Enexmponnuii scypnan «Eghekmuena ekonomikay 6knioueno 00 nepeniky Haykosux gaxosux
euoand Ykpainu 3 numans ekonomixu (Kamezopia «b», Haxkaz Minicmepcmea oceimu i HayKu
Ykpainu Ne 975 6io 11.07.2019). Cneyianvnocmi — 051, 071, 072, 073, 075, 076, 292.

Edexmuena exonomixa. 2022. Ne 9.

DOI: http://doi.org/10.32702/2307-2105.2022.9.7
YK 336.761:338.124.4

O. Maslyhan,

Doctor of Economic Sciences, Professor of the Department of Management,
Management of Economic Processes and Tourism, Mukachevo State University
ORCID ID: https://orcid.org/0000-0002-8465-548X
T. Shabelnyk,

Doctor of Economic Sciences, Professor of the Department of Economic cybernetics
and System analysis,

Kharkiv National University of Economics named after Semen Kuznets
ORCID ID: https://orcid.org/0000-0001-9798-391X
O. Korolovych,

PhD in Economics, Associate Professor of the Department of Accounting,
Taxation and Marketing, Mukachevo State University
ORCID ID: https://orcid.org/0000-0001-5878-0925
N. Liba,

Doctor of Economic Sciences, Professor of the Department of Accounting,
Taxation and Marketing, Mukachevo State University
ORCID ID: https://orcid.org/0000-0001-7053-8859

MODERN APPROACH TO MODELING OF EFFICIENCY OF FINANCIAL
MARKET BASED ON METHODS OF DYNAMIC PROGRAMMING

0. O. Macnuzan,
0. e. H., npoghecop Kagpedpu menedlcMeHmy, YnpasiiHHus eKOHOMIYHUMU NPOYecamu ma
mypusmy, Mykauiecokuil OepaicasHull yHigepcumem
T. B. lllabenvHux,
0. e. H., npoghecop Kagphedpu exoHOMIYHOT KiDepHeMUKU ma CUCMEMHO20 AHANi3Y,
Xapkiscokuii nayionanvruu ynieepcumem im. Cemena Kysneys
0. O. Koponosuu,
K. e. H., 0oyenm Kagedpu 001Ky i onooamkyeanHs ma mapkemuney, Myxauiscoxuii
oeporcasHull yHigepcumem
H. C. Jliba,
0. e. H., npoghecop Kagedpu 00Ky | 0ONOOAMKYBaAHHSA ma mapkemun2y, Mykauiecbkuti
oeporcasHull yHigepcumem

CYYACHUMH MIAXIJI JJO MOAEJIOBAHHS EOEKTUBHOCTI
PITHAHCOBOI'O PUHKY HA OCHOBI METOJAIB TUHAMIYHOI'O
ITPOI'PAMYBAHHA



Note that any process of financial assets' distribution in the financial market is
managed, and classic models of financial market efficiency research are not adapted to
the managed behavior of any structure within the operation and decision-making
processes regarding their expediency (based on prospective efficiency) can be divided
into stages. This makes it necessary to turn to dynamic programming models, which are
deprived of the disadvantages of classical models. Therefore, the research is oriented
toward forming a modern approach to modeling of efficiency of the financial market
based on methods of dynamic programming. Within the framework of the study, it is
proved that among the processes of financial market efficiency modeling, there is a
systematic combination of steps to be taken to study the process of distribution of
financial resources between assets and sources for investments. The study concluded
that the F k (X) function and its recursive ratio which reflects possible transformations
in the efficiency of operations (recursion) with financial assets, achieved from a specific
F k (X), were used to construct the financial market model. The attention actualized on
the fact that if F k (X) functions are given statistically, their recurrent ratio can be
formed according to the procedures of direct and inverse run to the achievement of
values corresponding to the principle of Bellman's optimality. In the study of the
distribution of funds, it assumed that: Efficiency F k (X) does not depend on investments
into other sources of investment, efficiency from each source of investment is calculated
in absolute units of measure; the efficiency of the total investment is equal to the sum of
results (profit) received from each investment. The prospects of further research are
connected with a developed approach to modeling the financial market efficiency based
on dynamic programming methods as one of the tools to ensure further reform and
development of the financial sector of Ukraine by the leading international practices
and implementation of measures, provided by the Association Agreement between
Ukraine and the EU and other international obligations of Ukraine.

byow-skuii npoyec posnooinenns gpinancogux akmusié Ha QIHAHCOBOMY PUHKY €
KepoBaHuM, a KIACUYHI MOOeNi O0CNIONHCeHHA eheKmUBHOCMI (IHAHCO08020 PUHK) He
NPUCMOCOBAHI 00 KEPOBAHOI NOBEOIHKU OYOb-KOI CMPYKMYpPU y Mercax sKoi onepayii
ma npoyecu NPUtHAMMmMI pileHHs wWooo iX OOYITbHOCMI (8UXO0SYU 3 NEPCNEKMUBHOI
epekmusHocmi) moxcyms Oymu pozoumi wa emanu. Lle 3mywye 36epHymucs 00
Mmooenell OUHAMIYHO20 NPOSPAMYSAHHS, SKI N030aséieHi BUOILIEHUX HAMU HeOOJlKi8
KaacuuHux mooenel. Biomak oocniosxcenns opienmosane HA (PoOpMYBaAHHS CYYACHO20
nioxody 00 MOOeno8anHs epekmusHocmi (QIHAHCOB8020 PUHKY HA OCHO8I Memooig
OUHAMIYHO20 NPOCPAMYBAHHA. Y Medcax 00CNiOHCeHHs 008e0eHO, U0 ceped npoyecie
MOOento8anus  egpekmueHocmi  (PIHAHCOB020 PUHKY HAABHA  CUCMEMAMU308AHA
CYKYNHICMb KPOKi8, AKI nompioHo 30iUcHumu, wjob oociioumu npoyec po3nooiny
Qinancosux pecypcie midic akmusamu ma odceperamu 0as exiadens. llpu yvomy y
MeHCAx O0CNIOANCEHHS 80ANOCS OIUMU BUCHOBKY, WO 0l N06Y008U MOOel DIHaAHCOB8020
PUHKY 3acmocogyemuvcst pyukyisa posnodiny F k (X) ma ii pekypenmue cniggionowenus



(wo 6iobusac moxcauei mpanchopmayii y pe3yrbmamusHocmi onepayiti (pekypcii) 3
Qinancosumu axmusamu, wo oocsieHymu 6i0 konkpemnoi F k (X)). Ocnoeny ysacy
aKmyanizo8ano Ha momy gaxmi, wo axwo @yuxyii F k (X) 3a0ani cmamucmuuno, mo
iX pexypenmue Cni6BiOHOWIEHHS MOXdCe DOPMYBAMUCS 3a NPOYedypamu Npsamo20 ma
360POMHO20 NPO2OHY 00 OOCACHEHHS 3HAYEHb, WO Bi0N08I0AI0Mb NPUHYUNY
onmumanvrocmi bennimana. Ilpu oocniooxcenui po3nodiny pecypcie nepedbauaemoucs,
wo: pezyrbmamusnicmo yukyii F' k (X) ne 3anescumo 6i0 exnadenv 8 inuii 0xcepena
IHBECMYBANHSL, Pe3YTbMAMUBHICINb KOHCHO20 BKIAOEHHA 0OUUCTIOEMbCS 8 AOCOIIOMHUX
OOUHUYAX BUMIDY, CYMAPHA Pe3VIbMAMUBHICb BKIAOEHb O0PIBHIOE CYMI pe3)ibmamie
(npubymxy), o00epaicanux 6i0 KOJHCHO20 6KNadenHA. [lepcnekmueu nooanvuiux
00CNiOJHCeHb NOB S3aHI 13 BUKOPUCIAHHAM PO3POOIEH020 NiOX00y 00 MOOEN08aAHHS
eghexmuenocmi (hiHaHCc08020 PUHKY HA OCHOBI MemoOi8 OUHAMIYHO20 NPOSPAMYBAHHS
AK 00OHO20 3 IHCMPpYMeHmi8 3a0e3neueHHss NoOaibUo20 pe@opmy8ants ma po36UMKY
Qinancogoeo cexmopy Ykpainu 6i0no8ioHO 00 NpPOBIOHUX MINCHAPOOHUX NPAKMUK U
iMniemenmayii 3ax00is, nepedbavenux Yeooor npo acoyiayiro mide Yrpainow ma €C
U IHUWUMU MIHCHAPOOHUMU 30008 SA3aHHAMU YKpaitu.

Keywords: efficiency; financial market; model; efficiency; operations with
financial assets, financial resources.

Knrouoesi coea: eghexmugHicmn, Qinancosutl PDUHOK, MOOeb;
pe3yibmamusHicmy, onepayii 3 QiHAHCoOBUMU AKMUBAMU, (DIHAHCOBI peCyPCU.

Problem-solving in general form and its connection with important scientific
or practical tasks. In previous research, we have proved that the financial market is a
complex neural structure within which the knowledge of internal signals and adaptation
to operations with financial assets under such signals is carried out (the basis is a change
in the direction of the greatest efficiency of operations). At that, the adjustment process
realizes through the stages of decision-making, as to the expediency of carrying out one
or another transaction with financial assets. In connection with the described specificity,
classic models of financial market efficiency research are uninformative. We state that
any process of financial assets' distribution in the financial market is managed.
Therefore, the classic models of financial market efficiency unconvertible to the
managed behavior of any structure within the operation and decision-making processes
regarding their expediency can be divided into stages. This makes it necessary to turn to
dynamic programming models, which are deprived of the disadvantages of classical

models.



Analysis of recent studies and publications. A significant contribution to the
formation and development of the provisions on the development of the methodology
for modeling the financial market efficiency and the construction of the corresponding
models has been made by many domestic and foreign scientists, such as Batorshyn A.
[1], Fabozzi F.J., Zarb F.G. [6], Plastun O., Makarenko I. [5], Dmytrusenko K. O. [2],
Paranytsia N.V. [4], etc. In the works of these and other authors, the content of the
essence of the concept of efficiency of the financial market is considered, its
characteristic features are disclosed, approaches to construction of economic-
mathematical models and methods of their analysis and forecasting of the interaction of
financial market components are proposed. At the same time, namely modeling and
research of the processes of financial assets' distribution in the financial market are still
formed by classical models of research (among them are the Irvin model, the non-
parametric statistics model, the model autoregressive-forging middle model, the model
of a forged middle model, the model of autoregressive, etc. [1, p. 102-119]). Thus, the
issue of information-formatting of financial market efficiency models remains the
subject of the most important tasks on the given subject and is still not solved.

Formulation of the objectives. The purpose of the article is to form a modern
approach to modeling of efficiency of the financial market on the basis of methods of
dynamic programming.

The basic material of the research. If we consider the efficiency of the financial
market due to the effect of operations with financial assets (including money, various
securities, debt obligations and the right of debt claims, etc.), the general content of
modeling based on dynamic programming methods should be directed on the
construction of a scheme of a managed economic process of distribution of financial
resources among sources of their potential increase. Sources of the potential increase of
financial resources should be detailed by the financial market structures, and the process
of distribution of financial resources by operations with financial assets and sources for
investments (what are separate issuers, securities, market participants, etc.).

Therefore, within the framework of financial market efficiency modeling
processes, there is a systematic combination of steps to be taken to study the managed

economic process of financial resource allocation between assets and sources for



investment. The financial market model's construction used the distribution function F k
(X) and its recurrent ratio (this reflects possible transformations in the performance of
operations (recursive) with financial assets, which can be achieved from the specific F k
(X)). The functions F k (X) are statistically given. The recurrent ratio of these functions
can be formed and investigated according to the procedures of direct and reverse
running to the achievement of the values, overcome which redistribution of financial
resources is carried out (it stated that such values orient on the optimal Bellman
principle). The analysis of the distribution of funds assumes that:

1) the efficiency of F k (X) does not depend on investments into other sources of
Investment;

2) the efficiency of each input source is calculated in absolute units of measure;

3) the total efficiency of the deposit is equal to the sum of the results (profit)
received from each deposit.

In the first stage of financial market efficiency modeling of specifics of the
function F k (X) study should be considered.

In the second stage of the financial market, efficiency modeling should be
implemented the construction and study of recursion function F k (X) using the
procedure of direct or reverse data run.

Modeling the financial market efficiency should be realized using construction and
study of recursion F k (X) according to the direct run data procedure on the condition
that Bellman’s optimality is the fundamental principle. At the same time, as the
components of the research, accepted functions which reflect (from the first step to the
last one):

- the maximum result obtained from the deposit (x) at stage 1 given value x1
(f1(x1));

- maximum efficiency obtained from insertion at stages 1-2 given value x2
(f2(x2));

- maximum efficiency obtained from insertion at stages 1, 2, 3 given value x3
(f2(x3)) etc.

Under these conditions, the recurrent ratio for the study of possible transformations

of the function Fk(X) will be formed according to the algorithm:



foxo) = 0, if fi(x;) = max {Ry(ky) + fa(xi-)}.j = 1.2.3, (1);
Where: kj — maximum efficiency on distribution taken on acceptable projects or
objects of investment; x1...n — an investment of funds into financial assets at the
distribution stage of financial resources; j — number of recursions Fk(X).
According to the outlined algorithm of formation of the recurrent correlation of
research of the financial market efficiency model should be provided by the algorithm:
Because c;(k;) = xi—xj.1, 10, Xj.1 =X; — ¢j(kj) > 0, from there cj(k;) < x;, (2);
Where: ¢; - we will allow projects of investments into financial assets; kj —
maximum efficiency on distribution taken on acceptable projects.

Let us consider the specificity of the research F k (C) and its recursions firm
under reverse data run on condition that as constituents of research uses states of
financial market or its subsystems identified:

- by the number of financial resources invested, distributed at stages 1, 2, and 3 (or y1);
- by the number of financial resources invested, distributed at stages 2, 3 (or u2);
- by the number of financial resources invested, distributed at stage 3 (or x3).
At the same time, as the components of the research, accepted functions which reflect
(from last to first step):
- the maximum result obtained at stage 3 given value y3 (f3(y3));
- the maximum result obtained at stages 2, 3 given value y2 (f2{y2);
- the maximum result obtained at stages 1, 2, and 3 given value y2 (f1(yl).
Under these conditions, the recurrent ratio for the study of possible transformations of
functions FK(X) will be formed according to the algorithm:
f3(y3) = 0, if fi(y;) = max {Rj(kj) + i1 (y; — (k) }, j = 1,2,3, 3);

Where: kj — maximum efficiency on distribution is taken on acceptable projects or
objects of investment (if kj, corresponds with inequality cij(k;) < yj); yl...n — an
investment of funds into financial assets at the stage of distribution of financial
resources; j — number of functions recursions Fk(y).

Depending on the type of procedures applied, conditional optimal benefits (as the
best total result of the system functioning according to a certain type of distribution of

financial resources) and conditional optimal management should be determined. With



their help, a possible model of efficiency of the financial market and its separate
components (in particular, currency market, credit market, deposit market, securities
market and derivatives market) is formed. For modeling, it is possible to introduce a
system of restrictions in investment based on the number of investment objects and the
number of options for investing in such objects.

In particular, modeling the efficiency of the financial market by its complexity and
using the procedures of direct data processing can be presented transparently on the
example of the currency market. Thus, in conditions of martial law the total volume of
banking operations on the currency market of Ukraine (without NBU operations) in
August amounted to USD from 0,6451 to 1,7301 million in the equivalent, this is 97,6
percent of this volume being options for investing in the currency offered by such banks
as: JSC "Alfa-Bank" (1); JSC "PRIVATBANK" (2); JSC "Citibank" (3); JSC
"Raiffeisen Bank" (4), JSC "Ukreximbank" (5); JSC "ING Bank Ukraine" (6); JSC
"UKRGAZBANK" (7). Under these conditions, the number of investment objects is
equal to 7, and the number of options for investment in such objects is equal to 3. The
remaining 2,4 percent should be regarded as background noise. Thus, the input data for
modeling the effectiveness of the currency market of Ukraine (without NBU operations)
for August 2022 are given in Table 1.

Table 1. Input data for modeling of effectiveness of the currency market of

Ukraine (without NBU operations) for August 2022, millions/ thousand USD in

equivalent
Options for investing financial | Efficiency function (possible investments in currency) Xj
resources 1 2 3
Xj 645,1 1270,7 1730,1
F1 134,6 133,7 123,09
F2 223 213 121
F3 150 234,8 116
F4 121,7 186,8 200
F5 198 106,8 192
F6 133 299 142
F7 120,8 120 2549

* Possible volume of funds that can be directed to the market

Source: Formed on the basis of [3].
The system of restrictions in investment is not foreseen, but taking into account the

expected level of efficiency, the model of important resource allocation on such a

market will look like Table 2.



Table 2. Model of effectiveness of the Ukrainian currency market (without NBU

operations) for August 2022, millions/ thousand USD in equivalent

Calculate the function value recurrently ratio
Input data /recursions | 1 | 2 | 3 | | 1 | 2 | 3
STEP 1: K=7 (banks Nel, 2, 3,4,5,6,).
X) 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 F7(c7) = g7(x7)
X7 fo(xo) / Fo(x7)
0 0 0 Fo(c;) |120.8| 120 254.9
645.1 120.8 120.8
1270.7 120 120 X1 645.1| 1270.7 | 1730.1
1730.1 254.9 254.9*
STEP 2; K=6 (banks Nel, 2, 3,4,5,6). Fg(cs) = max [ g¢(Xe) +
X) 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 Fa(c6-x6)]
Xg f3(x3) / Fe(X6) 0 120.8 120 254.9
0 0 0 120.8 120 2549 | Fo(cy) | 133 299 419.8
645.1 133 133* 253.8 253
1270.7 299 299* | 419.8* X1 645.1| 1270.7 | 1270.7
1730.1 142 142
STEP 3; K=5 (banks Nel, 2, 3,4,5). Fs(cs) = max [ gs(Xs) +
X3 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 Fo(cs-xs)]
X5 f4(x4) / F5(x5) 0 133 299 419.8
0 0 0 133 299 419.8 | Fo(cy) | 198 331 497
645.1 198 198* 331* 497*
1270.7 106.8 106.8 | 239.8 X1 645.1| 645.1 | 645.1
1730.1 192 192
STEP 4; K=4 (banks Nel, 2, 3,4). Fu(cs) = max [g4(x4) +
X4 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 Fs(ca-xa)]
X4 f5(Xs) / F4(x4) 0 198 331 497
0 0 0 198* 331* | 497* | Fy(cy) | 198 331 497
645.1 121.70 121.7 | 319.7 | 4527
1270.7 186.8 186.8 | 384.8 X1 0 0 0
1730.1 200 200
STEP 5; K=3 (banks Nel, 2, 3). F3(cs3) = max [ g3(x3) +
Xs 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 Fa(cs-x3)]
X3 fo(X6) / F3(x3) 0 198 331 497
0 0 0 198* 331 497* | Fy(cy) | 198 348 497
645.1 150 150 348* 481
1270.7 234.8 234.8 | 432.8 X1 0 645.1 0
1730.1 116 116
STEP 6; K=2 (banks Nel, 2). Fa(cy) =max [
Xg 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 | g2(x2) + Fs(ca-x2)]
X, f7(x7) / Fa(x0) 0 198 348 497
0 0 0 198 348 497 Fo(c)) | 223 421 571
645.1 223 223* 421%* 571*
1270.7 213 213 411 X1 645.1| 645.1 | 645.1
1730.1 121 121
STEP 7; K=1 (banks Nel). Fi(c;) =max [ gi(x;) +
X7 0 645.1 | 1270.7 | 1730.1 cl 645.1| 1270.7 | 1730.1 Fa(ci-x1)]
X1 fg(Xg) / Fl(Xl) 0 223 421 571
0 0 0 223%* 421* 571% Fo(cy) | 223 421 571
645.1 134.6 134.6 | 357.6 | 555.6
1270.7 133.7 133.7 | 356.7 X1 0 0 145.2
1730.1 123.09 123.09

* formed by the talimi table 1.

According to the above model, it is possible to allocate the main recursions with

conditional optimal wins (g*) for each by what probable funds distribution model



allocation for the next month, which does not envisage the withdrawal of funds from the
market:

F(1730.1) = g;(0) + g5(645.1) + g3(0) + g4(0) + g5(0) + g6(0) + g7(0) =0+ 223 + 0 +...+
0=223, BT’ (4).

Where: B — possible release of financial resources from the market; gl...n —
calculation step in model.

At the same time, the largest share of currency transactions is distributed among
JSC "Alfa-Bank", JSC "PRIVATBANK", JSC "Citibank", JSC "Raiffeisen Bank", JSC
"Ukreximbank", and JSC "ING Bank Ukraine".

Similarly, an efficiency model can be formed for other financial markets. For
example, for loans and deposits. In particular, the total volume of bank deposit
operations in the financial market of Ukraine for August amounted from 0,498 to 0,702
million. UAH, credit operations from 0,23 to 0,557 million UAH. At the same time, 96-
95% of operations are average by banks 1-6. The remaining 6-5 percent should be
regarded as background noise. Therefore, the following input data for efficiency
modeling in August 2022 are provided in Table 3.

Table 3. Input data for modeling the efficiency of the deposit market of

Ukraine (without NBU operations) for August 2022, thousand UAH

Options for investing financial Performance function
resources 1 | 2 | 3
Deposit market
Xj 498 560 702
F1 33,4 50,7 60,7
F2 52,8 170,7 30,5
F3 90,7 50,6 40,1
F4 80,8 70,9 60,4
F5 70 90,67 40,6
F6 87,8 90,1 40,2
Credit market

Xj 230 450 557
F1 23,9 42,8 114
F2 20 67 109
F3 33 60 117
F4 42 99,7 120
F5 51 95 108
F6 42,9 97 110

* Possible volume of funds that can be directed to the market
Source: Formed on the basis of [3].



The system of restrictions in investment is unforeseen, but given the expected level
of efficiency (which is the profit on contribution), the model of allocation of resources
in such a market will look presented in Table 4.

Table 4. Model of deposit market efficiency of Ukraine for August 2022,

thousand UAH
Calculate the function value recurrently ratio
Input data /recursions | 1 | 2 | 3 | | 1 | 2 | 3
KPOK 1: K=1 (banks Nel). Fi(c;) =max [ gi(x;)
X 0 498 560 702 cy 498 | 560 702 + Fa(ci-x1)]
X2 fz(Xz)/Fl(Xl) 0 334 50.7 60.7
0 0 0 334 50.7 | 60.7 | Fy(cy) | 52.8 | 170.7 | 204.1
498 52.8 52.8% 86.2 103.5
560 170.7 170.7* 204.1* X 498 | 560 560
702 30.5 30.5
KPOK 2: K=2 (banks Nel, 2). Fy(cy) = max(x, <
Xo 0 498 560 702 cy 498 | 560 702 | ca)(ga(x2) + Fi(co-
X3 f3(x3)/Fa(x,) 0 52.8 170.7 | 204.1 X2))
0 0 0 52.8 | 170.7* | 204.1 | Fx(cy) | 90.7 | 170.7 | 261.4
498 90.7 90.7* 143.5 | 261.4*
560 50.6 50.6 103.4 X 498 0 498
702 40.1 40.1
KPOK 3: K=3 (banks Nel, 2, 3). F3(c3) = max(x; <
X3 0 498 560 702 cy 498 | 560 702 | cs3)(gs(x3) + Falcs-
X4 f4(x4)/F5(x3) 0 90.7 170.7 | 2614 X3))
0 0 0 90.7* | 170.7 [261.4*| Fy(cy) | 90.7 | 171.5 | 261.4
498 80.8 80.8 171.5% | 251.5
560 70.9 70.9 161.6 X 0 498 0
702 60.4 60.4
KPOK 4: K=4 (banks Nel, 2, 3.4). F4(cy) = max(x4 <
X4 0 498 560 702 cy 498 | 560 702 | ca)(ga(x4) + Fa(ca-
Xs f5(x5)/Fa(X4) 0 90.7 171.5 | 2614 X4))
0 0 0 90.7* | 171.5*% [261.4*| Fy(cy) | 90.7 | 171.5 | 261.4
498 70 70 160.7 | 241.5
560 90.67 90.67 181.37 X 0 0 0
702 40.6 40.6
KPOK 5-6: K=5 (banks Nel, 2, 3.4,5 or Nel, 2, 3,4,5,6). Fs(cs) = max(xs <
Xs 0 498 560 702 cy 498 | 560 702 | cs)(gs(xs) + Falcs-
X6 fo(x6)/Fs5(Xs) 0 90.7 171.5 | 2614 Xs))
0 0 261.4%| Fy(cy) 0 0 261.4
498 87.8 259.3
560 90.1 180.8 X 498 | 560 0
702 40.2 40.2

* formed by the talimi table 3.
According to the above-mentioned model of distribution of financial resources on

the deposit market it is possible to allocate the basic recurrences with conditional
optimal wins (g*) for each, according to which the probability of their release is not
allocated the next bright month:

F(702)=g;(204)+g,(0)+g3(498)+24(0)+g5(0)+g¢(0)=0+0 + 90.7+0+...+0=90.7, BT °(5).



Where: B — possible release of financial resources from the market; gl...n —
calculation step in model.
Table 5. Model of credit market efficiency of Ukraine for August 2022,

thousand UAH
Calculate the function value recurrently ratio
Input data /recursions | 1 | 2 | 3 | | 1 | 2 | 3
KPOK 1: K=1 (banks Nel). Fe(cs) = g6(X6)
X 0 230 450 557 1 230 | 450 557
X6 fo(x0)/Fe(Xe)
0 0 0 Fy(cy)| 429 97 110
230 429 12.9
450 97 97 X 230 | 450 557
557 110 110*
KPOK 2: K=2 (banks Nel, 2). Fs(cs) = max [ gs(xs) + Fg(cs.
X2 0 230 450 557 1 230 | 450 557 x5)]
Xs f3(x3)/Fs(xs) 0 429 p7 110
0 0 0 429 P7* 110 |Fy(cy)| 51 97 148
230 51 51* | 939 [148*
450 95 95 137.9 X 230 0 230
557 108 108
KPOK 3: K=3 (banks Nel, 2,3). Fu(cs) = max [ g4(x4) + Fs(cq-
X3 0 230 450 557 1 230 | 450 557 x4)]
X4 f4(X4) / F4(X4) 0 51 97 148
0 0 0 51*%  p7 148 |Fy(cy)| Sl 99.7 | 150.7
230 42 42 93 139
450 99.7 99.7* | 150.7* X 0 450 450
557 120 120
KPOK 4: K=4 (banks Nel, 2, 3,4). F3(c3) = max [ g3(x3) + Fa(cs.
X4 0 230 450 557 1 230 | 450 557 )]
X3 f5(x5)/F3(x3) 0 51 99.7 150.7
0 0 0 51*%  P9.7* 150.7* |Fy(cy)| 51 99.7 | 150.7
230 33 33 84 |132.7
450 60 60 111 X 0 0 0
557 117 117
KPOK 5: K=5 (banks Nel, 2, 3.4,5). Fy(cy) = max [ gx(x,) + F3(c,.
Xs 0 230 450 557 1 230 | 450 557 )]
X, fs(x6)/Fa(x2) 0 51 99.7 150.7
0 0 0 51*%  P9.7* 150.7* |Fy(cy)| 51 99.7 | 150.7
230 20 20 71  [119.7
450 67 67 118 X 0 0 0
557 109 109
KPOK 6: K=6 (banks Nel, 2, 3,4,5,6). Fi(cy) =max [ gi(x;) + Fa(c; -
X¢ 0 230 450 557 1 230 | 450 557 )]
X1 f7(X7)/F1(X]) 0 51 99.7 150.7
0 0 0 51*%  P9.7* 150.7* |Fy(cy)| 51 99.7 | 150.7
230 23.9 239 | 749 |123.6
450 42.8 42.8 | 93.8 X 0 0 0
557 114 114

* formed by the talimi table 3.

Thus, the deposit market can absorb all 0,702 million UAH, which can be partially
directed on the issuance of securities due to the special nature of the deposit, the largest
share of deposits will be distributed between JSC "Alfa-Bank", JSC "PRIVATBANK",



JSC "Citibank" or will concentrate in JSC "Alfa-Bank". Due to the specificity of the
deposit market model connected with the credit market on it, the situation with granting
of credits will be radically different, as illustrated by the corresponding model,
submitted in Table 5.

According to the above-mentioned model of distribution of financial resources on
the credit market, it is possible to allocate the basic recursions with conditional optimal
wins (g*) for each, according to which this market is able to absorb all 577 thousand
UAH for the next month:

F(557)=g1(0)+g2(0)+g3(0)+g4(450)+g5(0)+g6(0)=0+0+0+99.7+0+0=99.7, TBO

At the same time, the largest share of credit transactions is likely to will be

distributed between JSC "Alfa-Bank", JSC "PRIVATBANK", JSC "Citibank", and JSC
"Raiffeisen Bank".
The relevant modeling is not possible for the securities and derivatives market, as the
military aggression of the Russian Federation against Ukraine and the introduction of
the military state violated its stable functioning. In particular, since 24.02.2022 the
market has been suspended, and all operations on the securities market since. At the
same time, on 15.06.2022 NSSMC allowed placement of securities of institutions of
mutual investment, but circulation and purchase of such securities continue to be
prohibited. On the market in circulation are only so-called military (issued during
military time) bonds of internal state loans with fixed income.

Conclusions and prospects for further research. Within the framework of the
study, it proved that among the processes of financial market efficiency modeling there
is a systematic combination of steps to be taken to study the process of distribution of
financial resources between assets and sources for investments. Thereat:

1. Fk(X) and its recursive ratio (which reflects possible transformations in the
performance of operations (recursion) with financial assets achieved from a
specific F k (X)) are used to build a financial market model.

2. If the functions F k (X) are statistically assigned, their recurrent ratio can be
formed by direct and reverse running procedures to reach values that correspond

to the Bellman optimal principle.



3. In the study of the distribution of funds, it assumed that: the efficiency of Fk (X)
function does not depend on investments into other sources of investment; the
efficiency of each source of investment is calculated in absolute units of measure;
the total efficiency of the investment equals the sum of results (profit) received
from each investment.

The prospects of further research are connected with the use of the developed
approach to financial market efficiency based on dynamic programming methods as one
of the tools to ensure further reform and development of the financial sector of Ukraine
by the leading international practices and implementation of measures, provided by the
Association Agreement between Ukraine and the EU and other international obligations

of Ukraine.
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