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METHODS AND APPROACHES OF DETERMINING
THE BOUNDARIES OF AGGLOMERATIONS
(BASIC CASE KHARKIV REGION)

Changes in social relations in Ukraine, its transition to a post-industrial society, structural changes in regional development
lead in modern conditions to changes in the territorial organization of society, which directly affects the trends of regional
development. The highest form of territorial organization of society are agglomerations — uban agglomerations. Defining the
boundaries of agglomerations is an important step in the process of studying agglomerations and managing regional development,
because it is necessary to clearly understand the territory to which the administrative influence should extend and the number of city
councils whose activities should be coordinated in implementing regional policy. The purpose of this work is to analyze the existing
methods, approaches and techniques for determining the boundaries of agglomerations, development of an algorithm for establishing
the boundaries of agglomerations and its testing on the materials of the Kharkiv region.

The main theoretical and methodological starting points of delimitation of agglomeration boundaries are presented,
approaches, methods and techniques, their quantitative and qualitative criteria, indicators, etc. are determined. The author 's
algorithm for establishing agglomeration boundaries is substantiated, initial positions, key indicators, coefficients and indices are
indicated. The proposed algorithm was tested on the materials of Kharkiv region. It is established that the Kharkiv agglomeration is
monocentric and well formed. The development coefficient of the Kharkiv urban agglomeration is 30.7, the agglomeration
coefficient is 0.13, the agglomeration index is 0.25, which confirms the high level of development of this agglomeration and the
significant polarizing effect of the city of Kharkiv. The applied indicators of concentration and population density, transport
accessibility, allowed to establish that the Kharkiv agglomeration has a powerful organizational center of development - the city of
Kharkiv, the polarizing effect of which is more pronounced in two districts — Kharkiv and Dergachiv, which form the central zone of
the agglomeration. The center of the agglomeration is connected with remote centers of peripheral areas by radial-radial connections
by transport and other types of connections, which forms an external zone consisting of Bohodukhiv, Valkiv, Vovchansk, Zmiiv,
Zolochiv, Novovodolazk, Pecheneg and Chuhuiv districts. Based on the study, based on the principle of superposition, the author's
vision of delimitation of the Kharkiv agglomeration in 2019 is presented. The zone of influence of organizational functions of the
center extends to a radius of 70 km, but there are significant territorial disparities in the center and periphery.
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The city of Kharkiv assumes most of the functions: administrative, economic, social, infrastructural and recreational, which
to some extent hinders the development of small towns that are part of the agglomeration. The strengths of the Kharkiv
agglomeration are indicated, as well as the priority directions of development are singled out. Given that the Kharkiv agglomeration
is monocentric, and within it, as in the region there is a sharp uneven development of the center and periphery, effective management
and addressing the hypertrophied development of the city, spatial planning and infrastructure development will alleviate this situation
and facilitate the transition of the region. to the polycentric model of spatial organization, respectively, and the reduction of territorial
disparities in the level and quality of life of the population of the Kharkiv region.

Keywords: agglomeration, delimitation, coefficients and indices of agglomeration, superposition principle, settlement system,
regional development, Kharkiv region, Ukraine.

Kamepuna Kpasuenko, Kocmaumun Hemeys, Kamepuna Cezioa, /ltoomuna Hemeun, Onvea Cynmeno. METOAHU TA
HIIXO/1H 10 BU3HAYEHHS MEX ATTIOMEPAIIIH (HA IIPHUKIAJI XAPKIBCBKOI OBJIACTI)

3MiHa CyCHUIBHUX BITHOCHH B YKpaiHi, i mepexix 0 MOCTiHAyCTPiaIbHOTO CYCIIIBGCTBA, CTPYKTYPHI 3pYIICHHS y perioHa-
JFHOMY PO3BHUTKY HPHU3BOIATH B CYJaCHUX yMOBax J0 3MiH Y TEpPUTOpiaNIbHIN OpraHi3amnii CycHiIbCTBa, 0 Oe3MocepeJHEO BILTUBAE
Ha TEHJIeHIII] perioHaJbHOTO po3BHUTKY. HaiiBuImoro ¢opmoro TepuTopianbHOI OpraHizamii CycIIbCTBa € arjIoMeparliifHi yTBOpEeHHS
— MICBKI arjiomepariii, BU3HaUSHHsI MEX SKUX € BKINBUM €TaIloM y IPOIeCi JOCIIDKEHHS arjIoMepaliifHiIX YTBOPEHb Ta yIpaBIliH-
Hi perioHaJbHUM PO3BUTKOM. AJDKE HEOOXiZHO YITKO YCBIIOMIIIOBATH OCOOJHMBOCTI TEPHUTOpii, HA SKY MMOBHHEH MOUIMPIOBATHUCH
YHPaBIiHCHKUN BIUIMB, Ta KUIBKICTH MIiChKpal, AISUTBHICTH SKMX HEOOXIJHO Y3rOMKyBaTH NPH peallizamii perioHaJbHOI HMONITHKH,
CHPSIMOBAHOI Ha KOMIUICKCHAH PO3BUTOK IEBHOI TEPUTOPiabHOI OAWHHLI. MeTOI POOOTH € aHaNi3 iCHYyIOUHX METOJIB, MiAXOIiB Ta
METOJAUK ISl BU3HAYCHHS MEX arioMeparliii, po3poOKa anropuTMy BCTaHOBJICHHS il MeX Ta Horo ampo0aris Ha Marepianax XapKiB-
cbKoi 00acTi.

[IpencraBieHO OCHOBHI TEOPETHYHI Ta METOJWYHI BHUXIiJHI MOJOXKCHHS JEMIMITAIlil MEX arioMepalliii, BA3HAYCHO MiAXOIH,
METOH Ta METOAMKH, IXHI KIJIbKICHI Ta sSIKICHI KpUTepii, MoKa3HUKU Tomo. OOIPYHTOBAHO aBTOPCHKHI alTOPUTM BCTAHOBIICHHS MEX
aryoMeparii, 3a3Ha4€HO BHXIiJHI OJOXKESHHS, KITIOYOBI MOKA3HUKH, KOeillieHTH Ta iHIeKCH. 3apornoHOBaHUI alNropuT™ arpodoBa-
HO Ha MaTepianax XapkiBcbKkoi obyacti. Beranosneno, mo XapkiBcbka arjaomepariis € MOHOLIGHTPUYHOIO Ta JIOCTaTHBO Jo0pe cdo-
pmoBaHoto. KoedimieHT po3BuHEHOCTI XapKiBchKoi MichKoi armomeparii ckinanae 30,7, koedimieHT armomepatuBHocTi — 0,13, iHAEKC
arnmomepatuBHOCTI — 0,25, 10 MiATBepAXKYe BUCOKHMIA PiBEHb PO3BHUTKY JAHOI arjoMeparii Ta 3HauHy MOJIpU3yovy Iifo Micta Xap-
KiB. 3aCTOCOBaHI MMOKa3HUKH KOHIICHTPAIIi]l Ta TYCTOTH PO3CENCHHS HACEICHHS, TPAHCIIOPTHOI TOCTYIHOCTI, JO3BOJIIIN BCTAHOBHUTH,
o XapKiBchbKa ariioMepallisi Ma€ MOTYKHUH OpraHi3auifHui LHEHTP PO3BUTKY — MICTO XapKiB, MOJSPU3YIOYa Jisl SIKOTO Yy OLTBbIIii
Mipi TPOSBISETHCS B JIBOX palloHaX — XapKiBChbKOMY Ta JlepradiBcbkoMy, siki i GOpMYyIOTh IIEHTpalbHY 30HY ariomepaiii. Pamians-
HO-TIPOMEHEBUMH 3B’SI3KaMU LIEHTp arjioMepaii CHoJNy4aeThes 1 3 BiJaJeHHUMH LEeHTpaMu nepudepiiiHnx paloHIB TPAaHCIOPTHUM
Ta IHIIUMH BUJAMH 3B’SI3KiB, 110 i (hopMye 30BHILIIHIO 30HY Y CKiaai boromyxiscekoro, BankiBchkoro, BoBuaHChkOro, 3MiTBCHKOTO,
3onouiBcekoro, HoBorogonasekoro, [ledenizbkoro Ta UyryiBchbkoro paiioHsiB. Ha OCHOBI MPOBEACHOTO IOCHTIKECHHS, BUXOASIYH i3
TIPHUHIIMITY CYTIEPIIO3UIIii, IPECTaBICHO aBTOPChKe OadeHHs AeiMitarii Mex XapkiBchkoi armomeparii y 2019 p. 3oHa BIumBy op-
rafizaiiifanx QyHKIIH IEHTPY PO3MOBCIODKYEThCA Ha pazaiyc 70 kM, aje iCHYIOTh 3HaYHI TEPUTOPiaibHi AUCIPOIOPII PO3BUTKY
LEeHTpa Ta mepudepii armomeparii.

Micro XapkiB mepeTsrye Ha cebe OUIbLIiCTh QYHKIIIH: YIPaBIiHCEKY, EKOHOMIUHY, COLialbHY, iIHQPACTPYKTYpHY Ta peKpea-
LiifHy, 0 TIEBHOIO MIpPOI0 CTPHMYE PO3BUTOK MAJIMX MICT, IIO BXOIATH A0 arjomeparii. 3a3Ha4yeHi CHIIbHI CTOPOHHM XapKiBCHKOT
aryioMepartii, a TaKo>X BUOKPEMJICHI IPIOPUTETHI HANPsIMU PO3BUTKY. 3 OISy Ha Te, o XapKiBChKa arioMeparisi € MOHOLIEHTPHY-
HOIO, 1 B T1 Meax, 5K 1 B 00J1aCTi, MPOCIiJKOBYETHCS Pi3Ka HEPIBHOMIPHICTh PO3BUTKY IIeHTpa Ta nepudepii, epeKTHBHE YIPaBIiHHS
Ta BUPILICHHS MUTaHb TinepTpodoBaHOro0 pO3BUTKY MICTa, INIAHYBAHHS TEPUTOPIi Ta iHYPACTPYKTYPHOTO PO3BUTKY JO3BOJIUTH 3Hi-
BEJIOBATH JIaHY CUTYAIIIIO0 Ta CIPUSATH IEePEeXoay 00JacTi O MOIEHTPUIHOI MOJIENI IPOCTOPOBOI OpraHi3alii, BiIOBiAHO i 3MeH-
[ICHHS TEPUTOPiaTbHUX AUCTIPONOPIIN PiBHS Ta SKOCTI KHUTTS HACEIEHHS XapKiBChKOTO PETioHy.

Knrwuoei cnosa: armomepartisi, nemimitaris, KoeQimieHTH Ta 1HIEKCH arjJOMEpaTHBHOCTI, MMPUHIMII CYNEPHO3HUIIii, cucTeMa
po3ceneHHsl, perioHaJbHUI PO3BUTOK, XapKiBChKa 00JacTh, YKpaiHa.

Examepuna Kpasuenko, Koncmanmun Hemey, Examepuna Cezuda, /lvoomuna Hemey, Onvea Cynmeno. METO/[bl U
ITOJIXOAbI K OIPEJEJIEHHIO TPAHHUI] ATJIOMEPAIIHH (HA IIPHMEPE XAPbKOBCKOH OBJIACTH)

M3MeHeHHe 00IIECTBEHHBIX OTHOIICHUH B YKpauHe, e Nepexo K MOCTHHAYCTPUAIbHOMY OOLIECTBY, CTPYKTYPHBIE C/IBHTH
B PETHOHATBEHOM PAa3BUTHH IIPUBOAAT B COBPEMEHHBIX YCIOBHAX K M3MEHEHHSM B TEPPHTOPHAIBHONW OpraHHU3aI[MU OOIIECTBa, YTO
HETIOCPE/ICTBEHHO BIHSET HA TEHACHIMH PETHMOHAIBHOTO Pa3BUTHS. Bricmieil gopmoil TeppuTopHanbHOil opraHm3anun o0mecTBa
SIBIISIETCSL arJIOMEpalOHHbIe 00pa30BaHMsl — TOPOJICKUE arJIOMEPAIiH, ONIPeIeNICHNe TPAHUI] KOTOPBIX SIBIISCTCS BaKHBIM JTAlloM B
IpoIiecce NCCIEAOBAHMS arJIOMEPAIIMOHHBIX 00pPa30BaHMI U yIIPABICHNH PETHOHAIBHEIM pa3BUTHEM. Benb HE0OX0IiMO 4eTKO 0co-
3HaBaTh 0COOCHHOCTH TEPPUTOPHH, Ha KOTOPYIO JOJDKHO PacpOCTPAHATHCS YIPaBIIONIEe BO3ACHCTBIE, H KOJIUYECTBO TOPCOBETOB,
JACATEIIBHOCTE KOTOPBIX HeO6X0}11/IMO COTJIaCOBBIBaTh IPH peain3aliuu peFI/IOHaJTbHOﬁ IMOJINTHUKU, HaﬂpaBJ’[eHHOﬁ Ha KOMIIJICKCHOC
pa3BHUTHE OIPE/ICIICHHOMN TepPUTOpUaIbHON eMUHUIBL. Llenpio paboThl SIBISIETCS aHAIN3 CYIIECTBYIOIINX METO/IOB, MTOJXOJ0B U Me-
TOJHK ISl OTpE/esIeHHs] TPAHUL] aryioMepaluii, pa3paboTka alropuTMa yCTaHOBJICHHSI TPAHMIl arjoMepalyy U ero amnpodarus Ha
Marepuanax XapbKOBCKOil 00acTH.

[IpencraBieHbl OCHOBHBIE TEOPETHYECKHE M METOAMYECKHE HMCXOIHBIE MOJOXKECHUS IeNMMHTAlUH TPAaHMI] arjoMeparui,
OTIPEIENeHBI OAXO0/IBI, METOIB M METOIMKH, NX KOJINYECTBEHHBIE U Ka9YeCTBEHHBIE KPUTEPHH, TTOKa3aTeNH 1 ToMy mojgobHoe. O6oc-
HOBaH aBTOPCKHH aJTOPUTM yCTAHOBJICHUS TPAHHMI] arJIOMEpaIiu, ONpeelIeHbl HCXO/HbIE IOJIOKEHHS, KII0UEBBIe TOKA3aTeNH, KO3-
(G durrents! n nHAEKCH. [IpeoKeHHbIH aIropuT™ anpoONPOBaH Ha MaTepranax XapbKOBCKOH 00JIacTH. Y CTaHOBIICHO, YTO Xaphb-
KOBCKasl arjoMepanys sABIseTcs MOHOLIEHTPHYECKOH 1 10CTaTo4YHO Xopoo chopmupoBaHHoi. Koadduiment passuroctun Xapbko-
BCKO# ropojckoii arnmoMepanuu coctasiseT 30,7, koaddurment arnomeparusuoctr — 0,13, nunnexc arnomepatusHoctd — 0,25, uto
MOATBEPKIAECT BBICOKMN YPOBEHb Pa3BUTHsA IJAHHOM arjioMepalyy W 3HAUYMTENIBHOE MOJIIpU3YIoLlee NeHCTBHE ropoja XapbKoBa.
ITpumeHeHHbIE MOKa3aTeN KOHIEHTPAIMU U INIOTHOCTH PAcCENICHUs] HACENICHUs], TPAHCTIOPTHON JOCTYITHOCTH MO3BOJIMIM YCTaHO-
BUTBH, YTO XapbKOBCKasl arjioMepars MMeeT MOIIHBIM OpraHW3allMOHHBIM LEHTP Pa3BUTHS — ropo] XapbKoB, HOJSPU3HpPYOIIee
JIeWCTBUE KOTOPOTO B GOJNBINCH CTENEHH IPOSBISIETCS B JIBYX paiioHax — XapbKOBCKOM M JlepraueBCKoM, KOTOpbIE U (pOpMHPYIOT
LEHTPAJIbHYIO 30HY arjioMepanuy. PaanaabHO-ITydeBEIME CBSI3SIMH LICHTp arJIOMEpalii COYETACTCS U C YAAICHHBIMH IIEHTPaMHU
nepuepuiHBIX PaifoHOB TPAHCIOPTHBIM U APYTUMH BHIAMH CBsi3ell, 1 (OpMHpYeT BHEIIHIOIO 30HY B cocraBe boromyxosckoro,
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Basxkosckoro, Bomuanckoro, 3muesckoro, 3osoueBckoro, HosoBogonaxckoro, [leuenexckoro u Uyryesckoro paiionoB. Ha ocHoBe
MIPOBEAECHHOTO MCCIEIOBAHMA, UCXO U3 MPHUHIMIIA CYNEPIO3UINHY, IPEJCTABICHO aBTOPCKOE BUACHHE IEIMMHTAIUHU IpaHULl Xa-
pBKOBCKOH arimomepar B 2019 roxy. 30Ha BIMSHHS OpraHU3alMOHHBIX (QYHKIMH IIEHTpa pacipocTpaHsercs Ha paguyc 70 kM, HO
CYIIECTBYIOT 3HAUUTEIbHBIE TEPPUTOPHATBHBIE AUCTIPOTIOPIIMHI Pa3BUTHS LICHTPA U ITepU(EprH ariIoMeparniH.

Tlopoxn XapekoB nepeTsruBaeT Ha ce0st OOMBIIMHCTBO (DYHKIMIA: YIpaBIeHUECKYI0, SKOHOMUYECKYI0, COLHANbHYI0, HHppac-
TPYKTYPHYIO U PEKPEalMOHHYIO, YTO B OIPE/EICHHON CTEIICHU CIEPKHUBACT Pa3BUTHE MAJIBIX TOPOJOB, BXOASIINX B arJIOMEPaLHIo.
Vka3aHHbIE CHIIBHBIE CTOPOHBI XapbKOBCKOH arjoMepanuy, a Takke BBIAEIEHbI IPHOPUTETHBIE HATIPABICHUS PA3BUTHA. Y UUTHIBAS
TO, 4TO XapbKOBCKas arJIoOMepalys SBISETCS MOHOLEHTPHUECKOH, U B €€ MpefieNiaX, Kak U B 00JIaCTH, MPOCIEkKHUBAETCS pe3Kasi Hepa-
BHOMEPHOCTb Pa3BUTHUS LEHTpa U nepudepun, s3phekTHBHOE yNpaBiIeHHE U PEIICHHE BONPOCOB THIIEPTPOGYHPOBAHHOTO PAa3BUTHS
ropoja, MIaHUPOBKA TEPPUTOPHU U MHOPACTPYKTYPHOTO Pa3BUTHS MO3BOJIHUT HUBEIUPOBATh JAaHHYIO CHTYaIlMIO U CIIOCOOCTBOBAaTh
nepexoay 00JacTH K MONUIEHTPUIECKOI MOJIe MPOCTPAHCTBEHHOH OpraHU3alluy, COOTBETCTBEHHO M YMEHBIICHUE TEPPUTOPHATIb-
HBIX JUCIPONOPLUM yPOBHS U KaueCTBa KU3HHU HaceJIeHUs! XapbKOBCKOI'O pErUOHa.

Knroueswvie cnoga: arnomeparys, JeauMHUTanus, Ko3(QQUIMEHTH U HHAEKCH arJoMepaTHBHOCTH, NPHHIHAII CYTePIIO3ULIUH,
CHCTEMa PacCeNeHHMs], pETHOHATIFHOE pa3BUTHE, XapbKOBCKas 00yacTh, YKpanHa.

Problem  definition.  Contemporary  socio-
geographical research aims at a comprehensive analysis
of the object of study in order to determine the optimal
opportunities for its development. When studying the
current state of development of the region and
forecasting its further evolution, it is extremely
important to identify the features of the territorial
organization of society, which directly affects the state
and trends of economic development of the region.
Territorial ~ organization of the population s
differentiated by different forms of settlement:
settlement systems, isolated settlements and more.
However, the higher the level of territorial organization
of the population, the usually more successful is the
development of the territory, because the settlement of
the population is influenced by the historical features of
the region, the resource potential of the territory and so
on.

The highest form of territorial organization of
society are agglomerations — urban agglomerations.
Agglomerations are formed directly in those areas where
the level of self-organization of the settlement system is
extremely high, there is a clearly defined center (or
several), there is a high level of economic development,
there is a strong transport network. In Ukraine, the
largest agglomerations of the same name are located in
Kyiv, Kharkiv, Dnipropetrovsk and Odesa regions. All
four regions are distinguished by the above features.
However, the presence of agglomeration is not a
guarantee of further intensive development of the region,
but indicates the economic capacity of the region in the
past and present.

Despite their synergistic nature, for further
evolution, agglomerations must be moderately
controlled, that is, to act as an object of municipal
government. However, it is extremely difficult to
determine the boundaries of the agglomeration in most
cases, as the organizing influence of the center may
extend far beyond the suburban area or first-level
neighboring areas. Thus, defining the boundaries of the
agglomeration is an important step in the study of
agglomerations and  management of  regional
development, because it is necessary to clearly
understand the territory to which the administrative
influence and the number of city councils, whose
activities must be coordinated in implementing regional
policy units.

Analysis of previous research. Defining the
boundaries of the agglomeration is important for creating

a strategy for its development, implementation of
management decisions, the study of socio-economic,
infrastructural and environmental issues. Also, the
delimitation of the agglomeration is important for its
spatial and statistical analysis, study of territorial
structure and assessment of quantitative indicators (such
as population, index of concentration of production,
etc.).

The issue of delimitation of agglomeration
formations is revealed in the works of many domestic
and foreign researchers. In particular, Rosenthal S. Stuart
and Strange C. William propose to establish boundaries
based on the Ellison-Glaeser index, to calculate the level
of spatial concentration among industries at the county
or state level. The Ellison-Glaeser index depends on both
the geographical distribution of employment and the
intra-industrial ~ distribution  of employment to
institutions. The authors focus on the three micro-
foundations of the agglomeration that were most
common in the theoretical literature: surplus knowledge,
labor market integration, and investment exchange [17].

Bolshakov V. [3] offers a method that consists of
three main stages:

e determination of the main municipalities with
the help of population data (identification of urban areas,
or so-called "urban clusters of high density" in the study
region) (the study takes place without taking into
account the administrative-territorial division);

e inclusion of adjacent territories belonging to the
same functional urban zone, as it is established that
urban settlement cores have an organizing influence;

o definition of deep areas (suburban areas)
bordering on densely populated municipalities are united
around urban nuclei. The final stage of implementation
of the methodology is to determine the deep areas of
agglomerations (suburban areas) [3]

Morphological and functional approaches are used
to measure the spatial structure of Skadins T. settlement
systems. The most significant difference of opinion in
the academic discussion is to establish a starting point
for determining the boundaries of the urban
agglomeration: only functional or only morphological
aspects of the settlement system, whether to use their
combination [4].

The morphological approach is mostly based on the
urban spatial structure, defined as a built-up environment
in terms of land use. Therefore, spatial data is key to this
approach. It can also be defined as a statistical or
guantitative perspective. Population density is also
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regularly used. General populatio9n measurements are
also important for both the main part and the whole
agglomeration. Migration indicators (eg net migration)
were also used. Transport accessibility has always been
an important morphological indicator in agglomeration
studies. This is somewhat at odds with the approaches of
other researchers, in which the distance to the routes is
mainly used as a functional indicator. Instead, the
functional approach is based on different socio-
economic characteristics of the settlement, which
analyzes the functional relationships within a particular
management system. This approach is used more often
than morphological, and because socio-economic data
are incredibly important, many studies use different
social and economic (active) indicators and their
thresholds [20]. These can be indicators of GDP, number
of jobs, incomes, information on taxes and more.
However, depending on the individual characteristics of
a country's development, the thresholds may change. All
suburban routes and the motivation of their existence
(pendulum migration to work or leisure) are taken into
account in the analysis of transport infrastructure. Time
availability is extremely important and depends on the
specific indicators set in the selected country. The main
highways, which connect settlements of different levels
of subordination and rural areas with the main city or
other lower-ranking cities, are given the most attention
[18].

Klaassen's L. model is popular in the study of
agglomerations. He identifies four stages of
agglomeration: KiTbKICTh HaCEICHHS sApa 301TbIIYETHCS
3a paxyHOK rnepudepii;

o the population of the periphery is growing faster
than the core;

o the population of the nucleus is declining faster
than the population of the periphery;

e the population of the nucleus resumes
population growth or loses population more slowly than
the periphery.

The model is based solely on the dynamics of the
population of the core city and the periphery, it does not
take into account the functional aspects of
agglomerations — internal connections [8].

Garreau J. proposes the concept of Edge Cities,
which is based on the "growth points" of the
agglomeration, ie settlements of the periphery, which are
gradually evolving into local subcenters and may
compete with the core city in the future. The concept
considers the settlement aspect, concentration on the
agglomeration periphery of economic, social, business,
recreational and other functions [5].

Lappo G. identifies the following groups of criteria
for delimitation of urban agglomerations:

e criteria for the size of the core (population,
number of jobs in the central city);

e criteria for the development of the outer zone
(population of the suburban zone, the urban population
of the suburban zone;

e the number of urban settlements in the suburban
area, the share of those employed in agriculture);

e parameters of connections between the core and
the outer zone (the share of the population of the

suburban zone working in the center, the temporary
accessibility of the central city);

e integrated criteria that characterize the
agglomeration as a whole (population density,
development of urban agglomeration, etc.);

o criteria for allocating the boundaries of an urban
agglomeration on the basis of determining its spatial or
temporal radius, fixing the size of the territory within
which the agglomeration has developed or is developing.

[9].

Pivovarov Yu. identifies areas of influence of all
cities with a population of over 50 thousand people. The
next step is to combine the zones of influence of adjacent
cities, if the distance between them does not exceed 25
km, regardless of the population of these cities, and the
number of adjacent cities is at least three [16].

Lozynsky R. and Kostyuk I. consider the method of
isochronous accessibility to the center of the
agglomeration to be a sufficiently representative method
of allocating agglomerations. Usually build isochrons
0.5, 1, 1.5, 2 hours of availability. Accordingly, different
access zones are distinguished from the core of the
agglomeration. It is believed that the agglomeration may
include settlements within one and a half hours of
accessibility to the core of the agglomeration, or two
hours, taking into account the cost of time at the final
and intermediate stops. Moreover, the average speed of
transport is as follows: 35 km — on roads of interstate
importance, 30 - national, 25 — regional, 20 — local.
However, scholars unequivocally agree that isochrons of
accessibility reflect the likelihood of connections
between settlements rather than real connections.
Therefore, this technique is a tool for delimitation of
"possible agglomeration areas" [10]. Therefore,
transport accessibility within the two branches is an
important indicator of determining the boundaries of the
agglomeration. However, it should be noted that in the
case when the studied settlement system does not meet
these conditions, but has a direction in this direction, it is
classified as a "potential urban agglomeration” [14].

In domestic scientific practice, three groups of
criteria are most often used when selecting the
boundaries of an urban agglomeration:

e population density in urban agglomerations
should be significantly higher than the average
population density in the country, region or district;

o the distances between cities, respectively, and
the time required to overcome them, in the
agglomeration should be much less than the distances
typical of the whole country, region or district;

e indicators of the intensity of relationships
between settlements, the degree of their cooperation in
production processes, services and communications,
labor and cultural movements should significantly
exceed similar averages in the country, region or district
[2; 21]

The criterion of population density is considered the
main among the above. The population density of one
thousand people per square kilometer is considered
critical.

The criterion of the intensity of the relationship
between settlements is also one of the main in
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determining the boundaries of the agglomeration. The
main condition for the development of an urban
agglomeration is the intensive interaction of settlements
included in this agglomeration. At the initial stage of
development of the agglomeration there are processes of
integration, ie the formation of unified systems of
development of the territory, which go beyond the
administrative boundaries of settlements. Integration
processes are manifested in various areas: demographic
(growth of intensity and diversity of migration within the
agglomeration), labor market (formation of a single labor
market, increasing the number of jobs), transport
(formation of a single transport system and transport
infrastructure), utilities, social sphere, information,
cultural and recreational, etc.

The isochron method is a common method of
dividing the boundaries of an urban agglomeration. The
method involves determining the boundaries of the
agglomeration by the time required to travel to the center
of the agglomeration and is based on the selection of the
so-called ends around the core of the agglomeration.

The boundaries of the agglomeration are usually
outside the agglomeration core and have a specific radial
shape that encompasses other settlement nuclei. Cities of
the agglomeration are characterized by strong
connections: industrial, labor, transport, infrastructure,
recreation with the settlements of the agglomeration, as
well as with external settlements, which excludes the
possibility of their autonomous analysis as part of the
agglomeration [14].

Labor migrations that are pendulum-oriented and
directed to the agglomeration center or other large cities
of the agglomeration, which in turn causes a decrease in
the rural population that migrates to the city in search of
work and decent wages are characterized by high
intensity and frequency [22].

The method of delimitation of agglomeration
boundaries is not established, and differs in many
countries. In European countries, it is customary to
determine the outer boundary of the agglomeration based
on the completion of continuous urban development. In
Anglo-America, agglomerations are formal: so-called
" agglomeration governments" are formed, but the
agglomeration itself does not have administrative-
territorial status [21].

There are some problems in the management of
territories in cases where the boundaries of the
agglomeration do not coincide with the administrative-
territorial boundaries. For example, in France, the
boundaries of agglomerations are set by law [6].

In fact, the boundaries of agglomerations are
determined according to the difference of statistical
indicators by the respective categories. It should be
noted that in the Kharkiv region there is no centralized
accounting of indicators that would comprehensively
characterize the agglomerations, and most of the
available scientific achievements are fragmented and do
not give a comprehensive idea of the current
development of agglomerations in the region. In this
paper we present an algorithm for determining the
boundaries of the agglomeration based on a combination
of certain methods, techniques and approaches.

The purpose of this research is to analyze existing
methods, approaches and techniques for determining the
boundaries of agglomerations, the development of an
algorithm  for  establishing the boundaries of
agglomerations and its testing on the materials of the
Kharkiv region.

Presentation of research results. An effective
method of determining the boundaries of the
agglomeration is the method of IFI-modeling, based on
the concept of "zone of influence” of the socio-
geographical object [12; 13]. According to this method,
agglomerations are isolated by analyzing the intersection
of zones of influence of different settlements, which is
identified by the integrated function of influence (IFlI).
At the same time, it is possible to analyze different levels
of generalization of the IFI-surface for different socio-
geographical and demographic parameters, which gives
much more information about the relationships between
objects within the agglomerations [12; 13].

In this work, an attempt is made to allocate
agglomerations on the basis of the following indicators:

e population size and density;

e similar nature of demographic processes;

o the method of isolines (in particular — isochrons,
which allow you to track the time spent moving to the
sinter center);

o the presence of suburbs and suburban areas.

Delimitation of the boundaries of the urban
agglomeration requires a scientifically sound approach
and a comprehensive assessment of many parameters.
However, given the dynamism of such systems, their
boundaries are quite difficult to define clearly.

Usually, the study of urban agglomeration is carried
out using mathematical calculations that allow to
determine its features and certain parameters: the
coefficient of development of urban agglomeration, the
coefficient of agglomeration and the agglomeration
index (table 1).

Calculate the main indicators that characterize the
Kharkiv agglomeration, namely, the coefficient of
development of the urban agglomeration, the coefficient
of agglomeration and the agglomeration index.

The coefficient of development of the urban
agglomeration allows to investigate the level of
development of the agglomeration on the basis of the
urban population of the agglomeration, the number of
urban settlements and the ratio of their population.
Calculate this coefficient by formula 1.

Kgep =P*(M*m+ N xn) =
=1915445%(12*86,7+44*13,3)=30,7

This indicator should be > 1,0. The coefficient of
development of the urban agglomeration of the Kharkiv
agglomeration is equal to 30.7, which corresponds to the
established parameters, the agglomeration is very
developed. This indicator indicates a significant level of
development of the Kharkiv agglomeration, which is due
to the retrospective features of its formation, the
organizing influence of the regional center.
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Table 1
Formulas for calculating agglomeration coefficients
(created by the authors according to [9; 16]
Formula | Parameters |
Coefficient of development of urban agglomeration
Kgev — coefficient of development of agglomeration, (D)

P — the number of urban population of the agglomeration (million people),
M, N — the number of cities and towns, respectively, m, n — their shares in the
urban population of the agglomeration, respectively, > 1,0.

Kgev =P * (M *m+ N xn)

Coefficient of agglomeration

K — coefficient of agglomeration, 2
N N — the number of urban settlements in the agglomeration,
K,=|=])*R . :
(5) S — the size of the agglomeration,
R — the average distance between urban settlements of the
agglomeration, >0,1
Agglomeration index
p I — agglomeration index, ?3)
I, = 7 P — population of the satellite area,
a

Pa — the number of urban population of the agglomeration, >0,1

The agglomeration coefficient allows to determine The agglomeration index is calculated on the basis

the level of formation of the studied agglomeration on
the basis of the number of urban settlements that are part
of the agglomeration, the area of the agglomeration, and

of the ratio of the population of the satellite zone and the
total population of the agglomeration, ie excluding the
agglomeration core. The specified index value must be

the average distance between urban settlements that are
within the agglomeration. This indicator must be greater
than> 0.1. Measurements of distance between urban I, = L
settlements of Kharkiv region were carried out in Google
Map (average distance is about 42 km.). Calculate the
coefficient by formula 2.

greater than> 0.1.

469338
= =0,25
P, 1915445

For the Kharkiv region, the agglomeration index is
0.25, which means the intensive development of the
Kharkiv agglomeration. Thus, the calculations prove that
the Kharkiv agglomeration is developed and well
formed. The core of the agglomeration has strong
organizational properties.

Consider forming Kharkiv agglomeration using IFI-
modeling. In our study, IFI modeling was performed on
time sections: 1959 (Fig. l.a) and 2019 (Fig. 1.b).

Ko = (%) *R= (17::6,5) *42=013

For the Kharkiv agglomeration, the agglomeration
coefficient is equal to 0.13, which means the
classification of the agglomeration as promising.

Omtmbt b a NNNNN W WWWW S 2
Naom Naoe Naoe Naom N

“bboo®
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Fig. 1. Models of the IFI surface of the settlement of Kharkiv region in 1959 (a) and 2019 (c), R0=10 km
(constructed by the authors according to [7])
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The development of the Kharkiv agglomeration is
representatively demonstrated in Fig. 1. Also, the
polarizing effect is observed not only in the city of
Kharkiv, but also in the city of Merefa. The 2019 model
traces certain elongated zones of influence of
organizational nuclei of settlement. Thus, the disparities
in development are presented directly within the zone of
influence of the Kharkiv region, the phenomenon of
population concentration in cities as "growth centers" of
the region.

Regarding the configuration of the Kharkiv
agglomeration, which is determined by the development
of the city-center (or centers in the case of polycentric
agglomeration or conurbation), one of the outstanding
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criteria for its development should be considered the
population size and density. As a rule, the polarizing
influence of the center, in many respects, determines the
development of areas close to it and forms certain "axes"
of development (Fig. 1 a, b).

Given the uneven distribution of the population of
Kharkiv region on the territory use the method of inter-
polation to determine the nuclei of settlement, semi-
periphery and peripheral areas (Fig. 2 a). The interpola-
tion of the population of Kharkiv region showed that the
main nuclei of the region’s settlement are the city of
Kharkiv, cities of regional significance (Izyum, Lozova,
Pervomaisky, Chuhuiv, Kupyansk), and district centers.

. settlements
— borders of districts

LA

3 “"'\;" Google density of seftlements
" of the Kharkiv region
(points on a raster cell)

L1 >0007 g 03004
] 0007-001 g 0.04-005
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Transport

Fig. 2. Population (a) and population density (b) in the region
(created by the authors according to [7])

There is a significant organizing influence of the
nucleus of settlement — the city of Kharkiv and in fact
you can see the Kharkiv urban agglomeration, which is
oriented in the boundaries of districts in Chuhuiv and
Kharkiv districts, respectively. Regarding the population
density (Fig. 2 b), in accordance with the location of the
settlement nuclei formed the meridional axis of
settlement — the highest density of settlement is
characterized by the regional center and cities of regional
importance - among the districts — the center.

The next factor in determining the boundaries of the
agglomeration is the level of development of the
transport network (Fig. 3).

According to the basic framework of settlement of
the region, the transport network (both rail and road
transport) has a radial-circular shape. The transport
network has the highest density in Kharkiv and Chuhuiv
districts, which are also characterized by a high
population and a significant population density. The city
of Kharkiv is a multifunctional transport hub, and
connects Kharkiv region with its first-class neighbors,
provides connections of the region with the CIS
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countries. The international road connection of the
region is provided by highways: Kyiv-Kharkiv-
Dovzhansky, Kharkiv-Dnipro-Zaporizhzhya, Kharkiv-
Goptivka, and Kharkiv-Krasnograd-Pereshchepyno.

An important issue in the study of agglomerations is
the transport accessibility of district centers, which
largely determines the degree of development of the
agglomeration. Kharkiv and Chuhuiv districts and their
urban-type settlements and cities and their first-order
neighbors have the best transport accessibility. It is
important to note that this indicator depends not only on
the actual situation from the city of Kharkiv to the
relevant settlement. Another important factor is the
availability of asphalt roads with satisfactory road
quality. Based on the above, we can easily establish the
core and outer zones of the agglomeration. Identification
of areas belonging to the zone of influence of the
agglomeration uses data that characterize industrial
production, social infrastructure, tourism and recreation
and logistics and transport, utilities, environmental
status, etc [19]. According to a similar analysis, such a
zone is located 70 km away from Kharkiv (Fig. 4).
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Fig. 3. Transport accessibility of district centers: average time trips from Kharkiv by car (in minutes) [19]
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Fig. 4. Kharkiv agglomeration in 2019 (created by authors to [11])
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Within its borders are the following cities of
regional and district importance: Vovchansk, Zmiiv,
Zolochiv, Lyubotyn Pechenyhy, Chuhuiv, etc.

Summing up, we note that the
agglomeration has the following structure:

e the core of the agglomeration (Kharkiv);

e central zone of agglomeration (Kharkiv and
Derhachiv districts);

e outer zone (Bohodukhiv, Valkiv, Vovchansk,
Zmiiv, Zolochiv, Novovodolazk, Pecheneg and Chuhuiv
districts).

Kharkiv

shape, and in fact includes almost half of the regions.
The fact that the central zone of the agglomeration also
includes the Chuhuiv district is associated with
extremely intensive connections between the city of
Kharkiv and the city of Chuhuiv, which are manifested
not only in intensive transport and trade in goods and
services, but in pendulum migrations of large
populations Chuhuiv to Kharkiv.

We will use the principle of superposition and form
the resulting map on the basis of the peculiarities of the
distribution of indicators of population size and density,

Based on the results obtained, it should be noted ~ development of the transport system, transport
that the Kharkiv agglomeration has a fairly compact accessibility (Fig. 5).
1.5 hours
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""" iy Burluk

lit Kl asnogra

Legend
Kmrkis - agglomeration center

® - district centers

- the central zone of the
agglomeration

- inner zone of the
agglomeration

- outer zone of the
agglomeration

[ - peripheral areas

railways
* railway junctions

== hishways

- districts and cities of the
second zone of
agglomerated seftlements,
which are within 1.5 hours
of transport accessibility

- districts and cities of the
first zone of agglomerated
settlements. which are
within 1 hour of transport
accessibility

Fig. 5. Delimitation of the borders of the Kharkiv agglomeration in 2019 (created by the author to [11])

The calculations of the coefficient of development
of the urban agglomeration, the coefficient and the index
of agglomeration (according to formulas 1, 2, 3), which
quantitatively characterize the state of development of
the agglomeration, indicate that the Kharkiv
agglomeration has a powerful organizational center —
Kharkiv, whose polarizing effect manifested in two areas
as close as possible to it. The center of the agglomeration
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is also connected to the remote centers of the peripheral
areas by radial-radial connections by transport and other
types of connections.

The development of agglomeration on the territory
of the region is an important stage on the way of
complex development of the territory of Kharkiv region.
After all, within the agglomeration there is a large
number of economic processes, which is favorably
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reflected in the living standards of the population. In the
current state of development of the Kharkiv
agglomeration, the following positive achievements can
be identified:

e a powerful labor market has been formed,
which focuses on the significant labor potential of the
territory. The city of Kharkiv has the most favorable
employment situation in the region, there is even a
cumulative effect in creating new jobs;

o inthe city of Kharkiv there is an extremely wide
range of various social infrastructure institutions that
provide services to both citizens and residents of the
region;

e the city of Kharkiv as a powerful regional
center specializes in providing trade, social security, etc.,
as well as for residents of neighboring regions, receives
internally displaced persons from Donbass, Crimea;

o the speed of innovation is high in the region due
to well-established communication and transport.

The Kharkiv agglomeration is developing quite
effectively due to the process of diffusion of innovation.
However, a negative phenomenon is the significant
differentiation of the level and quality of life of the
population of the center of the agglomeration and
peripheral areas. The city of Kharkiv should accelerate
the development of the surrounding areas. This is partly
true, but some of them are gradually losing their
potential in favor of the central city. Also, the problem of
the evolution of the Kharkiv agglomeration is the rather
slow formation of the agglomeration zone around the so-
called "second level cities" — cities of regional and
district subordination of the region. This raises the
question of managerial influence and the need to
implement regional policy focused not on the unit of
administrative-territorial organization of the region and
on the agglomeration as a single entity.

The main priority directions of transformational
development of the Kharkiv agglomeration are presented
in Table 2.

Table 2

Priority directions of development of Kharkiv agglomeration
(created by the authors according to [1; 2; 13;15]

Aspect of development

Main tendencies

1. Transport and
communication

The favorable transport and geographical position of the agglomeration
provides opportunities to reduce travel time from the periphery to the core
city of the agglomeration, ie the development of transport accessibility, which
corresponds to the main features of urban agglomerations.

2. Economy and production

Ensuring employment of the population living in the urban agglomeration.
Availability of resources in the relevant area. Intensification of industrial
development, public utilities in the periphery, restoration of lost industrial
potential of cities.

3. Culture and science

Preservation and strengthening of the existing scientific and educational
infrastructure represented by both higher education institutions and research
centers not only in Kharkiv but also in peripheral centers. Creation of
technology parks.

4. Ecological situation

The high concentration of productive forces on the territory of the
agglomeration causes a significant release of harmful substances into the
atmosphere, as well as an increase in the cost of neutralization of industrial
waste.

5. Administrative and
territorial reform

The Kharkiv agglomeration should be used as a basis for the formation and
cooperation of united territorial communities in the region.

The main task of regional policy is to increase the
level and quality of life of the population, reducing
territorial disparities in development. Therefore, it is
important to organize constant monitoring of the
manifestations of uneven economic development in the
agglomeration zone, overpopulation, a significant
increase in the number of private vehicles, which may
directly or indirectly affect the quality of life. Another
important task is the development of transport
infrastructure, communication between cities and district
centers of the Kharkiv region..

Conclusions. The analysis of approaches to
delimitation of urban agglomerations showed that the
main criteria for establishing agglomeration boundaries
are indicators of population density and population size,
features of demographic  processes,  transport
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accessibility of the agglomeration center and the
criterion of suburban areas. The combination of
guantitative and qualitative methods for determining the
boundaries of the agglomeration is the most effective,
allows to obtain reasonable results.

Approbation of the proposed algorithm on the
materials of Kharkiv region allowed to draw the
following conclusions. The Kharkiv agglomeration is
monocentric and fairly well formed. The development
coefficient of the Kharkiv urban agglomeration is 30.7,
the agglomeration coefficient is 0.13, the agglomeration
index is 0.25, which confirms the high level of
development of this agglomeration and the significant
polarizing effect of the city of Kharkiv. The applied
indicators of concentration and population density,
transport accessibility, allowed to establish that the
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Kharkiv agglomeration has a powerful organizational
center of development — the city of Kharkiv, the
polarizing effect of which is more pronounced in two
districts — Kharkiv and Dergachiv, which form the
central zone of the agglomeration. The outer zone of the
Kharkiv agglomeration is formed in the territories of
Bohodukhiv, Valkiv, Vovchansk, Zmiiv, Zolochiv,
Novovodolazk, Pechenizh and Chuhuiv districts, which
have radial-radial connections with the center of the
agglomeration. Based on the study, based on the
principle of superposition, the author's vision of
delimitation of the boundaries of the Kharkiv
agglomeration in 2019 is presented, the zone of
influence of organizational functions of the center
extends to a radius of 70 km. However, there are some
issues related to the sharp contrast in the development of
the center and the periphery of the agglomeration. The

city of Kharkiv assumes most of the functions:
administrative, economic, social, infrastructural and
recreational, which to some extent hinders the
development of small towns that are part of the
agglomeration. At present, the main issue in the
development of both Kharkiv and other agglomerations
of Ukraine is the legal uncertainty and the lack of a
special normatively documented status for such
territories. Given that the Kharkiv agglomeration is
monocentric, and within it, as well as in the region there
is a sharp uneven development of the center and
periphery, effective management and addressing the
hypertrophied development of the city, spatial planning
and infrastructure development will alleviate this
situation and facilitate the transition of the region. to the
polycentric model of spatial organization.
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