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PaccMoTpeHa npocTpaHCTBeHHas AOCTYITHOCTb 06'beKTOB 06pa30BaHus B ropozie PEIGHHCK € yueToM pacnpefe-
JIEHUS XKUJIOH 3aCTPOUKHU. AKTYaJIbHOCTb PaboThI 00y C/I0BJI€eHa TEPPUTOPHAIbHON HEPaBHOMEPHOCTBIO Pa3MelleHUs
006pa3oBaTebHbIX YYPEXKJeHUH U Pa3INYMsAMU B 0XBATe }KUJI0H 3aCTPOUKH HOPMATHBHBIMH PaiyCcaMu NeIIexXo HO N
JocTynHOCTH. CHCTEMAaTU3NPOBaHbI IPOCTPAHCTBEHHbIE JaHHbIE, KIacCUUIIMPOBAaHbl 00pa3oBaTesbHbIE yUpexX/e-
HUS, ollpe/ie/ieHa IVIOTHOCTD YKUJIOH 3aCTPOHKHU U NOCTPOeHbI 6ypepHble 30HbI HOPMATHUBHOU JOCTYITHOCTH B T€OHH-
dopmarmonHoii cucreMme QGIS. YcraHoBsieHo, 4To 72 % paccMaTpUBaeMbIX 06'bEKTOB 06pa30BaHUs COCPEIOTOYEHO
B llenTpasbHoM, 3anagHoM U KO>kHOM pailoHax. OXBaT »KUJI0M 3aCTPONKU HOPMATUBHBIMU paZjlyCcaMH JJOCTYITHOCTH
coctaBsseT 18-72 % nuis aeTckux cazioB, 15-68 % gy mkous u 0-85 % asis yuypexeHUi JoNOoJHUTENbHOT0 06pa3o-
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BaHMs. HauMeHblMe 3Ha4eHHs BbISIBJIEHBI B 3aBOJDKCKOM U BocToyHOM paiioHax. [loJiy4eHHbIE pe3yibTaThl 103BO-
JISIIOT BBISIBUTb TEPPUTOPHUHU C HU3KOW NMPOCTPAHCTBEHHOU JJOCTYNHOCTbIO 00'bEKTOB 06pa30BaHUS U HCNOJIb30BaTh
WX NIpY Jja/IbHEHIIEM [IJIAHUPOBAaHUU Pa3BUTHS 06pa30BaTebHON HHYPACTPYKTYPHI.

Kntouesvble cnoea: 2eoungopmayuorHble cucmembl, docmynHocms coyuaabHOU UHPPacmpykmypobl, 06seKmbl 06paso-
8aHUSL, newexodHast ocmynHoCMv, NJI0MHOCMb HCUA0L 3acmpoliKu, 2padocmpoumesibHoe NAAHUPO8aHue, 6ydepHbvle 30HbL.
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This study assesses the spatial accessibility of educational institutions in the city of Rybinsk (Russia), taking
into account the distribution of residential development. The study examines the uneven spatial distribution of educa-
tional institutions and differences in the proportion of residential development covered by regulatory zones of walking
accessibility. For the purposes of this study, spatial data on educational institutions were organized and classified
by type; residential density was calculated; and accessibility zones were modeled using the QGIS geographic infor-
mation system. The study uses standard walking accessibility radii: 300 m for kindergartens, 500 m for schools,
and 1,000 m for supplementary education institutions. As a result, 72 % of the educational institutions analyzed are
concentrated in the Central, Western, and Southern districts. The proportion of residential development within these
accessibility zones ranges from 18 to 72 % for kindergartens, from 15 % to 68% for schools, and from 0 to 85 %
for supplementary education institutions. The lowest accessibility rates are observed in the Zavolzhsky and Eastern
districts. The results obtained make it possible to identify districts with limited access to educational institutions
and serve as a basis for further planning of educational infrastructure development.

Keywords: geographic information systems, social infrastructure accessibility, educational facilities, pedestrian
accessibility, residential development density, urban planning, buffer zones.

Beeaenue aHa/M3e 06'beKTOB 00pa30BaHUsA Ji/Is1 KPYITHOTO Mpo-
[IpocTpaHCcTBeHHass JAOCTYIHOCTb OGBEKTOB  MBIIIJIEHHOrO FOpPoja C y4eTOM HEOJAHOPOAHOCTH KH-
06pa3oBaHus ABJSETCS OAHUM U3 GAaKTOPOB, onlpe-  Jiod 3actpoiku [8, 10]. [IpesokeHHBIN MeToAHUYE-
JleJII0LIMX KaueCcTBO FOpoJCKOM cpeJibl M YPOBEHb  CKHUM IOZXOJ, OCHOBAaHHBIA Ha NMpUMeHeHUH Gydep-
»KU3HU HacesleHUs [6, 22]. B cooTBeTcTBUM c [pajjo-  HOro aHa/M3a U OLEHKE IJIOTHOCTH 3aCTPOUKH, TO3BO-
CTPOUTEJIbHBIM KoZleKcoM Poccuiickoit Pefilepaiuu  JifieT BbIIBUTh KOJIMUECTBEHHbIE U KaueCTBEHHbIE Xa-
U CTpaTerveil MNpPOCTPAHCTBEHHOTO pas3BUTHsS, PAKTEPUCTUKU TepPUTOPHAIbHOro AedULMTa U CIIy-
obeclieyeHHe PaBHOIO JOCTyNa IpaxJaH K ydpe- aT 6a30l AJi JajbHelllero ceTeBoro Mo/ieJIMpoBa-
KJEHUSIM 00pa30BaHUsA U APYTUM COLMAJIbHO 3Ha-  HUA goctynHoctH [10, 15, 19].
YHUMBIM OO'b€KTaM BXOJUT B YUCJI0 NPUOPUTETHBIX MeToz,
3a/]a4y rocyJapCcTBEHHOH NMOJIMTHKH [2, 4, 9, 10]. B pa6oTe npuUMeHsJINCh TEOPETUYECKHE U IM-
['opon PbIGUHCK sIB/IsIETCSI TOPOZIOM C UCTOPU-  NMHUPHUYECKHE MeTOAbl: aHaJIM3 HAayYHOW U HOpMa-
YeCKU CJO0XKHBLIEHCS 3aCTPOMKOW W OTHOCUTCA  THUBHOH JuTepaTyphl [6, 10]; c6op u cucteMaTH3a-
K KPYNIHBIM ropojiaM flpociaBckoy 06/1aCTH [0 YUC- LUl IPOCTPAHCTBEHHBIX JJAHHBIX U3 OTKPBITBIX UC-
JIEHHOCTH HaceJsleHus [12]. UcciefoBaHUA TOKa3bl-  TOYHUKOB; MPOCTPAHCTBEHHBIM aHalWM3 B cpejie
BAIOT, YTO B TaKUX ropojax Hauayduas newmwas Ao-  QGIS (moctpoeHue 6ydepHbIX 30H, OL[eHKA IJIOTHO-
CTYIHOCTb HA6GJII0AaeTCs B UCTOPUYECKHUX [IEHTPAX, CTH 3aCTPOHKH, HajoxkeHUe cyoeB) [23]; oydep-
YTO CBfI3aHO C HAWOOJIbIIEH KOHIIEHTpPAnWed TO- HbIA aHa/JM3 HOPMATUBHOW MeIleXOAHON AOCTYyII-
YeyHbIX 00BEKTOB, NMPeAOCTaB/SAIUIMX YHUKaAb- HOCTU B cooTBeTcTBUU c CII 42.13330.2016 [11];
Hble U obuieropoackue ycayru [2, 20]. Lenbto faH-  pacyeT [AOJM KHUJIOHW 3aCTPOHKH, MOMajarolien
HOTO MCCJIe[JOBaHUsl SBJAAETCA CHUCTeMaTU3alus B 30HbI 06cayxuBaHusd [2, 17].
NPOCTPAHCTBEHHBIX JAHHBIX 06 06'beKTax 06pa3o- [IpocTpaHcTBeHHast 6a3a AaHHBIX CHOPMUPO-
BaHUsI, OL|eHKA UX pa3MelleHus U BbIsIBJeHWe 30H BaHa Ha ocHoBe OpenStreetMap, peecTpa KHJIOTO
)KUJIOW 3acCTpOUMKH, He oxBadueHHbIXx HopMmaTuB- ¢oHaa 'MC XKKX u reHepasibHOTO mJaHa I. PpIGKH-
HbIMU pajiMycaMH MelIexXOJAHOW AOCTYNHOCTU co-  cKa [1, 3, 13]. AnpecHas undopmanus us 'MC KKX
raacHo CIT1 42.13330.2016 [6, 11, 21]. reokogupoBana B QGIS. /[l yueTa reoMeTpUYeCKUX
HayuyHasi HOBHM3Ha paboOThI 3aK/JII0YAETCS B KOM-  pa3MepoB 3JlaHUM NOCTpoeHbl 6ydepHble 30HbI, pa-
IJIEKCHOW CUCTeMaTH3alMM M TNPOCTPAaHCTBEHHOM  [JHUYC KOTOPBIX ONpeZessics IJIOLaZblo 3AaHUsA
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[21]. U3 obGuiero MaccuBa BbIZieJIEHBI TOJBKO 06b-
€KThI, [oNaAamne B QyHKIMOHATbHbIE 30HbBI KU-
JIOM 3aCTPOMKH COTJIaCHO reHIviaHy. OneHka IJoT-
HOCTH BBbINIOJIHEHA METOJIOM pEeryJIipHOH CeTKH
csa4yeiikoi 200 x 200 M: /151 KaKA0U TUeHKH paccyu-
TaHa CyMMapHas IJI0La/lb »KUJIOM 3aCTPOUKH U BbI-
YHCJIEH MOKa3aTesb IJIOTHOCTH (OTHOLIEHUE ILJIO-
aId 3aCTPOUKHU K Iowaau siyeiku) [7]. Pesysb-
TaThbl BU3ya/IM3UPOBaHbI B BUJie KApTOrpaMMHlI [6].
Pe3y/bTaThl M 006CYKAeHNE

B kavyecTBe OCHOBBI /I aHAJIM3a MJIOTHOCTH
»KUJIOU 3aCTPOMKU UCN0J1b30BaI0Ch QYHKLIMOHAJIb-
HOe 30HUPOBAHWE, MPHUBEJEHHOE B reHepaJbHOM
IJlaHe TOPOJCKOro oKpyra ropos Pei6uHck [1].

Ha ocHoBe pannbix 'MC JKKX, OpenStreetMap
Y Ka/IaCTPOBBIX CBEJIEHHUH MOCTpOeHa KapTa IJIOT-
HOCTH XWJIOH 3acTpoiiku (puc. 1) [3, 13].

B Ta6uivie 1 npuBeieHbl MPOLEHTHI 10 BUJAM
3aCTPOMKHU /IJisl KAXKJ0r0 paiioHa ropo/a.
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Fig. 1. Residential development density map of Rybinsk (illlllltration by the authors)
Ta6smna 1
IIponeHTHI 10 BUAAM 30H 3aCTPOMKH PailOHOB I. PBIGUHCK
Table 1
Percentages by development zone type in Rybinsk districts
“l\}gn PaiioH 4-8 staxeii, % BoJsee 9 ataxei, % Jlo 4 ataxeii, % WX, %
1 2 3 4 5
1 H0xKHbBIN 37,76 6,03 6,78 49,43
2 [lleKCHUHCKHMI 17,93 9,61 31,79 40,67
3 [leHTpaJbHBIN 28,15 45,92 21,51 4,42
4 [Tepe6opckuit 23,53 0,00 18,75 57,71
5 3anafHbIN 46,76 14,26 11,58 27,39
6 3aBOJKCKUH 4,31 0,14 1,19 94,37
7 BocTouHbIH 11,94 7,46 9,54 71,07

[Tony4yeHHble JaHHbIE UCIIOJb30BAHBI AJ5 I0-
c/eAyolleld OLleHKU NPOCTPAaHCTBEHHOM JOCTYII-
HOCTU 00'bEKTOB 00pPa30BaHUS.

[To coctosHuwo Ha 2026 roj B ropofe 3aperu-
cTpupoBaHo 119 06bekTOB 06pa3oBaHus. [ aHa-
JIi3a HOPMAaTUBHOW MeLIeX0JHOW JJOCTYNHOCTHU pac-
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CMOTpEHbI YYpPeXx/IeHUs MOBCEJHEBHOTO U PETyJsip-
HOTO CIpoca: JIOUIKOJIbHbIe 06pa30BaTe/IbHbIE Opra-
Hu3anuu (56), o61eo6pazoBaTe/bHble MIKOJIbI (31)
U YYPEXKIeHUS JOTIOJIHUTEbHOTO 06pa3oBaHusd (12).
OcTasbHble (By3bl, KOJUJIEKH, UHTEPHATHI) B pacyeT

paZiuycoB He BKJIIOYEHbl, TaK KaK MX KOHTHUHIEHT
dopMupyeTcs He MO0 MUKPOPAaMOHHOMY NPUHIUIY.
PacnipesiesieHre 3TUX 06'BEKTOB IO paliOHaM MpHBe-
JIeHO B TabJiuie 2.

Tao6una 2
KosinuecTBO 06pa3oBaTe/IbHbIX YYPEXKAEHHIA 10 TUIIAaM U pailoHaM ropoja PeI6uHCK
Table 2
Number of educational institutions by type and district in Rybinsk
Hl\}gn Paiion JeTckue caabl IIxoJ1b1 Jomn. o6pa3oBaHue Bcero
1 2 3 4 5
1 lleHTpabHbIA 16 10 6 32
2 3anagHbIA 12 7 2 21
3 H0>KHBIA 12 5 2 19
4 llleKCHUHCKUH 5 3 1 9
5 [Tepe6opckuit 5 3 1 9
6 BocTo4yHbIN 4 1 0 5
7 3aBOJIKCKUHI 2 2 0 4

Ha UenTpanbHbil, 3anagubiid U FOxHBINA pait-
OHBI IpUXOAUTCS 72 % paccMaTpUBaeMbIX 00'beK-
TOB 06pa3oBaHusA. B nepudepuilHpix palloHax ux
KOJINYeCTBO CYyIleCTBEHHO MeHbllle; B BocToyHOM
Y 3aBOJKCKOM pallOHaX OTCYTCTBYIOT YUpeXJeHus
JIOIIOJTHUTEIbHOT'0 06pa30BaHUsl.

[ KoJIM4eCTBEHHOW OLLEHKH JOCTYNHOCTU
ObLT TpoBesieH OypepHbIN aHAJNU3 B COOTBETCTBUHU

¢ HopmaTtuBamu CII 42.13330.2016 [11]. Hopma-
TUBHble paZUyCbl OOCAYKUBaHUSA AJisI 00bEKTOB
obpa3oBaHus, ciaefyloliye: s JeTCKUX CaZioB -
300 M; aag mkos - 500 M; 711 JOMOJIHUTEJILHOTO
o6paszoBanusi - 1000 M.

JloJis1 »KUJI0M IJIoLIaAu, Ionajalled B 30HbI
HOPMAaTHUBHOM JJOCTYMHOCTH, paCCYMTaHa [JISl KaX-
Jloro paiioHa ¥ mpe/cTaBjeHa B TabulLe 3.

Ta6smna 3
J o5 )KU10M 3aCTPONKH, 0OXBadyeHHAss HOPMaTUBHBIMHU paJycaMu NelieXoAHOoM AOCTYyNmHOCTH, %
Table 3
Share of residential development covered by standard pedestrian accessibility radii, %
“l\}(_;j Paiion Jetckue cagpl (300 M) IIkouib1 (500 M) Aon. E) 16 é) (;J‘ g ;I;aﬂne
1 2 3 4
1 [leHTpaJbHBIN 72 68 85
2 3amajHbIA 58 52 53
3 H0xHBIN 63 67 61
4 [lleKCHUHCKUH 41 35 38
5 [lepe6opckuit 52 58 45
6 BocTo4HbIH 44 27 0
7 3aBOJIKCKUHT 18 15 0
[IpocTpaHcTBeHHOE pacnpefie/ieHHe 30H JO-  >KUJIOH 3aCTPOMKH He fABJISAETCA MOJHBIM U COCTaB-

CTYIMHOCTU Ha $OHE IJIOTHOCTH KUJIOU 3aCTPOUKU
BU3YaJIM3UPOBAHO Ha KapTe (puc. 2).

[losiyyeHHbIe 3HAYeHUs CYLIeCTBEHHO pasJjnya-
I0TC MeXJy pailloHaMu. MakcuMasIbHbId —OXBaT
Habuo1aeTcs B lleHTpasbHOM paiioHe: 72 % KUJI0H
3aCTPOUKH JIJ/Isl AETCKUX CaZioB, 68 % 1151 1Ko U 85 %
UL YIPEXAEHUHN [IOTIOJIHUTENBHOTO0 06pPa3s0BaHHUSI.
MuHUMabHBIE 3HAUYEHHUS U151 JIETCKUX CaJI0B U IKOJI
3adUKCcHpOBaHbl B 3aBOJHKCKOM paiioHe - 18 u 15 %
COOTBETCTBeHHO. B BocToyHOM paiioHe 0XBaT COCTaB-
asieT 44 % pasa geTckux cajioB U 27 % A/ ILIKOJI,
IPYU 3TOM YUpexJeHUs JOTIOJHUTEIbHOTO0 06pa3oBa-
HUA OTCYTCTBYIOT. B lllekcHUHCKOM paiioHe NOKasa-
TeJiv cocTaBsAoT 41, 35 1 38 % coOTBETCTBEHHO.

B 3amagHom u lOxHOM palioHaX, HeCMOTpA
Ha 3HAYUTeJbHOE KOJUYECTBO OOBEKTOB, OXBAaT

jasieT 52-71 % B 3aBUCUMOCTH OT THIIa 00'bEKTA.
B [lepeGopckoM palioHe MOKAa3aTeJH COCTABJSIOT
52 % pnsa petckux camos, 58 % auis mkoa u 45 %
JUJIsI IOTIOJIHUTEIbHOTO 06pa30BaHUSI.
CormocTraBJieHHe Pe3ybTATOB IOKA3bIBAET, UYTO
HU3KHE I0Ka3aTesJM OXBaTa XapaKTepHbI Npexze
BCero JJisg 3aBOJDKCKOTO M BocToyHOro pailoHOB.
[Ipu 3TOM Ha/M4uve GOJIbLIETO KOJMYECTBA 06BEK-
TOB B OT/IE/IbHbIX paliOHaX He 0GecrneyrBaeT MoJ-
HOT'0 0XBaTa »HWJIOW 3aCTPOHKH HOPMATUBHBIMU pa-
JWycaMy. JTO NOKa3bIBaeT HEOOXOAUMOCTb YYUTHI-
BaTh NPU OLEHKE JIOCTYITHOCTU HE TOJIbKO KOJIMYe-
CTBO M pasMellleHHe OO'bEKTOB, HO WU INpPOCTPaH-
CTBEHHYIO CTPYKTYPY *KUJIOH 3aCTpoiKH [5, 22].
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Fig. 2. Map of accessibility of educational facilities (illlllltration by the authors)

[losrydeHHBIE pe3yJIbTaThl COOTBETCTBYIOT NIPH-
MeHSIeMOMY B HCCJIe[JOBAHUAX NTOAXOAY K OLIeHKe J10-
CTYNTHOCTH COLIMA/IbHOM HHOPACTPYKTYPBI C UCHOJIb-
3oBaHueM ['MIC v mpocTpaHCTBEHHBIX METOOB [8, 10,
14, 15, 18, 19, 23]. B paccMaTpuBaeMoM cJiy4ae COMo-
CTaBJIeHUe pa3MelleHUs 00pa30BaTebHbIX O0BEK-
TOB C IIJIOTHOCTBIO »KUJION 3aCTPOMKH NO3BOJISIET J10-
MIOJIHUTEJIBHO BBISIBUTh TEDPUTOPHH, He OXBaueHHbIe
HOpPMaTHBHBIMU 30HAMH JOCTYITHOCTH.

3ak/l04yeHue

B pesy/ibTaTe BBHIITOJHEHHOTO HCCIe[0BaHUSA
IpOBeJileH aHaJIu3 TePPUTOpPHAJbHBIX OCOGEHHO-
CTel pasMelleHUs1 U JOCTYNHOCTH 06pa3oBaTesIb-
HBIX yupexxJeHUU PriOUHCKa:

1. YcraHoBJIeHa TeppUTOpHaJbHasA HEPaBHO-
MEepHOCTb pasMellleHUs1 0Opa3oBaTe/IbHBIX yupe-
XKIeHUU. 72 % paccMaTprUBaeMbIX 06'bEKTOB COCpe-
JotoyeHo B lleHTpasbHOM, 3anagHoM U H)xHOM
paiioHax Pri6uHCKA. 3aBODKCKUA U BoCTO4YHBIN
paloHbl XapaKTepU3YITCS MasblM KOJHYEeCTBOM
00bEKTOB U NOJIHBIM OTCYTCTBHUEM Yy4peXkJeHHUU
JIOIIOJIHUTEIbHOT0 06pa3oBaHusl.

2. OueHeHa 06ecrieueHHOCTD YKUJI0H 3aCTPOMKU
HOPMaTMBHBbIMH 30HaMH MeLIEXOJHOU JOCTYIMHOCTH.
OxBaT »WJIOW 3aCTpoMKM cocTaBisieT 18-72 %
JUISl IeTCKUX cafioB, 15-68 % muas mkoa u 0-85 %
JUIsT yYpeXAeHUH JoT0JHUTEIbHOTO 06pa3oBaHusl.
Hanbosiee HHU3KHe MOKasaTeJd XapaKTEPHBI JJis
3aBoJnKCcKOro ¥ BocTouHoro paifioHOB.

3. BoifiBleHA BHYyTpUpalHOHHAs HEOJHODPOJ-
HOCTb IPOCTPAaHCTBEHHOH AOCTYNHOCTH. [laxke B paii-
OHax C BBICOKOM KOHIIEHTpanuer 06pa3oBaTebHbIX
00'bEKTOB 3HAUMTEJIbHAsl YacTb >KUJIOM 3aCTPOMKH
pacriosiaraeTcsi BHe HOpMaTHUBHBIX PAZIyCOB, YTO I10-
Ka3bIBaeT HEOOXOJMMOCTb YYWUTBIBATH IPOCTPaH-
CTBEHHOe paclpe/ieJieHHe >XUJIOM 3aCTpOMKH HpHU
OLieHKe 06eCcrIeYeHHOCTH.

4. OmnpeneneHbl TEPPUTOPUH, TPEGYIOLINE 1ATb-
Helillel NpopabOTKU NMpPU MJIAHUPOBAaHUM pPa3BUTHA
06pa3oBaTe/IbHON HHPPaCTPyKTypbl. PesysibTaTh! co-
3/1a10T OCHOBY Il olpefiesieHHst GaKTU4YecKoH Jo-
CTYIHOCTH U 000CHOBaHMUSI pa3MeleHuUsI HOBbIX 00b-
€KTOB C Y4ETOM KOH(QHUIYpaLUU JOpPOXKHO-YIUYHOU
CETH Y BpEMEHHBIX 3aTpaT Ha NlepeMeLleHHe.
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Small-river waterfronts in large cities are treated as integrated spatial, ecological and infrastructure systems.
The possibility of applying of dynamic adaptive energy systems to urban planning for the coastal areas of small rivers
is considered. It is clarified that technical solutions for individual buildings acquire urban planning significance only
when they are aligned with the surface runoff regime, the coastal structure, and the objectives of watershed restoration.
The study draws on published coastal planning models and regulations on the integration of renewable energy sources
into architecture. A systematized study, including a basin approach, was used, and a "building-block-riverbank-water-
shed" scheme was developed using structural and functional analysis and a two-stage selection of measures. Each level
corresponds to a specific design solution with a verifiable result and a description of typical errors. Taking into account
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