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,Z[OCTYHHOCTB W Ka4eCTBO Me,Z[I/ILII/IHCKOﬁ IIOMOIIH obecrieyrBaeTcs opraHHsauHeﬁ OKa3aHHA Me,Z[HHHHCKOﬁ
IIOMOIIY IO IIPpUHIUITY HpI/I6]II/I)K€HHOCTI/I K MECTY XUTEJbCTBA. YBesMueHre KOIW4YeCcTBa MEeAULIMHCKUX
yqpemz[el-mﬁ OJHO3HAYHO ITOBBICUT JOCTYIIHOCTDH MeAHHHHCKOﬁ IIOMOIIIY, HO TAaKXX€ IIOBBICUT U 3aTpaThl HA
€€ OKa3aHue, CHU3MWB TaKUM o6pa30M B II€JIOM 3(1)(1)€KTI/IBHOCTI) CHUCTEMBI 3]paBOOXpaHEHUA. B craTpe pac-
CMaTpHUBaETCA pEHI€CHUE 3aJa4yr ONITUMU3AIIN OKa3aHUA Cypl[O]IOFI/I‘IECKOﬁ IIOMOIIN ITOXKWJIBIM ITallM€HTaM
C HapylI€HUEM CIyXa U I‘]IyXOTOI71 IIyTEM HaXOXJEHUA OITUMAJIBHOI'O KOJINYECTBA MEIUIIMHCKUX YUpPEXKIE-
HHﬁ, OKa3bIBalOIUX 3Ty IIOMOIb, U UX reorpad)nqecxoro pasMeneHda B IIpegenax YenssOMHCKOM 00JIACTH.
33,[[3‘{3 pelrasiacb Ha OCHOBE MUHUMM3allUX PaCCTOAHUA U BpEMEHHU, 3aTpaduBaeMOro maf€eHTaMu Ha IIpo-
€34 10 MeCTa OKa3aHHuA Me,Z[I/ILII/IHCKOﬁ IIOMOIY, C UCIIOJb30BAaHUEM IIPOCTPAHCTBEHHOI'O KJIACTEPHOI'O aHa-
J3a. HPOZ[eMOHCTpI/IpOBaHbI BO3MOXHOCTH HpOCTpaHCTBeHHOﬁ KilacTepu3anuvu K CO3JaHUIO 0060CHOBaHHBIX
IIPpEANIOChUIOK AJIA OIITUMAJIBHOTO MaTEMAaTUY€CKU 0060CHOBaHHOI'O peniennd 3aZa4q IMMOBBIIIEHUA JOCTYIIHOCTH
Me,Z[I/ILII/IHCKOﬁ HHd)paCprKTypr JJId HaCeJI€eHHA. MO,Z[C]II/IPOBaHI/Ie AOCTYITHOCTHU MeﬂHHHHCKOﬁ IIOMOIIIX Ha
OCHOBE IIOKa3aTeJid BpEMEHU B IIyTHU JO MCZ[I/IHI/IHCKOI‘;1 OopraHusanyu Tpe6yeT HCIIOJIb3OBAHUA I‘eOI/IHd)OpMa-
IIUOHHBIX CUCTEM, OLICHUBAIOIVX B p€a/IbHOM BPEMEHU ,Z[OpO)KHbIﬁ Tpad)mc. HO,Z[O6HI)I€ 3azaqn H€O6XOZ[I/IMO
IpeayCMOTPETD B CjIyda€ HIMPOKOI'0o UCIIOJIb3OBAHUA ToKasaTeynen AOCTYITHOCTHU JJIA pEIIE€HUA 3aJa4 OpraHnu-
3ally Y1 OIITUMH3AlIN TEPPUTOPHAJIBHBIX CUCTEM 3JpaBOOXPaHEHUA.
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OIITUMMH3alA CETU MEAUITUHCKHUX y‘{pG)K,Z[QHHfI, HpOCTpaHCTBeHHLIﬁ aHa/In3.
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[TpoCcTpaHCTBEHHBIN KJIACTEPHBIM aHAIN3 B MOJEMUPOBAHUU JOCTYIHOCTH MEAUIMHCKON IOMOIIM IOXKH-
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The availability and quality of medical care is ensured by the organization of medical care according to the
principle of proximity to the place of residence. The increase in the number of medical institutions will definitely
increase the availability of medical care, but it will also increase the cost of providing it, thus reducing the
overall efficiency of the health care system. The article discusses the solution to the problem of optimizing
the provision of audiological care to elderly patients with hearing impairment and deafness by finding the
optimal number of medical institutions providing this assistance and their geographical location within the
Chelyabinsk region. The problem was solved on the basis of minimizing the distance and time spent by patients
to travel to the place of medical care, using spatial cluster analysis. The possibilities of spatial clustering to
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create reasonable prerequisites for the optimal solution of the problems of increasing the availability of medical

infrastructure for the population are demonstrated.
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institutions, spatial analysis.
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Hcrnionb3yemblie coOKpallieHUusd
HCI' - HapylieHue cilyxa U ITIyX0Ta
CMII - cienmanusupoBaHHasA MeJUIIMHCKasA IOMOIIb

BBegenue

[Iupokas pacIpoCcTpaHEHHOCTb 6oJIe3HEH, CBs-
3aHHBIX C HapylleHHeM ciyxa u miyxoroi (HCI),
[IpE/ICTABIAET CEPbE3HYI0 IPOOIEMy IJI 30POBbS
HaceneHus [1] u TpebyeT 3HAUUTENTBHBIX 3aTpaT
Ha OKa3aHUe CllellaIu3UPOBAaHHON MeAUIIMHCKOU
oMoty (CMII), peabuiuTanuio ¥ abWIHUTAIIUIO.
[TokasaTenu paclpocTpaHEHHOCTU cpeAu Hacese-
HuA nHBanuausupyowux HCT' ysennuunuce ¢ 1% B
1985 . 10 6,1% B 2018 1. [2]. B Bo3HUKHOBeHUN HCT'
MeCTO IIPOXXUBAHUA YesloBeKa, ero IpoCTPaHCTBEeH-
Hble KOOPAWHATHI UTPAIOT OIpeJEeTeHHYI0 POJb, 00-
VCIOBIMBAIOT WHTEHCUBHOCTH MHOTHX (AKTOPOB
BO3HUKHOBeHUA HCI' U MoOryr paccMaTpuUBaThCA
KaK CaMOCTOSITEIbHBIN MPOCTPAHCTBEHHBIN ak-
Top B snugeMmuonoruu HCI, a Takke y4YUTHIBATHCA
B opranusanuu oxasaHua CMII. M3sydyeHueM CBA3U
Pas3IMYHBIX aCIeKTOB 3/J0pPOBbA YeJoBeKa U 3/[paBo-
OXpaHEeHUA C IIPOCTPAHCTBEHHBIMU KOOpAHWHATAMU
JlaBHO 3aHMMAaIOTCA B paMKaX pas3jNYHbIX IPUKJIaJ-
HBIX HAayK Ha CTHIKe reorpaduu, 6GMOIOTHY, MeAU-
LUHBL U T. ., IJle ¢ yCIeX0M IIPUMEHAIOTCA MeTOZbI
MMPOCTPAHCTBEHHOM CTaTUCTUKHU [3, 4].

O6mmeit mpobieMoii B IPOCTPAHCTBEHHOH CTa-
THUCTUKE ABJIAETCA OIpefiesieHHde TOoro, I'PyNIupy-
I0TCA JIU OOBEKTHI B T'PYIIEL, U €CIH Zia, TO B Ka-
Kye I'pynnsl oHU rpynnupyiorea [5]. KnactepHbiit
aHalIU3 HCHOJb3yeTc B IIOCTPOEHUM IIPOCTpaH-
CTBEHHBIX Mojiesiel B TaK HasbIBaeMOM HCCIIe/o-
BaTeJbCKOM IIPOCTPAHCTBEHHOM aHajmn3e JaHHBIX
(anrn. Exploratory Spatial Data Analysis, ESDA) u
npecjiefyeT JBe OCHOBHBble Lieny: 1) pacrosHaBa-
HUe MPOCTPAHCTBEHHBIX 00pa30B (IIATEPHOB) C UC-
II0JIb30BaHMEM BU3yaJIu3alud, IPOCTPAHCTBEHHOU
CTAaTUCTUKU W TEeOCTAaTUCTHUKYU; 2) GopMHUpOBaHUE
TUIIOTE3 JJIA OIpe/ie/ieHUsA PealMCTUYHBIX U [IpoBe-
PSEMBIX MHTEpIIpeTaii reorpadmuieckux 3aKOHO-
MepHOCTel, 0O6HAPY:KEHHbIX B paMKaX JOCTW)KEHIS
mepBoN 1eu. [IpOCTpaHCTBEHHBIM KJIACTEPHBIN
aHaIU3 MOXET HUIPaTh BaXKHYIO POJb B pelLIeHHU
Pa3IMYHBIX 3374 34paBooxpaHeHUs. OH OOBIYHO
HCIOTb3YeTCSI B MEAWIMHCKONW Treorpaduu, IIpo-
CTPAHCTBEHHOM 3MUAEMUOJIOTUH, MOMyIALNOHHON
reHeTUKe, MeAULIIMHCKON SKOJIOTUU Y MHOTUX Jpy-
ruX 00JIACTSIX, HO €r0 OCHOBHBIE TPUHITUIIHI OCTAIOT-
Cs TEMU XKe.
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Used abbreviations
HLD - hearing loss and deafness
SMC - specialized medical care

Introduction

The widespread prevalence of diseases
associated with hearing loss and deafness (HLD) is
a serious problem for the health of the population
[1] and requires significant costs for the provision of
specialized medical care (SMC), rehabilitation, and
habilitation. The prevalence rates of disabling HLD
among the population increased from 1% in 1985 to
6,1% in 2018 [2]. In the emergence of HLD, the place
of residence of a person, his spatial coordinates play a
certain role, determine the intensity of many factors
in the occurrence of HLD, and can be considered as
an independent spatial factor in the epidemiology
of HLD, as well as considered in the organization of
the provision of SMC. The study of the relationship
between various aspects of human health and health
care with spatial coordinates has long been engaged
in various applied sciences at the intersection
of geography, biology, medicine, etc., where the
methods of spatial statistics are successfully applied
[3, 4].

A common problem in spatial statistics is
determining whether objects are grouped into
groups, and if so, which groups they are grouped
into [5]. Cluster analysis is used in the construction
of spatial models in the so-called exploratory spatial
data analysis (ESDA) and has two main goals: 1)
recognition of spatial patterns using visualization,
spatial statistics, and geostatistics; 2) forming
hypotheses to identify realistic and testable
interpretations of geographic patterns found in
the first goal. Spatial cluster analysis can play an
important role in solving various health problems.
It is commonly used in medical geography, spatial
epidemiology, population genetics, medical ecology,
and many other fields, but its basic principles remain
the same.

DA130)03U1.ID]0UL.L0J0 DADYSIISSOY



Rossiiskaya otorinolaringologiya

OPUIMHAADBHBIE CTATbU

Poccuiickas oropuHosapuHrosiorus /Russian Otorhinolaryngology

Kak wu3BecTHO, cormacHo 1. 1 crarbu 10
@epepanbHOro 3akoHa or 21.11.2011 N° 323-®3
(pea. or 02.07.2021) «O6 ocHOBaX OXpaHbI 3/I0POBbS
rpaxkgaH B Poccutickoit ®enepaiium» JOCTYITHOCTb U
KauyeCcTBO MEeAMIMHCKON ITOMOILIM 00eCIednBaloTCs
opraHu3aruei okazaHus MeAUIIUHCKON ITOMOIIY 110
[IPUHIUIY TPUOIIKEHHOCTU K MEeCTY JKUTeJIbCTBA,
MecTy paboThl win obydeHus. OHAKO HAZ0 y4U-
THIBaTh, YTO reorpaduyeckas OJIM30CTb HE BCerza
O3HauaeT MaJjioe BpeM:A JJid IIpoesfa [0 MeAUIUH-
CKOIl oOpraHusaluy: Ha OTO TaKKe OKa3blBaloT
BJIWAHNE PasBUTOCTb TPAHCIIOPTHOM CeTH, WUHTEH-
CUBHOCTb JJOPOXKHOTO Tpaduka, HaIM4ue U JOCTa-
TOYHOCTB OOIIeCTBEHHOI'O TPAHCIIOPTA, PACIUCAHUE
JABIDKEHUA U T. [l YBeJWdyeHHe KOJW4YecTBAa MeAU-
LMHCKMX OpraHW3alWii OJHO3HAYHO IIOBBICUT JO-
ctynHocTb CMII, HO TakKe ITOBBICUT U 3aTPaThl Ha ee
OKa3aHWe, CHU3WUB TaKUM 00pa3oM B IeioM 3hdeK-
TUBHOCTb CUCTEMBI 3[paBoOXpaHeHus. /i peleHns
T0Z0GHBIX OIITUMHU3AIMIOHHBIX 33/1a4 C YCIIEXOM IIPH-
MEHSIOTCA COBpeMeHHble NHGOPMAIOHHEBIE CHUCTe-
MBI, KOTOPBI€ YYUTBIBAIOT Pa3IM4Hble OrPaHUYEHUS,
(baKTOPHI U TO3BOJIAIOT CO37IaBaTh MO/IENIN HAa OCHOBE
VCXOJHBIX JJAHHBIX O MEeCTOIIOJNIOKEHUN NOTpeOuTe-
seit CMII, pakTopax BpeMEHU U PACCTOSHUSA U BO3-
MOXKHOCTAX okazaHua CMII.

Ilenp ucciesoBaHus

PemeHre 3azja4y ONTHUMHU3AIMN OKa3aHUA Cyp-
JIOJIOTYeCKOM ITOMOITY MalreHTaM C HapylleHHueM
ciyxa u miyxotod (HCI) myreM HaxokeHUs OII-
TUMQJIBHOTO KOJMYeCTBA MEAWIMHCKUX IIeHTPOB,
OKa3BIBAIOUINX 3TY IIOMOIIb, U UX reorpapuiecKkoro
pasmeleHus B mpefenax YensaOUHCKONW 00JacTH.
3azaua pemrasach Ha OCHOBE MUHHUMMU3AIUU PACCTO-
SHUA ¥ BpEMEHH, 3aTPauuBaeMoOro narueHTaMu Ha
Ipoes/; 0 MecTa OKa3aHUA MeJUIIMHCKOU IIOMOIITY,
C UCIOJIB30BAHKUEM IIPOCTPAHCTBEHHOTO KJIACTEPHO-
ro aHaIM3a.

Marepuasbl 1 METOABI HCCIEOBAHUS

PeTpOCIIEKTUBHOE TIONEpeYyHOe 00OCepBaIMOH-
HO€ HCC/IeZIoBaHUE OBbLIO MPOBEJEHO C HCIOJIb30-
BaHUEM OOE3JWYEHHBIX JaHHBIX HaIlMeHTOB, obpa-
TUBIIUXCA B repuoz ¢ 2016 mo 2019 r. B obacTHOU
CypAOJIOToTIeTUYECKUH IIEHTP Ha 6a3e YemaO1HCKOU
006J1aCTHOM KIMHUYECKOUN OOJBHUIIBI (1aiee — CypAo-
LIeHTp).

Jlnss 0OpabOTKM W BU3yauW3allUM IMPOCTPAH-
CTBEHHBIX JJAHHBIX OBLTU HCIIOJb30BAHBI PA3IUYHBIE
oubmuorexku (ggplot2, rdal u apyrue) mporpamm-
HOT'O TakeTa R, KOTOphIi Xopoio cebs 3apeKoMeH-
JIOBAJI I PEIleHUs ITUPOKOTO KPyra CTaTHUCTHYEe-
ckux 3aza4 [3, 4, 6]. [IpocTpaHCcTBEHHBIE JlaHHBIE
06 aAMUHUCTPATUBHO-TEPPUTOPHATIBHOM [eJeHUN
Yenss6uHCKOH ob6sacTu (MOJUTOHBI MYyHUITHTIAJb-
HBIX OKPYT'OB, PAOHOB, IOPOT U T. I1.) MOJIy4YeHbI U3
OpenStreetMap (cokparenno OSM) — HekoMMepye-

10

As is commonly known, following clause 1 of
article 10 of the Federal Law of November 21, 2011,
No. 323-FZ (as amended on July 2, 2021) ,,On
fundamental healthcare principles in the Russian
Federation®, the availability and quality of medical
care are ensured by the organization of medical care
according to the principle of proximity to the place of
residence, place of work or study. However, it should
be borne in mind that geographical proximity does
not always mean a short travel time to a medical
institution: this is also influenced by the development
of the transport network, the intensity of road traffic,
the availability, and the sufficiency of public transport,
the timetable, etc. An increase in the number of
medical organizations will increase the accessibility
of SMC, but will also increase the cost of its provision,
thus reducing the overall efficiency of the health
care system. To solve such optimization problems,
modern information systems are successfully used,
which consider various constraints, factors and make
it possible to create models based on the initial data
on the location of SMC consumers, time and distance
factors, and the possibilities of SMC provision.

Objectives

Solving the problem of optimizing the provision
of audiological care to patients with HLD by finding
the optimal number of medical centers providing
this assistance and their geographical location
within Chelyabinsk region. The problem was solved
based on minimizing the distance and time spent by
patients on travel to the place of medical care, using
spatial cluster analysis.

Materials and research methods

A retrospective cross-sectional observational
study was carried out using anonymized data of
patients who applied in the period from 2016 to
2019 at the regional audiological center based on
Chelyabinsk regional clinical hospital (hereinafter,
the audiology center).

For processing and visualization of spatial
data, various libraries (ggplot2, rdal, and others)
of the R software package were used, which has
proven itself well for solving a wide range of
statistical problems [3, 4, 6]. Spatial data on the
administrative-territorial division of Chelyabinsk
region (polygons of municipal and rural districts,
roads, etc.) were obtained from OpenStreetMap
(abbreviated OSM) — a non-commercial web mapping
project using the Overpass Turbo service (http://

2021;20;6(115)
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CKOTO BeO-KapTorpadpuuecKoro nmpoeKTa ¢ MOMOIIbIO
cepBuca Overpass Turbo (http://overpass-turbo.
eu/) ¥ CIenruaJu3upOBAaHHBIX MIPOrPAMMHBIX OH-
6smorek R.

PesynbpTaThl HCCIeA0BaAHUA

YenssOUHCKass OOJACTh SBJIAETCA CYOBEKTOM
Poccutickoit @eziepaliyu, BXOAUT B COCTAB YPaIbCKOTO
benepasbHOrO OKpyra, aIMUHUCTPATUBHBIN LIEHTP —
ropoz Yenss6uHcK. IDiomaas YenassOUHCKON ob61acTu
pasHa 88,5 ThIcAYN KBaJPaTHBIX KWJIOMETPOB, IPOTA-
’KEHHOCTb 00JIACTH € ceBepa Ha for — 490 KM, C 3anaja
Ha BocTOK — 400 kM. T'eorpaduaeckuii 1ieHTp obracTu
pacrionaraercsa B Oosee cTa KWIOMETpPax K IOro-3a-
magy ot YenabuHcka. YensOuHCKas 06JacTh Mo Tep-
puropuu 3aHuMaeT 39-e Mecto 1o Poccuu. Cornacso
3akoHy «O0 aJIMHUHUCTPATUBHO-TEPPUTOPUATIBHOM
ycrpoiictBe YenabuHckol obnactu» [7] m Ycray
YesaOUHCKOHN obnacTtH, cyobekT PO BrItOYaeT ciie-
JyIOIMe aZIMUHUCTPATUBHO-TEPPUTOPUATIBHEIE e/H-
HUIBL: 15 TOpooB 061acTHOTO 3HAYeHU, 15 ropooB
palioHHOro 3HauyeHud, 27 palioHOB; 13 IOCEIKOB ro-
pozckoro Turma, 242 cenbcoBera. O6IAA IPOTHKEH-
HOCTb aBTOZ0por — 18 766 KM.

Cuctema 3apaBooxpaHeHus YenaOUHCKOU 00-
JIACTH TIpe/ICTaBJIeHA PAa3INYHbIMU MeJUITMHCKUMU
OpraHU3aIMAMU, OTHOCAUIUMUCSA K TOCYZApCTBEH-
HBIM, MyHUIIUIIAIbHBIM YUPEXKIEHUAM 3/IpaBO0OXpa-
HeHUs, YIpexAeHUAM ¢efepasbHOr0 MOAYNHEHU
(MeZUIIMHCKYEe OPraHM3ali, HaXOAAIMecs B BeJe-
Huu MuH3zpaBa Poccru, opraHoB MCIIOJHUTETbHON
ByacTu cyobekToB Poccutickoit @eneparuu B chepe
OXpaHbI 370POBb U MYHHUIMIAJIbHBEIX 0OpasoBa-
HHI), OKa3bIBAIONIMM ITOMOIIb B aMOY/JaTOPHBIX U
CTAITIOHAPHBIX YCIOBUAX.

B Hactoamee Bpema nauueHTs! ¢ HCI, mpoxxuBa-
fOII[Ee HA TeppUTOPUHU YeTssOUMHCKON 00JIacTH, TIOy-
yator CMII B cypzAo1ieHTpe 06IaCTHON KIMHUYECKOU
60 bHUITB YeIsIOMHCKA, IPU KOTOPOM CO3/]aH CITEITH-
ayM3UpOBaHHBIN peructp nanueHTos ¢ HCI. OgHako,
VYUTBHIBasA OOJIBIIYIO TPOTSHKEHHOCTh YelaOUHCKON
obyacTy, MakCUMaJbHOE BpeMfA B IyTH MaIueHTa
[0 CYPZAOLIEHTPA, Zja’Ke IMPU UCHOIb30BAHUY JIMIHO-
ro aBTOTPAHCIIOPTA, MOXKET JOCTUTATh TpeX U Oosee
9JacoB, a ITPH UCII0JIb30BAHNUY OOIECTBEHHOT'O TPAHC-
[IOpTa 3TO BPeMs MOXKET 3HAUUTENIbHO YBEIUIUTHCS.
B mcceo0BaHUM UCIIONIBb30BAHBI IAaHHBIE TTAIIEHTOB
¢ HCI' (TouyHee, ceHCOHEBpaIbHOM TYTOYXOCTHIO) B
BO3PaCTHOM I'pyTire MOXWIbIX cTapiue 60 jeT. Kak us-
BECTHO, MOOWJIBHOCTD MAIIIEHTOB 3TOW BO3PACTHOU
CPYIIBl 3HAYUTETbHO CHIDKEHA IO CAaMBIM Pa3HBIM
[IPUYMHAM, YTO YMEHBIIAeT JZOCTYITHOCTb MeJUIIIH-
CKUX opraHusanui s nonydenus CMII. B nmepuoz
¢ 2016 no 2019 r. B cypaoueHTp obpaTwiock 3446
YeJIOBeK C CEHCOHEBPAJIBHOU TYTOYXOCTBIO U ITIyXO-
TOU B Bo3pacrTe crapiie 60 JeT, T. e. B cpefiHeM OoJiee
800 mepBUYHBIX OOpaIeHu# B roz. 13 ob1iero yucia
MalUeHTOB CIyYalHbIM 06pa3oM (TOYHee, TICEB/O-

2021;20;6(115)

overpass-turbo.eu/) and software

libraries R.

specialized

Research results

Chelyabinsk region is a constituent entity of the
Russian Federation, it is part of the Ural Federal
District, the administrative center is the city of
Chelyabinsk. The area of Chelyabinsk region is
88.5 thousand square kilometers, the length of the
region from north to south is 490 km, from west to
east — 400 km. The geographic center of the region is
located more than one hundred kilometers southwest
of Chelyabinsk. Chelyabinsk region occupies 39th
place in Russia in terms of territory. According to
the Law ,,On the administrative-territorial structure
of Chelyabinsk region“ [7] and the Charter of
Chelyabinsk region, the subject of the Russian
Federation includes the following administrative-
territorial units: 15 cities of regional significance, 15
cities of district significance, 27 districts; 13 urban-
type settlements, 242 village councils. The total
length of highways is 18,766 km.

The health care system of Chelyabinsk region
is represented by various medical organizations
related to state, municipal health care institutions,
federal institutions (medical organizations under
the jurisdiction of the Ministry of Health of Russia,
executive bodies of the constituent entities of the
Russian Federation in the field of health care and
municipalities), aiding in outpatient and inpatient
conditions.

Currently, patients with HLD living on the
territory of Chelyabinsk region receive SMC in the
audiology center of the regional clinical hospital in
Chelyabinsk, where a specialized register of patients
with HLD has been created. However, given the large
length of Chelyabinsk region, the maximum travel
time of a patient to the audiology center, even when
using personal vehicles, can reach three or more
hours, and when using public transport, this time
can increase significantly. The study used data from
patients with HLD (more precisely, sensorineural
hearing loss) in the age group of the elderly, over 60
years old. As you know, the mobility of patients in
this age group is significantly reduced for a variety
of reasons, which reduces the availability of medical
organizations for receiving SMC. In the period from
201602019, 3446 people with HLD over the age of 60
applied to the audiology center, i.e. on average, more
than 800 initial calls per year. From the total number
of patients, a sample of 100 people was selected at
random (more precisely, pseudo-randomly, using
the sample () function of the R language), for which
descriptive and test statistics were calculated. Such a
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CJTy4aliHBIM, ¢ TOMOIIbIo GyHKIMY sample() s3b1ka R)
6pUTa oToOpaHa BeIOOpKA M3 100 yesioBekK, A KOTO-
PBIX U OBUIM PACCUUTAHBI OIMCATENbHEIE U TECTOBBIE
CTAaTUCTUKU. Takasg BbIOOpPKA IO3BOJIMIA COKPATHTh
MAaIIMHHOE BpeMs BBIIOJIHEHUSA PACYeTOB CPeZHEro
BpEMEHH B ITyTH 6e3 OUTyTUMOM OTEPU TOYHOCTH.

O6bmas cxeMa WHCCIeZOBAaHUA BKJIIOYana He-
CKOJIPKO JTAIOB:

1) cTaTuCTHYECKOe OI[eHUBAHHE BPeMEeHH B IIyTH
marnmeHToB ¢ HCT g0 cypaonieHTpa YenaObuHCKoOMU 00-
JlacTu Ha ocHoOBe fAaHHbIX OpenStreetMap (OSM),
BKJIIOYAs BBIYHCJIEHUE OIMCATETbHBIX CTATHCTUK U
OILIeHKY pacIlpe/iesieHUs BpeMeHH! ITyTH;

2) IMOWCK ONTUMAaJIbHOT'O YHCJIAa BO3MOXKHBIX 3HA-
YeHUH KJIACTEPOB U PACUYETHHIX I[eHTPOB (1LIeHTPOU-
[I0B) KJIaCTepU3alliy IaIlEeHTOB, UCIOIb3Y nepap-
XUYeCKUH KJIaCTEPHBIN aHaIN3;

3) wmepapxuyeckad KJIacTEPU3aUUsA ITOKIIBIX
manueHToB ¢ HCI' B npegenax YerassOMHCKON 06J1a-
CTH; IOMCK PEAThHBIX IIEHTPOB (TOPOACKUX OOTHHMUI]
U T. 1.), OMMKAUIINX K PAaCCUUTAHHBIM IIEHTPOU-
JaMu;

4) BU3yayIM3anysa ONTUMaTIbHOIO YHC/IA KiacTe-
POB, HaxOX/JeHUEe BPeMEHU B IIyTU MeXJy MeCTO-
nosoxxkeHueM nanueHToB ¢ HCI' 1 BO3MOXXHBIMHU pe-
aJpHBIMU IIeHTPAMH, IIPeZCTaBIeHUEe N30XPOHOB U
TCUCTOrPaMM BpeEMEHU B ITyTH.

Cmamucmuueckoe OUeHUBAHUe 8peMeHU 8 nymu
nayuenmos ¢ HCI" do cypdouenmpa Yensiburckoti 06-
aacmu

Bpems mmpoe3za marueHTa 10 CypAOJIOTHYECKOT0
LIEHTpa MO/IeIMPOBAIOCH C TIOMOINBI0 OECIUIATHOTO
ceteBoro cepuca Open Source Routing Machine,
wir OSRM, coueTaroiero B cebe CJI0XKHbIE aITOPUT-
MBI MapUIPYTHU3AIHU B JOPOXKHBIX CETAX C OTKPBITHI-
MU U OeCIUIaTHBIMU JAaHHBIMU JOPOXKHOM CeTU IIpo-
exta OpenStreetMap (OSM). Omnpezensnioch BpeMs
mpoesza Ha aBToMoOwmIe (10 CyTH — MUHUMAJIBHOE,
6a30Boe BpeMs) Kak BpeMs Ipoe3za Ha aBTOTPaH-
criopTe 6e3 yyeTa IpoOOK U APYrux GakTopoB, yBe-
JIMYMBAIONINX BpeMs B IyTu. CpeHee BpeMs B ITyTH,
no AaHHbIM OSRM, mpu cyllecTByIOIell cucreme
okazanuss CMII Ha 6ase OAHOTO Cyp/OLIEHTpA CO-
craBuno 97,3 * 12,8 muH (95%-HbIN 10BEPUTEND-
HBIU uHTepBan) (MeguanHa Mn = 82,2 MuH, min =
3,4 MuH, max= 334,7 MUH, cpeJlHee KBaJpaTude-
cKoe oTKJIoHeHue SD = 64,8 MuH).

ITouck onMuUManbHO20 UUCAA BO3MONCHBLX 3HAUe-
Huil k1acmepos u yeHmpos (yeHmpoudos) kiacmepu-
3ayuu nayueHmos

KiroueBo#l mpo6yeMol B KJIACTEPHOM aHAM3e
ABJIAETCA MOWCK HAWIYYIero, ONTUMAIbHOTO, YUC-
JIa KJIacTepPOB B Habope JaHHBIX. /I ONTUMU3AN
YHCa KJIACTEPOB MOTYT OBITh HCIOTh30BAHBI pas-
Hble MeTOZBI, Jallle BCero CBA3aHHbIE ¢ mepe6opom
BO3MOXKHBIX 3HAYE€HWH MOKa3aTens 3¢G¢deKTUBHO-
CTH KJacTepusalyu (HampuMmep, BHYTPHUKJIACTED-
HBIX PACCTOSHUM) TpPU pa3HOM 4YHCJIe 3aZlaHHBIX
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sample made it possible to reduce the machine time
for performing calculations of the average travel time
without a noticeable loss of accuracy.

The general research scheme included several
stages:

1) statistical estimation of the travel time
of patients with HLD to the audiology center of
Chelyabinsk region based on OpenStreetMap (OSM)
data, including the calculation of descriptive statistics
and an estimate of the travel time distribution;

2) search for the optimal number of possible
values of clusters and calculated centers (centroids)
for clustering patients using hierarchical cluster
analysis;

3) hierarchical clustering of elderly patients
with HLD within Chelyabinsk region. Search for real
centers (city hospitals, etc.) closest to the calculated
centroids;

4) visualization of the optimal number of
clusters, finding the travel time between the location
of patients with HLD and possible real centers,
presentation of isochrones, and histograms of travel
time.

A statistical estimation of the travel time of patients
with HLD to the audiology center of Chelyabinsk
region

The patient's travel times to the audiology center
were modeled using the free Open Source Routing
Machine, or OSRM, which combines sophisticated
road routing algorithms with open and free road
network data from the OpenStreetMap (OSM)
project. The travel time by car (in fact, the minimum,
basic time) was determined as the travel time by
car without regard to traffic jams and other factors
that increase the travel time. The average travel
time according to OSRM data with the existing SMC
delivery system based on one audiology center was
97.3 = 12.8 minutes (95% confidence interval)
(median Mn = 82.2 minutes, min = 3.4 minutes,
max = 334.7 minutes, standard deviation SD = 64.8
minutes).

Search for the optimal number of possible values
of clusters and centers (centroids) of clustering
patients

The key problem in cluster analysis is finding the
,best”, optimal number of clusters in a dataset. To
optimize the number of clusters, different methods
can be used, most often associated with enumerating
possible values of the clustering efficiency indicator
(for example, intra-cluster distances) for a different
number of specified clusters. Considering that with
an increase in the number of clusters, the differences
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KJIACTEPOB. YUUTHIBAA, YTO IIPU YBEJIUYEHUN YKCIA
KJIACTEPOB PA3INYHUA MeXAy HUMH Pa3MbIBAIOTCS,
3aTPYAHAA UX UHTEPIIPETAINIO B paMKaxX 3aJa4 UC-
CIeI0BAHUA, UX KOJIMYECTBO PEAKO IIpeBHIIaeT 5—7.

MeTozp! nepapXuiecKoy KIacTepu3ariii KakK co-
BOKYIIHOCTD QJIFTOPUTMOB YIIOPSAZOYMBAHUA TAHHBIX,
HallpaBJIeHHBIX Ha CO3/laHue uepapxuu (JepeBa)
BJIOXKEHHBIX KJIACTEPOB, BKJIIOYAIOT /IBa KJjlacca Me-
TOZIOB MepapXW4YecKol KJIacTepH3alluu: arioMepa-
TUBHBIE METO/BI (aHIVI. agglomerative), KOT/Ia HOBBIE
KJIaCTEPHI CO37IAIOTCS IyTeM OObeqUHEHUSA Ooiee
MeJIKUX KJIaCTEPOB, U JVBU3UBHbIE, WIN JUBU3U-
OHHBIE, MeTozAbI (aHII. divisive), Korza HOBBIE KJja-
CTephbl CO37AIOTCA IIyTEM JeleHHs Oosiee KPYITHBIX
KJIacTepoB Ha Oosee Menkue. B ucciezoBaHum uc-
[I0JIb30BAJICSA AIVIOMEPATHUBHBIN aJTOPUTM HepapXu-
YyecKOUW KJIacTepu3aliy Ha OCHOBE MeTO/a IOJHOU
cBsa3u (complete linkage), KoTOpHIl ONpezienaeT Kia-
CTepHOEe PaCCTOSTHUE MEeXAY ABYMs KJIacTepaMU KakK
MAaKCHMaJIbHOE PACCTOSTHHE MEX/Y UX OTEeNbHBIMHU
KOMITOHEHTaMHU. Ha KakZoM asTare UTepaTHBHOIO
Ipoliecca KJIacTepU3aUH Ba OIIDKANIINX KiacTepa
00beTUHAIOTCA B HOBBIF KJIaCTEp, MTOKA BeCh HAOOP
JAHHBIX He OyZleT aryioMepaTHpOBaH B OZINH KJIacTep.

BusyanpHBIM IIpe/CTaBI€HUEM HEPApXUM WIN
KJIACTEPHOTO JlepeBa ABJIAETCA AeHApOorpaMMa, KO-
TOpast OIlpeiesifeT YPOBEHD CXOZCTBA MEX/Y IapaMu
KJIacTepoB. JleHAporpaMMa CTPOUTCS IO MaTpuIle
33/laHHBIX 3apaHee Mep CXOACTBA (WIKU Pa3iIvydu).
B mpocTpaHCTBEHHOH KJacTepu3aliy B KadecTBe
Mep CXOZCTBA UCIOJIb3YeTCs MaTPHUIA PACCTOSHUH,
[IOJIy4eHHas] pa3HBIMU QJITOPUTMaMU, B 3aBUCUMO-
CTH OT TOTO, Kakas ¢popMa 3eM/I 3aKIabIBAETCS B
aJTOpUTM: JUTUAIICOn, cdhepa u T. 1.

OmpezieIeHHYIO CJIOXXHOCTB IIPEZACTAaBISAET KJjla-
cTepu3anua B TeX CIy4asx, KOTZa 33/[aHbl TPAHUILIBI
obnact, B KOTOPOW IPOU3BOAUTCA KJACTEpU3a-
L1, ¥ PACCTOSHHUE MeXAy TOYKaMU OIIpeZessieTcs
paccTosiHMeM He 10 MPAMOH, a Mo JOPOKHOU CeTH.
Hanmpumep, Mexay AByMsA OTU3KUMH PaCIOIOXKeH-
HBIMU HaceJIeHHbIMY IIyHKTaMU OZHOM aIMUHUCTPA-
TUBHOU 00J1aCTH MOXET HAaXOAUThCS YIACTOK IPYTOU
obacty. AJTOPUTM KJIacTepU3aluy Ha OCHOBE Mart-
PHIIBI PacCTOSTHUE 6€e3 yueTa 3TUX 0COOEHHOCTEH OT-
HeCceT 3TH /IBa HacCeJeHHBbIX IYHKTA, CKOpee BCeTo,
K OZIHOMY KJIACTEPY, OJHAKO B PEAJbHOCTH, UCXO/S
W3 IPUHIUIIA obecriedeHus gocTymHocTr CMII, oHu
OyZyT IpUHA/IeXATh PA3HBIM 30HAM MEeUIIUHCKOTO
00OCTYyKMBAaHUA U NPUKPEIUIEHBl K Pa3sHBIM Meau-
LIMHCKUM OPraHU3aIIM.

Bpems B myTH 10 MeAUIMHCKON OpraHU3aIuy —
OZWH 13 napaMeTpoB goctyrnHoctyu CMII. B ucciezno-
BaHUU MMEHHO 3TOT ITOKAa3aTeslb UCIIONb3yeTCs I
orleHKH 3((EKTUBHOCTU KJIACTEPU3AIIUM JIOKAI[UN
noxwiblx nauueHToB ¢ HCI. Eciau pacdeTsl MaTpu-
bl PACCTOSHUN MEXJY JIOKAUAMU-00BEKTaMHU
(B Hamem cjiydae MalMeHTaMU) IO AJUTUAIICOMJY He
[Ipe/ICTaBIIAET CJIOKHOCTH, TO BEIYKCIEHHE MaTPUIIBI
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between them become blurred, making it difficult to
interpret them within the framework of the research
objectives, their number rarely exceeds 5-7.

Hierarchical clustering methods, as a set of data
ordering algorithms aimed at creating a hierarchy
(tree) of nested clusters, include two classes of
hierarchical clustering methods: agglomerative
methods, when new clusters are created by combining
smaller clusters and divisional methods when new
clusters are created by dividing larger clusters into
smaller ones. The study used an agglomerative
hierarchical clustering algorithm based on the
complete linkage method, which defines the cluster
distance between two clusters as the maximum
distance between their components. At each stage
of the iterative clustering process, the two nearest
clusters are combined into a new cluster until the
entire dataset is agglomerated into a single cluster.

A visual representation of a hierarchy or cluster
tree is a dendrogram that determines the level of
similarity between pairs of clusters. The dendrogram
is constructed from a matrix of predetermined
measures of similarity (or difference). In spatial
clustering, a matrix of distances obtained by
different algorithms is used as measures of similarity,
depending on which shape of the earth is put into the
algorithm: an ellipsoid, a sphere, etc.

A certain difficulty is presented by clustering in
those cases when the boundaries of the area in which
the clustering is performed are set, and the distance
between the points is determined by the distance
not along a straight line, but the road network. For
example, between two closely located settlements
of one administrative region, there may be a plot of
another region. The clustering algorithm based on
the distance matrix, without regard to these features,
will assign these two settlements, most likely to
one cluster, but in reality, based on the principle of
ensuring the accessibility of SMC, they will belong to
different areas of medical care and are attached to
different medical organizations.

Travel time to a medical organization is one of the
parameters of the availability of SMC. In the study;, itis
this indicator that is used to assess the effectiveness of
clustering the locations of elderly patients with HLD. If
calculating the matrix of distances between locations
of objects (in our case, patients) along an ellipsoid
is not difficult, then calculating the matrix of travel
time between locations requires queries to constantly
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BpEMEeHH B ITyTHU MeXAy JOKAIUAMU TpebyeT 3ammpo-
COB K IIOCTOSTHHO OOHOBJIIEMBIM pecypcaM I'eOHH-
dbopmaroHHbIX cucteM Google, Yandex, OSM u mip.
Tak KaK pacrpocTpaHeHHOCTh 60JIe3HH, KaK B CIydae
C ONTUMUCTUYHON OIIEHKOW WHBATUAUIUPYIOMINX
HCT B 6,1%, MOXXeT cocTaBaATh npuMepHo 210 ThI-
CSY JIOKAIIMH TOJIBKO /11 YeIsOMHCKOM 00/1aCTH, BbI-
[TOJIHEHVe TaKOT0 3arIpoca I IByMEPHON MaTpPUIIBI
(2100002) 4depe3 OOBIYHBIN JOCTYT K reonHdpOpMa-
LUOHHOM CUCTeMe MOXeT OBITh JOCTAaTOYHO JJIH-
TeJbHBIM U 3aTPATHBIM. B CBS3U ¢ 3THIM B HcCiIeno0-
BaHUU HCIOJIH30BAJIOCh KOMIPOMHUCCHOE PelleHue,
KOTZla Ha4yalbHBINA IIOMCK LIEHTPOU/OB KJIACTEPOB
[IPOBOZMJICS IO MATPHIlE PACCTOSTHUN MEX/Y MECTO-
[IOJIOXKEHUEM TIAIIIeHTOB IO JJUIUIICOUJY, a OLleHKa
3 PEeKTUBHOCTH KJIAcTEpU3AlUK MPOBOAWIACH IIO
BpeMeHHU TalfieHTa B IIyTH U PACCTOSHUIO BHYTPU
y2Ke OIpeZiesIeHHBIX KIacTepoB 1o 3anpocam K ['MIC.
YToO6H! elle 60JbIle COKPATUTH KOJIUYECTBO 3aIPO-
coB k I'MIC 6e3 olyTUMO¥ MOTEPU TOYHOCTH, U3 JIO-
Kallii MarueHToB ObUla OTOOpaHa cayvaiiHas BBI-
O0pKa, ZJIs 3JIEMEHTOB KOTOPOH U OBUIH 3aITPOIIEHBI
PacCTOSTHUA U BpeMs 110 JOPOKHOU CETH 10 OIpesie-
JIEHHBIX IIEHTPOUZIOB.

U1 TIpPOBepKU TUIIOTE3Bl O PaBEHCTBE BpeMe-
HU B IIyTH IAIIMEHTOB [0 CYpAOLEHTpa A PasHO-
ro 4uciIa KJIacTEPOB IPUMEHSUICA CTaTUCTUYECKUH
kputepuii Kpackena — Yosutnca (Kruskal — Wallis).
[To pesysmbpraTaM pacyeToB HysleBas TMIIOTe3a ObLTa
ompoBeprHyTa (YpoBeHb 3HAUYMMOCTH p-value =
0,00079). [ToaTOMy MOXXHO cZiefIaTh BBIBO/, YTO KJa-
cTepu3alusa OKa3blBaeT CTATUCTUYECKH 3HAYMMOe
(p < 0,05) BnusiHME Ha BpeMs Mpoe3za MalkueHTOB C
HCT g0 meauiiuHcKol opranu3anuu. /s yToyHeHuA
TOT0, KaKOe KOJIMYeCTBO KJIacTepoB (Cyp/OoLleHTPOB)
CTAaTUCTUYECKU 3HAYMMO H3MEHUT BpeMs B IIyTH,
OBUI TPOBEZIeH CTATUCTUYECKUH TeCT Ha OCHOBE KpU-
Tepus Bunkokcona (Wilcoxon). Ha puc. 1 npeacras-
JIEHBI ;TarpaMMa pa3Maxa WiH «IIuK ¢ ycamu» (box
plot) BpeMeHM B IIyTH ZI0 CypZOLIEHTPA U 3HAUYEHUS
p-value A1 mOmapHBEIX CpaBHEHHWH MEXIY CeTAMU
C Pa3HBIM KOJMYECTBOM CYpPZAOIIEHTPOB. B BepxHei
YaCTU JUarpaMMbl TOPHU30HTAJIbHbIE JTUHUU COEAU-
HSIOT IIOTIAPHO CPaBHUBAaeMble I'PymIbl. YMC/IO HA
TOPU30HTAIBHBIX JINHUAX — YPOBEHDb 3HAUMMOCTH P
o TapHOMy KpuTepuio BruikokcoHa (Wilcoxon).
Kak BuziHO Ha uarpamme (puc. 1), yBerudyeHue yuc-
JIa KJIaCTEePOB /IO TPeX BKIIOYUTENBHO MPUBOAUT K
CTAaTUCTUYECKU 3HAYMMOMY YMEHBIIEHUIO BpeMeHH!
IIyTHU JI0 CYyPAOLIEHTPA, OZHAKO HAYMHAA C TPeX Kia-
CTEPOB CTATUCTUYECKU 3HAYUMBIX PA3INYUMA He BBI-
sapisgetcs (p > 0,05).

Hepapxuueckas xnacmepusays nOFCUNbIX NAYU-
enmos ¢ HCT e npedenax Yensnburckotl obracmu

Kaxk BuzHO Ha puc. 1, onTMMaabHBIM YUCIOM KJa-
CTepa B 3TOM KOHTEKCTe MOXKHO CUUTATh TPU KJIacTe-
pa. IIpu Takol KiacTepu3aruy Bce MalleHTE MOTYT
OBITH OTHECEHBI K Pa3HbIM KJacTeEpaM TaKUM 00Opa-
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updated resources of geographic information systems
Google, Yandex, OSM, etc. Since the prevalence of
the disease, as in the case of an optimistic estimate of
disabling HLD of 6.1%, it can be about 210 thousand
locations only for Chelyabinsk region, fulfilling such
a request for a two-dimensional matrix (2100002)
through ordinary access to a geographic information
system can be quite lengthy and costly. In this regard,
the study used a compromise solution, when the
initial search for cluster centroids was carried out
using a matrix of distances between the locations
of patients along the ellipsoid, and the assessment
of the effectiveness of clustering was carried out
according to the patient's travel time and the distance
within already defined clusters by GIS queries. To
further reduce the number of requests to GIS without
a noticeable loss of accuracy, a random sample was
selected from the patient locations, for the elements
of which the distances and time along with the road
network to certain centroids were requested.

The Kruskal — Wallis statistical test was used to
test the hypothesis about the equality of the travel
time of patients to the audiology center for different
numbers of clusters. Based on the calculation results,
the null hypothesis was refuted (significance level
p-value = 0.00079). Therefore, we can conclude that
clustering has a statistically significant (p < 0.05)
effect on the travel time of patients with HLD to a
medical institution. To clarify how many clusters
(audiology centers) will statistically significantly
change travel time, a statistical test was performed
based on the Wilcoxon test. The figure shows a box
plot of travel time to the audiology center and p-value
for pairwise comparisons between networks with
different numbers of audiology centers. At the top of
the diagram, horizontal lines connect the compared
groups in pairs. The number on the horizontal lines
is the p significance level according to the paired
Wilcoxon test. As can be seen in the diagram (Figure
1), an increase in the number of clusters up to three
inclusive leads to a statistically significant decrease
in the travel time to the audiology center, but starting
from three clusters, no statistically significant
differences are detected (p > 0.05).

Hierarchical clustering of elderly patients with
HLD within Chelyabinsk region

As can be seen in the previous Figure 1, the
optimal number of a cluster in this context can be
considered three clusters. With this clustering, all
patients can be assigned to different clusters in the
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Puc. 1. luarpamMmMa pasmaxa IokasaTessi BpeMeHH B IIyTH IIPY Pa3IMuHOM YHCJIe CYyPAOLEHTPOB B CIIEIMAIM3UPOBAHHON ceTH (rpa-
HUITBI AMNWKA — IePBBIA U TPeTUN KBapTWIH (25-i U 75-1 IIPOLIEHTUIN COOTBETCTBEHHO); INHUA B cepeAnHe AmunKa — MeauaHa (50-i
TIPOLIEHTHIB)

Fig. 1. Diagram of the range of travel time for a different number of medical facilities in a specialized network. (Box borders are the first
and third quartiles (25th and 75th percentiles, respectively); the line in the middle of the box is the median (50th percentile)

30M, KaK MMOKa3aHo Ha puc. 2. Haubosbiee (67,9%)
YHCJIO NAalMEHTOB OTHOCUTCA K KaacTepy N° 1, k kia-
crepy N° 2 — 19,2% nanuenTos, 12,9% nanueHToB OT-
HECeHO K Kiactepy N2 3.

Busyanuzauyus onmumansHo20 uucaa kKadacme-
po8, HaxojxcoeHue 8pemeHU 8 mymu Mexncdy Mecmo-
nosioxceHuem nayuenmos ¢ HCI' u 8oamoxcHbimMU pe-
ANbHbLIMU UeHmpamu, npedcmaseHue U30XPOHO8 U
2UCMOo2pamm 8peMeHU 8 ymu

OpHuM 13 Hanbosee yAOOHBIX U HATVIZHBIX CIIO-
co60B OTOOpAKEHUS 30H JOCTYITHOCTU MO BPEMEHU
MOXKET CIYy>KUTb MCIIONb30BaHUE H30XPOH (OT rp.
160 — MOXOXKUM U ¥pOVOG — BPEMsI) — JIMHUMN OJHOBpe-
MEHHOCTH, OI'PaHMYMBAIOMINX 30HbI C OJJMHAKOBBIM
BpeMeHeM B ITyTU [I0 MHTepecyIoIIux reorpadude-
CKUX TOYeK, OOBEKTOB, MEAWIMHCKUX OpraHMU3a-
uuii [8]. VI30XpOHBI UCTIOMB3YIOTCA 7151 aHAIM3a ITPO-
CTPaHCTBEHHBIX [AHHBIX, HAIpuMep, JJA pacyeTa
OXBaTa — CKOJIBKO JIFOZIeN TIPOXKUBAeT Wi paboTaeT
B ZIOCTYIIHOCTH OT 33/JaHHOTO O0BeKTa (HamprMep,
CypZOIleHTpa).

Ha puc. 3 noxasaHbl HM30XpOHBI C ILIaromM B
20 MUH, MMOKa3bIBaIOIIMeE 30HBl BpeMEHHOU JJOCTYII-
"Hoctu CMII B pacyeTHBIX MECTOIIOJIOXKEHUAX Cyp-
JOLIeTPOB, COOTBETCTBYIOUIMX TPEeM ONTUMAaIbHbIM
KJIacTepam — OT $HUOJIETOBOro IBeTa (HamboJbInast
BpeMeHHas JOCTYIIHOCTb [0 >KeJIToro (HauMeHb-
mas — oT 100 mo 120 MmuH). Bce ocTanbHbIE ITaly-
€HTHI [IPOXXMUBAIOT B MeCTax, IZie BpeMs IIpoe3za Ha
MalrrHe 3aHuMaet 6ostee 2 9 (120 MuH).

2021;20;6(115)

way shown in the following Figure 2. The largest
(67,9%) number of patients belongs to cluster No.
1, to cluster No. 2 — 19,2% of patients and 12.9% of
patients belong to cluster No. 3

Visualization of the optimal number of clusters,
finding the travel time between the location of patients
with HLD and possible real centers, presentation of
isochrones, and histograms of travel time

One of the most convenient and visual ways of
displaying accessibility zones in time can be the use of
isochrones (from the Greek ico — similar and ypovog —
time) — lines of simultaneity, limiting zones with the
same travel time to interesting geographic points,
objects, medical organizations [8]. Isochrones are
used to analyze spatial data, for example, to calculate
the coverage — how many people live or work within
reach of a given object (for example, an audiology
center).

Figure 3 shows isochrones with a step of 20 min.,
these are the zones of temporary accessibility of
the SMC in the calculated locations of the auditory
centers corresponding to three optimal clusters (from
purple (the highest temporal availability) to yellow
(the least is from 100 to 120 minutes)). All other
patients live in places where travel time by car takes
more than 2 hours (120 minutes).
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Vcnonp3oBaHuWe  KJjacTepu3alldd  yMeHbIla-
eT OIleHKy CpeZHero BpeMeHW B IyTu ¢ 97,3 MUH
(meaunana — 82,21 muH) g0 70,7 MuH (MeauaHa —
61,4 muH). Ha puc. 4 mpezcTaBieHbl THCTOTPAMMBI
pacmpeziesieHUsA BpeMeHH B ITyTU IIPU OpraHU3aluu
CYPZOJIOTUYECKOHN ceTU M3 OJHOTO U U3 TpeX CypZo-
1eTpoB. B kauecTBe addexTa [6] CHIDKEHUA BpeMe-
HU B IyTHU O CypAOLIEHTPa MOXXHO paccMaTpUBaTh
pasHocTb cpeguux (MD) — 26,6 muH (T. e. CHUXe-
HHE BPEMEHU B IyTH TOYTU HA TPETh OT UCXOJHOTO
cpeJHero) M CTaHZAPTU30BaHHYIO Pa3HOCTh CPeHUX
(SMD) - 0,5, 3HaueHHEe KOTOPOU MOXKHO OILIEHUTH
KakK «cpegHuli» pasMep addekTa.

OzHako HeoOXOAMMO OOpaTUTh BHUMAaHUE Ha
elle OJHY BaKHYIO XapaKTEPUCTUKY — YyMeHbIle-
HUe Koye6JIeMOCTH BpeMEHU B IyTU: IMOKa3aTelb
pasmaxa BpeMeHHU B IIyTyU yMmeHbwiaca ¢ 331,3 o
200,3 MyH, a MaKCUMaJIbHOE 3HaYyeHUe BPEMEHU B
MyTU YMEHbIIWIOCh ¢ 334,7 MUH IIPU OZHOLIEHTPO-
Bo# cetu zo 202,3 MUH NP OPraHU3aIUU CETU U3
TpeX CypAOLIeHTPOB.

2021;20;6(115)

Using clustering reduces the average travel
time estimate from 97.3 minutes. (median -
82.21 minutes), up to 70.7 minutes. (median
61.4 minutes). Figure 4 shows histograms of
the travel time distribution when organizing an
audiological network from one and three audiology
centers. As an effect [6] of reducing the travel time
to the audiology center, the mean difference (MD) —
26.6 minutes can be considered (i.e. a reduction in
travel time by almost a third of the baseline mean),
and a standardized mean difference (SMD) of 0.5,
which can be estimated as the “mean” effect size.

However, it is necessary to pay attention to
another important characteristic — a decrease in the
variability of travel time: the indicator of the travel
time range has decreased from 331.3 minutes.
to 200.3 minutes, and the maximum travel time
decreased from 334.7 minutes. with a single-center
network up to 202.3 min. when organizing a network
of three audiology centers.
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3akiro4yeHue

Vcrionp30BaHue IPOCTPAHCTBEHHOM KIlacTepu3a-
[IUY [TO3BOJIIET pa3paboTaTh MaTeEMaTHIECKH 0O0CHO-
BaHHBIE pElIeHNs NPU OPraHU3aluU MeJUIIHCKON
[TOMOIIIM Ha ONpeZieIeHHON TePPUTOPUH C YIETOM II0-
Kasaresii IOCTYITHOCTY MeAUIIMHCKOY IIOMOIIH — Bpe-
MeHU B IIyTU IO MeJIMIIMHCKOYN OpraHN3alyH.

MogenupoBaHue JOCTYIHOCTH MEeJUITMHCKON
[IOMOIIY Ha OCHOBE IIOKAa3aTeslsl BpeMEHU B ITyTHU 10
MEeJUITMHCKON OpraHu3anuu TpebyeT HCIIONb30Ba-
HUA TeONHGOPMAIIOHHBIX CUCTEM, OLIEHUBAIOIINX B
peasbHOM BpEMEHU JIOPOXKHBIN Tpaduk. [Too6HbIE
3a1a9¥ HeOOXOMIMO IIPeyCMOTPETD B CIIy4dae MIHUpo-
KOT'O HCIOIb30BAHMUS OKa3aTesel ZOCTYITHOCTH /IS
peleHys 33/1a4 OPraHU3aANNH U ONTHUMU3AINHI TeP-
PUTOPHAIBHBIX CHCTEM 37[paBOOXPAHEHU .

Kiacrepusanus — 3To cKopee WHCTPYMEHT, KO-
TOPBIM ITOMOTaeT MCCIe0BaTh HAOOP JAHHBEIX U HE
Bcerza o/DKEH MCIIOIb30BaThCsA B KQUeCTBE aBTOMA-
TUYECKOr0 MeToZa KIacCUPUKAIUY JaHHBIX. TaKuM
ob6pa3oM, He BCerza MOXXHO IPUMEHUTD aJTOPUTMbI
KJIACTEPHU3AUNY /I PEIbHOTO CILieHApHsA OpTaHU-
3aIUy MeJUIIMHCKOM momonty. OHH 9acTO CIMIIKOM
HeHa/Ie)XHBI, ¥ OZJHA KJIaCTepr3alus caMma 1o cebe He
MOJKeT ZIaTh BCIO NHPOPMAIIHIIO, KOTOPYIO MOXKHO U3~
BJIeYb 13 Habopa ZaHHBIX. OZHAKO 3TOT UHCTPYMEHT
[I03BOJIAET CO37aTh OOOCHOBAHHBIE IPEATIOCHUIKHI
JUIA ONTHMAJIBHOTO pellleHUsA 33/a4 OpraHu3aliiu
CeTH CIIeININ3UPOBAHHBIX LIEHTPOB U HE TOJIBKO.

ABTOpBI 3agBIAAIOT 00 OTCYTCTBUU KOHQIIVK-
Ta UHTEPECOB.

Conclusion

The use of spatial clustering makes it possible
to develop mathematically sound solutions for the
organization of medical care in a certain area regard
to the indicator of the availability of medical care —
the travel time to a medical organization.

Modeling the availability of medical care based
on the travel time to a medical organization requires
the use of geographic information systems that
assess road traffic in real-time. Such tasks must be
envisaged in the case of widespread use of availability
indicators for solving the problems of organizing and
optimizing territorial health care systems.

Clustering is more of a tool that helps explore a
dataset and should not always be used as an automatic
method for classifying data. Thus, it is not always
possible to apply clustering algorithms for a real
scenario of the organization of medical care. They
are often too unreliable and clustering alone cannot
provide all the information that can be extracted from
a dataset. However, this tool allows you to create
reasonable preconditions for the optimal solution to
the problems of organizing a network of specialized
centers and not only.
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