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On solvability of boundary value problem for a nonlinear
Fredholm integro-differential equation

The paper proposes a constructive method to solve a nonlinear boundary value problem for a Fredholm
integro-differential equation. Using D.S. Dzhumabaev parametrization method, the problem under
consideration is transformed into an equivalent boundary value problem for a system of nonlinear integro-
differential equations with parameters on the subintervals. When applying the parametrization method to
a nonlinear Fredholm integro-differential equation, the intermediate problem is a special Cauchy problem
for a system of nonlinear integro-differential equations with parameters. By substitution the solution to
the special Cauchy problem with parameters into the boundary condition and the continuity conditions
of the solution to the original problem at the interior partition points, we construct a system of nonlinear
algebraic equations in parameters. It is proved that the solvability of this system provides the existence
of a solution to the original boundary value problem. The iterative methods are used to solve both the
constructed system of algebraic equations in parameters and the special Cauchy problem. An algorithm for
solving boundary value problem under consideration is provided.

Keywords: nonlinear Fredholm integro-differential equation, boundary value problem, special Cauchy
problem, iterative process, isolated solution, algorithm, Dzhumabaev parametrization method.

Introduction

The research of initial and boundary value problems (BVPs) for integro-differential equations (IDEs) is
devoted to the works of many authors [1-15]. Fredholm IDEs have a number of features that should be taken into
account in setting problems for these equations and developing methods for solving them. By D.S. Dzhumabaev
parametrization method [16] the new Ay general solution to linear Fredholm IDE is proposed in [17], the
concept of the general solution is extended to Fredholm IDEs with nonlinear differential parts [18]. In [19-21],
the criteria for solvability, unique solvability and conditions of well-posedness of linear boundary value problems
for Fredholm IDEs are established.

On [0,7] the boundary value problem for nonlinear Fredholm integro-differential equation (IDE) is
biconsidered:

dz ™ T n
i At)z + ’;gok(t)/o V(7)) fre(m,z(7))dr, te€]0,T], z€R", (1)

9[x(0), =(T)] = 0, (2)

where n x n matrices A(t), pr(t), ¥ (7) are continuous on [0, 7], f : [0,T]x R™ — R™, k = 1,m ||z|| = max |z;|.
1=1,n

Denote by C([0,T],R™) the space of continuous functions z : [0,7] — R"™ with the norm ||z[j; =

= t)|.
e [l

A solution to problem (1), (2) is a continuously differentiable on [0, 7] (at the points t = 0, t = T, equation
(1) is satisfied by one-sided derivatives) function z(t) € C'([0,T7], R"), which satisfies equation (1) and boundary
condition (2).

The aim of the paper is to propose a constructive method for finding isolated solution to problem (1), (2).
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1 Scheme of the parametrization method

Let Ay be a partition of the interval [0,7] into N parts by points to =0 < t; < ... <ty =T.
The restriction of the function x(¢) on the rth interval [t,_1,¢,) denote by ,(t) : z,(t) = x(t), t € [tr—1,t),
r =1, N, and we reduce the problem (1), (2) to equivalent multi-point boundary value problem

dx,

m N t,
o A(t)x, + Z(pk(t) Z/ Vi(T) fe(Tyzi(T))dr, t€[tr_1,t), z,€R", r=1N, (3)
k=1 j=1"tr—1

olri(0), tim an ()] =0, @
ti%?,omp(t)] = xp-i-l(tp)’ p=1,N—-1, (5)

where equations (5) are the continuity conditions for solutions to problem (1), (2) at the interior points of
partition Ay.

Denote by C’([O,T], AN,R”N) the space consisting of all function systems x[t] = (xl(t),xg(t), . ,:cN(t)),
where functions @, : [t,_1,t.) — R™, r = 1, N, are continuous and have finite left-sided limits tﬁlitmiO x,(t), with
the norm ||z[]||, = max sup |z, (t)]|.

r=1,N te[t, _1,t,)

A solution to problem (3)—(5) is a function system z*[t] = (z}(t),23(t),..., 2% () € C([0,T],An, R™Y),

where the function z*r(t) continuously differentiable on [t,._1,t,), satisfies equation (3) for all ¢t € [t,_1,t,),

r=1,N, and for x7(0), tiiqglo 'y (1), t_l)itm_o xy(t), Ty q(tp), p=1,N — 1, there are equalities (4), (5).
P

We introduce additional parameters A, = z,(t,—1) and make substitutions w,(t) = z.(t) — A, r = 1, N,
then we obtain the multi-point boundary value problem with parameters

du,

m N tr
= AW+ ]+ > () Z/ V() fe(Tyus (1) + \j)dr,  t€[tr_1,t,), r=1,N, (6)
k=1 j=1"tr—1

up(tr—1) =0, r=1,N, (7)
g[/\h AN + ilg uN(t)} =0, (8)
Ap + tahtglfo up(t)] = Apy1, p=1,N-1 (9)

A solution to problem (6)—(9) is a pair (A\*,u*[t]) with elements \* = (A}, \5,...,\y) € RN,
u*t] = (ui(t),us(t),...,ui () € C([0,T], Ax, R™N), where the function u*(t) continuously differentiable on
[tr—1,tr) satisfies differential equation (6) for all ¢ € [t,_1,t,) (for ¢ = ¢,_; equation (6) satisfies the right-
hand derivative of the function w,(t),) condition (7), and for A}, Ay + t_l)i%n_o un(t), Ay + t_l)itr:l_ou;(t) = A1
p=1,N — 1, equalities (8), (9) hold.

If (A*,u*[t]) is a solution to problem (6)—(9), then the function z*(¢t) defined by the equalities
() = N4k (t), t € [tr—1,t.), 7 =1, N, z*(t) = A*N+tii¥1 Ou}“\,(t), is the solution to problem (1), (2). And vice

versa, if #(t) is a solution to problem (1), (2), then the pair (X, a[t]) with elements A = (A1, Aa, ..., Ay) € R™Y,
Uy (t), uz(t), ..., u1(t)n, where A, = Z(tr—1), Urp(t) = Z(t) — Ay, t € [tr—1,t.), 7 = 1, N, is the solution to problem

(6)-(9)-

Problem (6), (7) is the special Cauchy problem for the system of nonlinear Fredholm IDEs.
2 The solvability of problem (1), (2)

We will use the limit values of the solution to problem (6), (7) later on, when we turn to problem (1), (2).
Therefore, it is reasonable to consider the special Cauchy problem on the closed subintervals:

m N tr
Z:mWMM+Zm®Z/ Uk() fu(rv(r) + \)dr, teft_it,], r=1N,  (10)
k=1 j=1

tr—1
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vp(tr—1) =0, r=1N. (11)

Denote by 5([O,T]7 A, R™) the space consisting of all function systems v[t] = (vi(t),v2(t),...,vn(t)),
t)]

where functions v, : [t,—1,t,] = R"™, r = 1, N, are continuous, with the norm ||v[]”3 = max [max | lor(t)]]-
7‘:17N te tr—htr

It is obvious that if for fixed value of parameter A = A the function systems u[t, ] and v[t, \] are the
solutions to problems (6), (7) and (10), (11) respectively, then the following equalities are valid:

ur(t,N) = v (6, N), t€[tr_1,ty), r=T1,N, (12)
t_l}ltrrn_ou,,(t,)\) =vp(ty,A), T=1,N. (13)

The sufficient conditions of the solvability problem (10), (11) are established in [22].
Employing (8), (9) and considering (12), (13), we get the system of nonlinear algebraic equations in
parameters
g[)\1,>\N+UN(t,)\1,)\2,...,>\N)] =0, (14)

)‘p+vp(ta)‘17)‘27“~v)\N)]:)‘p+17 p:].,N—]. (15)
We rewrite system (14), (15) in the following form:

Q. (AN, A\ v[t]) = 0. (16)

Condition A. There exists h > 0 : Nh = T, N € N, such that the system of nonlinear equations
Q.(ANn,A,0) = 0 has the solution A® = (AP AL A0y ¢ RN and for A = A© the special
Cauchy problem (10), (11) with the initial guess solution v(®?)[t] = (0,0,...,0), has the solution v[t, A\(?)] €
C([0,T), Ax, R™).

Denote by PC(]0,T], An, R™) the space of piecewise continuous functions z : [0,T] — R™ with the possible
discontinuity points ts, s =1, N — 1, with the norm ||z|4y = sup [z(?)].

By the equalities (9 (¢) = A9 4 vﬁo)(t), t € [ty_1,t.], 7 = 1, N, we define the piecewise continuous function
2@ () on [0,7].

Choose py >0, p, > 0, p, > 0 we construct sets:

SAD p)={A= (A1 Az, .., An) € R A= AO)| = m%”)‘r — A9 < pat,
r=1,

S[t, \D), p,) = {v[t] € C([0,T], An, R™) : [[v[-] — v[, AV]|l2 < pu},
SO (t), ps) = {x(t) € PC([0,T), An, R") : |l — 2O 4 < p,}.

Theorem 1. Let A* € S(A(9), py) be a solution to equation (16) and v[t, \*] € S(v[t, A(?)], p,) be a solution
to the special Cauchy problem (10), (11) for A = A*. Then the function z*(t), defined by the equalities
o*(t) = N+ v (t, \*), t € [t,_1,t,], r = 1, N, is a solution to problem (1), (2) and x*(t) € S(z(®(t), p.).

Using Theorem 2 [23; 45] to equation (16) we get the following assertion.

Theorem 2. Let the following conditions be fulfilled:
0Q.(An; A v[t])

is uniformly continuous in S(A(), py);

0Q.(AN; A, v[t])
O

(i) the Jacobi matrix

(i) 9Q:(An; A, v[t])

o\
(i) 7 [| Qs (An; A, v O[] < pa.
Then there exists o > 1 such that for any o > aq the sequence \¥), generated by the iterative process

-1
is invertible and H [ } H < ~* for all A € S(A® | py), v* is constant;

D) _ g0 L[0Qu(AniA®, v
« o\

IR
[t, A\ ])} Qu(An: A® ot AP, k=0,1,2,...,

converges to A*, an isolated solution to equation (16) in S(A(?), py), and

I = AO < [|Qu(An; A, wft, AO)|.
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Condition B. The functions fy(t,z), & = 1,m, g(v,w) have uniformly continuous partial derivatives
Ofe(t,x) 9dg(v, w) ag(v, w) 0.1
’ = {(t,z) : t T, ||z — z©(t o}y G2 pe) =
02) Oglvs) 0900 Ly gorp,) = {(tw) < t € 0,10 e — 2O < pi), CO2ps) = {(ww) €
R : ||v — 2(0)|| < pg, ||w — :E(O)( )|| < px} respectively, and
e R b B e B

where Ly o, k =1, m, Ly, Ly are const.
Let the function system v[t, A] be the solution to the special Cauchy problem (10), (11), i.e. the following
equalities are valid:

tr
WZA()[W& )+ ]+ Z/tr lwk I filmoj(r )+ A)dr,  t€ [t t,], r=LN, (17)
vp(tr—1,A\) =0, r=1,N. (18)

vy (t, \)

Condition B by Peano’s theorem provides the existence of partial derivatives ri = 1, N, for all

A€ S(AO ) py). Differentiating (17), (18) with respect to \;, i = 1, N, yields

N

dr+

- ((’)v:?()\t /\)) = A(t) {LUEX; a) + an] + > wi(t) Z/ ' ¢k(7)afk(77 Uj((;; N FA) avg(; 2

t; ) )
+ t)/ wk(ﬂaf’“(ﬂ“ég”“’)dn teltit), r=LN,
k= i—1
avr(trflaA) _ .
T —0, T,Z—].,N,

where
{I ., r=1, I isthe identity matrix of dimension n,
Ors =

O, r#i, O isthen X n zero matrix.

O (t, A e — . .
If we denote by z.;(t, A) the partial derivative % =0, r,i =1, N, then for each i = 1, N the function
system z;[t, \] = (z1(¢, A), ..., (2n (¢, N)) is a solution to the linear special matrix Cauchy problem
dzy; 8fk (1,0 (1, A) + X))
I = A(t) [Z”* —‘rO'” Z/ w oz ji(T,)\)dT—i-

23 [ BEENIN g ), 2T

Zri(tr—h)‘) =0, ri=1,N.

Condition B and conditions of Theorem 2 [22]| provide the existence of the Jacobi matrix

~ 611,1@) Q1,N—1@) %,N@)

0Q. (AN; A, U[t]) _ | % ()\) .. g2,N-1 (/\) q2,N ()\) (19)
A o R R
qn,1 ()\) ..+ gN,N-1 (>\) 4dN,N ()\)

aQ* (AN7 Xa U[ta X])
oA

for all A € S()\(O),p,\) and its uniform continuity in S()\(O),pA). Here the components of

are the n x n matrices

o~

q1,1 (X) =g, [3\\17 A + on (T, X)] + Gu [3\\17 A + on (T, X)]21\7,1 (T, N),
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q1,s (3\\) = gq/u [Xla/):N + UN(Ty X)] ZN,s (T7 X)a s=2,N—1,
(JLN(X) = iy [/):17 A+ on (T, X)] [I+2nn(T, X)],

Qp,r()\) :prl,r(tp—l,)\), P#Ta p#r—’_lv
qzw(//\\) =-I+ Zp—l,p(tp—lvx)’ qpm—l(X) =I+z1p-1 (tp—lv//\\)a p=2,N,r=1N,

where z;[t, \] = (zl’i(t7X)7 e ,zNﬂ-(t7X)), i =1, N, is the solution to the special Cauchy problem (10), (11) for
A=A

3 An algorithm for solving problem (6)—(9)

Assume that the conditions A, B hold and problem (10), (11) is well-posedness. For the initial approximation
of the solution to problem (6)—(9), we take a pair (A(*), v[t, A(¥)]) and find the sequence (A*), v[t, \®)]), k € N,
according to the following algorithm:

Step 1. a) Employing the values of elements of the function system v[t, \(?)], we compose the n vector and
the n x n matrices:

9NN + oy (T, AO)]
0 0
Q. (AN A [t \]) = A oy (8, A@) =AY

/\5\(;))_1 +on_1 (tv-1, AO) — /\53)

(1, A©) + A(?)
ox

m ti
PO(t) = At)ori + > on(t) / W(T)af’“(mi dr, telt,_i,t], mi=1N,
k=1 ti1

O fe(t, v; (£, (@) + A0
(1) = (t) =

b) By solving N special matrix Cauchy problems for the system of linear IDEs

m N t.

Az, . 7 (0) (0)

g —A(t)zri—l-kzlapk(t)z:l/v ) () z5i(r)dr + P (1), t € [too1 ],
- iz

tj—1

t € lty_1,ty], r,j=1,N.

Z”‘(tr_l) = 07 T,i = 1,N,

we find the function systems

zi[t, A0 = (216, X)L (8,A9)), i =T, N.

9Q. (Ax: X, o[t A7)
o\

¢) Construct the Jacobi matrix by formula (19), where

011 (M) = g, (MO A9 + on (T AO) | + g1, [AVAQ + on (T, 00) | 23 (T A@),

a1,s(N?) = g, NV AD + on (T AAO) |an o (TA®), s =2 N =1,
a1 (A7) = g, MO0 +on (T AO)] x [14 2w (14O

qp,r ()\(O)) = prl,r (tpflv /\(0))7 p 7é T, p 7é r+ 1a
rr(\) = T+ 2p-15(tp-1.07), Gpp 1 (M) =T+ 2151 (-1,0), p=2N, 7

Solve the system of linear algebraic equations

Q. (An: A, vft, A©)])
o\

1
AN = —=Q.(Ay; O 0t AO)), Axe B,
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for some o > 1 and find A9 . Determine A1) as follows:
AL = (0 4L ANO

d) Choose the function system v [t, )\(0)] as an initial guess solution to problem (10), (11) for A = A and
by iterative process [22; 53] find the function system v[t, /\(1)}.

Step 2. a) Employing the values of elements of the function system v[t, \()], we compose the n vector and
the n X n matrices:

gAY Fon (1,00)]

Qu(anAD oA = [ N Huln ) Dy

AL+ o 1(tN L AM) —AQ

: )\(1) )\(1)
P(l)( o + Z‘Pk / e (9fk (7, v; (Tax ) + )dT, teltyaty], ri=T,N,

8f (t7 (tv)‘(l)—i_)\(l))
V() = ()=

b) By solving N special matrix Cauchy problems for the system of linear IDEs

dzm
= zM+Z<pk Z/ WD () z5i(r)dr + PP (), tE [tro1,ta],

te[t'rflatria TajzlaN'

Zri(trfl) :Oa Tvi: ]-va

we find the function systems

2 [t7 )\(1)] = (zli(ta )‘(1))7 cee ;ZNi(t7 )‘(1)))7 i = ]-a N.

0Q. (An; AW, vft, A1)
oA\

a1 (AD) = g, AV + on (T AD) | 4 g0, AV AQ + on (T,0D) | 2n (T, AD),

¢) Construct the Jacobi matrix

by formula (19), where

a1 (AV) = gl MR+ on (T AD) 2w (TAD), s =2 N =1,
QI,N()\(l)) =g, [)\51)7 )\5\1;) + un (T, )\(1))} X {I + 2y, (T, )\(O))},
dp,r (A(l)) = Zp—1,r (tp—17 A(l))v p 7& r o p 7é r+ 1; dp,p (A(l)) =-I+ Zp—1,p (tp_l, A(l))7
qp7p_1()\(1)) :I+Zp_17p_1(tp_1,>\(l)), P = Q,N, r = l,N.
Solve the system of linear algebraic equations

Q. (An; A w[t, AM))
6>\

for some a > 1 and find AA® . Determine A as follows:

1
AN = _aQ*(ANv A(l),i}[t, A(l)i)’ AX € RnN’

A® =AM L AN

d) Choose the function system v|t, )\(1)] as an initial guess solution to problem (10), (11) for A = A, find
the function system v[t, A(?)].

Continuing this process, in the kth step of the algorithm we get a pair ()\(k), v[t7 )\(k)}), k=1,2,.... The
conditions of Theorem 2 [22; 53] and Theorem 2 ensure the convergence of this sequence to ()\*, v [t, )\*]), the
solution to problem (6)—(9), as k — co.

Given ¢ > 0, the iterative process should be terminated if [[AA*)|| < e. Theorem 2 yields an
alternative termination criterion. If conditions of this theorem are fulfilled, then the inequality [A* = AR <
YN Qs (An, A w[t, \F)])|| is true. Therefore, the iterative process terminates if v*(|Q. (An, A®) v[t, \F)])|| < .
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A.T. Acanosa!, C.C. 2Kymaros'?, C.T. Mumb6aesa'?, C.I. Kapakenosa'-?

1
Mamemamuka stcone mamemamuraivr modeavdey uncmumymot, Aamamo, Kasaxeman;
20n-Dapabu amomdaes. Kazax yammos yrusepcumems, Aamamo, Kazaxeman;

3 K. 2XKybanos amuindaet. Axmebe onipaix yrusepcumemi, Axmebe, Kaszaxeman

®pearoabM ChI3bIKThI €MeC MHTEerPaIabIK- A depeHITnAIIbIK,
TeH/Ieyl YIITiH OIeTTIiK eCeNTiH MIeIIiJIiMIIIr TypPpaJabl

Maxkamnaga @pearossm MHTErPATILIK-IUMOMEPEHITNANIBIK TEHEYl YIMH CBhI3BIKTBI €MeC IETTIK ecerl-
Ti mentyis KOHCTPYKTUBTI oici yewburan. JI.C. JIxkymabaeBToiH, mapaMerpiiey OiCiH KOJIIaHa OTbI-
PBII, KapPaCTHIPBLIBII OTBIDFAH €Cell ilIKi MHTEPBaJJapAarbl IIapaMeTpPJsli ChI3BIKTBI €MeC WHTETrPaJIJIbIK-
nuddepeHTIAIBIK, TEHIAEYIEP KYiecl YITiH SKBUBAJEHTT] IMETTIK ecenKe KeaTipiiredn. @pearoabM ChI3bI-
KTBI eMeC NHTEeTrPaJIIbIK-1uddepeHnnaablk TeHIeyiHe TapaMeTpJey 9iCiH KOJITaHFaH Ke3/e apaJsIblK eCcell
rapaMeTpJii ChI3BIKTHI eMeC HHTEerpasIbIK-1ud depeHInallIbIK TeHIeyIep Kyiieci yinin apaaiibl Ko ecebi
Goubr TaOBLTIAABI. ApHaiibl Komm ecebiHiH IIEmIiMiH IIETTIK IIAPTKA KoHE OACTAIIKbLI €CEIITIiH IMeIriMiH
OesikTey il iKi HyKTeIepineri y3iaicci3aik maprrapblHa KOO apKbLIbl TapaMeTpJiepre KAThICThI ChI3bI-
KTBI eMec ajrebpaJiblk TEHIEYIep *Kylieci KypbLIabl. By xKyiieHiH memiiMiairi 6acTankpl MeTTIiK ecer-
TiH IIeNIiMILUIINHE KaMTaMachl3 eTeTiHirine Herizgesnared. IlapaMerpiiepre KaTbICThI aareOpaJIblK TeHJe-
yJep XKyiecin kKoHe apHaiibl KoIm ecebin menry yImiH UTepaIusiibIK, 91iCTep KOJIaHbLIaIbl. KapacThlpbl-
JIBII OTBIPFAH IIETTIK €CEITi eIy aJrOpUTMi YChIHBLIFAaH.

Kiam cosdep: cuI3bIKTBI emec PpeirobM UHTErPAIIbIK-Tud(MepeHIInaIbIK, TeHIEY1, MEeTTIK ecer, nTepa-
[USTBIK, TPOITECC, OKITAYIAHFAH IIIEITiM, aaropurM, /2KyMabaeBThIH TapaMeTpJiey SIici.
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On solvability of boundary value problem ...

A.T. Acanosa!, C.C. 2Kymaros?, C.T. Memb6aesa', C.I. Kapakenosa'*?

L Mnemumym mamemamusy u Mamemamuueckozo modeauposarua, Aamame, Kazaxcman;
2 Kasazcxutl Hayuonaivrod yrusepcumem ument avb-Papabu, Aamamo, Kasaxcman;
3 Axmiobuncrut pezuonasviuili ynusepcumem umenu K. Xybanosa, Axmobe, Kaszazcman

O pa3zpenmmMocTu KpaeBoii 3a/1a9m JJisi HeJIMHEHHOTO
nHTEerpo-anddepennuaapbaoro ypasaeansa ®Ppearoabma

B cratbe mpemioxkeH KOHCTPYKTHBHBIR METOJ[ PEINEHUS HEJIMHEHHOW KpaeBOil 3a/adm NI WHTErPO-
muddepernuanbaoro ypasaenuss Openronbma. C nomomnbio Meroga napamerpusanun J.C. IxxymabaeBa
paccMaTpuBaeMasi 3aatua Ipeobpa3oBaHa B KBUBAJIEHTHYIO KPAeBYIO 3aady s CHCTEMbl HEJIMHEHHBIX
nHTErpo-auddepeHnnaIbHbIX YPaBHEHUI ¢ TapaMeTpaMu Ha oAbIHTepBaiax. | [pu npuMenennn MeToa na-
paMeTpHU3aliy K HeJUHEHHOMY MHTerpo-guddepenimatsaoMy ypasHeHno Openrosbyma IpoMexKyTOIHON
3ajaveil SBJISIeTCsT CIenua bHas 3ajada Komm s cucTeMbl HEJIMHEWHBIX WHTErpo-IuddepeHnnaabHbIX
ypaBHeHUit ¢ mapamerpamu. [lyTem mopcTraHoBKM perrenusi crennaabHOil 3amadun Ko ¢ mapamerpavMu B
IPAHUYHOE YCJIOBHE U YCJIOBUS HEIIPEPBIBHOCTU PEIIEHMsI UCXOJIHON 33/1a491 B TOYKAX BHYTPEHHEro pa3bue-
HUSI CTPOUTCS CUCTEMA HEJIMHEWHBIX arebpandecKuxX ypaBHeHMi o mapaMmerpam. JlokazaHo, 9To paspemnin-
MOCTB 3TOH CHCTE€MBI 00ECIIeUMBAET CYIECTBOBAHNE DEIeHNs MCXOMHON KpaeBoit 3amaqdn. VTepamnumonnbie
METO/IbI MCIIOJIb30BAaHbI KaK IS PEIIeHHsI IOCTPOEHHOM CHUCTEMBI ajredpanvyecKux ypaBHEHU 110 ITapaMeT-
paM, Tak ¥ JJjIs pelleHusl CreruaibHoi 3amaun Komm. [IpuBenen ajroputM pereHust paccMaTpUBAEMO
KpaeBoO#l 3aJ1a4u.

Kmouesvie crosa: HenuHeitHOe nHTErpo-auddepennuaibioe ypasaenue @pejrosibMa, KpaeBas 3a/1a49a, Clie-
nuasibHas 3as1a4da Komm, nrepanyoHHbIil IpoIece, n30JIMPOBAHHOE PEIIeHNe, aJITOPUTM, METOJ, IIapaMeTpH-
zaruu Jxxymabaesa.
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