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In the paper we are going to introduce an operator that is involved in the inverse problem
of the continuous-in-time financial model. This framework is designed to be used in the
finance for any organization and, in particular, for local communities. It allows to set out
annual and multiyear budgets, with describing loan, reimbursement and interest payment
schemes. We discuss this inverse problem in the space of integrable functions over R
having a compact support. The concept of ill-posedness is examined in this space in
order to obtain interesting and useful solutions. Then, we will give some remarks for not
functionality of the model for a given Repayment Pattern Density v, when this operator
is not invertible in the space. Additionally, this inverse problem is illustrated in order to
prove its ability to be used in a financial strategy.
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1. Introduction

Over the last two decades, we have seen significant progress in econometric theory [1], computational
and estimation methods to test and implement continuous-time models. The continuous-time approach
in these areas has produced models with a rich variety of testable implications. It is useful to begin our
survey with an overview of some of the major developments in the field. There are many references that
deal with research works in finance and the way in which the practitioners viewed the finance research
field. The book [2] by Merton laid the foundations for the development of intertemporal asset pricing
theory. The purpose of the paper [3] is to build a bridge between continuous time models, which are
central in the modem finance literature, and (weak) GARCH processes in discrete time, which often
provide parsimonious descriptions of the observed data.

We built in previous work [4,5], the continuous-in-time model which is designed to be used for the
finances of public institutions. This model is based on using measures over time interval to describe
the loan scheme, the reimbursement scheme and the interest payment scheme; and, on using mathe-
matical operators. At the same time, some mathematical operators as convolution and primitive are
implemented in [6] for continuous-in-time financial model. This development is given in the form of
an API (Application Programming Interface). This API is marketed by the company MGDIS. Some
aspects of the modeling of the asset prices for the financial market are studied in [7].

This way to proceed gives good results, works well and software tools implementing it help organi-
zations to foresee the consequences of their decisions allowing to elaborate their projects. We highlight
that the discrete model utilizes tables and creates outcomes in Excel format. Each value in the tables
is a synthetic of a given quantity over a given period of time. In order to provide answers from the
discrete model to the implemented one, the key idea is to report these outcomes on any set of periods
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of time without reimplementing it. To build the new framework that is the improvement of the discrete
one, measures are managed and defined during the whole time period.

The understanding of most inverse financial problems has a rapid state of development that a
review of the subject will inevitably needs to be updated rapidly. Moreover, it is important to quote
some contributions in the field. For example, the paper [8] presents a phase retrieval problem and
a specific inverse option pricing problem. The paper [9] by Potthast deals with the time-harmonic
acoustic obstacle scattering problem with Dirichlet boundary condition. In the paper [10], the authors
have developed a series of novel variational source conditions for Linear Inverse Problems in Hilbert
Spaces.

We are motivated by a recently developed nonlinear inverse scale in Schwartz space. The questions
of the inverse problem in Schwartz space are currently investigated in [11] for ill-posed problems.
Further, we mention the paper [12] introduced by Hadamard in the field of ill-posed problems. These
problems are ill-conditioned or underdetermined. We say that problem is ill-posed, if and only if, the
operator involved in the model denoted by L, is invertible. For completing the history of the inverse
problem of the model, the inverse problem stability in Hilbert space L2([t;, Omax]) is discussed in [13].
On the other hand, the differential evolution algorithm described in [14] is applied to data inversion to
layer geo-electrical models. Since some aspects of the model are explored over Schwartz space and also
space of square-integrable functions, this present work aims to enrich the model over another space.
We choose it such having less integrability than two, changing consequently, important properties of
solution. The main result of the present paper is to find new technique with determining regularized
solution to discrete ill-posed in the space of integrable functions L' ([t;, O max]) having their support in
interval [t1, ©pax]. The solvability of this inverse problem is to show existence and uniqueness of the
solution.

The rest of this paper is arranged as follows. In Section 2, we introduce the definition of the
operator £ and others. We give an overview of its property, described by its injectivity. Next, the
regularized solution to discrete ill-posed is investigated in L' ([t;, Omax]) by determining the inverse of
operator £ under some assumptions. In the same part, examples are provided in order to show that
Repayment Pattern Density v does not hold the expectation given in theory. Section 3 makes the
model useful within an automatic strategy elaboration to manage financially desired goals and that
satisfies imposed constraints.

2. Inverse problem of the model in L'([t1, Omax])

The purpose of this section is to build mathematical properties of the financial model. It concerns also
some general results of the inverse problem for any density 7. We proceed by denoting C.([t1, ©max))
as the continuous functions space defined over non-empty time interval [tr, ©pax] With the usual norm
| 1| oo ([t1,01max]) Which is well known as

9] Lo (ftr,0mae) = SUP {|0(1)[}.

te[themax]

We build the continuous-in-time financial model on the Radon measure space M([t1, Omax|) which is a
continuous and linear form acting on the continuous functions space C.([t1, Omax|) defined over a time
interval [t1, ©max]. The set of Radon measures M ([t1, Omax]) is a Banach space provided with the usual

(1, 0) }
)

(91| Lo (1, Ormar

2l M (11,0 man)) = sup {
wecc([tl 7®max]),1/17£0

For any interval [ty,ts], ta > t1, L'([t1,%2]) stands for the space of integrable functions over R having
their support in [t1,t2]. Similarly, L?([t1,ts]) is the space of square-integrable functions over R having
their support in [t1, t2]. If measure fi is absolutely continuous with respect to the Lebesgue measure dt,
then, this means that it reads p(t)dt, i.e. i = p(t)dt, where t is the variable in R. Other measures, are
not absolutely continuous with respect to dt, for instance Dirac masses. They illustrated concentrated
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actions or payments. This density u(t) of measure i can be seen as a time density. These densities are
considered in L' ([t1,£2]). In the sequel, we would like to know more about these measures or densities.
We will set out to introduce the financial quantities that are involved in the model and the relations
between them. For a positive number ©, such that O, < Oy — t1, we set the Repayment Pattern ~
such that

v € L7([0,64]). (1)

The Repayment Pattern Measure 7 is a non-negative measure with a total mass equal to 1, i.e.

[ it )

The equality (2) means that the payment of an amount 1 which is expressed in monetary unit that
is borrowed at the initial time ¢ = 0. The Loan Measure kg and the Repayment Measure px are
connected by a convolution operator [15]

P =Rg*79. (3)

The measure ﬁ,IC is the repayment of the Current Debt Kgrp at initial time 7. It is called an initial
Debt Repayment Scheme given by

“+oo

/t Pk = Krp(tr).

1
Defining the linear operator £: L' ([t1, Omax —O])NCe([t1, Omax—O4]) = L ([t1, Omax]) by the operator
that is acting on Loan Density xg,

Llrpl(t) = re(t) — (ke *7)(t) - a/ (kp — KE % 7)(s)ds. (4)

t
The Algebraic Spending Measure ¢ is defined such that the difference between spendings and incomes
required to satisfy the current needs. Its Density o is decomposed as a sum of operators £ given by
equality (4) and D
o(t) = L[ke](t) + Dlpk](t),
where the operator D: L!([t1, Omax]) N Ce([tr, Omax]) — L([t1, Omax]) is acting on the Initial Debt
Repayment Density pf., defined as

Omax
m&ww?ﬂ[ Pk (s) ds — o (2).

We denote by F the Fourier Transform Operator, and by F~! its operator inverse. The convolution
of Loan Density rp in the space of integrable functions L!([t;, Omax — ©,]) and Pattern Density ~
in space L°>°([0,©,]) defines a function staying in the space of integrable functions over R having its
support in [t, Omax), i.6. kg %y € LY([t1, Omax]). From this, the first part in expression (4) defines a
density kg — kg *y which belongs also to the same space L!([t, O nax]). Besides of this,

emax t
:/ / (kg — kg *7)(s)ds
t1 i1

emax ®Inax
< / / (kg — kg *7)(8) ds
t1

tr

/ (kg — kg *7)(s)ds dt

tr

L1 ([tr,Omax])

dt

®InaX
< (O — 1) / (k5 — K %) (5)| ds

i
< (Omax — t)[[kE — KB * VL1 (jt1,0max])-
Consequently, operator £ given by (4) is well defined from space L ([t1, Omax — ©O+])NCe([t1, Omax — O4])

to L!([t1, Omax]). Noticing that we have studied in previous work [4,5,11,13] the inversion of operator
L in L2([t;, Omax]). We have stated its properties, taking advantage of application F as isometry in this
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space. Nevertheless, the new difficulty is due to the fact that operator F is not a bijective application
on L' ([t;, Omax]). To tackle this difficult problem, an efficient way is investigated. It consists in using
the Gronwall lemma in such an assumption to inverse it in Theorem 1. The aim of expressing this
inversion is to show its capability to be used to forecast a financial strategy when these densities
have less integrability order than two. In other words, forecast consequences of any financial decision
consists of inverting this operator.

Lemma 1. If Loan Density ~ satisfies the assumption (1) and the following analytic condition
2 — av(z) € L1([0,0,]),

then the linear operator L given by relation (4) is a one-to-one mapping.

Proof. We will show that the kernel of the operator £ is defined as
Ker(L) = {kg € LY ([t1, Omax — ©,]), kp — (kg *7) = 0}. (5)

We recall in [4] that we have proven over L2([t;, Omax]) the following equality

kE(t) — kg *xy(t) = Llke](t) + o t L[rg](s)e®t%) ds, (6)

which stays true in L!([t;, Omax]) due to the integration by parts (see equality (3.12) of Lemma 3.2).
The way to prove that two sets are equal as mentioned in relation (5), we will prove each of two sets
is a subset of the other set. In particular, according to (6), if the Loan Density kg is supposed to be
in the kernel Ker(£), then it satisfies

kp —kpxvy =0, (7)
achieving the direct inclusion. Conversely, injecting equality (7) in (4), confirms that density kg stays
in the kernel. Consequently, equality (5) holds. In what follows, the Fourier transform is applied to
equality (7) to get

Flrg) x (1= F(7)) =0.

We now use the method of proof by contradiction to prove that the function F(y) does not coincide
with the value 1. Let us assume, for the sake of contradiction, that there exists a Pattern Density v in

L>°([0,©,]) which satisfies

Fy) =1 (8)
The derivative operator is applied to equality (8) which takes the following form

F'(v)=0.
From this, the derivative property of the Fourier Transform [16] implies

F(=ay(z)) =0.

Since the null Pattern 7 is not responding to definition (2), a contradiction is obtained. Then, the
operator L is a one-to-one application, completing the proof of the lemma. Now, we will announce
Theorem 1, which is a generic result that indicates the way to reverse the process that consists in

computing the Loan Density xg from the Algebraic Spending Density o into a process that involves
building this density. In order to prove this theorem, the previous Lemma 1 is needed. [

Theorem 1. Assuming that density  satisfies (1), and following assumption, we have

! (] = oo, — 00
(1=57) €10 - oo, el +oc), )

for any positive real e. Let L[kg] = 0 — D|p] be a positive function and the rate « be a negative real
that satisfies the following balanced equation

/tl o (z[@](y) va | Llrg)(s)eew ) ds> dy = 0. (10)

t1
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Then, the Density kg is expressed in terms of o as

R f(a — Dlpx] + ft:(a(s) — Dlpk](s)) e*(*=*) ds)
v 1=F()

; (11)
where
F (o =Dl +a [ (o66) = Dlaki) e+ as)
stands for the Fourier Transform of ﬁlnctiontI
t— F (J(t) — D[pE)(t) + / t (o(s) — Dpr](s)) ea(t_s)ds> .
Proof. First, employing definition (2) of the Rep;Iyment Pattern Density v coupled with the convolu-
tion operator x to get

9’7
k(t) — ki x (1) = /0 () (5(t) — ma(t —y))dy.

Next, using Heine theorem [17] which states that a continuous function kg on compact interval
[t1, Omax — ©4] is uniformly continuous, allowing the existence of a positive constant C' such that

kp(t) — e x (D] <C sup (@)} / ydy\—ufyuL o). (12)
y€[0,0,]

Inequality (12) means that density kg — kg * v is bounded on interval [t1,©pax]. From this, and
according to equality (6), it follows that

7(t) = Dk + o [ (o = Dlpk)) (s <

tr

ce?

H'VHL(’O(O@«,]) (13)

Multiplying inequality (13) by e, and applying Gronwall lemma to obtain following inequality
C@2 aCe? t ¢
(o= DIok]) (0™ < 52 Il ooe™™ = S5 oy [ ¢ e o ds
I
062 ot aC’®2 ot
< —H’YHL (0e.ne " —— ¥l zoe (0.0, (t — t)
C@2 W
< —L (o, pe (1 — et — t1)).
That is, for all variable time ¢ in 1nterva1 [t1, Omax],
ce?
(¢ = Dlpx]) (t) < 7||7\|L<>o(o® n(1—a(t—t)). (14)

The function defined by ¢t — 1 — a(t — t1) is in L?([t, ©max]) because of

emax
It — 1—a(s—t1)HLz ([t1,Ormax] \// 1—a s—tI)) ds
tr

— \/—i [(1 — o(Omax — tl))3 - 1}7

is a finite quantity. From this and according to inequality (14), the operator £ is in L2([t], Omax]). As
L € L2([t1, Omayx]), we will show that:

Llrp] +o | Llkel(s)e®*™) ds € L([tr, Omax]). (15)

i
Indeed, for all reals t < Oax, we have

emax t 2
| [ [ et as) a
H—‘z([tL@maxD tr t1

Mathematical Modeling and Computing, Vol. 10, No. 3, pp. 864-874 (2023)
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< V @max —tr X
From this, and according to following inequality |e®(@max=5)| < el®l(Omax—t) for all 5 € [t1, Opmay] yields,

‘ < VB — 11 % @) s | £l oy (16)

emax
/ L[kp](s) e*Omax=s) gg|.

tr

Lkg](s)e*%) ds

t ]L2([t17®maX])
Next, we use Cauchy—Schwarz inequality to obtain
ILIEE]IL (t,0max]) S V Omax — t1 X [|L[KE] L2 (jtr,0max])- (17)

Inequalities (16) and (17) imply

Llkp|+a | Llkg)(s)e**™) ds
tr

< (1 + [ (Omax — t1) ! =) £k g] 1121 @ mmand)
]L2([t17®max})
achieving the proof of (15). In the sequel, noticing that the equality (11) is proved in [4] under the
following assumption kg € L%([tr, Omax — ©4]), however, we will continue to prove it with the initial
one that is kg € L'([t, Omax — ©,]) N Ce([tr, Omax — ©4]). Since the Fourier transform map F is an
isometry with respect to the L2 norm, hence we may apply this application to relation (6), the Loan
Density kg is given in terms of the Algebraic Spending Density o as

F (o= Dlok] + a J;(o(s) = Dlpk](s)) e*¢~)ds)

1-=F()
The meaning of the equality (18) is interpreted as follows. The product of function F (0 — Dpx] +
a [ (o(s) = Dlpkl(s)) e®(*=%) ds) in L?(R) by a function #(v) in L°°(] — 0o, —¢[U]e, +00]), is function
F(kg) which stays in the space L2(] — 0o, —¢[U]e, +00[) for any positive real . From this, and according
to the assumption (9), the Lemma is proved only over the interval | — oo, —¢[U]e, +00[. In order to
complete the proof of the Lemma, we will show that the equality (11) stays true over an interval
containing the singularity point [18,19]|, which is naturally zero.

The equality (10) is coupled with the Taylor development of function F(L[kg] +
o ft: L[rg](s) e*=%) ds) around zero to give

Flep) = (18)

}'</3[/-6E] +a , Llkp)(s) e d8> (€)
@max
_ e y(cmxy) ta

tr

Yy
L[kEg](s) ea@—s)ds) dy + 0(£2). (19)

tr
Similary, the property of the Repayment Pattern Density v given by the definition (2) is coupled with
the Taylor development of function 1= ]1__(7) around zero in order to yield the following equality
1 B —i
=—= )
L=FE) ¢ [ yr(y) dy + O
According to these developments given by equalities (19) and (20), F(kg) is a finite term around the
singularity point £ = 0. In other words, we can say in this case that the function F(kg) is in L>(R),
which gives F(xkg) in L?(R). Here, we remark that if equality given by relation (10) does not hold for
the operator £, then the function F(kg) is not in L*°(R). Indeed, when the variable ¢ is close to zero,
the equivalent function F(kg) is defined by

Fro(rim) - %f[O(FLE). (21)
In which, operators Fg, and F7, depend on the Loan Density xg are defined as
ft?m‘“ Y (E[FLE] (y) +« fg ﬁ[/ﬁE](s)ea(y_s)ds> dy
Jo y () dy

Mathematical Modeling and Computing, Vol. 10, No. 3, pp. 864-874 (2023)
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870 Chakkour T.

Jiv (£lwe)) + o Jf Llwgl(s)evds) dy

S}
Jo T y(y)dy
According to decomposition (21), the function F(kg) diverges when the variable £ goes to zero. |

Example 1. Considering a fixed Pattern Repayment Density v given by

t 1
fy(t) — <— + —>]l ,© (t)
@gy 20, [0,0,]

The Fourier Transform of this density v is computed as

1 l

* _ -1 — —i£0, _ _L —1€Oy
VEER*, 1-F(y)(&) =1 <(£®W)2+2£®W>(e 1) 5@76 . (22)

30000

4(&y)*
(2(&y)? — 2(cos(Ey) — 1) — 3Eysin(Ey))? + (2sin(Ey) — Ey(3cos(Ey) — 1))?

25000

20000
o
|~

o

—
=
> 15000
— =

|
-
= 10000

5000

o

200000 400000 600000 800000 1000000 1200000 1400000

&y

Fig.1. Graph of the function defined in the equality (1) over the interval [0.05,15.105], showing that is
L2(] — oo, —[U]e, +o0]).

From (22), the inverse of the modulo squared yields
1P 4e,)
1—F()(©)
where functions 7 and ) are defined as follows
T = 2(597)2 —2(cos(£0,) — 1) — 360, sin(£6,),
Y(€) = 25in(¢0,) — €0, (3cos(€0,) — 1).
Remark 1. We will show in this remark that even the Repayment Pattern Density v has a lower

bound, we could not apply Lemma 1. Indeed, if the density v admits a lower bound over its support,
then there exists a positive real M satisfying

T?(§) +Y2(§)

ot {lh()]} = M. (23)
We will show that under assumption (23), relation (9) is not satisfied. Otherwise, we will show
1
(=5 ) t @ (21)
By ordered compactness, we have,
1 ? 1
1= F()(©) ?

e @) - i)
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Some inverse problem remarks of a continuous-in-time financial model in . .. 871

1 o 1
X 72 ' R
M ‘f()@”(l — e~ @) dx

The integration of the exponential function & — e~**¢ states that

/09w(1 —e ") dr =0, + %.
We take the square root of the modulus
/067(1 _ e ) gy ’ — 024 2(1 - 0225(975)) 20, Siz(@'yg).
Making out that this function
$7 o2 N 2(1—cos(®é>> 20, 51n(0,8)
v €2 £

is pair. For that we will show that is ¢ L>°(R") in order to prove (24). The functions sin(©,£) and
cos(0,£) are Taylor expanded in zero respectively up to the third-order to obtain following inequalities

sin(©4&) < 0§ — %, cos(0,&) <1 — %
From this, we get for all positive real numbers &
1 < 3
@?y + 2(1—0?2(%0) _ 20, sig(Gwﬁ) = @f1y§2'
Since the function £ — @75’?5 is not bounded, then it is not in L>°(R™), completing the proof of (24).

To enrich the model, a new idea consists in imposing a novel assumption on the relationship of ~,
which is usable in this form. It allows to keep the same Loan Density kg in term of the Algebraic
Spending Density o. Following this idea leads to obtain the uniqueness of kg given in Theorem 2.

Theorem 2. Assuming that the density 7 satisfies (1), and the following expression

B D P ~
<1_}_(7)>6L(] ,—¢[U]e, +o0]), (25)

for any positive real € such that (10) holds for the operator L. Then, the Loan Density kg can be
expressed in terms of o as

_ 1 (F (o =Dkl + e fi(0(s) — Dlkl(s) ) ds)
T 1—F(v) '

Proof. In the first place, we will show that function ft: (o(s) — Dlpk](s)) e*(*=%)ds is integrable over

R having their support in [t;, Omax|. In other words,

[ (006) ~ Dlgkie)) s e L'w),

t1
/emax
Ll([tL@max]) t

< (Omax — t1) x el Ll |11 1 0

For all reals t < ©pax, we have
Lkg](s)e** ™) ds

tr

t
Lkg](s) et ds

tr

dt

Detecting that the Linear operator £ is acting on the Loan Density kg € L([t1, Omax — ©4]) N
Ce([t1, Omax — ©,]) which is defined on L ([t1, Omax — ©4]). From this the Fourier transform of function
in LY([t1, Omax — ©4]) is in L®(R). Formally, we get

f(a —Dlpr] + a /. (o(s) — D[p,IC](S))ea('_S)ds> € L*(R). (26)

t1

Mathematical Modeling and Computing, Vol. 10, No. 3, pp. 864-874 (2023)
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Under assumption (25), since the product of function
]:(0 —Dlpx] + a/ (o(s) — D[p,IC](S))ea('_S)ds>
t1
in L*°(R) by function #(7) which is in L2(R), is in space L2(R). Hence, the proof of the lemma is
achieved. |

Remark 2. The aim of this remark is to check Lemmas 1 and 2 for a constant piecewise density 7,
which is equal to @iw over [0,0,] and is equal to zero outside, i.e.

1
v = @—71[0,@71' (27)

The Repayment Pattern Density 7 given by (27) satisfies (2), because it is a non-negative density with
total mass which equals 1. The aim here is to show that this density v does not satisfy assumption (9).
Since the modulus of is computed as

1 ' _ [SEN
1= F)() \/(geV — sin(€0,))” + (cos(¢0,) — 1)°

then, when & — 0, this modulus is equivalent to

1
1-F(v)

)

1
€07 (14 9y

Consequently, |W| diverges around origin, proving that

(k) 2o

Taking now the same Repayment Pattern Density v defined by equality (27). This density v does not
satisfy assumption (9). Indeed, around infinity, we get the following equivalence:

' S (€0,)* B
L—F)(E)] (0, —sin(€0,))? + (cos(€0,) — 1)

which is not integrable between a positive number A and infinity. Consequently, we get
1
—=— | ¢L*(R).
(1 - F (7))

3. Setting out a financial strategy

)

The aim of this section is to show how continuous-in-time model is used for our financial strategy.
Any organization and, in particular, local communities needs to establish a budget project for its own
strategy. It consists in predicting all consequences for future finance, which is followed by establishing
a new one if and only if the first one does not give satisfaction. Forecasting this strategy allows the
organization to make the best decisions in order to elaborate the adapted one.

Here, we give a concrete example in order to illustrate this strategy. Running the expected model
shows promising results, meaning of correspondence with respect to realistic values. This example is
presented in Figure 2, shared into seven diagrams. The first one is the Repayment Pattern Density
expresses the way a unit amount borrowed at the initial time is repaid. The second one is Loan Density
kg. It means how public institution defines loan scheme, stated by their financial plan, taking into
account all the process needs. Next, the third one shows the Repayment Density px. It translates the
result of the action of v on kg via the convolution operator (see equality (3)). Assuming here that this
Repayment Density is not satisfactory for elaborating a given financial strategy. Then, the organization
chooses a new suitable targeted Repayment shown in the fourth diagram. In what follows, the Fourier
Transform Operator is involved in the computation. Indeed, the direct and inverse ones are used to
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Fig. 2. Financial strategy elaboration controlling constrains and goals.

calculate Loan Density in the fifth diagram. Next, this obtained Loan Density is adjusted in order
for decision-makers to be efficiently arranged. This modified Loan Density responds to encountered
problems and is generated in the sixth diagram. From this Loan, Repayment Density is computed and
stated in the last diagram.
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Oesiki 3ayBa>keHHs1 w080 obepHeHoi 3apadi dpiHaHCOBOT Mogeni 3
HenepepBHuUM Yacom y L1 ([t1, O .

Yaxkyp T.

LGPM, CentraleSupélec, Ynisepcumem Ilapuotc—Caxae,
Eesponeticvruli yenmp biomexrnonozii ma Gioexonomixu (CEBB)

Y crarTi Mu 30MpaEMOCs BBECTH OIepaTop, SAKUil Oepe ydacTb B obepHeHiil 3amati ¢i-
HaHCOBOI MOJesIi 3 HemepepBHUM 4dacoM. Llg cTpykTypa npusHadeHa Jjisd BUKOPUCTAHHS
y dinancax s Oyab-sKOI opramizariii Ta, 30KkpemMa, Jjis MicieBux rpoma. lle mo3Bosisie
CKJIaJaTH pidHi Ta O6araTopiuHi OIO/RPKETH 3 OIMUCOM CXEM IMO3WKW, BiIITKOIYBAHHS Ta BU-
wiatu BimcoTkiB. OOGroBoproemMo 1m0 0OEpHEHY 3a/1a9y B IMPOCTOPi iHTErpoBHUX (DYHKILA
maZl R 3 KOMOAKTHIM HOCiEM. ¥ IIHOMY IPOCTOPI PO3ITISIAETHCA KOHIENITisT HEKOPEKTHO-
cri, o6 oTpuMaTH IiKaBi Ta KopucHI po3s’sa3ku. [loTiM maemMo Jeski 3ayBarkKeHHs 010
HeYHKITIOHAJILHOCT MOJIE I JIJIs 33/1aHO1 MILIBHOCTI CXeMU MOTAIleHHs 7y, KOJIU Tiei ore-
paTop He € obopoTHUM y mpocTopi. Kpim Toro, ns obepHeHa 3a1ada MpoiTIoCcTpOBaHA, 00
JOBeCTH 11 3JaTHICTh BUKOPUCTOBYBATHCA ¥ (PiHAHCOBIl cTparerii.

Kntouosi cnoBa: obeprena 3adaua; ihmezpanrvii onepamopu; Giiancosa MOOEAb; ULiAb-
HOCTE MG MIPU.
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