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MODELING OF DEVELOPMENT TRAJECTORIES IN THE MULTIDI MENSIONAL
SPACE: SOCIO-GEOGRAPHIC INTERPRETATION

The purpose of this paper is justification of metblogical peculiarities of the development trajeie® modeling in the mul-
tidimensional space from the positions of socialggaphy; their practical application (geodemogragitocess in Kharkiv region is
taken as an example). The object of social geograpbhocial and geographical system and socialgaodraphical process. Combi-
nation of natural, social and economic systemg @rgates a unique variety of features and prageriquiring consideration of a
large number of these systems parameters. Accotditige geographical, system and synergetic appraidhese processes are
described in hundreds of parameters. Adequate @mdot mathematical processing of such actual naisrpossible only with use
of virtual multidimensional geographic space whiiee mathematical model of the real developmengdtajy of the object or proc-
ess is offered. The main estimation parametergiaen, in particular the main diagonal in the hypdre of the multidimensional
space is considered as the standard of optimalaf@went. Comparison of the real trajectory with ¢ptimal, determining the pro-
jection of the vector of development on the optitnajectory, deviations from the optimal traject@gntain information on the pe-
culiarities of the process.

The proposed method was used for modeling of tbe@mographic development trajectory in district&béarkiv region for
2002-2015 on the basis of 72 initial statisticalgmaeters which are characterizing this proces®toastrate its peculiarities on the
results of certain studies. The grouping of théridis of Kharkiv region, temporal peculiaritieseahown, the phases of progressive
and regressive demographic development for thdestugeriod are established taking into account rsicerable amount of the
initial data. Modeling the development path allavgsto define a clear perspective, to model andigiragther development, to plan
the pace of development. It is also a conveniemtitoring tool; it also helps to develop scientifigdbased management measures, etc.

Keywords:social geographical process, sggosystem, multidimensional features space, maglelffrdevelopment trajec-
tory, optimal development trajectory, real trajegtmodel, deviation from an optimal trajectory.

Kocmanmun Hemeuynv, Kamepuna Cezioa, Jlioomuna Hemeuwv, €Eecenin Tenevenecea, Kamepuna Kpasuenko.
MOJEJIOBAHHA TPAEKTOPIH PO3BHTKY Y FATATOBHMIPHOMY ITPOCTOPI. CYCHLIbHO-I'EOTPA®IIHA
IHTEPIIPETALIIA

VY cTaTTi ONMHMCaHO MOAENIOBAHHS TPAEKTOPIii PO3BUTKY y OaraToBHMipHOMY O3HAaKOBOMY IIPOCTOPY JUISL aHAJI3y CKIaZOBHUX
cycminbpHO-reorpadivHOro mporecy. BHUCBITIIEHO METOJONIOTIUHI OCHOBH MOJCIIOBAHHS TPAEKTOPIl PO3BUTKY COLIOTEOCHCTEMH Y
6araToBUMIpHOMY MpocTopi. Y BiAHOBiZHOCTI 10 reorpadivHOro, CUCTEMHOTO i CHHEPreTHYHOrO MiAXOAIB CyCHilbHO-TeorpadidHi
MPOLIECH OMUCYIOTHCS COTHAMH MapaMeTpiB. AJIeKBaTHA i KOpEeKTHA MaTeMaTH4Ha 0OpoOKka Takoro (pakTHYHOrO MaTepialy MOXKIHBA
3 BUKOPUCTAaHHSM HOPMOBAHOTO 0araTOBUMIPHOTO O3HaKOBOT'O MPOCTOPY, /€ MPONOHYETHCS MaTeMaTHYHA MOJIEIb PealbHOT TPAEK-
TOpiil po3BUTKY 00’ €Ty abo mpouecy. HaBeqeHo OCHOBHI MmapaMeTpH OLIIHKH, 30KpeMa TOJIOBHA JiaroHalb y rinmepky06i 6araToBumi-
PHOTO IIPOCTOPY PO3TILIIAETHCS K €TANOH ONTUMAIFHOTO PO3BHUTKY. [T0piBHSAHHS peanbHOI TPAaeKTOPii 3 ONTHMANTEHOIO, BU3HAUYCHHS
MIPOEKIIi] BEKTOPY PO3BUTKY Ha ONTHUMAJIBHY TPA€KTOPIIO, BIIXUICHHS BiJl ONTHMAIBHOI TPA€EKTOPIl MICTATH iH(pOpMAIiIO PO 0c00-
JIMBOCTI IIepediry nporecy. 3arpornoHoBaHuil MeTo L OyJI0 3aCTOCOBAHO JUISl MOAEIIOBAHHS TPAEKTOPiH reogeMorpadidHoro po3BuT-
Ky B po3pi3i paifoniB XapkiBcekoi obmacti 3a nepiox 2002-2015p. Ha oCHOBI 72 BUXiJHUX CTATHCTHYHUX IApaMETPIiB ISl IEMOH-
cTpauii #ioro ocobmMBOCTel Ha pe3ysbraTaX KOHKPETHHX AOCITIKeHb. BUKOHAHO IpyIyBaHHsS pailOHIB 00JacTi, OKa3aHO 4acoBi
0COOJIMBOCTI, BCTAHOBIICHO (ha3y MPOTPECHBHOIO Ta PErPEeCHBHOIO JeMOrpadivHOro po3BHTKY 3a JAOCII[KyBaHHUIl mepioa 3 ypaxy-
BaHHAM 3HAYHOI KUJIBKOCTI BUXIZHMX JaHUX. MOJIENIOBaHHS TPAeKTOPii PO3BUTKY JO3BOJISIE BU3HAYUTH YiTKY NEPCHEKTHUBY, MOJE-
JIIOBAaTH Ta NMPOTHO3YBATH IOJANBIINI PO3BHTOK, IUIAHYBATH TEMIIM PO3BUTKY, € 3DYYHUM iHCTPYMEHTOM MOHITOPUHIY Ta JJ03BOJISE
PO3pOOIATH HAYKOBO-OOTPYHTOBAHI 3aX0JH 3 YIIPABIiHHS TOIIO.

Knrouogi cnoea: couianbHO-TeorpadivHUN MPOIEC, COIIOTeOCHCTeMa, 0araTOBUMIPHUH O3HAKOBHH IPOCTIpP, MOJIEIIOBAHHS
TPAEKTOPil PO3BUTKY, ONTUMAIIbHA TPAEKTOPISt PO3BUTKY, MOJICIb PeabHOI TPAEKTOPIi, BIAXUICHHS BiJl ONTHMAJIBLHOI TPAEKTOPII.

© Niemets K., Sehida K., Niemets L., Telebdira I., Kravchenko K., 2018

41



2018 Yaconuc coyianbHo-eKkoHoMIYHOI 2eo2pagdii sunyck 25

Koncmanmun Hemey, Examepuna Cezuoa, JIroomuna Hemey, Eecenun Teneveneea, Examepuna Kpaguennko.
MOJEJTHPOBAHHE TPAEKTOPHH PA3BHTHA B MHOIOMEPHOM ITPOCTPAHCTBE: OBI[ECTBEHHO-
T'EOI'PA®DHYECKAS HHTEPITPETAILIHA

B cTarbe omucaHo MOAENMPOBaHNE TPACKTOPUH PA3BUTHSI B MHOTOMEPHOM IIPH3HAKOBOM IIPOCTPAHCTBE ISl aHAIN3a COCTa-
BIIIOIIUX OOIIECTBEHHO-TreorpaduIecKoro mnpouecca. OCBEmEHb METONO0IOIMIECKHE OCHOBBI MOJCIMPOBAHNUS TPACKTOPHU Pa3BH-
THSI COIIHOT€OCUCTEMBI B MHOTOMEPHOM IIPOCTPAHCTBE. B cooTBeTCTBNY C reorpauieckuM, CHCTEMHBIM U CHHEPTeTHIECKHMO I10-
JIXOJJaMH OOIIeCTBEHHO-TeOTrpauecKe MPOLECCH ONMCHIBAIOTCS COTHIMH ITapaMeTPOB. ANEeKBaTHast M KOPPEKTHAsT MaTeMaTHdec-
Kast 00paboTKa Takoro (h)akTHYECKOTro Marepuala BO3MOXHA C MCIOJIb30BAaHHEM HOPMHPOBAHHOTO MHOTIOMEPHOTO NPHU3HAKOBOTO
HPOCTPAHCTBA, I MpPEUIaraeTcs MaTeMaTHYecKash MOJEb pealbHOH TPAacKTOpHM Pa3sBUTHS 00beKTa WM nporecca. I[IpuBeneHb
OCHOBHbIC ITAPAMETPBI OLIEHKH, a IIABHAs AUArOHANIb B THIIEPKYOE MHOTOMEPHOT'O NMPOCTPAHCTBA PACCMATPUBACTCS KAK TAJIOH OIl-
THUMAaJbHOTO pa3BuTHsi. CpaBHCHHE PEAIbHON TPACKTOPUH C ONTHMAJIBHOM, ONpEEIeHIe IPOSKINH BEKTOpa Pa3BUTUS Ha ONTHMA-
JIBHYIO TPAEKTOPUIO, OTKJIIOHEHUS OT ONTUMAIBHOM TPAaeKTOPHU CoAepKaT HHPOpMALUIO 00 0COOCHHOCTSX HCCIIeyeMOro Iporecca.
IMpemnoskeHHBIH MeTOR OBLI IPUMEHEH YISl MOJISITHPOBAHUS TPACKTOPHI reoieMorpaguIecKoro pa3BUTHS B pazpese paioHOB Xapb-
KOBcKoi o6mactu 3a nepuox 2002-2015rr. Ha ocHOBe 72 CTaTHCTHYECKHX MapaMeTpoB JUIS JIEMOHCTPALMH €0 OCOOCHHOCTEH Ha
pe3yibTaTax KOHKPETHBIX HCCIENOBaHHH. BEIMOMHEHO rpynmupoBaHue paifoHOB 0ONAcTH, ITOKa3aHBI BPEMEHHBIE OCOOCHHOCTH,
YCTaHOBJIEHBI (ha3bl IPOrPECCUBHOTO M PErPECCUBHOTIO JEMOTPagUUEcKOro pa3BUTHS 3a HCCIIELYEMBbIil IEPUOJ C YHETOM 3HAUYUTEIIb-
HOTO KOJIMYECTBA UCXOIHBIX JaHHBIX. MoJeInpoBaHue TPACKTOPHHU Pa3BUTHUS TO3BOJISET ONPEACIUTD YETKYIO NEPCIEKTHBY, MOJIE-
JMPOBaTh M IMPOTHO3MPOBATH JAjbHElllIee pa3BUTHE, INIAHUPOBATh TEMITbI Pa3BUTHS, pa3padaThiBaTh HAYYHO 00OCHOBAHHBIE MEPOII-
PHATHS PETHOHAIBLHOTO yrpaBieHus. Takxke MOAEIUPOBAHUE TPACKTOPHU Pa3BUTHSA SBIACTCS yAOOHBIM HHCTPYMEHTOM MOHHMTOPHH-
ra.

Knrouesvie cnoea: counanbHO-reorpadUyecKuil mporecc, COLUOreocHCTeMa, MHOTOMEPHOE HPH3HAKOBOE IIPOCTPAHCTBO,
MOJIENNPOBAHNE TPACKTOPHU PA3BUTHUS, ONTUMAIBHAsI TPACKTOPHS PAa3BUTHS, MOJEIb PeaabHON TPAeKTOPHHU, OTKIOHCHUE OT ONTH-
MaJIbHOH TPAeKTOPHUH.

Introduction. Social geography today is one of the plex economic processes of multidimensional phase
few branches of geographic science where methods ofpace is not accidental. It requires taking intcoant a

multidimensional analysis are widely used. It i®do large number of factors, often of a stochastic matind
peculiarities of the object of social geographyerfito- varying in time and space. One more important théng
rial organization of society, or, i.e. the sociabgraphi- social economic management information supportdase

cal process in social geographical system (soc®geo on monitoring the trajectory of a controlled objemt
tem). Combination of natural, social and economyie-s  process in a multidimensional phase space in cer
tems in it creates a unique variety of featuresoger- bring it closer to the optimal trajectory. It shdude not-

ties that require consideration of a large numbiehese ed that comparing to economic processes social geo-
systems’ parameters. The complex social geographicagraphical processes in sociogeosystems are evea mor
research shows that formalization and parametoizadf complex because they integrate almost all aspefcts o
the studied sociogeoprocesses and sociogeosystemsocial life, including economic aspects.

cause creation of working databases from hundréds o In general, methodology for modeling trajectories i
various parameters — one requires methods of multid multidimensional space is reduced to definitiorsome
mensional analysis to process everything correctly. generalized parameter of the investigated proceshea

Along with active use of traditional and classic sum of measured partial parameters. This genedalize
methods — cluster and factor analysis, image retogn parameter is further discussed in phase spacesiadl-
multivariate regression-correlation analysis, linsaal- er dimension. Different methods are used to detezriti
ing methods, etc., there is a constant search éow n The simplest variant is methods of multidimensional
methods for representing and analyzing data in Bi-mu regression linear and nonlinear analysis. In paldic
dimensional geographic parametric space. The basis = method of group analysis GBTM is used for retrospec
is the mathematical apparatus of multidimensioma-a tive analysis of the object’'s development trajee®iin
Iytic geometry and linear algebra, which, on the2 on psychology, sociology, forensics, medicine, epid#mi
hand, provides mathematical correctness and accofac ogy, etc. It is based on the application of muttidn-

the analysis, and, on the other hand - it givesmior- sional nonlinear regression which describes trajgabf
tunity to represent systems and the processes shabyr a group of objects and further studies their irdlinal
in the form of geometric images. In general, ityigical deviations.

for geography, the core of which is chorologicatgsa Interpretation of results of deviations determiiiss

digm. Due to it, many traditional geographic prabge  causes and ways of elimination (Daniel S. NagihiBo
related to spatial-temporal analysis can easilpdieed L. Jones, Vale'ria Lima Passos and Richard E. Tiamb

by vector analysis, transformations of multidimensil [9]). This method was used in the study of childsen
space, etc. individual development (Daniel J. BBauerand, Heathe
Analysis of previous research.Currently, multi- Luz, McNaughton Reyes [10]). Similarly, multi-level

dimensional phase space is widely used in varimldsf objects are studied. For example, in forensics ufkga

of science and technology for describing and amadyz  Kreuter and Bengt Muthén [14], Wesley G. Jennings a
multidimensional objects and processes. In pagicul Caitlyn Meade [13], etc.).

the economic theory uses models of territorial cetinp Another approach is to use Bayes’ model, a graph
tion based and developed on the works of both Acaari  that displays changes of random process’ parametets
(M. Porter, M. Enright, etc.) and European (B. &oms their conditional dependencies. It makes possible t
B. Lundval, E. Reinert, G. Lindquist, etc.) economi evaluate information transfer at the gene levet. et
schools. The interest of economists in the studgoofi- (J.A. Stamps and W.E. Frankenhuis [15]).
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For analysis of the trajectory in multidimensional

Kharkiv National University a set of methods foudy-

space, the method of main components is used nfiost o ing social geographical objects in a normalizedtiuiul

ten. As described in the works by A. Zinoviev and
Yu. Polunin [1] about trajectories of countriesvd®p-
ment, this method makes it possible to determinenma
factors of individual objects’ development.

That's why modeling of development trajectories in
multidimensional space is widely used in variousd$
of science and practice. In our opinion, in social
geographical research it can be a convenient tool f
analysis.

mensional parametric space has been developedl |8, 5
particular, a method for modeling of the trajectadfy
social geographical objects development. Todaysit i
implemented as a complex of computer programs.

A normalized multidimensional space is formed by
linear scaling of the set of social geographicgleots
signs (obtaining indices) to change the metric rsat t
values of the parameters vary in interval [0 ...14¢mer-

Proceeding from the previously proposedism of space is of fundamental importance for tiuelys

sociogeographical concept of multidimensional space and comparative analysis of state and dynamichef t

the approach is different in that we use as a measiu
normalized multidimensional
diagonal which is considered as an optimal trajgctd
development [3, 5]. Deviations of real trajectoffiesn it
are
development process that is an integral part ofasoc

studied social geographical objects. Then normalize

space a hypercube's multidimensional spacé represented as a hypercube,

the main diagonal of which is {000 .... - 111 .and itis
optimal (effective, the shortest) trajectory of isbgeo-

main efficiency indicators of management of graphical objects development. Position of any aoci

geographical objects in normalized multidimensional

systems'development to which sociogeosystems relatespace is fixed by a point, coordinates of whichgiven

Similar research can be carried out for individual
components of sociogeosystems, for

by its indices. Analyzing correlation of social geaphi-

example, cal objects position in normalized multidimensional

demographic. As far as it is stated demographic space, in particular, with respect to main diagarighe
processes are complicated by a number of factorshypercube, one can compare theirstate, development

covering practically all regions and countries bft
world. Therefore, it is important to investigate
structural-dynamic and spatial characteristics
demographic processes. Without this, it is impdesib

optimize processes of social economic development,
make objects in normalized multidimensional spacan be

build promising development strategies,
scientifically sound management decisions, andnso o

The purpose of this paper is justification of
methodological peculiarities of modeling of develop
ment trajectories in multidimensional space frone th
positions of social geography; their practical &milon
(geodemographic process in the Kharkiv region kena
as an example).

Methodology. Objects of social geography — socio-

level, etc. When time series of social geographatal
jects signs appear, it is possible to analyze nbt the

of time layers of social geographical process, but dig

namics of social geographical objects development.
In the simplest case, motion of social geographical

represented as a trajectory — segments that séajent
connect social geographical objects points in a tge-
ries. If it is necessary a more detailed studyhefttajec-
tory nonlinear, i.e. parabolic interpolation betwee
points is used. The trajectory of social geograghib-
jects in normalized multidimensional space is cbizma
ized by two sets of indicators — direction of mowsm
and linear parameters, i.e, social geographicaéatbj

geosystems — are open, complex, dynamic, and heteromotion distance for a certain period of time.

geneous systems as they include completely differen

subsystems (biological, mineral, social, and ecaopm
Naturally, many parameters are used to descrikeuev
ate, and analyze the state of sociogeosystems.olbhe
served vector of sociogeosystems contains a gegat v
ety of coordinates. When studying the dynamics séta
of sociogeosystems, the array of initial data manytain

a large number of parameters which inevitably leiads
the need to use multi-dimensional analysis mettiods
its processing. The theoretical basis for suchraatyais
is multidimensional analytical geometry, the mathém
cal apparatus of which was developed in th® déntury
and now has been adapted for computer analysis.
should be noted that in geography the concept dfi-mu
dimensional attribute space was formed in the fiadf
of the 20th century, but its use in practical resede-

The first set of indicators includes the cosines of
angles formed by a segment of the trajectory wafet-
tories of other objects or other characteristiedions
(some average, optimal, project, predictive trajges).

If we consider the analyzed social geographicakacts;
as subsystems of some more general sociogeosyistem,
regional sociogeosystems as part of a region domsg
within a subregion or country. Then according toveno
ment direction parametres effectiveness of sooc&d-g
graphical objects functioning in the system carebau-
ated. As a result, a quantitative assessment d¢f salo-
system's contribution to the system's state or Idpve

Itment is obtained. In the same way, consistencyubf s

systems' movement (functioning) can be assessed. In
crease in the cosine value (decrease in the ahgle)
tween their trajectories indicates their convergeaod

came possible due to development of computer téehno cooperative interaction, which, in particular, daa re-

ogy and related methods.

In human geography multidimensional space is in-

creasingly being used as a special way of reflgagieo-
graphic space. It allows, on the one hand, to desend
analyze social geographical objects according tora-
plex of features, and on the other, to study maepty
relationships between them. At the Department of Hu

garded as evidence of similarity in their developtne
The cosines of angles between social geographizal o
jects trajectories can be interpreted as sociat)iggxi-
cal objects correlation coefficients byr a setighs.

The second set of indicators is represented by vari
ous linear trajectory characteristics:

a) the pathAL), passed by social geographical ob-

man Geography and Regional Studies of V.N. Karazin jects for a certain period of time; it is definesitae Eu-
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clidean distance between the points of the trajgcad
adjacent time points. It is a dynamic trajectorgretcter-
istic since its length characterizes intensity adial geo-
graphical objects motion;

b) speed of social geographical objects motiois; it
defined as ratio of the length of the traversedh patthe
time interval between adjacent calculated momexits/ (
AY);

¢) remoteness of the current trajectory point from
the origin of coordinates {); it characterizes the effi-
ciency of social geographical objects motion: simcan
equal time period a more effective social geogregdhi
objects will move more away from the starting posit
and from the origin of coordinates;

d) B — the projection of § onto the main diagonal
of the hypercube;

e) ratio Ry / D (D is the length of the main diago-
nal) — the projection progress coefficient whiclarctt-
terizes rates of social geographical objects matiom
the initial to the end point; more advanced sogeb-
graphical objects in development are characterizgd
large values of this parameter. In case of norroala$
geographical objects development this indicatottioon
ously increases in time;

f) distance from the current point of the trajegttur
the main diagonal along the normal that is dewvmtio
from the optimal trajectory.

Development of social geographical objects in nor-
malized multidimensional space can be viewed aga m
chanical process of motion of a material point pace.
Perhaps, this analogy has not yet revealed praspdct
the method. In general, using angular and lineaape-
ters of the trajectories of social geographicakoty sets
of the same type, one can obtain substantially rmre
formation in comparison with traditional methods of
classification, grouping and comparative analy$isus,
determining angular and linear characteristicandfvid-
ual fragments or the entire trajectory as a whote, can
get an idea of development of a given sociogeosyste
over a certaintime period. A detailed descriptidrthis
method is given in the works [3, 5]. Here in théicie
one notes only two trajectory parameters that rapoi-
tant for social management obtained by processmg i
angular and linear characteristics.

The first of them is coefficient of progress whish
calculated as ratio of length of the projectionradius
vector on optimal trajectory of development tolésgth.

It reflects advancement of sociogeosystem in dgvelo

caused. In the ideal case of even development alting
multidimensional space coordinates, the real ttajgc
ofthe sociogeosystem's development exactly coiscide
with optimal trajectory of development, but thisseas

an unattainable abstraction.

The method of modeling of the development trajec-
tory of the sociogeosystems' development has beete m
for research in the field of human geography, buan
also be successfully applied in other areas ohsei@and
technology where it is necessary to study histarpre-
dict development of objects, monitor management{pro
esses, production, etc. Particularly interestirgylts are
obtained in a simultaneous comparative analysis sét
of homogeneous objects when it is possible to atalu
consistency of their trajectories among themsebed
with the trajectory of a higher hierarchical objgotrank
them according to various criteria, to find out thest
necks in their development, etc. We demonstratsipos
bilities of this method in description and studydaimo-
graphic processes.

Research and discussionThe method of modeling
of the trajectory of socio-geographical objects'
development is effective for analysis of various
components of the social geographical process in
regional sociogeosystems, social management of
sociogeosystems of different levels, organizatibrs@m
cial geographical monitoring of processes in vasiou
sociogeosystems, etc. In this case, the trajectdry
development — the trajectory of demographic proeess
serves as a convenient tool for social geographical
analysis, makes it possible to evaluate the coofgbe
process by a set of features, identify periods with
different directions of motion, etc. [3]. The prea
method was used for modeling of the geodemographic
development trajectory in districts of the Kharkagion
for 2002-2015 on the basis of 72 initial statistic
parameters [7, 8] which are characterizing thisess to
demonstrate its pecularities on the results ofagert
studies.

Consequently, distribution of geographic objeats (i
this case, districts) on the phase plane makassiible
to determine peculiarities of these objects' lacatlong
a set of traits relative to each other and reltieptimal
trajectory [3, 5, 6]. Distribution of the districtsf the
Kharkiv region on the phase plane along the geodemo
graphic development trajectory for 2002 and 201i§.(F
1, 2) shows that the best tendencies are obsenvétki
Kharkivskiy district. Then follows the Derhachivsky

ment. The second, a very important parameter of thedistrict where the indicators of the geodemographic

trajectory is distance from the point of the soeiogys-
tem's state (the end of radius vector) along nortmal
optimal trajectory of development. It characterizks
viation of the real trajectory of the sociogeosystieom
optimal trajectory of development. Interpretationttus
indicator is ambiguous. On the one hand, magnitfde
deviation from optimal trajectory of developmentyma
indicate, for example, inefficient use of social mage-
ment resources or other manifestations of its ifieger
tions, i.e. to be evalution of management quallty.the

process are worse in comparison with the Kharkivski
district, but are somewhat better in comparisorh e
others. Next there is a relatively dense group oftm
region's  districts. However, there one should pay
attention to the Zmiyivskiy and Balakliya districtdich

are characterized by the highest efficiency of the
geodemographic process (have a minimum deviation
from the optimal trajectory of development). Thersio
tendencies of geodemographic process for devition
from optimal trajectory are observed in the Kolaoskay

other hand, asymmetry of development arises due toand Pechenizhskiy districts, according to the prsgr
heterogeneity of the sociogeosystem's developmentcoefficient it is the Barvinkivskiy district.
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" Distribution of districts in 2012
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Fig. 1. Distribution of the districts of the Kharki region on the phase plane according to averagdidators
of the geodemographic development trajectory, 2Q@hstructed according to the modeling results)

- Distribution of districts in 2015
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Fig. 2. Distribution of the districts of the Kharki region on the phase plane according to averagdidators
of the geodemographic development trajectory, 2Qd@nstructed according to the modeling results)

Comparison of initial and final distribution (Fig, 1  the Chuguevskiy and Derhachivskiy also demonstrate
2) shows some positive changes in the location ofprogress along the trajectory.
districts in the phase plane, but configuratios abnost The trajectories of geodemographic development of
not changed, although there is a greater conceniraf all districts of the Kharkiv region for 2002-2016ave
districts and a greater deviation from the optimal been constructed. For typization of the districtsthe
trajectory of development. It is worth noting the Kharkiv region up to the peculiarities of the tictmry of
Kharkivskiy, Balakliyskiy and Zmiyivskiy districts the geodemographic development, one can apply a
where deviations from the optimal development general trend of changing key indicators: projectad
trajectory have decreased. The same districts alotig the optimal trajectory and deviation from the opim
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trajectory as well as general character of thigdtary's
development for the investigated period: progressiv the optimal one. It indicates progressive develepm
regressive, and nonequilibrium (Table 1). Below are nature, correspondence with trends of the systéim w
graphs of the trajectory of geodemographic devekygm
of districts with extreme indices belonging to diffnt

observed groups.

For the Balakliyskiy district (Fig. 3) the trajecyo

of the geodemographic development is approximated t

the modelled development. The Balakliyskiy distheis
a characterial motion along the optimal trajectarth a
decrease in deviation from it (by 2010) and anease
in deviation from it (starting from 2010).

Table 1

Grouping of districts of the Kharkiv region on theeculiarities of the trajectory of geodemographiewklopment,
2002-2015systematized and constructed according to the timapeesults)

deviation from an optimal ltrajectory
(%)
o
L]

CHARACTER
OF DEVELOPMENT
PROJECTION progressive regressive nonequilibrium
OF THE OPTIMAL
TRAJECTORY
Balakliyskiy Dvorichanskiy,
Borovskiy Krasnogradskiy
Valkivskiy
Velikobrurluts'kiy
Approximation Vovchanskiy
Zahepilivskiy
Krasnokutskiy
Kupyanskiy
Novovodolazhskiy
Chuguevskiy
Bogodukhivskiy, Barvinkivskiy, Bliznyu- Kharkivskiy
Constancy Zolochivskiy, kivskiy, Lozovskiy,
Zmiyivskiy Sakhnovshchynskiy
Dergachivskiy
Kegichevskiy Iziumskiy, Kolomackiy,
Distance Pechenezhskiy Pervomaiskiy,
Shevchenkivskiy
Balaklivskiy district
3.60
2011
3.55 ]

4.2 4.3

4.4 4.5 4.6 4.7

projection on an optimal trajectory

Fig. 3. The trajectory of geodemographic developrhefthe Balakliyskiy district of the Kharkiv regio, 2002-2015
(constructed according to the modeling results)
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In addition to the Balakliyskiy district, the
Borovskiy, Valkivskiy, Velikobrurlutskiy, Vovchangk
Zachepylivskiy, Krasnokutskiy, Kupyanskiy,

of development, except for the periods of 2003-2004
2005-2006, 2012-2013 where regressive developnsent i
observed. Periods of 2004-2005, 2006-2010, 2012201

Novovodolazhskiy, Chuguevskiy districts belong to a and 2014-2015 reflect positive dynamics both im&pf

group of areas with a progressive character

of approximation and decrease in deviation from the

geodemographic development which approaching theoptimal trajectory of development. It should be eubt

optimal trajectory.

that overall deviation reduction from the optimal

During the period under study, on the trajectory of development trajectory appears in the mentoneageri
geodemographic development of the Dergachiy distric the maximum deviation was observed in 2003.

(Fig. 4), there is "progress" along the optimajeictory

Dergachivskiv district
2.3
2003

22
B
2
g 2014
B o 2011 2015
f]
= 012
:
: 2013
B 2.0
g
m
g 2010
S
E 19
=
S
k=]
_N
g
= 1.8

2002
1.7
4.0 41 42 43 4.4 45 4.6 47
projection on an optimal trajectory

Fig. 4. Trajectory of geodemographic developmenttodé Derhachivskiy district of the Kharkiv regior2002-2015
(constructed according to the modeling results)

In addition to the Dergachivskiy district, the
Bogodukhivskiy, Zolochivskiy and Zmievskiy district

by positive changes both in terms of approximation
along the trajectory and decrease of deviation fthen

are among the ares with a progressive character obptimal trajectory of development. Instead, theiquby
geodemographic development and constancy in ralatio of 2003-2004, 2010-2011, 2012-2013 are charactrize

to the optimal trajectory.
The Dvorichanskiy and Krasnogradskiy districts
form a group with nonequilibrium nature of the

by negative changes in both indicators. One should
notice that decrease in the value of deviation fittwen
optimal trajectory of development, the maximum

trajectory of geodemographic development; they aredeviation was observed in 2003 and 2004, the mimimu

approaching the optimal trajectory. The trajectafy

geodemographic development of the Dvorichanskiy

district (Figure 5) is characterized by alternatpegiods

of progressive (2002-2003, 2005-2006, 2008-201@) an
regressive (2003-2005, 207-2008, 2010-2015) dyramic
There is also an increase in deviation from thenagdt
trajectory during 2007-2015.

The Kharkivskiy district is the only one which
trajectory of development has nonequilibrium chtea
with constancy of position relatively to the optima
trajectory of development (Fig. 6): during the $tad

period there are years with positive and negative character

dynamics, which constantly change each other. Tthes,

periods of 2004-2006 and 2013-2015 are charactkrize

47

—in 2009 and 2015.

The trajectory of the geodemographic development
of the Izyumskiy district has a nonequilibrium cheter,
and the tendency of distance from the trajectory of
optimal development can be traced (Fig. 7). Thhs, t
period 2002-2004, 2006-2009, 2011-2015 is
characterized by an increase in deviation from the
optimal trajectory. Positive changes are charadrby
the period of 2004-2006. In addition to the lzyuijsk
district, the Kolomatsky, Pervomaysky, Shevcherikjvs
districts are among the regions with a progressive
of geodemographic development and
constancy in relation to the optimal trajectory.
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Dvorichanskiy district
2.94
292 |
2,90 |
2,88 |
2,86 |
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278 |
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2.70 |
2,68 |
2,66 |

2,64 .
3.3 j4 3.5 36 3.7 3.8 3.9 4.0

projection on an optimal trajectory

deviation from an optimal Krajectory

2004

Fig. 5. Trajectory of geodemographic developmentlodé Dvorichanskiy district of the Kharkiv regior2002-2015
(constructed according to the modeling results)

Kharkivskiyv district
29

2004

e i i P [
S L) 2] -l ca

deviation from an optimal ltrajectory

(%]
(&%)

2.2
456 4.7 4.8 49 5.0 5.1 52

projection on an optimal trajectory

Fig. 6. Trajectory of geodemographic developmenttod Kharkivskiy district of the Kharkiv region, 22-2015
(constructed according to the modeling results)
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Iziumskiv district
3.12

2004
3,10

3,08
3,06
3,04
3,02}
3,00
298
2.96

294

2010 2003

deviation from an optimal ltrajectory

292
2005

2.90
2006

2,88
345 3.50 365 3.60 3,65 3,70 3.75 3.80 3.85 3,90

projection on an optimal trajectory

Fig. 7. Trajectory of geodemographic developmenttod Izyumskiy district of the Kharkiv region, 2062015
(constructed according to the modeling results)

The trajectory of the geodemographic development optimal trajectory, except for the period of 2008Q. In
of the Barvinkivskiy district (Fig. 8) shows reggive addition to Barvinskiy district the group of dists with
nature of development. Periods of 2005-2006, 2008-a regressive nature of geodemographic developnmeht a
2009 and 2011-2014 are periods of progressiveconstancy of the situation relatively to the optima
development, 2002-2005, 2009-2011, 2014-2015 -trajectory includes the Bliznyukivskiy, Lozovskiyné
regressive development. Mostly, development is Sakhnovshchynskiy districts.
accompanied by an increase in deviation from the

Barvinkivskiy district

295 2008 2014

2,80

S s 2003

265
2004

deviation from an optimal ltrajectory

2002

3.0 I 3.2 3 34 3.5 36

projection on an optimal frajectory

Fig. 8. Trajectory of geodemographic developmenttod Barvinkivskiy district of the Kharkiv regiorR002-2015
(constructed according to the modeling results)

49



2018

Yaconuc coyianbHo-eKkoHoMIYHOI 2eo2pagdii

sunyck 25

For the Kegichevskiy district (Fig. 9), the traject

2010 characterize by negative dynamics both rimge

of the geodemographic development has a regressiveof approximation and deviation from the optimal

character: during the studied period there is @Rard
movement" along the optimal trajectory of developime

trajectory of development. The Kegichevskiy and
Pechenizkiy districts are characterized by a resjyres

except for the periods of 2007-2009 and 2013-2014nature of trajectories of geodemographic develogmen

when there is progressive development. Periodsesinc with

a distance from the optimal trajectory.

2,52

Kegichevskiv district

2015

2014

2,90 |

M
oo
==

2013

%]
o
=31

%]
o
B

M %]
| o
oo [=1]

deviation from an optimal ltrajectory
ra M
- [
o P

2007

272

2002

3.65 3.70 315 3.80

3.85

projection on an optimal trajectory

3.90 355

Fig. 9. Trajectory of geodemographic developmentloé Kegichevskiy district of the Kharkiv regionp@2-2015
(constructed according to the modeling results)

Thus, seven types of districts of the Kharkiv regio
with  distinctive  features of trajectories  of
geodemographic development can be distinguishey (Fi
10):

- progressive character of geodemographic
development and approaching the optimal trajectibry
Balakliyskiy, Borivskiy, Valkivskiy, Velikobrurlutkiy,
Vovchanskiy, Zachepilivskiy, Krasnokutskiy,
Kupyanskiy, Novovodolazhskiy, Chuguevskiy distrjcts

- progressive character of geodemographic
development and stability of the situation in relatto
the optimal trajectory (the  Bogodukhivskiy,
Dergachivskiy, Zolochivskiy, Zmiivskiy districts);

- nonequilibrium character of geodemographic
development and approaching the optimal trajectibry
Dvorichanskiy and Krasnogradskiy districts);

- nonequilibrium character of geodemographic
development and stability of the position relatyd the
optimal trajectory (the Kharkivskiy district);

- nonequilibrium character of geodemographic
development and distance from the optimal trajector

(the I1ziumskiy, Kolomatskiy, Pervomaiskiy,
Shevchenkivskiy districts);
- regressive character of geodemographic

development and stability of the situation in relatto
the optimal trajectory (the Barvinckiy, Bliznyukkig,
Lozovskiy, Sakhnovshchynskiy districts);

- regressive character of geodemographic

50

development and distance from the optimal trajgctor
(the Kegichevskiy and Pechenizkiy districts).

The previous studies indicate that there is a
significant territorial differentiation of demograip
potential [12] within the region, in particular c@rning
cities and districts. Especially, the highest digance of
demographic potential has the Dergachivskiy and
Chuguevskiy districts, above the average the
Kharkivskiy, Zmiivskiy and Valkivskiy ones. Four of
these districts are characterized by progressatere of
the trajectory of geodemographic development witiée
Kharkivskiy district is nonequilibrium. It happedsie to
large population (this is the largest administmatilistrict
in Ukraine), significant migration indicators anbeir
dynamic change. The lowest indicators of demogr@aphi
potential are in the Kolomazkiy, Bliznyukovskiy and
Barvinskiy districts which are in depression by e
indicators. The stated is confirmed by certain &mies
— the created trajectory has regressive charadtah
indicates aggravation of demographic problems. The
constructed trajectories are a convenient analgsisfor
determining phases of development, monitoring and
expanding the possibilities of social managemetie T
application of the method of modeling of developmen
trajectory has made it possible to establish spatia
temporal features, it generally includes a widegeanf
information about the demographic process in the
context of the districts of the region.
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Types of districts
of the Kharkiv region with distinctive features of
trajectories of geodemographic development

E _ progressive character of geodemographic development and
approaching the optimal trajectory
m _ progressive character of geodemographic development and HEEEE _ nonequilibrium character of geodemographic development and
stability of the situation in relation to the optimal trajectory distance from the optimal trajectory
_ nonequilibrium character of geodemographic development and @ _ regressive character of geodemographic development and
4 approaching the optimal trajectory stability of the situation in relation to the optimal trajectory
_ nonequilibrium character of geodemographic development and E _ regressive character of geodemographic development and
& stability of the position relatively to the optimal trajectory distance from the optimal trajectory

Fig. 10. Grouping of districts of the Kharkiv regioaccording to the features of the geodemograph&velopment
trajectory, 2002-201%constructed according to the modeling results)

Conclusions.The normalized multidimensional pa- of indices of statistical parameters and the inaddx
rametrezad space is a convenient medium for amglyzi development homogeneity. They have unambiguous
various characteristics of the social geographical interpretation and reflect different aspects of iaoc
process. In particular, modeling of a real trajectf the development. Modeling of development trajectorias h
socio-geographical objects' development and coimpar already been applied to social infrastructure netefd],
it with an optimal trajectory makes it possiblest@luate competition [2], demographic development [8] reseac
the main parameters quantitatively and qualitagivel etc. Modeling of development trajectories completsen
projection to the optimal trajectory and deviatfoom it. traditional research methods. It is a convenient to
Interpretation of these parameters creates pretionsli  the study of time features, establishment of phades
for optimization of development, adjustment of progressive and regressive development, taking into
managerial decisions and the fastest achievemetiiteof account a large amount of output data. It allowddfine
expected result. The use of multidimensional sgace a clear perspective, to model and predict further
classification of social geographical objects and development, to plan the pace of development. dise
processes allows to analyze state and dynamiclseaf t a convenient monitoring tool; it also helps to depe
development by such systemic indicators as the affea scientifically-based management measures, etc.
the object's projection on the plane, sum or avexadue
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