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Anomauia. /[na nioguweHHs a0eK8AmMHOCMI pe3yibmamie KIOOUHAMIYHUX OO0CHIOHNCeHb BUKOPUCHOBY-
embcsi  IHGOpMayitina mMexHoI02is 6aeamopieHe8020 THMEIEKMYANbHO20 MOHIMOPUHEY 8 NOEOHAHHI 3
eKCHepMHUMU OYIHKAMU pe3yTbmamie Mooento8anus. Pesyiomamu inmepnpemysanucs y pamkax Kiacuu-
HUX KOHyenyiu icmopuynoi Hayku. Lle cnpuse 3anyyennto 00 aHanizy Oxcepei cucmem WMY4HO20 iHme-
nexkmy (6a3 3HAHb, EKCNEPMHUX CUCMEM, KOSHIMUBHUX KOMN'TomepHux mooenei pOo3yMIHHA MeKCmY,
@petimosux cucmem), 8 AKUX MOOETOIOMbCA 3HAHHA icmopuxig. TIpu popmysanni macugy yucervHux xa-
PAKMEPUCMUK NEeBHUX [CHOPUYHUX Nepiodié HA CbO20OHI cnocmepieacmvbcsi meHoeHyis 00 30inbuleHHs
NUMOMOI 8a2U ICMOPUYHUX O0JiCepel, CMBOPEHUX KONEKMUBHUM CHOCOOOM. 3acmocy8aHHsi mMexHo02ii
IHMEeNeKMYANbHO20 MOHIMOPUHEY O0380JAE ABMOMAMUZY8AMU Npoyec 0OPOOKU ICMOPUYHUX OAHUX 1
niosuUMU epheKmUBHICMb HAYKOBUX O0CTIONCEHb MaA a0eK8amHicmy 8UcHO8Ki8. 1lpedcmasieni pe3ynb-
mamu 3acmocy8aHHsA MeXHON02I] 6a2amopieHe8020 iHMeNeKMydIbHO20 MOHIMOPUHEY OISl BUPTULEHHS 00-
Hiel 3 3a0au kniomempii. Po36’s3ysanace 3a0aua eusHauerHs nodioHocmi icmopuynux nepiodis. Ilepenix
O3HAK, WO ONUCYIOMb ICMOPUYHI Nepiodl, BUHAYEHO eKchepmHum uiiaxom. Tpuearnicms uaco8oeo
NPOMINCKY 8UOPAHO 3a pe3yibmamamu 00poodKu cmamucmuyHux oanux. Yucenvri xapaxmepucmuxu euo-
PAHUX 03HAK POPMYBATUCL BHPOO0BHC OOHAKOBUX YACOBUX NPOMIICKIG I YIMEOPIOBAIU 6eKMOp O3HAK 05
KOJICHO20 3 ICmopuuHux nepiodie. Bexmopu o3nak icmopuunux nepiodié niddasaiucv Kiacmepuzayii 3a
pe3yibmamamut Mooento8antsn. Memoo cunmesy moodenei 8UOGUPABCA OKpemMo 018 (hOPMYBAHHS KOHCHO20
Kiacmepa 3a pe3yibmamami GURPOOYBAHHS KOJNCHO20 al2OpUmMy CUHme3y mooeleli MOHIMOpUH2080i
inmenekmyanvhoi cucmemu. B 6invuwocmi éunaoxie modeni-knacmepuzamopu 6y0yeanucs 3a baeamopsio-
Hum aneopummom GMDH. Onucano npoyecu popmyeanna macugy 6xionux oaunux, cunmesy mooenei ma
BU3HAYEHHS 6NIUBY 03HAK. EKcnepumenmanbHo niOmeepodiceHo OOYLIbHICMb GUKOPUCTIAHHSA HOBO20 Me-
Mooy UHAYEHHS NOOIOHOCMI ICMOPUYHUX NePioois.

Kniouoei cnosa: xniomempis, MI'VA, monimopune, kiacmepusayis, inmenekmyanbHuli aHanis Oanux.

Anomauusa. /{15 nosvluieHuss A0eK8amMHOCHU Pe3yIbmamos KIUOOUHAMUYECKUX UCCAeO08AHUL UCTOTb3Y-
emcsi UHGOPMAYUOHHAS MEXHON02USL MHO20YPOBHEB020 UHMENNEKMYANIbHO20 MOHUMOPUH2A 8 COYeMaHuu
€ IKCNEePMHbIMU OYEHKAMU Pe3VIbmamos Mooeiuposanus. Pesytemamuol unmepnpemuposanuce 6 pamxax
KAACCUYeCKUX KOHYEeNYUll UCMOopUu4eckoli Hayku. Imo cnocobcmeyem npusiedeHuio K aHaiusy ucmouHu-
KO8 CUCHmeM UCKYCCMBEeHH020 unmeniekma (0a3 3Hanull, SKCRePMHbIX CUCMEM, KOZHUMUBHBIX KOMNbIO-
MEPHBIX MOOeell NOHUMAHUST THeKCMA, (PpetiMo8bIX CUCeM), 8 KOMOPbIX MOOeIUPYIOMCs 3HAHUSA UCHO-
pukos. Ilpu opmuposanuu maccuéa MHOLOYUCIEHHBIX XAPAKMEPUCTIUK ONPEOeeHHbIX UCTOPUYECKUX
nepuo0os ce200Hs HAOMOOaemcs. MeHOeHYUsl K YBeTUUEeHUI YOeNbHO20 8eCa UCMOPUYEeCKUX UCTNOYHUKOS,
CO30AHHBIX KOJIEKMUBHBIM CHOCOOOM. [Ipumenenue mexHoio2uu UHMELLIEKMYaibH020 MOHUMOPUH2A
N03605€m A8MOMAMUUPOBAb NPOYECCchl 00PaAdOMKU UCTIOPUYECKUX OAHHBIX U NOBbICUMb P phexmus-
HOCMb HAYYHBIX UCCACO08AHUL U A0eK8AMHOCMb 6b160006. [Ipedcmasienvl pe3ynvmamovl NPUMEHEHUs.
MEXHON02UU MHO20YPOBHEB020 UHMENNEKMYANbHO20 MOHUMOPUH2A OJid peuleHus 0OHOU U3 3a0ay Kauo-
Mempuu. Pewanace 3a0aua onpedenenust cxoocmeaa ucmopuieckux nepuodos. Ilepeuens npusnaxos, onu-
CHIBAIOWUX UCOPUYECKUE NEPUOObL, ONPeOeleH IKCNEPMHbIM nymem. 1IpooondicumensHoCms 6pemMeHH020
NPOMENCYMKA 8blOPara no pe3yrbmamam 00paboOmKu Crmamucmudeckux 0anuvix. Juciennvle xapaxme-
PUCTUKU BbIOPAHHBIX NPUSHAKOS (DOPMUPOBATUCH 8 MEUeHUe OOUHAKOBLIX BDEMEHHbIX NPOMEIICYMKO8 U
00pa306b16a1U GEKMOP NPUSHAKOS OJIS KAIHCOO020 UCTNOPULECKO20 Nepuodd. Bexmopbl npusHaxos ucmopu-
YecKux nepuooos no08epeaniucy Kiacmepusayuu no pesyabmamam mooeiuposanus. Memoo cunmesa mo-
oenetl 8blOUPancs OMOeIbHO OIS POPMUPOBANUSL KANCO020 KIACMEPA NO PEe3YIbmMamam UCHbIMAHUSL KAdiC-
0020 aneopumma cunmesa Mooeneli MOHUMOPUHSOBOU UHMENIEKMYaNbHOU cucmemsl. B bonvuuncmee
cyHaed Mooeu-Kiacmepuzamopvl Cmpounucs no muocopaonomy areopummy GMDH. Onucanvr npoyec-
cbl (popMUPOBANUA MACCUBA BXOOHBIX OAHHBIX, CUHMe3ad Mooenell U onpedenenus GIUAHUA NPUSHAKOS.
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DKCnepumMeHmanbHO NOOMBEPHCOEHA YeNecO0OPAZHOCHb UCNOIb308AHUSL HOB020 Memo0a ONpedeieHUs
CX00CMBA UCMOPUYECKUX NEePUOOOS.

Knioueevie cnosa: xnuomempusi, MI'VA, monumopune, kracmepuzayus, UHMeNIeKMYaIbHbIlL AHAIU3 OAH-
HbIX.

Abstract. In order to increase the adequacy of the results of clinical studies, information technology of
multilevel intelligent monitoring is used in conjunction with expert estimates of simulation results. The
results were interpreted in the framework of the classical concepts of historical science. This contributes
to attracting to the analysis of sources of systems of artificial intelligence (knowledge bases, expert sys-
tems, cognitive computer models of understanding of the text, frame systems), in which the knowledge of
historians is modeled. When forming an array of numerical characteristics of certain historical periods,
there is a tendency towards increasing the proportion of historical sources created by the collective meth-
od. The application of intelligent monitoring technology allows automating the processing of historical
data and improving the efficiency of research and the adequacy of the findings. The results of the applica-
tion of the technology of multilevel intelligent monitoring for solving one of the problems of climmetry are
presented. The problem of determining the similarity of historical periods was solved. The list of features
describing historical periods is determined expertly. The length of the time interval is selected based on
the results of processing the statistics. Numerical characteristics of the selected signs were formed during
the same time intervals and formed a vector of signs for each of the historical periods. Vectors of signs of
historical periods were subjected to clustering by the results of modeling. The model synthesis method was
selected separately for the formation of each cluster based on the results of testing each of the algorithms
for the synthesis of models of the monitoring intellectual system. In most cases, model clusterizers were
built on a multi-row GMDH algorithm. The processes of the formation of the input data array, the synthe-
sis of models and the determination of the effect of the signs are described. The feasibility of using a new
method for determining the similarity of historical periods has been experimentally confirmed.

Keywords: Cliometric, GMDH, Monitoring, Clustering, Data Mining.
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1. Introduction

Intelligent monitoring — is an information technology providing knowledge of decision-making
processes by organizing untested spots, processing and transforming their results. Application of
the process and transformation of monitoring results, allows to obtain massive numerical
characteristics monitoring objects and build a base of model knowledge in the form of a
hierarchical combination of models that solve one of the standard tasks: grouping of objects,
forecasting, identification.

In accordance with the methodology for the establishment of multi-level monitoring
information systems (MLM) [1], the processing of monitoring results is carried out through the
consistent application of statistical processing methods, inductive and other methods for
synthesizing models that solve local data transformation tasks at each of the levels of monitoring.
Stratification of the structure of the multi-level monitoring information systems allow solving
tasks of identifying functional dependencies, classifying, forecasting and some others by
constructing multilayered models [2]. The hierarchical combination of these models form a
global functional dependence (GFD) [3].

For the synthesis of multilayered models that form the structure of GFD, the basic
algorithms of the GMDH [4], genetic and other evolutionary methods of synthesis of models,
neural networks with various topologies, and hybrid algorithms, which are formed by combining
several methods into a single process of designing the algorithm of model synthesis is used.

Today MLM is used in many subject areas. In particular, information socioecological [5],
sociogeygenic [6], medical monitoring [7] have already been created. Monitoring systems are used
in public administration [8], in pedagogy [9, 10].

The variety of tools of historical science [11, 12] opens up wide opportunities for using
information technology of multilevel monitoring based on inductive modeling methods.
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Application of such methods allows realizing the prognostic function of historical science,
which aims at predicting ways of development of historical processes, various variants of
historical events. The prognostic function answers the question: what the historical reality will be
and when certain events will take place. The result of this function is, above all, the hypothesis,
historical forecasting, which is based on objective scientific data.

2. Analysis of research and publications

In practice, mathematical modeling in historical science has been used for more than 40 years. .
D. Kovalchenko, the founder of the Klimometric School in the USSR and the co-chairman of the
International Commission on Quantitative History (INTERQUANT) widely applied
mathematical modeling [13]. The scientist believed that this method makes it possible to analyze
the historical process that could be implemented, but by virtue of some reasons has not happened.
An American economist, one of the founders of the cliometriya and Nobel Laureate of the Year
1993, Robert William Fogel applied counter-factual modeling and proved that small innovations
in industry contribute more to its evolution than large-scale technological discoveries [14]. The
scientist conducted a fundamental study on what would be the US transport system if the railways
were not invented.

At the beginning of the twenty-first century, especially during periods of social chaos,
when the predictability of the course of history is significantly weakened and the possibility of
unexpected variants of development increases, the relevance of multi-parametric modeling as a
study of historical alternatives increases. Within this approach, the principle of synergetics as an
interdisciplinary science that deals with the study of the processes of self-organization and the
emergence, support of the stability and decomposition of structures (systems) of different nature
is realized. Synergetics allows the historian to determine in which conditions small influences
cause a complex system of large-scale changes and avalanche-like processes.

A new direction of modeling in historical research is the study of nonlinear processes.
professor L. Borodkin introduces the direction — the cliodinamik that study the models of
unstable historical processes [15, 16]. Under the guidance of L. Borodkin, the project was
released which is devoted to the analysis of alternatives to historical development in 1929, when
the so-called "big change™ began in the USSR (the transition from the new economic policy to the
beginning of the course on industrialization and collectivization).

The purpose of this study is to develop a method of cliodinamik monitoring, which will
provide the identification of similar historical periods by clustering the vectors of their numerical
features.

3. Using the template

The method of cliodinamical monitoring combines the use of processes of clustering historical
periods with their numerical features and expert justification of clustering results. It involves the
following steps:

1. The list of features that are significant for making decisions based on the results of
monitoring of historical processes is determined.

2. An array of numerical characteristics is formed for meaningful signs. The point of
observation is numerical characteristics within one year.

3. The clustering of monitoring points by modeling results is carried out.

4. The hypothesis about the similarity of historical processes that took place over the years
that formed separate clusters is proposed.

5. Examination of hypotheses is carried out by their expert justification using historical
research methods. If an expert way has succeeded in substantiating the given hypotheses, the
historical periods included in one cluster are considered to be similar. If this does not work — the
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following research is conducted and conclusions about the similarity of historical periods are not
announced.

Clusterization of vectors of signs of historical periods was carried out on the results of the
simulation [16]. At the initial stage, it is necessary to solve the problem of clustering historical
periods, which are presented in the form of vectors of their numerical features. Moreover, each
historical period is represented by one vector of numerical characteristics of these attributes. The
list and limits of historical periods, as well as the list of characteristics, are determined by expert
means. The results are presented as an array of data (1):

X11 X12 e Xln yll y12 e ylm
Xp Xy o Xy Yo Yoo e Yo (1)
Xg X2 o X0 Y Yo o Yim

where Xij is the j-th independent index of the i-th historical period, yij is the j-th dependent index
of the i-th historical period, Kk is the number of vectors; n — the number of indicators, m — the
number of historical periods.

It is necessary to develop a method of clustering historical periods in the form of a
function

a:r(X,y)—>r, 2

where r is the cluster number that forms the set of clusters R.

The process of clusterization for each vector of the signs of the historical period sets the
cluster number r € R. In this case, the power of the set R is not known in advance.

Socio-economic and demographic development of Ukraine was investigated during 1998-
2012 based on the technology of multi-level monitoring.

The dependence of the gross domestic product of the country from the indicators
presented in Table 1 was modeled. For synthesis of models, multi-row algorithm of GMDH [4]
was used. A set of models was synthesized. After the tests, models were selected that met the
criteria of accuracy, adequacy and stability, and the influence of the indicators from Table 1 that
were included in the structure of these models was estimated. The impact of indicators was
determined by the weighting factors calculated by the formula [1]:

F
W, = —2—, ©)

1 n

i=1 X

where F'i is a partial derivative of the model on its i -th variable,

X

N — number of indicators table. 1 that entered into the structure of the model.
The results of the study of these models are presented in Table 1.

Table 1 — Influence of signs

Indicator Cluster 1 Cluster 2 Cluster 3

(2001-2012) | (1999-2009) |(1998-2002)
Time of observation 99,88 0,00 0,00
Income of the population, billion UAH. 0,00 20,60 90,66
Average monthly salary, UAH 0,06 19,50 0,00
The average monthly retirement pension, UAH 0,00 1,72 0,00
The average size (_)f assistance to low-income 0,00 22 86 0,00
groups of population per capita, natural
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Continuation of table 1

Economically inactive population of able-bodied 0,002 0,00 0,00
age, thousand

Fixed assets*, billion UAH 0,00 8,96 0,00
Budget (consolidated), UAH billions Revenues 0,00 1,09 0,00
Budget _(consolldated), UAH billions 0,00 3,05 0,00
Expenditures

Investments in fixed assets*, UAH billions 1-10° 20,75 0,00
IUmSp')A(\)rts of goods and services, billion dollars. 0,06 0,00 0,00
Direct foreign investments in Ukraine (at the end

of the year), min. USA 0,00 1,46 9,34

Expert estimation of historical periods is as follows:

1 cluster of 2001-2012: decrease of investments into fixed capital; strengthening the
processes of industrialization; crisis in mechanical engineering, chemical industry; growth in
agriculture, trade, transport; according to sources of financing, bank loans and other loans play an
essential role; negative balance of trade balance; lack of investment; the super-profits of the
export industries fell into the pockets of the oligarchic circles in full; increase in the amount of
social assistance; uncontrolled migration of the population; growth of demographic load.

2 clusters of 1999-2009: the economic downturn, resulting in GDP declining to 40,8 %;
violation of macroeconomic equilibrium, correlation between wage level and gross income /
mixed income in the structure of GDP, did not have the character of a stable trend; industry was
the leading sector of the real economy, while retaining the largest share in its structure (in 2008, it
accounted for 46,1 % of the gross output of goods and services and 31,3 % of gross value added);
more than 2/3 of the total industrial output accounted for in the industry producing raw materials
and energy resources; the share of products of social orientation is 1/5 of the total volume of
industrial production. The light industry almost disappeared (1999: 1,6 %, in 2008 — 0,9, in
August 2009 — 0,8%); the machine-building industry even added in the rate of development
during 1999-2007, but its share in the structure of industry through the crisis has fallen to 10,3%,
which was 3-4 times lower than the level of developed countries.

3 clusters of 1998-2002: growth of real incomes of citizens was 5-6 times higher than
GDP; there was a rise in wages; the real GDP growth was 4,1 — 9%; recorded increase in produc-
tion in industry; the growth rate of export of goods exceeded the growth rate of imports; in-
creased competitiveness of Ukrainian goods; currency offer exceeded demand. Thus, we proved
the closeness of the points included in each cluster. This means that during these years historical
events in Ukraine were caused by close processes and research objects.

The results of expert interpretation make it possible to conclude on the usefulness of the
process of clustering historical periods using the new method.

4. Conclusions

It is presented a new methodology for historical research, which combines methods of intellectual
monitoring and historical research. The efficiency of combining processes of intellectual analysis
of historical data with expert interpretation of its results was experimentally proved by the
example of solving the problem of classification of historical periods. The simulation results
obtained by the new method should be used to identify the same types of periods of Ukrainian
history (according to the mechanisms of influence on the economy that creates GDP).
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