemma 1 implies that space W3(T') contains many €, (") functions
u(x) € C(T') (C(T) is the space of continuous functions on T') for which each v c T' the

narrowing a(z)- du{gi)” continuously in the end points v and the ratio of

du(1), du(0)
> a(1), 202 = 5 a(0), 240
veR(§) yer(€)

for internal knots £ €y (in here R(§) and r(§) is of the ribs accordingly oriented “to knot
¢ and “from knot ¢”). The enclosure of the many 2,(T") in norm W3(T') relabel W} (T');
obviously WL(T') c Wi(T).
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Let further ,(I'r) are many of functions u(x,t) € W3(I'r), whose traces are defined
in sections of the field I'r the plane t =ty (o € [0,7']) as a function of class W} (T') (see
Remark 1) and satisfy a ratios

Ou(l,t)y Ou(0,t)~y
L a(), 5= T a(0), G

YeR() oo 767‘(5) oo
for all knots ¢ € J(T'). The enclosure of the many Q,(I'7) in norm W3(T'r) relabel
W(l)(a’7FT)7 W;(FT) c W%(FT)
Statement of the problem. In the space W!(I'r) is considered the third initial-
boundary value problem, boundary conditions which are reduced to a uniform

Pulet) 0 (a(e) 2420) 4 b (a) u(a.t) = f (2.1), (1)
u|t=0 (l‘)7 ot |t 0 =¢(l‘)7 $€F7 (2)
(a(x)%mmx,t))apzo, 0<t<T, (3)

here o is the given constant, p(z) € WL(T), ¥(z) € La(T), f(x,t) € La1(T'r). For
coefficients a(z) and b(x) are the assumptions place

O0<a.<a(z)<a*, |b(z) <b*, zel. (4)

Definition. A weak solution of a class Wi (T'r) the initial-boundary value problem
(1)-(3) is a function u(x,t) e WL(T'7) equal to ¢(z), when t =0 and satisfies the integral
identity

gﬁ 1) Bn(z 4 a(z )Bu(:r 1) Bn(z O b(z)u(z,t)n(z, t)) dzdt +

'—J

E

+ Z Y ou(x, t)n(x, t)dt]p-z cc =1[w(m)n(x70)dx +Ff fla,t)n(x,t)dzdt,

when any n(x,t) e W(I'r) (elements of space W(I'r) belong to W(I'z) and meet the
equality n(x,T) =0).

The preliminary discourse, a priori estimates. Show that for solutions u (x,t)
of initial-boundary value problem (1)-(3) in the space W2(I'r) (in here W2(T'r) is the
space of functions u(x,t) from W}(T'r), with generalized derivatives %, % from
Lo(T'7)) you can give the a priori assessment through the initial data ¢(z), ¥(z), f(z,t)
the problem (1)—(3).

Multiply equation (1) on 2

f2(a %(;,t) aug;,t) 9 ( @ )8u(x t))au(x D | payule t)ﬁu(x t))dxdt:

% and integrate in the area I';:

[2f( Ou ( t)d dt. 6)

The second member the left part (6) transform the integration by parts

/ ) (a zé(;,t) aug;,t) +a() auémm,t) 9 gfgf) . b(x)u(m)%) ddh

Iy
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f% 20(a) PALD QLD gy Lcec-[zﬂ 288D gy

x¢ takes the value corresponding to the parameterlzed of the rib v, which belong to
boundary node (.
Given the ratio of (3), we get

0%u(x,t) Ou(x,t) ou(x,t) 0*u(x,t) au(x t)
F[ 2( D S s a(a) DL S s (au(a, ) )dmdt+
[ S 20u(z, a“(x t)dt|z e = f 2 (x t)a“(f” ) gt (7)

¢eol’

N2 i
Relabel y(t) = [ ((%) +a(x)(%) )dx and after simple transformation
r
come to ratios

[ ) (82u(x,t) Ou(z,t) +a() ou(z,t) 0%u(zx,t) au(x t)

+b(x)u(z,t)

oz ot ox  Otox ) dadt +

t

f Z 2ou(x t)au(x t)dt|:z: zeec =Y(t) - y(0)+f2b(x)u( o) ( )d dt +
¢edT
i - > ou’(x = z Gu(z,t) .
+C§FUU (l'7t)|z=:r(€c 4';1“ ( 70)|z=m<e§ fo( ,t) ot dxdt. (8)

Set the estimate for ¥ ou?(2,t)|z=z.ec. To do this, fix any boundary rib v with
(eaF

boundary ¢ and internal £ knots and will perform the subsequent reasoning in the domain
w={(z,t) 12 <x<0,0<t<T, zc <0 < e} (the number x¢ and z¢ define parameterized
rib 7, number § is the distance the point z € v from boundary knots (). For any function
u(z,t) e W2(I'r), (x,t) € w, have a place of equality
t
o] )t Ou(z,
w(z,t) —u(ze,t) = / 0uleit) gy, u(x,t) - u(,0) :g Qule7) g,

from which are derived the following assessment:

2
u2(x<,t)<2 u2(x,t)+([ %ﬂgi’t)dx) ,

¢

u2(x,t)<2( 2($ O)+(] Bu(z‘r)d ) )

and hence the assessment

t 2 2
u?(ze,t) §2(2 (uQ(x70)+(g %dr) )+(] %dm ) =
¢

2 N 2
= 4u?(z, 0)+4(/ Sulen) gr ) +2([ 7a“§”;i’t)dx1)

&S
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in the surroundings boundary knots (, if enough small §. Since the right part of the
resulting in equality is the sum of nonnegative members, this assessment can be extended
to all rib -, take into account

2

t t 2

({ —a“é'i”’df) <tf (2422) ar (f —a“éf’“dx) <Pl [ (#52) don
r¢ ol

and identifying, through es = 2|0 — 2¢|:
u? (1) < 65{ (%ﬁ))%l + 4u?(x,0) +4toft (%)er.
The resulting inequality after integration along v (|y| = 1) takes the following form:
u?(we,t) < 65{ (%ﬁ’t))gdxl +4{ ug(x70)dx+4tj (%)2 drdx
:

(here v¢ = v x (0,t)). Summarizing the latest on all boundary ribs v and spreading the
integrals on the right side of the graph I', come to the final evaluation of expressions

Z O—ug(x t)|m T(‘:C
¢eol’

¥ ou*(2,t)]=ccc < 65|0|f (au(L t)) d:c+4|0|f u?(z, O)dx+4|0|tf (au(JL t)) dxdt,
ce ar

and it means

2
> Uu($,0)2|$wcc§§65|0|f(%) dx+4|a|fu2(m,0)dx, (10)
T r

¢eol’

where as €5 you can take any small positive number by selecting 6. The second value (9)
after integration along I' takes the form

2

[u (z,t)dx < 2[ u?(z, O)dx+2[(/au(x T) 7') dx <

T

2 ¢
ou(z,t
§2fu2(x70)dx+2t[(%) dxdt<2[u2(m,0)dm+2t[y(t)dt. (11)
r I r 0
Given the assessment (10), ratio (8) is given to inequality
y(t) < y(0) - f 2b(x)u(a, t) 240 drdt +
+eslo| [ (%) d:c+4|0|f u?(z, O)dx+4|0|tf (au(JL t)) dzdt +
r
+eslo] [ (%) dz +4|o| [ u?(2,0)dz +2 [ f(x,t)%dxdt,
r r Iy

hence,

t
y(o)+b*[y(t)dt+b*/u2(x,t)dxdt+
0

I
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ou(x,1) 2 9 Ou(x,t) 2
+65|0|Ff( 5 ) d:c+4|0|i[u (x,O)d:L’+4|0|tf[ oy dxdt +

2
+65|0—|Ff(%) dx+4|a|i[u2(m,0)dm+2rf f@,t)%dm. (12)

Add (12) with (11) and, somewhat overstate the right part, we obtain
y(t) + f u?(z,t)dr <y(0) +b* f y(t)dt + b*Ff u?(z,t)dxdt +
+ 65|a|f (M) dx+4|a|fu2(m 0)dm+4|a|tf (%)Qdu’cdt +
+eslol [ (W) dx+4|a|]u2(x70)dx +
r r

t
+2 [ u?(z,0)dx +2t [y(t)dt+2 [ f(x,t)%dxdt.
r 0 Iy
It follows, that (v(t) = [ (u? +uf + a(z)u?) dz)
r

o(t) < [2+|0-|(8+65)]11(0)+65|O'|f (Bu(:r t)) dr +

+2[b* + (2lo] + 1)t]f 12(¢)dt.

Let w(t) = f (u? +u? +u2)dz, ¢ =min{l,a,}, C = max{1l,a*}, then obviously w(t) <

Cw(t) and from the previous inequality
cw(t) < [2+|0](8 + €5)]Cw(0) + €5]o|Cw(t) +
t t
2[b* + (2lo| + D)E]C [ w(t)dt + 2CH2 [ | f(-,t)||2,r wH/2(t)dt
0 0

or

(c-eslo|Chw(t) < [2+]0|(8 + €5)]Cw(0) +

2b* + (2|o] + 1)1]C f w(t)dt +2C f [£Cot)o.r w2 ()t (13)

Choose the number 4 so that es5 = 2|0 - ¢| < {5 (that is ¢ - €;5]0|C > 0) and relabel
Q(t) = (I)rgaéw(g) then (13) converted to mean
6

(c—es5lolC)Qt) < [2+]0](8 + €5)]Cw(0) +
+2[b* + (2lo] + D)ERCQ(L) + 2C12| f|lo,r, Q2 (2)

or, given the \/w(0)/Q(¢) < 1,

QV2(¢) < 2HolGren)] o172 () 4 20+ COLEDIL oo 1/2 (4 _2c'? i

c—€slo|C c—€slo|C c—es|o|C
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from which ¢ < min{¢., T}, here is ¢, where is the positive root of the equation
C1/2 2[b"+(2lo|+ 1)t _ 1
c—eslo|C T2

, get

Q12(1) < 2L D 0172(0) 1 ACT | | .

c—eslo|C c—es|o|C

If t, < 6, then, taking as the starting moment ¢ = ¢,, by virtue of the above reasoning for
any t € [ts, min{2t,,T}] c [0,7] establishes the fairness of inequality

Q1/2(t)<gwcw1/z(t*)+£”f

c—esl|o|C c—€slo|C

PR

c'? ﬂbu(g‘i‘i;f;[ct*)](t_t*) < %, in here I'y, ; =

just t —t, satisfy the same criteria above
[ x (t«,t), etc.
Thus, for any t € [0,7] installed a priori assessment for solutions of initial-boundary

value problem (1)—(3) in the space W2(I'7)

V) = | [T &7 < D (0) + GO o (14)

where is C1(t) and Cy(t) defined constant a., a*, b* and the time t.

Thus, proven

Theorem 1. For solutions u(x,t) € W2(T'r) initial-boundary value problem (1)—(3),
when you fulfil the assumptions (4) holds a priori assessment (14) for any t € [0,T].

Remark 2. Ratio (14) is an analogue of the energy inequality for hyperbolic systems
(1) with distributed parameters on the graph I, allowing to estimate the norm of the
solution u(z,t) in space W} (I'z) through the initial data ¢(z), ¥(z) and external force
fxz,t). Tt is easy to get a similar assessment of the energy norm of solution u(z,t).

The existence of weak solutions. Here are the conditions for the existence of weak
solutions Wl (T'r). Proof of the existence of weak solution uses a special basis is special
basis-system of generalized eigenfunctions of the spectral problem in the domain [3]:

—L (a(2) ) +b(@)p = Ao, (a(x)52 +09),. =0,

viz, the problem of identifying many such numbers A, each of which corresponds to at
least one nontrivial solution ¢(x) € Wk(T'), satisfies the identity

(o,n)+ X oon=No,n),
¢eol’

when any function n(z) € WX(T). This means the fact that ¢(z) is a generalized

eigenfunction of class W}(T'). Each number A\ corresponds to at least one nontrivial

generalized solution ¢(z) € WL(T) that satisfies the identity £(¢,n) + ¥ odn = A\u(9,1)
¢eoTl’

when any function 7(z) € W1(T') (here and below, (-,-) is the number product in Lo(T")
or Lo(T'r)).

Lemma 2. The following statements have statement:

1. FEigenvalues are real and have ultimate multiple. You can arrange them in
ascending order of modules: {\g }xs1; accordingly numbered and generalized eigenfunction:
{ok() bez1-

2. The eigenvalues \i, are positive, except maybe a finite number first; if b(x) > 0, then
the eigenvalues are non-negative.
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3. System of generalized eigenfunctions {¢r(x)}ks1 forms an orthogonal basis in space
Wa(T) and Lo(T') (anywhere below | ¢y .,y = 1).

Conditions for the existence of weak solutions of initial-boundary value problem (1)-
(3) presents the following theorem.

Theorem 2. Let () € W(T), v(z) € La(T), f(x,t) € La1(T'r) and assumptions
(4). The initial-boundary value problem (1)—(3) has at least one weak solution in space
Wa(Tr).

P r o o f. When proof of the theorem uses method Faedo—Galerkin approximation
with the special basis {¢y(x)}rs1 [4, 5], are approximations u” (,t) to the weak solution
will be sought in the form

(@0 = £ Oa) (15)

(functions ¢} (¢) such that dc" (t)

27.LN X UN X X
F/%éat)@(x)dmrf(a( )a ( 3 8@; ) +b(z)uN(x,t)¢l(x))dx+

€ L1(0,T)) of the ratios

+ ¥ o (@,0)01 (0)lomrec = [ J(@O)ou(@)dz (1=T,N), (16)

¢edl’

e (0)=gff, 2O - = [V@n()dz (b=T.N), (17)

where ¢ is coefficients of the sum " (z) = Z N 1 (), approximating when N — oo the

function o(z) in norm W3(T'). Equality (16) are a system of linear ordinary differential
equations of second order in the unknown ¢ () (k =1, N). The coefficients of its limited
function and the right parts belong to L1 (0,7"). System (16) uniquely solvable when initial

data (17). For approximations u™ (x,t) fair the assessment (14). Indeed, by multiplying
def” (1)
dt

each of the equations (16) on and summing on [ up 1 from N come to the equality

f (62ugtgx, ) oulN (1 t) " a(x) ouy (1, t) (92151:8(; 1) " b(IE)UN(I’ t) BuN(J;,t) ) dr +
r

b ¥ oul(z, )20 zcec—ff(x £) 25D gy
¢eol’

from which obtained similar (14) inequality for u™ (z,t) (see to compare equality (7) for
him and the corresponding inequality (14)), the right part of which by virtue of basis
{¢1(x)}ks1 in space W (T) is limited to constant, not dependent on N and ¢ € [0,7"]. The
result is an assessment

2 2
[ (@) o (2580) + (2552 Jar<cr, te[o.1)
r

and thus, after integrating from to on ¢ up 0 from 7',

||U ||W1(FT) Cy. (18)

In force (18) you can choose the subsequence {ufv } out of the sequence {uN

21 }N>1
weak convergence in W3 (I'z) and evenly on ¢ € [0,7] in norm Lo(T") to some element
u(z,t) e Wi(T'7).

114 Becrauk CII6I'Y. Ilpuknaguas maremaruka. Vudopmarnka... 2019. T. 15. Bem. 1



Show that the function w(x,t) is a weak solution of problem (1)-(3). The initial
condition u|,_, = ¢ (x) is true by virtue of convergence {uNi(x,t)}i>1 to u(x,t) for any
t € [0,T]in Lo(T) and u™i(z,0) - ¢(z) in Lo(T). To prove justice identities (5) for u(z,t)
multiply each of the ratios (16) on its function g;(t) € W1(0,T), g(T) = 0. Let’s sum all
equality received on [ from 1 to N; and integrate on t from 0 to T. After this in the first
member of the left part will carry out integration by parts, as a result come to identity:

N; N;
_OuTi(a,t) O (w,t) ta
ot ot

oulNi(z,t) onNi(x,t)
Ox oz

(2)

+b(x)u™i (z, )N (z, t)) dxdt -

T
ouMNi(x,0) ‘ v
B fT”N(“”O)d“f S 0w (, )V (@, ) e o =
r p ¢eor

- f F(, )™ (2, t)dadt, (19)

N
fair for any function n™i(z,t) = ¥ gi(t)éi(z). Many of these functions 7™ relabel My,
=1

and move in (19) to the limit on selected above subsequence {uN "}, when a fixed function
n™i € My,. This will lead to the identity (5) for the ultimate functions u(x,t) € Wl(T'r),

when any n™Vi € My,. So as G My, dense in W(I'z), means, (5) will run, when any
i=1

n(z,t) e Wi(I'r), that is u(z,t) a weak solution of initial-boundary value problem (1)-
(3). The theorem is proved.

Remark 3. In proving the theorem 2 of existence of weak solutions u(z,t) and
view the approximation u™ (z,t) this decision as a finite sum decompositions (15) on
functions ¢ (z) (Faedo—Galerkin method) with the help of a special basis {¢g(x)}xs1
the system (16), (17) is built is approximation of the original problem (1)—(3) (formula
(15) is approximation of the condition u(x,t)). This allows you to get the theorem on
approximation (the transition to a finite-dimensional occasion), used in the tasks of an
applied character

Conclusion. We investigated the weak solvability of initial-boundary value problem
for the hyperbolic equation with distributed parameters on oriented limited graph: the
existence of weak solutions of a third boundary value problem, the boundary conditions,
which are reduced to a uniform and received the assessment of norm. The results are
fundamental in the study of problems of optimal control of evolutionary systems on
networks [6-14] and analysis of network commercial mathematical models [15].
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PazpenmMocTb runep60InYecKoii CUCTEMBI C PaCIIpe/IeJIEHHBIMU TTapaMeTpaMu
Ha rpadpe B c1aboii mocTaHoBKe
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Wccnenyercs cinabast pa3pemnMocTs HAYaIbHO-KPAEBOH 3a/1a4uu JJjIsl ypaBHEHUs runepoosin-
YeCKOro THUIA C PACIPE/IeIEHHBIMY [TapaMeTpaMu Ha OPHMEHTHPOBAHHOM OTPAHUYEHHOM TI'Da-
de 1 KpaeBbIMU YCJIOBASIMU TPEThero poga. [IpocrpancrBenHas epeMeHHasi U3MeHsIeTCs Ha
OPUEHTUPOBAHHOM OrpaHuvYeHHOM rpade. luddepennmaabHble COOTHONIEHUST OTPEIETSIIOT-
cs Ha pebpax rpada 6e3 KOHIEBbIX ToUeK. Bo BHyTpenHux y3max rpada quddepeHinaababe
COOTHOIIIEHUSI 3aMEHEHbI 0000meHHbIME yeaoBusaMu Kupxroda (B npuiokenusx — GanaHc-
HBIMM COOTHOIIEHUsIMHU). [IpocTpaHcTBO HOIMYCTUMBIX CJIabbIX perieHnii cocTout u3 yHKIH
¢ HOocuTesIeM Ha Tpade, IPUHAJIEXKAIINX CODOJIEBCKOMY ITPOCTPAHCTBY U YIOBJIETBOPSIIOIIMX
YCJIOBUSIM COIPSI?KEHUS B «IIPEMEJbHOM» cMbicie. Viesa anaau3a HavaIbHO-KPAEBOM 3al1a-
9K OCTAETCsl KJIACCUYECKO: BBIOMPAETCsl (PYHKIMOHAIBHOE TTPOCTPAHCTBO CO CIEIUATBHBIM
6asucom (cucrema OBGOGIIEHHBIX COGCTBEHHBIX (DYHKIUI JITMIITUIECKOrO ONEPATOPA 331~
9H), B KOTOPOM DaCCMaTPUBAETCs HAYAILHO-KPAEBasl 3a71a4a; JJisl NPUO/IMKEeHUH ciaaboro
perennst 3agaun (npubinxkenns Pasno—lanepkuHa) yeTaHABIMBAIOTCS AIIPUOPHBIE OLEHKN
THIIA SHEPreTUYIECKUX HEPABEHCTB; IIOKA3BIBAETCA CJ1abasi KOMIIAKTHOCTH CEeMeNCTBa pubJiv-
xkenuit @asmo—lanepkuna. [IpegBapurebHo HavaIbHO-KpaeBas 3aj1ada PacCMaTPUBAETCS
B IIPOCTPAHCTBE (PYHKIMI CO BTOPHIMU OGOOIEHHBIMU MTPOU3BOJIHBIMU U JJIsI TAKOW 338~
YU JIOKA3bIBACTCs AHAJIOT SHEPreTHIECKOro HepaseHcTBa. U3 sroro caemyer: 1) cxommmocTsb
npubsmkennit Pasno—lanmepKuna K KICKOMOMY DEIIEHUIO; 2) aIlllPOKCUMAINS UCXOIHON 3a-
JIaYu KOHEYHOMEPHOM CHCTEMOI OOBIKHOBEHHBIX Iud hepeHImaabHbIx ypasaennii. [IyTs am-
MIPOKCUMAIIMH UCXOJHOM 33191 KOHEIHOMEPHON CUCTEMOI MTO03BOJISET IOy YUTh TEOPEMBI 00
alPOKCUMAIUU U MOXKET 3(PDEKTUBHO NPUMEHATHLCA B PA3JIMIHBIX 33Ja9aX [IPUKJIAIHOTO
xapakTepa. [IpeacraBieHbl HeOOpeMEeHUTEIbHBIE B MPUJIOKEHUSIX TPeOOBaHUSsI, HAJIaraeMble
Ha MCXOJIHbIE JAHHBIE 33JIa9d, TAPAHTUPYIOIUE YKA3aHHbIE CBOWCTBa 3ama4dn. [losydeHubie
PE3yJIbTATHI ABJISIIOTCS OCHOBOIIOJIATAIONIAMY U IIPU MCCJIEJOBAHNY 38784 yIIPABJIeHUs (OITH-
MAaJIBHOI'O yIIPaBJIeHUsI) KOJIEOAHUSAMY [IPOMBIIIJIEHHBIX KOHCTPYKImit. PaccMorpennas 3aza-
49a M IPEJJIOXKEHHBI IMO/IX0J] K €€ aHAJIN3Y JOCTATOYHO YaCTO UCHOJIB3YIOTCS IIPU MATEMATHU-
YECKOM ONUCAHUU KOJIEHATEILHBIX POIECCOB B CETEOJO0HBIX TEXHUIECKUX KOHCTPYKITUAX,
TakKe IMPU U3YYEeHUH BOJHOBBIX SIBJIEHUN B TUIPOCETSIX.

Kmouesvie caosa: rpad, rumepboniecKoe ypaBHeHne, HaYaJIbHO-KpaeBas 3ajatua, alpuop-
HBIE OIIEHKH, cJiabasl pa3pelnMoCTh.
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