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MATHEMATICAL METHODS OF ECONOMIC ANALYSIS SOLVING PROBLEMS

MATEMATUYHI METOOU PO3B’A3AHHA 3A0AY EKOHOMIYHOIO AHANI3Y

The use of mathematical methods in economic analysis is the most important direction for im-
proving management systems. Mathematical methods speed up economic analysis, increase the
accuracy of calculations and more fully take into account the impact of factors on productivity. The
use of mathematical methods requires: — development of mathematical models reflecting quantita-
tive indicators of system activity of the organization's employees, processes occurring in complex
enterprise-type systems, — a systematic approach to the study of this object, taking into account its
relationships and connections with other objects (enterprise, firm); — improvement of the enter-
prise management information system with the help of IT technologies. Solving tasks of economic
analysis by mathematical methods is possible only when constructing mathematical, that is, real
economic relations and dependencies of expressions using mathematical analysis. This calls for the
development of mathematical models. Mathematical methods play an important role in economic
analysis, as they can provide accurate calculations and full accounting of the influence of factors
using short-term forecasting methods and management decision-making at the enterprise. The arti-
cle highlights the results of research and development in the field of analysis of economic processes
and systems based on the use of economic and mathematical methods and tools. The mathematical
apparatus of economic research was developed and it was proposed to integrate applied methods
and solutions into efficiency improvement tools. The model approach, which arose in the ancient
sciences, gradually turned into a universal method of scientific knowledge. Currently, the use of
mathematical methods in the analysis of economic processes is indispensable both from the point
of view of a more serious substantiation of theoretical concepts and the ability to quantitatively
determine economic relations. The research presented in the article will be useful for everyone who
is interested in the theory of mathematical methods of economics. Some of the presented methods
and models can be used directly by practitioners in this field.

Key words: economics, mathematical methods, economic research, mathematical analysis,
economic-mathematical modeling.

Buxopucmanms mamemamuyHux memooié @ eKOHOMIYHOMY AHANI3] — HAUBANCTUBIUUT HANPSL-
MOK YOOCKOHANeHHs cucmem ynpaeninus. Mamemamuuni Memoou npuckopiooms eKoHOMIUHULL
AHANI3, NIOBUUYIOMb MOYHICIb PO3PAXYHKIE I NOGHIUE 8PAXOBYIOMb GNIUE YUHHUKIE HA NPO-
OYKMuUGHICMb. BUKOpUCMAHHA MAMeMamuidHux Memooie eumMazac: — po3pooKu MamemamudHux
Mooernell, wo 8i000padcarmy KilbKiCHI NOKA3HUKU CUCIMEMHOT QisibHOCI Cni8pOOIMHUKIE Op-
eanizayii, npoyecie, o NPOMIKAIOMb V CKIAOHUX CUCMEMAX MUNy NIONPUEMCMS, — CUCTEM-
HO020 Ni0xX00y 00 BUBYEHHS OAHO20 00'€KMa 3 YPAXYBAHHAM 1020 83AEMOBIOHOCUH MA 38'A3Ki6
3 iHwumMu 00'ekmamu (nionpuemcmeom, Qipmoro); — YOOCKOHANEeHHA THGhopmayiiHoi cucmemu
VYIPAGLIHHS RIONPUEMCIEOM 3a 00noMmo20t0 IT-mexnonozii. Bupiwienns 3a60aHb eKOHOMIUHO20
ananizy MameMamudHuMy Memooamu Modxcauee auuie npu nodyoosi MmamemMamuyHux, moomo
PeanbHuxX eKOHOMIYHUX GIOHOCUH A 3ANeNHCHOCIel GUPA3I6 3 GUKOPUCTIAHHAM MAMEeMamuy-
Ho2o ananizy. Lle suxnuxkae neoOXionicme po3pooKu mamemamuynux mooenet. Mamemamuuni
Memoou 8i0i2paroms 6ANCIUBY POb 6 eKOHOMIYHOMY AHANIZI, OCKIILKU BOHU MOJNCYMb 3a0e3ne-
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YUMU MOYHI PO3PAXYHKU MA NOGHULL 00K 6NAUBY PAKMOPIE 3a O0NOMO2010 KOPOMKOCIPOKOGUX
Memooie NPOSHO3VEAHHS MA NPULHAMMS YIPAGIIHCOKUX piuleHb Ha nionpuemcmei. B cmammi
BUCBIMIEHO pe3Vibmamu 00CAI0HCeHb Ma PO3POOOK Y 2AJly3i AHANIZY eKOHOMIYHUX NPpoYyecie ma
cucmem Ha OCHOBI BUKOPUCIAHHS eKOHOMIKO-MAmemMamudHux Mmemooie ma incmpymenmis. Po3-
pOOIEHO MameMamuyHULl anapam eKOHOMIYHUX OOCTIONCeHb Ma 3anponoHOB8AHO iHmMe2pysamu
NPUKTIAOHT MemMOOU ma PitueHHst 00 IHCmpyMenmie niosuwyeHHs echexmusrocmi. MooenvHuil nio-
Xi0, WO GUHUK 8 AHMUYHUX HAYKAX, NOCTHYNOBO NEPEMBOPUBCS HA YHIBEPCATbHUL MEMOO HAYKO-
6020 Ni3HaHHA. B 0anuil uac 6uKopucmanus MamemamudHux mMemooie npu aHaizi eKOHOMIUHUX
npoyecie nHezaminme AK 3 MOUKU 30pY CEPUOIHIUO020 OOTPYHIYBAHHA MEOPETUUHUX KOHYenyill,
max i 30amHoOCmi KibKICHO USHAYAMU eKOHOMIYHT 8iOHOCUHU. [Ipedcmaeneni 6 cmammi 00Ci-
Ooicerts 6)0ymb KOPUCHT /15 6CIX, XIMO YIKABUMbCSA MEOPIEI) MAMEMaAMUYHUX MemMOoOi6 eKOHOMi-
Ku. Jeski 3 npedcmasieHux memooie ma Mooenet MOXCymv Oymu GUKOPUCTIAHT 6e3n0CcepeoHbO
NPAKMUKYIOUUMU haxieysmu y yitl eany3i.

Kniouogi cnosa: exonomixa, mamemamuuni Memoou, eKOHOMIUHI OOCIIOJNCeH s, Mamema-
MUYHUL AHATI3, eKOHOMIKO-MAMeMamuite MoOeni08anHsl.

Formulation of the problem. The use of mathematical methods in economics is the most
important direction for improving management systems. Mathematical methods speed up
economic analysis, help to more fully take into account the impact of factors on productivity
and increase the accuracy of calculations. The use of mathematical methods requires:

— a systematic approach to the study of a specific object, taking into account its
relationships and connections with other objects (enterprises, firms);

— development of mathematical models reflecting quantitative indicators of system activity
of the organization's employees, processes occurring in complex enterprise-type systems;

— improvement of the enterprise management information system with the help of IT
technologies.

Analysis of recent research and publications. Although the use of mathematical
methods in the study of economic problems is actually a widely analyzed topic, this study
provides a new, modified analysis of these methods. "Inflation Targeting in Emerging
Economies: What Does the Evidence Say?" [4]; "Does Inflation Targeting Matter in
Developing Countries?" [5]; "On the nonlinear relationship between inflation and economic
growth" [3]; "Management decision-making models", "Possibilities of applying linear
optimization with imprecise data in game-theoretic models of resource allocation".

Constant quantitative and qualitative changes both in production and in the environment
require the development of specific methods that facilitate the justification and selection of
management decisions regarding complex technical, organizational and economic problems
in conditions of uncertainty of information used in management decisions. The purpose of
writing this article is to ensure the development of these methods.

Formulation of the purpose of the article. Mathematical solutions to the problems
of economic analysis are possible when they are formulated mathematically, that is, real
economic relationships and dependencies are expressed using mathematical analysis. The
purpose of operational research is to combine interdependent elements of the system, which
provides the best economic indicators.

Presentation of the main research material. Different methods are used to solve
economic problems in management practice. The classification symbols chosen are arbitrary.
For example, different mathematical methods are used in network planning and management,
and many authors interpret different meanings of the term "operational research".

Elementary mathematical methods are used in traditional economic calculations when
justifying the need for resources, preparing plans, projects, etc.

Classical methods of mathematical analysis are used independently (differentiation
and integration) and as part of other methods (mathematical statistics, mathematical
programming).

Statistical methods are the primary tool for studying mass, recurring events. They are
used when it is possible to present changes in the analyzed indicators as a random process.
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Ifthe relationship between the analyzed features is not deterministic, but stochastic, statistical
and probabilistic methods become practically the only research tool. Many methods of
paired correlation analysis are known in economic analysis [5].

At the same time, the study of statistical aggregates uses the law of distribution, a number
of variations, and the sampling method. Correlation, regression, variance, covariance,
spectral, component, and factor analysis are used for highly variable statistical groups.
Economic methods are based on the synthesis of three fields of knowledge: economics,
mathematics and statistics.

The basis of econometrics is an economic model, that is, a schematic description of
an economic phenomenon or process, a display of their characteristics using scientific
abstraction. The most common method of economic analysis is "input-output". The method
is based on a checkerboard pattern and is a matrix (balance sheet) model that clearly
demonstrates the relationship between costs and production results.

Mathematical programming methods are the main tool for solving problems of
optimization of production and economic activity. In fact, the methods are a means of planned
calculations, and they allow you to assess the intensity of planned work, the meagerness of
the results, and identify a limited number of groups of raw materials and equipment.

Operations research means the development of methods of purposeful actions
(operations), quantitative assessment of solutions and selection of the best of them.

Game theory as a part of operations research is a theory of mathematical models of
optimal decision-making under conditions of uncertainty or conflict between several parties
with different interests.

Sequence theory, based on probability theory, explores mathematical methods for
quantifying alternating processes. One of the features of all civil service duties is that the
events under investigation are random in nature. The time intervals between the number of
service requests and their arrival are random, but in general, quantitative research obeys the
statistical laws that are the subject of queuing theory.

Economic cybernetics analyzes economic events and processes as complex systems from
the point of view of management laws and the flow of information in them. The methods of
modeling and system analysis are the most advanced in this field.

The use of mathematical methods in economic analysis is based on the methodology of
economic-mathematical modeling of economic processes and scientifically based classification
of analysis methods and tasks. All economic-mathematical methods (tasks) are divided into
two groups: optimization solutions according to a certain criterion and non-optimization
solutions (solutions without optimality criteria). According to the principle of obtaining an
exact solution, all mathematical methods are divided into two parts: exact (based on criteria or
a single solution already obtained) and approximate (based on stochastic data) [4].

Methods of optimal accuracy include methods of the theory of optimal processes, some
methods of mathematical programming and methods of operations research, optimization
of approximations includes mathematical programming, operations research, economic
cybernetics, and some heuristic methods. Non-optimized exact methods include methods
of elementary mathematics and classical mathematical analysis, economic methods, non-
optimized approximate methods include methods of statistical tests and other mathematical
and statistical methods. Mathematical models of queues and inventory management are
especially often used.

The theory of queues. This theory makes it possible to study systems designed for a
mass flow of random requests. Both the moments of the requirements and the time spent on
servicing them can be random. The purpose of theoretical methods is to find a reasonable
service organization that ensures the given quality, to determine the optimal (from the point
of view of the accepted criteria) service standards, the need for which arises unplanned,
irregularly. Problems of a mathematically formulated theory are usually reduced to the study
of a certain type of random processes.
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Mathematical models of many technical and economic problems are also problems of
linear programming. Linear programming is a discipline devoted to the theory and methods
of solving multiplicity of linear functions defined by systems of linear equations and
inequalities.

The problem of enterprise planning. Various factors of production for homogeneous
products: raw materials, labor, machinery, fuel, transport, etc. are required for management.
Usually, there are several proven technological methods of production, and in these methods,
the costs of production factors per unit of product production time are different. The amount
of production factors consumed and the amount of products produced depend on how long
the enterprise will work with one or another technological method. The problem lies in the
rational distribution of the company's working time from various technological techniques.
The maximum number of products will be produced with a certain limited cost of each factor
of production [1].

Operational research also touches on many important issues that require a special solution
based on the method of mathematical modeling, among them:

1. The problem of product reliability.

2. The task of replacing the equipment.

3. Theory of planning (theory of schedules).

4. The problem of resource allocation.

5. The problem of assessment.

6. Theory of network planning.

Product reliability problem

The reliability of products is determined by a number of indicators. There are
recommendations for choosing reliability indicators for each type of product. To evaluate
products that can be in two possible situations, the following indicators are used for operation
and failure: average failure time (average time to the first failure), failure intensity, failure
flow parameter, average recovery time, t probability of a failed operation, availability ratio.

The problem of resource allocation. The issue of resource allocation is one of the key
issues in the production management process. To solve this problem, the field of operational
research uses a statistical model.

Priceis a problem. The issue of product pricing plays an important role for the enterprise.
Its profit depends on how prices are conducted at the enterprise. In addition, in today's market
economy, price has become an important factor in competition.

Theory of network planning. The network is a management planning system for planning
and management, development of large economic complexes, design and technological
preparation for the production of new types of goods, construction and reconstruction, major
repairs of fixed assets using network schedules [3].

The essence of network planning and management is to make a mathematical model
of the controlled object, such as a network diagram or a model in the computer's memory,
which reflects the connection and duration of a certain set of works. A network graph is
used for operational control after optimization using applied mathematics and computer
technology.

Solving economic problems using the method of mathematical modeling allows effective
management of individual production processes at the level of forecasting and planning of
economic situations, as well as making management decisions based on all this. As a result,
mathematical modeling as a method is closely related to the theory of decision-making in
management.

Stages of economic and mathematical modeling. The main stages of the modeling process
acquire their characteristics in various fields of knowledge, in particular in economics. We will
analyze the sequence and content of the stages of the economic-mathematical modeling cycle.

1. Formation of an economic problem and its qualitative analysis. The main thing here
is to clearly formulate the essence of the problem, the assumptions made and the questions
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that need to be answered. This stage includes the selection of the most important features and
characteristics of the modeled object and abstraction from secondary ones; study of the main
dependencies that combine the structure and elements of the object; formation of hypotheses
explaining the behavior and development of the object.

2. Building a mathematical model. This is the stage of formalization of the economic
problem, its expression in the form of special mathematical dependencies and ratios
(functions, equations, inequalities, etc.). Usually, the basic structure (type) of the
mathematical model is determined first, and then the details of this structure (special list
of variables and parameters, transition form) are determined. Thus, the construction of the
model is divided into several stages.

It is a mistake to think about how many facts the model takes into account, how well
it works. Forms of mathematical dependence used in the model (linear and non-linear),
accounting for coincidence and uncertainty factors, etc. should be taken into account. The
extreme complexity of the model complicates the research process. It is necessary not only
to take into account the real possibilities of data and mathematical support, but also to
compare the cost of modeling with the obtained effect (increase in cost, effect with increase
in model complexity).

One of the important features of mathematical models is the possibility of their use for
solving problems of different quality. So, even when faced with a new economic problem,
there is no need to make efforts to "invent" a model; First, you need to try to apply already
known models to solve this problem.

When building the model, two systems of scientific knowledge are compared: economic
and mathematical. It is natural to try to obtain a model for a well-studied class of mathematical
problems. Often this can be done by slightly simplifying the initial assumptions of the model
without distorting the main characteristics of the modeled object. However, such a situation
is possible even if the formalization of the economic problem leads to a previously unknown
mathematical structure.

3. Mathematical analysis of the model. The purpose of this step is to clarify the general
characteristics of the model. Purely mathematical research methods are used here. The
most important point is the proof of the existence of the solution in the formed model
(existence theorem). If it is possible to prove the absence of a solution to a mathematical
problem, then there is no need to work on the original version of the model any more; It
is necessary to adjust either the formation of the economic problem or the methods of its
mathematical formalization. Analytical research of the model, for example, specifies a
single solution, which variables (unknown) can be included in the solution, what are the
relationships between them, within what limits and depending on the initial conditions
of change, what are the trends of change, etc. the advantage is that the obtained results
compared to empirical (numerical) results are reliable for different specific values of
external and internal parameters of the model. Knowing the general characteristics of
a model is so important that researchers often deliberately idealize the original model
in order to prove such features. Again, it is very difficult to analyze models of complex
economic objects. If analytical methods do not allow studying the general characteristics
of the model and the simplification of the model leads to unacceptable results, they resort
to numerical research methods.

4. Preparation of reference information. Modeling makes serious demands on the
information system. At the same time, the real possibilities of obtaining information limit the
choice of models of practical use. This takes into account both the fundamental capabilities
of data preparation (for a certain period), as well as the cost of preparing relevant data arrays.
These costs should not exceed the impact of using additional data.

In the process of data preparation, probability theory, theoretical and mathematical
statistical methods are widely used. The output data used in some models of systemic
economic-mathematical modeling are the result of other models.
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5. Digital solution. This stage includes the development of algorithms for the numerical
solution of the problem, the development of computer programs and direct calculations. The
problems at this stage are primarily related to the large size of economic problems and the
need to process a significant amount of information.

In general, nowadays calculations based on economic and mathematical models are very
variable. Thanks to the high speed of modern computers, it is possible to conduct numerous
"model" experiments, studying the "behavior" of the model under various changes in certain
conditions. Digital research can significantly complement the results of analytical research
and is the only option for many models. The class of economic problems that can be solved
by digital methods is wider than the problems existing for analytical research [2].

6. Analysis of numerical results and its application. At this last stage of the period, the
question arises about the accuracy and completeness of the modeling results and the degree
of their practical application.

Mathematical verification methods can reveal erroneous model structures and thus narrow
down the class of potentially correct models. Informal analysis of theoretical results and
numerical results obtained using the model, comparison with existing knowledge and facts of
reality, economic problem, constructed mathematical model, its data and mathematical support.

Conclusions. Alternative goals (targeting monetary aggregates or stabilizing the
exchange rate) provide a significant increase in the external and internal parameters of the
model compared to discretionary monetary policy only for certain groups of countries: for
economies with a transition economy and a high level of diversity. At the same time, the
quantitative assessment of the scale of this impact is still low against the inflation target.
The fact that these monetary policy regimes are still used by a number of countries can
be explained only by the relative technical simplicity of their implementation, as well as
the insufficient development of financial markets for the transition to inflation targeting.
This debate is supported only by their popularity among developing countries. As financial
markets develop and monetary policy instruments improve, it is recommended that such an
economy creates the preconditions for a transition to pure or mixed inflation targeting [3].
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