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Abstract. We examine a boundary value problem for a differential equation with a piecewise-constant
argument of generalized type. An interval [0, 7] is divided into N parts, the values of the solution at the
interior points of the subintervals are treated as additional parameters, and the boundary value problem
for a differential equation with piecewise-constant argument of generalized type is transformed to an
equivalent initial value problems with parameters for differential-algebraic equations on subintervals.
Differential part of this problem consists of the Cauchy problems for ordinary differential equations on
the subintervals. Algebraic part of this problem consists of the algebraic equations with respect to the
parameters composed by boundary and continuity conditions at the interior points of the partition. The
coefficients and the right-hand sides of this system are determined by solving the Cauchy problems for
ordinary differential equations on the subintervals. We demonstrate that the solvability of the boundary
value problems is equivalent to the solvability of the composed systems. We propose methods for solving

boundary value problems based on the construction and solution of these systems.

Keywords. Differential equations with piecewise-constant argument of generalized type, two-point

boundary value problem, parametrization method, differential-algebraic equations, solvability criteria.

1 Introduction

On the interval [0, T], we consider the boundary value problem for a differential equation
with a piecewise-constant argument of generalized type in the following form:

i = a(t)z(t) + ao(t)z(v(t) + f(t), (1)
bx(0) + cx(T) = dy, (2)
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16 Anar T. Assanova

where x(t) is an unknown function, the functions a(t), ag(t), and f(¢) are continuous on
[O,T}; ’)/(t) = Cj if te [eja0j+1)7 ] = O,N - 1; Hj < Cj < 9j+1 for all ] = O, 1, ,N - 1;
0=00<6 <..<Oy-1<Ony=T,b, cand ds are constants; ||z| = max |z.

i=1ln

A function z(t) is a solution to problem (1), (2) if:

(i) z(t) is continuous on [0, T7;

(ii) the derivative @(t) exists at each point ¢ € [0,7] with the possible exception of the
points #;, 7 = 0, N — 1, where the one-sided derivatives exist; (iii) equation (1) is satisfied
for x(t) on each interval (6;,6;41), j =0, N — 1, and it holds for the right derivative of x(¢)
at the points 6;, j =0, N — 1;

(iv) boundary condition (2) are satisfied for x(t) at the points t =0, ¢t =T.

The concept of differential equations with piecewise-constant argument of generalized
type (DEPCAG) has been introduced in the works [1-3].

Over the past few decades, there has been significant research into applying these equa-
tions to various problems, exploring examples and their diverse applications.

In addition to exploring different properties of differential equations with piecewise-
constant argument, several authors have delved into questions regarding the solvability and
construction of solutions for boundary value problems associated with these equations on
finite intervals. Special emphasis has been placed on periodic and multipoint boundary value
problems for differential equations with piecewise-constant argument, given their broad utility
in natural sciences and engineering [4-15].

The objective of this paper is to establish a constructive approach for the exploration
and solution of the boundary value problem, encompassing the development of an algorithm
capable of solving problems (1), (2).

To this end, we use the Dzhumabaev’s parametrization method [16].

The paper is organized as follows.

The time interval [0,7] is partitioned into N subintervals based on the partition Apy:
Op =0 < b0 < By < .. <Oy =T. We introduce additional parameters as a value of
desired function at the internal points of the partition. The boundary value problem for
differential equation with piecewise-constant argument of generalized type is transformed to
an equivalent initial value problems with parameters for differential-algebraic equations on
subintervals. Differential part of this problem contains of the Cauchy problems for ordinary
differential equations on the subintervals. Algebraic part of this problem contains of the
algebraic equations with respect to parameters composed by boundary and continuity condi-
tions at interior points of the partition. The coefficients and right-hand sides of this system
are determined by solving the Cauchy problems for ordinary differential equations on the
subintervals. We demonstrate that the solvability of boundary value problems is equivalent
to the solvability of the composed systems. We propose methods for solving boundary value
problems based on the construction and solution of these systems.
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Solution of the boundary value problem for DEPCAG 17

2 Scheme of the parametrization method and reduction to an equivalent prob-
lem

Denote by Ax a partition of the interval [0,T):
N

0,7) = (J[0r-1,6,) by lines t=0;, j=1,N—1.
r=1

Let

C([0,T],R) be the space of continuous functions z : [0,7] — R with norm ||z||; = rr[lax] lz(t)];
te[0,T

C([0,T],An,RN) be the space of functions systems z[t] = (x1(t), z2(t),...,zn(t))’, where

Zy @ [0r—1,0,) — R are continuous and have finite left-hand side limits . liam Oxr(t) for all
—0,—

r=1,N with norm ||z[]||[o = max  sup |z,(¢)].
r=1,N te[erflye'r)

Denote by z,(t) a restriction of function z(t) on r-th interval [0,_1,6,), i.e.
x,(t) = x(t) for t € [0,-1,60,), r =1, N.

Then the function system z[t] = (z1(t), 22(t),...,zn(t))" belongs to C([0,T], Ay, RN),
and its elements x,(t), r = 1, N, satisfy the following system of differential equations with
piecewise-constant argument of generalized type

d;t’“ = a(t)z(t) + ao(t)z(Gror) + f(£),  tE[0,-1,0,), r=1N, (3)
bx1(0) + Ct—1>i’11“n—() xn(t) =d, (4)
t—y@?—ﬂ ‘Tp(t) = prrl(ep)’ p=1N-1, (5)

where conditions (5) are the continuity conditions on internal points of the interval [0, 7).

In (3) we take into account that v(t) = ¢; if t € [6;,0;41), j=0,N —1.

A function system x[t] = (z1(t), z2(t), ...,zn(t)) is called a solution to problem (3)—(5),
if it belongs to C([0,T], Ax,RY) and the functions Z,.(t), » = 1, N, satisfy equations (3),
boundary condition (4) and the continuity conditions (5).

We introduce additional parameters ), = z,((.—1) for all r = 1,N. Making the
substitution z,(t) = u,(t) — A\, on the every r-th interval [#,_1, 6,), we obtain the initial value
problem for differential-algebraic equations with parameters

du,

T a(t)(u,(t) + A\r) +ao(t)N + f(t), t€[0p-1,6;), r=1,N, (6)
ur(Crfl) =0, r= ]-aiNv (7)
b)‘l+bu1(0)+0)‘N+ctii¥£0uN(t) =d, (8)
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18 Anar T. Assanova

Mot B ) = w6, p=LN-L (9)

Problems (6), (7) are the initial value problems for differential equations with parameters on
the intervals [0,_1,60,), » =1, N. The boundary conditions (8) and continuity conditions (9)
together form a system of algebraic equations with respect to the parameters A\, r = 1, N.

For any fixed A, € R and r, the initial value problem (6), (7) has a unique solution u,(t),
and the function system u[t] = (u1(t), ua(t),...,un(t)) belongs to C([0,T], An, RY).

A pair {uft], \} with elements u[t] = (u1(t), u2(t), ..., un(t)), A = (A1, A2, ..., An) is called
a solution to the initial value problems with parameters (6)—(9), if it satisfies differential
equations (6), initial conditions (7), boundary condition (8) and continuity conditions (9).

If a function system z[t] = (Z1(t), T2(t), ..., Tn(t)) belongs to C([0,T], Ax,RY), and the
functions Z,(t), r = 1, N, satisfy equations (3), boundary condition (4) and the continuity
conditions (5), then the pair {u[t], \} with the elements

) = (@ (1), @), ..., An (1), A= (A1, Azs. .., AN),

where u,(t) = z,(t) — XT, XT = Z,(¢r—1), r = 1, N, is a solution to the initial value problems
with parameters (6)—(9). Conversely, if a function system {u*[t], \*} with elements

U*[t] = (ui(t)ﬂuz(t)v 7“7\7(75))7 A= ( T?A;"'?)‘?\/)

is a solution to problems (6)—(9), then the function system x*[t] = (2](t), 25(¢),..., x5 (1))

with zX(t) = \X + ul(t), r = 1, N, belongs to C([0,7],An,R), and the functions z}(t),

r =1, N, satisfy equations (3), boundary condition (4) and the continuity conditions (5).
Let

t
B er{1 a(T)dr B
A.(t)=¢ , t € [0r-1,0,], r=1,N.

The function A,(t) is a solution of the differential equation

du,
dt

= a(t)u,(t), t € [0r_1,0,], r=1,N.

We write down the solutions to the initial value problems with parameters (6), (7) in the
form:

ur(t) = Ar(t) / AN () a(r) + ao(T)ldr s + Ap(t) / AN (T) f(7)dr, (10)
Cr—1 Cr—1
where t € [0,_1,60,), 7=1,N.

The solution (10) allows us to compose system of linear algebraic equations with respect
to parameters \, € R%, r =1, N.
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Solution of the boundary value problem for DEPCAG 19

For this we substitute the suitable expressions of solution (10) into the boundary condition
(8) and continuity conditions (9). We obtain

)

b[1+A1(90) / A;l(T)[a(T)MO(T)]dT] A1+c[1+AN(T) / AL () a(m) + a0 (7))dr | Ay =
Co (N—1
0o
—d=bi(00) [ AT - An(D) [ A7 )1 (1)
¢o (N1
Op Op
1,0 [ 45 0alr) +aolnldr 3y |14 4p126p) [ AL (Dol +aanlar | i =
Cpfl CP
Op Op
A0, / A ) f(r)dr + Apia (6,) / AL, p=T,N-1.  (12)
Cp—l Cp

Denote by Q.(Ax) the N x N matrix corresponding to the left-hand side of system (11),
(12) and write the system as

Q«(AN)X = —F,(Ay), e RY, (13)

where

01 01
M) [ AT @+ o) [ 470 r ..
¢o ¢1
ON_1 ON_1
Axn 1 (On1) / AL (1) (F)dr — An(Oy-1) / AR () f(T)dT> c RV,
(N—2 (N—-1

The statement provided below is accurate.
Lemma 1. If z*(t) is a solution to problem (1), (2) and X} = x*({,—1), r = 1, N,
then the vector \* = (A}, A3,...,\y) € RN is a solution to system (13). Conversely, if

A= (A, Ay, An) € RY s a solution to system (13) and u[t] = (1 (t),d2(t),. .., uxn(t) is
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20 Anar T. Assanova

the solution to initial value problems (6), (7) for the parameter A eRY, then the function Z(t)
given by the equalities T(t) = A\p+uy(t), t € [0,-1,0,), 7 =1,N, and &(T) = )\N+t lijrp OuN(t),
% —

is a solution to problem (1), (2).

3 The main results

Definition 1. The boundary value problem (1), (2) is called uniquely solvable if for any
pair (f(t),d), with f(t) € C(]0,T],R) and d € R, it has a unique solution.

Lemma 1 and well known theorems of linear algebra imply the following two assertions.

Theorem 1. The boundary value problem (1), (2) is solvable if and only if the vector
F.(Ay) is orthogonal to the kernel of the transposed matriz (Q«(AN)) , i.e. iff the equality

(Fx(An),m) =0

is valid for all n € Ker(Q.(An))', where (-,-) is the inner product in RN,

Theorem 2. The boundary value problem (1), (2) is uniquely solvable if and only if
N x N matriz Q«(AnN) is invertible.

As evident from Theorem 2, the key condition for the unique solvability of problem (1),
(2) is the invertibility of the N x N matrix Q.(Ax). The matrix Q.(Ax) has a special
structure. This allows obtaining conditions for the invertibility of the matrix Q.(Ay) in
terms of the non-vanishing of a certain expression.

We introduce the notations:

qr(t) =1+ A.(t) / A (T)[alT) 4 ap(1)]dT, t € [60r-1,0,], r=1,N,

Cr—1
Op Op
d) = —A(0,) / AS ) f(r)dr + Apia (6,) / AL f()dn, p=T,N T,
Cp*l CP
6o T
dy = d=bi(b) [ A7) — An(D) [ 430 f(r)ar
¢o (N—1

Consider system of algebraic equations (13) in the following form:
bq1(00) A1 + cqn (On) AN = dn, (141)

q1(01) M — q2(01) A2 = dy, (142)
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Solution of the boundary value problem for DEPCAG 21

q2(02) A2 — q3(02) A3 = da, (143)
@ (0r)Ar = @r41(0p) N1 = dp, T=1,N -1, (14;)
gn—1(ON-1)AN-1 —qn(ON—1) AN = dN_1. (14y)

Assume that gy_1(0n—1) # 0 and from equation (14,) we represent Ay_1 by An:

gn(On-1) 1
AN +
gn—1(On—1) N gn—-1(ON—1

AN-1 = )dN—l- (151)
Next, we consider the previous equation (14x_3) and substitute the found expression for
AN_1 into:

qN—2(ON—2)AN—2 = qn-1(ON2)AN—1 +dN 2 =

gn(On—1)

dy_1 +dy_o, 16
gn—1(0n—1) N=1 ANz (16)

=qgn-1(On—2) - AN Fav—1(On—2) -

an-1(ON-1)
Assume that gn_2(0n—2) # 0 and from equation (16) we represent Ay_2 by Ay:

gv-1(0n—2) gn(On-1)
gn—2(0n—2) an—1(ON-1)

gn-1(0n—2) _ 1 Ayt + 1
gn—2(0n—2) anv—1(ON-1)

AN+

AN—2 =

——dn_9. 15
gn—2(0n—2) N2 (152)

Further, we consider the equation (14 _2) and substitute the found expression for Ay _s into:
qN—3(ON-3)AN-3 = qn—2(OIN_3)AN_2 +dN_3 =

gn-1(0nv—2)  an(On-1)
gn—2(0n—2) an-1(On-1)

= QN72(9N73) AN+
gn—1(On—2) 1

dy—2 +dy-3,
aN—2(On—2) an—1(On—1 N—2+dN-3

+gn—2(On—3) )dN—l +gn—2(0n—3) -

gn—2(0N—2)

from here, assuming that qn_3(0n_3) # 0 we represent Ay_3 by Ay:

an—2(0n—3) anv-1(On—2) an(On—1)

AN+
gnv—3(On-3) qn—200N—2) agn—1(ON-1) N

AN_3 =

+QN72(9N73) Can-1(On—2) 1 Ay 1+ qn—2(On—3) 1
gnv—3(On-3) an—200n—2) qn-1(On-1) = = qn-3(ON—3) an—2(ON—2)

1
— dn_3. 15
gn—3(ON—3) N3 (155)

dny_o+
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22 Anar T. Assanova

And so on, we obtain the following expression for A;:

r+1

@r(0r)Ar = @r41(0r) A1 + dy = gr41(0 QH»l )\N+
i=N-—1 Z
r+1 q 1(0) 1 r+1 q 1(0) 1
+ . Hr s+ s) . d + s+ . dn +
Gt ){S:N—Z 0:(0) an—1(Ov-1) " 81;][3 0:(0:)  an—2(Oy—2) "
r+1
s +1(0s) 1 1 } —_—
4+ . dr +7d74 err, T:l,Nfl.
3111 0(0s)  gra2(bria) T g1 (Bpn)
Assume that ¢.(6,) # 0 and we represent A, by Ay:
r 07“ s 7 91
o a0 [ a0,

QT(GT) i=N—1 Qz(ez)

L4 +1 g +1 1 g +1(05) 1
s S d + S . d _ _"_
{ E[ , 40 ava(Oy) T E[ , 650 ana(On o)
r+1
1 1 1 .
-+ H qSH dr+2+dr+1}+dr, r=1,N—1.
s—=rt1 QS QT+2(07’+2) QT+1<9r+1) QT(QT)
From here, we obtain
T q 1
A — )\ + SH dn_1+
' il;l_l qi ( . ]‘]_V[ , 4s(0s) an—1(On-1)
1 4 9 1
H q$+1 g dyog bt H qs+1£ s) - Aot
s—N—_3 s s (JN*Q( N72) s=r+1 QS( s) QT+2( r+2)
QS+1 1 1 _—
dys1+ ——d,, r=1,N—1. 15
SI_IT s qT+1(9T+1) il QT(QT) " ( T)

From expression (157«), we have the representation for A\; by An:

1
QZ-H )\ i H QS—H ; dn_1+
i—N—1 s QN—I( N—1)
1
qs+1 1 QS+1(03) 1
+ dy_o+ -+ . ds+
31;7[3 0:(05)  qn_2(On_2) "2 Sl_I O as(03)
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Solution of the boundary value problem for DEPCAG 23

1
qs+1(03) 1 1

+ . do + di. 15y

Sl_[ 9 @0) T @) (155-1)

Substituting the found expression for A\; into equation (14;), we obtain

qi+1(0;) } { qs+1(0 1
bq1(0o) + cqn (0 AN = dn — bg1(6o) dn_1+
oo 021;1 ) cax (0n) [y = dy — bar (B SEIQ v

1
qs+1 1 QS+1(95) 1
+ dv—a+---+ : ds+
SE[3 65(0s)  av-—2(On—) H O as(fs)
1
QS-‘rl(eS) 1 1 }

+ . do + dy p. 17
11507 we®t am® (17)

a0

Then, from (17) we will have an explicit expression for the parameter \y:

1
Assume that bg1(6p) ] g1 (B) | cqn (On) # 0.
i=N—1

1

AN = I dy—
bar (6) 11 %) 4 cqn (On)
b1 (6o) T asei(8s) 1
- L g (0) 1 00 avaBn ) N
bq1(0o) 11:;[ “olon Hean(Oy) “e=N
1=N-—1
1
q$+1 1 QS+1(98) 1
dyv_a+---+ : ds+
Sjrvlg 65(0)  an—a(On2) " Hz as(0s)  as(6)"
1
gor1(6s) 1 1 }
+ . do + dip. 15
100w o™ (15%)

Thus, the following statements are valid.

Lemma 2. The N x N matriz Q.(An) is invertible if only if the following expressions
are nON-zero:

1

b1 (6o) H

1=N—

+ cqn(On) # 0, qr(0,) #0 for allr =1, N — 1,
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24 Anar T. Assanova

where

()—1—|—A()/Ar1(r)[a( )+ ao()dr, te€lbra,6], r=T.N,
Cr-1
J a(r)dr
A (t) =1 , t€br-1,0;], r=1,N

Lemma 3. Let

1
T 97/ —_
bar(60) [ q*gg) T an(On) £ 0, 6r(0:) £0 for allr =T, N =1
i=N-—1 2i\%

Then the system of algebraic equations has a unique solution \* and its components A} are
explicitly determined in the following form.:

1 S 1
C]+1 )\ T H q +1 (0 )dN—H-
N1 s—N_9 s QNfl N-1
s 1 L ey (0 1
H Q+1 - dn_o+ -+ H Q+1£ ). ; dyyot
s=N—_3 s s QNfQ( N72) s=r+1 QS( s) QT+2( r+2)
(Is-i-l 1 1 _
dry1+ ——d., r=1,N—1,
H s QT+1(‘9T+1) - QT(GT)
1
AN = dn—

1
bq1(0o) g[ qi;(lé )) + cqn (On)
i=N_1

_ bq1(6o) H q5+1 1 P
! qi+1(0;) s s qN—l(HN—l)
bq1 (o) 1]\_[[ W"FCQN(HN) s=N-2
=N-1
1 1
QS+1(98) 1 QS+1(08) 1
+ | | . dn_o+ -+ | | . ds+
g 4s(0s)  an—2(0n—2) V-2 =5 as(0s)  as(6s) 3

1
QS-H(es) ) 1 1
ey w®t q1(91>d1}'
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Solution of the boundary value problem for DEPCAG 25

Conclusion. In the present article, the conditions for the unique solvability of boundary
value problem for differential equation with piecewise constant argument of generalized type
(1), (2) are established. For solving this problem is applied Dzhumabaev’s parametrization
method. We are shown that solvability of the problem (1), (2) is equivalent to solvability of
a system of algebraic equations with respect to parameters. Conditions for the existence of a
unique solution to the system of algebraic equations are determined, and explicit expressions
for the parameters are found. An analytical solution to the considered problem is constructed.
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Acanosa A.T. 2KAJIIIBLIAHFAH TYPIELT BOJIIKTI TYPAKTHI APTYMEHTI BAP
MNOOEPEHIINAIBIK TEHIEY YIIIH IIETTIK ECEITIH IIIEIIIMI

Kannbrianran Typaeri 60K Ti-TypakThl apryMenTi 0ap auddepeHIma bk TeHAey VITiH
meTTiK ecen KapacTeipbliaael. (0,7 apameirsl N Gesikke GestiHe i, MenmiMHIHE IMKI apasbl-
KTap/IblH, 1K1 HYKTeJepiHgeri MoHAepl KOCBIMINA apaMeTrpJdep PeTiHjie KapacThIPbLIAIbI.
Kaymbtasran Typaeri 6eJiKTi-TypakThl aprymedTi 6ap audepeHuaiblK TeHeY YIIiH
meTTiK ecerr imki apaabikTapaarsl puddeperimanibk-aredpaibik, TeHaeyIep yimin bacra-
Kbl MaH/IEP] 2KoHe mapameTpJiepi 6ap napa-nap ecernke Typaesipinedi. Ecenrin nuddepen-
OAAIIBIK OOJIr IMKi apaJablKTapIarbl CRI3BIKTE quddepennuaanblk Tengeyaep yuiin Komm
ecerrrepinen Typaasl. EcenTin amarebpasbik 6eJiri meTTik mapTTaH KoHe OOiKTeyIiH imKi
HYKTeJIepiHIeri yaimicci3aik mapTrapbliHaH bKYPBLIFAH TapaMeTp/Iepre KAThICTHI aarebpabiK
Teneysep i KaMmTu sl Ochl XKyiieHiH KoahduimmenTTepi MEH OH KAKTAPHI 11K apasIbIKTap,1a
CBIBBIKTBI K00 JuddepeHInaIIblK, TeHaeyIep YImH Koy ecenTepin menry apKbLIbl TabbI-
aagel. lerTik ecenTepain memiiMILIir KyPacThIPLLIFAH AIredPaIblK TeHIeYIep XK YHeciHin
mermiMIiIiriHe mapa-map ekeni KopceTiaai. Ochl Kyiieaep/ii KypyFa KoHe IIenyre Heri3ae-
TeH TTEeTTIK eCenTep/l MeNTyIiH 9/11CTepl YChIHBLIAIHI.

Kinrrix cezzep. 2Kanubuianran Typzeri 6emikTi-TypakThl aprymenti 6ap muddepemim-
AJIIBIK, TEHJIEYJIED, METTIK ecell, mapaMeTpiey d/ici, auddepeHnnaaapK-aaredpaibK TeHIe-
yaep, MeMTMIIIIK KpuTepuitaepi.
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Acamosa A.T. PEHIEHUE KPAEBOW 3AJIAYM JIJISI JUPOEPEHIWAJILHOIO
YPABHEHUA C KYCOYHO-IIOCTOAHHBIM APTYMEHTOM OBOBIHIEHHOTI'O TU-
[TA

Mpb! paccMaTpruBaeM KpaeByio 3amady st AudGepeHnnaabHoro ypaBHeHUs ¢ KyCOIHO-
HOCTOSIHHBIM aprymenToM 0606mienaoro tuna. Warepsan [0, 7] pasbusaercsa na N wacreii,
3HAUEHWs PeNeHUs] BO BHYTPEHHUX TOUYKaX IMOJUHTEPBAIOB PACCMaTPUBAIOTCSI KaK JOIOJ-
HUTEIbHBIE TapaMerpbl. Kpaesasa 3amada s 1udhepeHmabHOT0 yPABHeHUA ¢ KyCOUHO-
IIOCTOAHHBIM apTyMEHTOM 00O0OINEHHOTO THUIIA IPeobpa3yercs B SKBUBAJEHTHYIO 330349y C Ha-
YaJbHBIMU 3HAYECHUSIMY U ITapamMerpamMu st nuddepeHiimaabHo-aredpandecKux ypaBHeHMil
Ha mogmHTepBasiax. dnddepeninaabaas 4acTh 3TOHM 3a7a4du cOCTONT u3 33734 Komm s
OOBIKHOBEHHBIX AU PEePEHIINAIbHBIX YPABHEHUI Ha HOAuHTEepBa/iaxX. Ajirebpandyeckas 4acTb
9TOW 3aJa4n COAEPKUT ajaredpanvieckue ypPaBHEHUsT OTHOCUTEIHHO TAPaMEeTPOB, COCTAB/ICH-
HbI€ M3 KPaeBOTO YCIOBUS M YCJIOBHI HENPEPBHIBHOCTH HA BHYTPEHHUX TOYKAX Pa3OMeHMs.
KosdpdunmenTts: u mpasbie 9acTu 9TOH CHCTEMBI OTTPEASIIOTCS PerenuamMu 3a1a9 Korrmu 11
OOLIKHOBEHHBIX An(bdepeHnua bHbIX YPaBHEHNH Ha ITOogWHTEepBagax. Mbl meMoHCTpHUpyeM,
9TO Pa3PerMMOCTh KPAeBO 33189 HKBWBAIEHTHA PA3PEITUMOCTH COCTABICHHON CHCTEMBI
anrebpanmyeckux ypaBHeHmi. Mbl mpejjaraeM MeTOH PeIleHHs KpaeBoil 3aJadM Ha OCHOBE
TTOCTPOEHUS U PEIICHUS ITUX CHUCTEM.

Krougesnre ciosa. uddepennmanbibie ypaBHEHUA € KYCOUYHO-TIOCTOSTHHBIM apPryMeH-
TOM ODOOIIIEHHOTO THIA, KpaeBas 3ajada, MeTol napamerpusarnuu, guddepeHnaTbHo-
ajirebpanvecKue ypaBHeHUs, KPUTEPUH PA3PENTHMOCTH.
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