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STUDY OF THE ELEMENTARY BASE OF THE SETTLEMENT SYST EMS

The article analyzes current changes that occuthim elementary structure of the settlement systerdsalso reflects the
methodology of their study. Special attention iglfga the methodology of studying the directioryadind intensity of relations be-
tween the settlements, dynamics of reciprocal dpuwatot of the settlements in the system, homogeategtge of the network of
populated areas. All of the abovementioned pravale opportunity to establish the boundaries ofgblement system and allo-
cate the nucleus of the system in the future. tiga®on of the development level of the settlesidanhctions is the foundation for
the establishment of their role in the settlemgsteim, particularly the centrality or peripheraliof the settlement.

Key words:settlement system, nucleus of the settlement systgmlated area, network of settlements, populatibsettle-
ments, rank, graphical model.

Jleca 3acmaseyvka. BABYEHHA ETEMEHTAPHOI FA3H CHCTEM PO3CEJIEHHA. V cmammi npoananizosano cy-
yacwHi 3MiHU, AKI 6i00Y8AIOMbCS 6 eNeMEeHMAPHITE CIPYKMYPL CUCMEM PO3CENeHHsl, d MAKOIC 8I000PANCEHO MEMOOUKY IX BUBUECHHS.
Ocobnugy ysazy npuoineno memoouyi 6UUeHHs CNPAMOBAHOCTNI MA THMEHCUBHOCMI 36’ A3Ki6 MIdC NOCeNeHHAMU, OUHAMIKU 83AEMHO-
20 pO36UMKY NOCeNeHb ) cucmeMi, CmyneHs 0OHOpiOHOCMI Mepedci HaceNlenux nyHkmis. Bce ye oae 3mo2y 6 nooanvuiomy ecmaro-
BUMU MedJICi cucmem po3cenientsl, UOKpeMumu s10po cucmemu. JJocaiodcenns pieHs po36umKy QYHKYIU noceieHb € 0CHOB0I0 Oilst
6CMAHOGIEHHS IX PO Y CUCMeMI PO3CELeHHsL, 30KpeMa YEHMPATbHOCIMI Y nepughepitinocmi nocenenHs.

Knrouoei cnoea. cucmema PO3CeIenH, ;zc)po cucmemu po3CeleHHns, Hacenenul NYHKmM, Mepeodica nocejenb, JIHOOHICb noce-
JIeHb, paHe, epag-mooens.

Jleca 3acmaseyxasn. H3YYEHHE JJIEMEHTAPHOH FA3BI CHCTEM PACCEJIEHHA. B cimambve npoananusupoea-
Hbl CO6PpEMEHHble USMEHEHUA, KOmopble npoucxoc)ﬂm 6 3.716M€HmapH012 CmpyKmype cucmem pacceienus, a maxatce ompadsdiceHo me-
moOuKy Ux u3ydenus. Ocoboe snumanue y()ejZEHO Mmemoouxe Uu3y4enus HanpaejleHHocmu U UHmeHcusHocmu ceszell Me:)fC()y noceie-
HUAMU, OUHAMUKU 83AUMHO20 paseumus nocenenuil 8 cucmeme, cmeneHu OOHOPOOHOCWH,{ cemu HACEeleHHblLX NYHKMO8. Bce smo no-
360/151em 6 OdallbHeluem ycmaHoeumos cpaHuybl cucmem paccelenus, 8bl0eI UMD }deocucmeMbl. Hcceneoosanue YPOBHA paseumus
qbynmgm? nocenenull s615emcsi OCHO80U O YCMAHOG/IEHUA UX POJU 8 CUCMEMe PACCEeIeHUsl, 8 YACMHOCMU YeHmpalbHOCmu Uiu ne-
pugeputinocmu noceieHus.

Knroueswvie cnosa. cucmema paccenenus, ;zc)po cucmembvl pacceilenus, HacenenHbll NYHKmM, cenbv noce.aeHuzZ, HacejleHue no-
cenenull, paue, 2pagh-mooens.

Setting of a problem in general terms.Nowa- country, interregional (regional) center — popudateea
days social and economic processes have led tarmgeh  of the vast region, regional center — populatezhsmof
in the functions of the settlements in the settletnsys- the administrative area, district center — popdaeeas
tems of different ranks, directionality and intepsof of the administrative district. Territorial systethat are
relations between the settlements in the systemusda- developed around the administrative centers, anegbe
ries of the territorial settlement systems (esphcat a delimitated mostly by administrative boundaries.
grassroots level), to the disintegration of margsgroots Somewhat different situation is with the grass-

systems, therefore, it is important to examine ghtre roots settlement systems, which are developed droun
set of populated areas of the territory under studythe the “local” centers — towns and large rural setdets.
network of settlements. Area of their influence is being determined by pei-
Analysis of the recent research and publica- odic and daily labour, production, social, inforioatl
tions. Studies of the structure of settlement systems andand other ties. The lower the rank of the systenthis
problems of delimitation of their boundaries in thed- closer and more constant its ties with the periplaee.
ern period are reflected in the works of K. Niemets The boundaries between the settlements are being
L. Niemets, K. Mezentsev, Yu. Pitiurenko, D. Tkach, established based on the study of the directignalitd
O. Topchiiev, O. Shablii and etc. intensity of the ties between them. The importaie in
Statement of the main investigation material.  this plays the definition of the potential indicet®f the
Territorial settlement systems of any taxonomickran settlement field, which characterize the attractidrihe
constitute an integral combination of populatecharand population within the certain territory. They areter-
their territorial unities, which are united by meaaf mined according to the Stewart’s formula [4, p.30].
settlement ties. One of the important featuresheké d

1

systems is the presence of the nucleus, whicheisnist Vi=H. Zf—‘
developed in the socio-economic terms of the seti, =1 1)
and also the existence of the so-called periphery. where:V; — potential of the settlement field for the

The nuclei or the central settlements, due to their settlement;
social and economic potential absorb the surrogndin H; —number of population of th¢settlement;
settlements to the area of their influence. Andrifee  Hi—number of population of theé-settlement;
powerful the populated area is, the larger perighter- ~ d; —distance between tfi@ndi settlements;
ritory it has (settlements that are in the areghefinflu- n —number of settlements.
ence of the nucleus). Thus, the capital coverstdypr- Calculated according to the separate populated

ganizational and economic, informational, cultuaaid areas indicators of their demographic potentialziag
educational and other ties all the populated aoédhe mapped and joined by contour lines.
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“Statistical relief’, which has been formed, re- score scale for the evaluation of the urban andl eet-
flects the potential territorial impact of the #ments tlement functions. Study of the development leviahe

and their engagement into the territorial settletsys- settlements’ functions is the foundation for thdéabs
tems. lishment of their role in the settlement systenttipa-

Taking into consideration the fact that besides the larly the centrality or peripherality of the settient.
demographic potential, the nuclei have also indalstr Dispersion of settlements and the average dis-
and social ones, K. Mezentsev suggests to use ¢fie-m tance between the populated areas are among ttié-sig
od of superposition of maps of statistical surfackse- cant factors for the analysis of the mutual arramgyet of

settlement field potential, industrial activity Ifle and the settlements. These indicators characterizeloitee-

public service field in order to allocate the nudéthe tion of the settlements on the territory, their oaitand

macro regions. topological parameters. Representing the measure of
For the delimitation of macro-regions (including concentration of population, the dispersion is feile-

the inter-regional settlement systems), K. Mezentse termined from the following formula:

applies the Thiessen polygons method [1, p.15-16], R 100xS
which can also be used in the process of regicettles T d 2
ment systems delimitation. where:R — index of dispersion;
Since modern social and economic processesS— number of settlements;
have led to a change in the boundaries of thetdeiai d — average level of population of the settlements.
settlement systems (especially at the grassroeét) Jeo This index can be determined both for all the set-
the disintegration of many grassroots systems etbes tlements of the network and for the urban and rees
it is important to examine the entire set of poprdaar- tlements separately.
eas of the territory under study, i.e. the netwoflset- Average distance between the populated areas is
tlements. being determined from the following formula:
In order to begin the study of the settlement net- [F
work, it is important to allocate the populated aere- 5= —
“geospatial integrated and dense conglomeratiquopf Y3p (3)
ulation together with its life-sustaining activiie [5, where:S— average distance between the settlements;
c.186], and only after that — their parameterization F —area of the territory;
(quantitative and qualitative characteristics). p — number of population of the settlement. _
Main quantitative parameters of the populated ar- For the calculation of the degree of homogeneity

eas include their population, size of the terrifayey ~ Of the certain system populated areas networkrigtist
determine other quantitative and qualitative patanse  'egional) the indicator of entropy is also beingedis
of the settlements. Thus, according to the pedtiéiarof (Shannon’s formula):

life activities one can distinguish rural and urtsattle- H - il

ments. Rural settlements are divided into small tup 4 Ot Pi 4)

500 inhabitants), medium (500-1000 inhabitants) and =

large (more than 1000 inhabitants); urban settlesnare
divided into small (up to 50,000 inhabitants), nexi
(50,000-100,000 inhabitants), large (100,000-500,00
inhabitants), extra-large (500,000-1000,000 intzatig),

where:H — indicator of entropy;
p;— possibility of thei-system status;
n— number of system statuses.
Clark’s index is being used for the determination
of the regularity of the settlements network (R):

cities with a million plus population (more than R

1000,000 inhabitants). In each of these groups [tas- R=--4

sible to distinguish subgroups, depending on thrpgre R (5)

of the study, thus, the group of small villages bandi- where: R — average distance between the populated area
vided into isolated farmsteads (up to 100 inhaltsfan zA

. o p,-x4 _

and the group small towns can be divided into eettl and its closest neighbor® = N, where:A- area of the
ments with the level of population up to 10,000apk  territory, N-number of populated areas.

tants: 10,000-20,000 inhabitants and 20,000-50j600 Re — average distance between each populated area and

habitants. All of them have a number of significalift its neighbor with the random distribution of popata
ferences in the internal geospatial organizatiamcf  areas at equal density:

tional structure, role in the settlement systemhbjciv REZL—

were formed during the settlement process. Factors, N

which determine the settlement processes, priméniy i vA ) (6)

regional ones, have a significant influence upan gét- Besides the abovementioned indicators, settle-
tlement network parameters. ment and population density, level of urbanizatiprg-

One of the most important factors is the territoria Portion of the nucleus in the population of thetsys

community of people, which is revealed throughlthe etc., are essential for the district and regioedtlesment
el and type of territory development. It determirtes systems. In order to establish the dynamics oprecal

peculiarities of functioning of settlements, theystem- ~ development of the settlement in the system, iinjsor-
forming ability. It is advisable to carry out theudy of tant to calculate the dependence between the ratlileo

these features by the procedure of Yu. Piturergyy) ~ Populated area in the system and its populafibnis
and D. Tkach (1997), who have offered and used thePreferable to take urban settlements for the calior),
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the so-called Zipf's formula:
logH; =logC —alogj )

where: C — coefficient, which is equal to the estimated

population of the first city in the system;

a — slope ratio of the regression line in logaritbahi

coordinates;

j — rank of the city according to the actual pogatat
Calculations, carried out according to this for-

mula at different periods, provide an opportunityre-

veal the contrast ratio of the development of theleus

and all other settlements of the system.

Since the separate parameters of the populated ar:

eas are connected by various links, in order teakv
them it is preferable to use correlation indexexh lpa-
rametric and rank (non-parametric). Parametric edafr
tion indicator shows the relationship between the t
guantitative parameters (for example, the dispersib
settlements and their density) or the state ofpibyeula-
tion at certain points in time (census), and icudated
using the following formula:
I G - 1y - 1)

T

n-0y- G'_\. (8)
where:r — correlation index (1» >-1);
X — meaning of the first phenomenon at the

observation;
y; — meaning of the second phenomenon at #he
observation;

»_‘L', y- average value of the phenomena;

Ox, 9y _mean square deviation of the indexasdy;
n —number of indexes.

Correlation for the indexes that are arranged ac-
cording to the rank of quantitative character @aam-
ple, according to the population of systems andrthe
territorial proportions) can be determined from the
Spearmen’s formula:

6%

1=1
nn - 1n + 1 (9)

where:r — indicator of correlation;

X;, ¥i — rank of thei-indicator (=1,2..x) of the first and

second range of meanings;

n — number of indicators in a row (length of a row).

The important role in the study of territorial or-
ganization of the separate settlement systemsdenrdii
fication of the way of combining separate settletaén
the systems plays the model development of these sy
tems. The internal organization of the settleméantse-
se systems is modeled by planar graphs, and tharhie
chic structure — by the graph-trees.

Graphical model reflects linearly-nodal structure
of the settlement (populated areas are the gragilte®
and the roads are the edges). Having simulatedlithe
trict or regional system using the planar graph,ocas
determine which settlements occupy the most advanta
geous or the worst position in the system. For s
calculate the accessibility index of vertices (dibtso
index, Konig's, Bavelash’'s and Beachem’s indexes) a
cording to the methodology of A. Shablii (1984).dw
ing these parameters, one can determine the wag-to
prove the position of a particular area in thelsettnt
system, optimization of the territorial organizatiof the

_ '(IJ' — _\'I':'z

J’"
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entire settlement system as a whole.

The hierarchical structure of the settlement sys-
tems of different taxonomic ranks is being modealsel
ing the graphs in which the root vertex is a ceofethe
systems of higher rank. Using the indexes of thettwi
and depth of the absolute and relative complexitihe
graph, one can determine the structural compleaity
such systems and compare them with each other. Ac-
cording to the theory of graphs, the degree of hwidt
the minimal number of edges going out of one vertex
and the degree of depth is the maximum length ef th
chain from the root to the end vertex. Measurehef t
absolute complexity(D) is determined as a sum of pro-
ductionsd(y)-k(y) where:d(y} number of edges, going
out of the root vertex of the subgragty) — number of
vertices of the subgraph, wherés the root vertex, that
is:

aDy= ) kGn-don)
2k do (10)

Since graphs, which model regional, interregional
and district systems have unequal number of edgess,
more appropriate to compare them upon the indisatbr
the relative complexity of the structure (O. Shiabli
1984):

a(D)-am)
Se = —
where: 3— index of relative complexity;
a(D) — index of absolute complexity;
o(n) - index of minimal complexity@n = 1 In 7).

Based on the analysis of the given indexes, set-
tlement systems of the same rank (for examplepnedi
ones) can be compared with each other.

The fundamental problem of the settlement sys-
tems’ study is the establishment of their developme
type of dynamics. There are three types of suclauayn
ics: increasing centralization, stabilization aneceh-
tralization. An important heuristic means for dataring
the type of dynamics of the systems is the calmriadf
the contrast ratio of the urban settlements offtinetion
system “rank-population” using the Zipf's formul@) (If
the given ratio tends to increase, the centratizatif the
system is enhanced, if it doesn’t change — thenhes
stabilization of a system, and if it is reducedhe tlecen-
tralization of the system happens.

Quantitative parameters of the networks them-
selves do not make it possible to identify the fiadu
ties of combining settlements into settlement syste
Therefore parameterized objects should be systeethti
according to the quantitative and qualitative cbimas-
tics by means of distinguishing their certain kindsd
only after that it is possible to determine certaigulari-
ties and principles of the geospatial organizatbrhe
settlement systems of various taxonomic ranks.

The condition for the rational organization of ter-
ritorial systems is the study of their structurel gamoc-
esses of development. Thus, it is necessary toeptbc
from the general theory of economic and geographica
(economic) space. In the main economic works, where
the rendering of such space is being singled out
(R. Domanskyi, 1965; Yu. Lypets, 1971; M. Chyzhov,
1975; R. Tatevosov and L. Tatevosova, 1977; O. Top-
chiiev, 2000; O. Shablii, 2003; K.Niemets and

(11)
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L. Niemets, 2013), it is considered as the repogitd linear differential equations in individual deriixags.
economic entities. Since the economic objects lavays Based on the concept of the settlement system as
found in the settlements, then this space is aeption the economic and geographical space and geogréphica
of populated areas on a plane. Such concept oflgigou  field, it is possible to determine its charactécstden-
areas as the elements of economic space proviées gr sity, magnitude, potential and etc.), dynamics and
opportunity for the modeling of different kinds,imar- thereby make their extrapolation for the future.
ily for the creation of structural and dynamic mizde The structure of the settlement systems should al-
Since the economic space is multidimensional acdnt  so be considered in vertical aspect. To do this, mec-
be represented as an interaction field of populateds, essary to study the ties between the nuclei obyistem
there are great opportunities for using interactimdels formation and the so-called “periphery” between the
(gravitational, diffusive) and methods of multidime  settlement systems of different taxonomic levelke T
sional mathematical analysis. essential roles here play the cartographic, stateatd
Among the models are those that characterize mathematical methods, and also the theory of graphs
spatial interaction between the phenomena, thoat th (creation of graphical models, the so-called “treds
can be represented by linear and non-linear (pficabo combinations”) and etc.
logarithmic and others) dependencies. It is reasena Conclusions.The application of the described set
apply models of spatial structure of the fieldsjchhare of methods and techniques gives the possibilityhi
the foundation for the IFI-modeling (integral fuioet of fullest extent possible and with optimal effortsdarry
impact) [2]. They include trend analysis, which uigs out socio-geographical study of the modern elemehts
the use of algebraic and trigonometric polynomials  settlement systems, transformation and their fonatp.
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Summary

Lesia Zastavetska. STUDY OF THE ELEMENTARY BASE OFTHE SETTLEMENT SYSTEMS.

Nowadays social and economic processes have lacchange in the functions of the settlements insétde-
ment systems of different ranks, directionality amensity of relations between the settlementhénsystems, bounda-
ries of the territorial settlement systems (esplgcé a grassroots level), to the disintegratiém@ny grassroots sys-
tems, therefore, it is important to examine thererstet of populated areas of the territory undedy i.e. the network
of settlements.

The boundaries between the settlements are beialglished based on the study of the directionalitgl inten-
sity of the ties between them. The important ral¢his plays the definition of the potential indima of the settlement
field, which characterize the attraction of the plagion within the certain territory. They are deténed according to
the Stewart’s formula.

In order to study the network of settlements négessary to investigate the indicators of setti¢mpepulation,
dispersion of settlements and average distanceceetihe populated areas, density of settlementpa@palation, level
of urbanization, proportion of the nucleus in tiopplation of the system and etc. In order to eshlthe dynamics of
reciprocal development of the settlement in theesysit is important to calculate the dependende/éen the rank of
the populated area in the system and its population

The important role in the study of territorial onjgation of the separate settlement systems amdifidation of
the way of combining separate settlements in tlstesys plays the model development of these systEnasinternal
organization of the settlements in these systenmaddeled by planar graphs, and the hierarchic tstrec- by the
graph-trees.

Key words: settlement system, nucleus of the settlement sysiepulated area, network of settlements, popula-
tion of settlements, rank, graphical model.
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