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JocnigKeHHA noXexX y ficax YKpaiHu BHACNiA0K BOEHHUX Al
3a AaHUMM AUCTAHLUINHOIO 30HAYBaHHA 3emni

MeTolo Lii€i CTaTTi € NPOCTOPOBO-4aCOBMI aHaNI3 MOLUMPEHHA NOXKEK Ta BUABNEHHA BUTOPINNX AiINAHOK Nicy 33 AaHU-
mu 133 B Mexkax obnacTeit YKpaiiu, ae Bennca akTveHi 6010BI Aii 3 noyaTKy NOBHOMACWTabHOrO BTOPrHEHHSA POCIACbKMX
BIMCbK A0 KiHUA 2023 POKY, @ TaKOX BUABNEHHA YPAKEHUX NOXKEKAMM NICOBUX eKocucTeM B Mexkax 139,

OcHoBHMIA matepian. CtaHom Ha 2023 pik 33 AaHuMK [JeprkeKoiHcneKuii Big 601MoBMX Aiit nocTpaxaano 6amsbko 3
MJTH ra YKpaiHCbKOrO Jlicy, WO BiANOBIAAE MaliKe TPETUHI YCbOro icoBoro GpoHAy KpaiHu. B 30Hy 6oiMoBUX Aii noTpanu-
v TepuTopii 900 06’ekTie N3P 3aranbHoto naoweto 1,24 MAH ra. Y cTaTTi NpesACcTaBAeHO pPe3yibTaTh aHanisy NnowmnpeHHs
MOXKEX Yy Nepios 3 NoYaTKy NOBHOMACLUTAaBHOrO BTOPrHEHHA POCIACbKUX BIICbK A0 KiHUA 2023 poky B 061acTax YKpaiHu,
OXOM/IEHUX aKTUBHUMM 6OIM0BUMM AiaMM. Ha OCHOBI faHUX AUCTAHLIHOMO 30HAYBaHHA 3eMJi NiaroToBAEHO KapTorpadiy-
Hi maTepianu, AKi Big06paXKatoTb 30HM HalbiNbLLIOT KOHLLEHTPALT BUropinnx TepuTopiin. Ocobansy ysary NpuaineHo BNAUBy
60i10BMX Ajl1 HA NPUPOAHI NICOBI EKOCUCTEMM Ta NPUPOAHO-3aMN0BIAHNIA GOHA, WO CTaHOBAATL 61M3bKo 50% YCix NicoBUX
nAoLL, KPaiHW. Y Xo4i AOCNiAXKEHHA BCTAHOBIEHO NPOCTOPOBY KOPENALiH0 MiXK NOLUMPEHHAM MOXKEXK | PO3TALLYBAHHAM AiHii
bPOHTY, a TaKOXK BUABIEHO YaCOBY AMHAMIKY 3aropsiHb, AKa 36iraeTbCA 3 Nepiofamu akTUBI3aL,ii 6OMOBMX 4ilt.

BucHoBku. CynyTHMKoBI gaHi MODIS i VIIRS, BukopuctaHi yepes nnatdopmy EFFIS, nokasanu Bucoky edpeKTmBHICTb y
BUABNEHHI BUTOPINWX LINAHOK, 30KPEMa Ha TepuTopiaX, HeAOCTYNHMX Yepe3 BiMCbKOBI Aii abo okynauito. BogHouac ixHA
obMeKeHa NPOCTOPOBa PO34iNbHA 34aTHICTb 3HMMKYE TOYHICTb OLLIHKM MacliTabiB NOLWKOAKEHb AliciB. MpeacTaBneHi y cTaTTi
pe3ynbTaTh NPOCTOPOBO-4aCOBOTO aHasi3y MOXKENK MOKYTb C/IYryBaTU OCHOBOIO A/151 BUAINEHHS TePUTOPIA, L0 NOTPebytoTb
6iNbl AETaNbHUX AOC/IAKEHD, CTPAMOBAHUX HA YTOYHEHHA 0DCATiB BTPAT NiCOBMUX EKOCUCTEM, OLIHKY MacLLTabiB ix noLKo-
[I*KEHb, @ TAKOXK PO3PO6KY CTpaTerili 3 BiAHOBAEHHS NiCiB, NOCTPaMXKAAMX Bif BiHU.

Kntouosi cnosa: siicosi ekocucmemu, npupodHo-3anosioHuli hoHO, noxexrci, suzopini mepumopii, ducmaryiltiHuli mo-
HimopuHe, 80€HHI 0ii, YKpaiHa.

Ak umtyBaTu: Aranosa O., /leweHko B. ocnigmkeHHs noxex y nicax YKpaiHW BHACNiBOK BOEHHUX Aill 33 AaHUMM AUCTAHLIAHOTO 30HAYBaHHA 3emni. [Tpobaemu be3ne-
pepeHoi 2ecepadiuroi oceimu i kapmoapadpii. 2024. Bun. 40. C. 6-17. https://doi.org/ 10.26565/2075-1893-2024-40-01

In cites: Ahapova, 0., Leshchenko, V. (2024). Study of forests fires in Ukraine as a consequence of military actions according to remote earth sensing data. The problems of
continuous geographical education and cartography, (40), 6-17. https://doi.org/ 10.26565/2075-1893-2024-40-01 (in Ukrainian)
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Beryn. [loBHOMaciiTabHa BiiHa B YKpaiHi YMHUTb
3HAaYHUM HeraTHBHUM BIVIMB Ha J0BKIiJJIs, 30KpeMa Ha
JIICOBI eKOCHUCTeMH, fIKi 3a3HaOTh MOLIKO/KEHb BHAC-
oK 60MbapAyBaHb, 3a0pPYAHEHHS METAJ00PyXTOM,
Hebe3MeyHUMH XIMIYHHMM peuyoBUHAMHM, MaclITab-
HUX MOXeX Ta HeCaHKLiOHOBAaHUX PYyOOK. 3a JaHUMU
MiHicTepcTBa 3aXUCTy JOBKI/IA Ta IPUPOLHUX pecyp-
ciB YkpaiHu cTtaHoM Ha jaucrtonaf, 2023 poky 60ioBi
aii oxommoBanu 61u3bko 30 THC. KM® JICOBUX Tepu-
Topiil kpaiHu. OKpeMoro AOCJi[)KeHHs NOTPebyThb
HACJIIAKU N0XKeXK, CHPUYUHEHUX BOEHHUMH JiIMU, A1
JicoBux JaHAmadTiB NpUpoAHO-3anoBigHOr0 GOHAY
(I13®) Ykpainu. Lle no3Bosnso 6 3po3yMiTH MaclITabu
BTpAT JiiciB, OIL[iHUTH 3aBJaHi 30UTKU Ta B MOAAJIbILIO-
My chopMyBaTH HAyKOBO OOIPYHTOBaHi cTparerii ix
BigHOBeHHSA. 3a odiniiHUMU JaHUMHU [5] cTaHOM Ha
1 6epe3Hs 2022 poky y 30Hy 60MOBUX il TOTpaNnuIn
Teputopii 900 06’ekTiB [13® 3aranbHoOM miouewo 1,24
MJIH Ta, 1[0 CKJaJa€ NPUOJIM3HO TPETHUHY 3arajbHoi
ot [13® Ykpainu. [1ig 3arpo3oto 3HUILEHHS ONTUHU-
socst 6s1u3bko 200 TepuTopii (2,9 M ra) CMapargoBoi
Mepexi. YacThHa LUX TepUTOPil 3a3Hasa MacIITaOHUX
noxex. TpuBatoya BiliHa NPU3BOAUTBH [0 3POCTAHHSA
HeraTUBHUX €KOJIOTIYHUX HACJiAKIB, 10 MiAKpPeCIIoe
HeOoOXiHICTh MOTOYHOTO MOHITOPUHTY, 360py JAaHUX i
OIiHKU 30UTKIB, 30KpeMa JJisl 1icoBoro GOHLY.

BuxigHi nmepeaymoBM. BinnosigHo go crarTti 4
JlicoBoro Kozekcy YkpaiHu BCi J1icOBI MacHBU Ha Tepu-
Topii YKpalHy, He3aIexKHO BiJf IXHbOTO OCHOBHOTI'O IIpU-
3HaQUeHHA Ta NPaBOBOIO CTATyCy BJIACHOCTI, BBaXa-
I0ThCs JTicOBUM OH/IOM KpaiHU i MiAATaloTh 3aXUCTY
3 60Ky gepxaBH. [lo 50% JsiciB MaloTb 06MexxeHUH pe-
KM JIICOKOPHCTYBaHHS 1 TepeBaXKHO eK0JIOTiuHe 3Ha-
YeHHs], a YacTKa 3amnoBiHuX JiciB ckiagae 16,1% [4].
CtranoM Ha 2023 pik 3a faHuMHU JlepkeKoiHcneKLil BiJ
60MOBUX JIill mOCTpaXKAasio 6JM3bKO 3 MJIH ra YKpaiH-
CBKOT0JIiCy, 110 BiZiOBiAa€ Maii>ke TPETUHI YChOT 0 J1icO-
Boro ¢oHAY KpaiHu. 3a JaHUMU 3BiTy [7] JlepKaBHOTO
areHTCTBa JIICOBUX pecypciB Ykpainu 3a 2022 pik BHac-
JifoK BifiHU 2,9 MJIH ra JiciB mOMKO/KeHi B pi3HOMY
cTyneHi. 3 ypaxyBaHHSM JiciB ABTOHOMHO{ pecny6.ti-
ku Kpum Ta OP/IJIO (oxkpeMux pailoHiB JloHenbKoil i
JlyraHcbkoi o6s1acTeit), okynoBaHux 3 2014 poky, cTa-
HOM Ha no4aTok 2023 p. 6,113bK0 1 MJIH ra Jiicy nepe6y-
BaJIo B OKymnalii a6o 3a3HaJ/I0 leCTPYKTUBHOTO BILJIMBY
B pe3yJ/bTaTi akTUBHUX 60MoBUX Aill. HaBeaeHi o1jiHKU
LIKO/ Y, 3all0IAHOI j1icaM, piI3HATHCA B 3aJI€KHOCTI BiJ,
3aCTOCOBAHOI METOAUKH, BUXIJHUX JAaHUX Ta 4aCOBUX
nepiozis, 110 6paInCcs A0 PO3PaXyHKY.

CtaH JsiciB Ta HaCJiAKU BOEHHHUX Jil AJisl JIiICOBUX
€KOCHUCTeM CTaJli peJAMeTOM JOC/iKeHb HayKOBIIiB.
3arasibHi BioMoCTi mpo HeraTUBHI HaCHAiAKU BiliHU
JJ1s1 JliciB YKpaiHu po3risjjanu y cBoix pobotax Kysuk
A., ToBapsincbkuit B. [6], UepHsBcbkuit M.B., lllykenb
[. [10]. Hacnigku moxkex, 10 CTajqucs 4epe3 BOEH-
Hi Aii, 32 JaHUMU AUCTAHLINHOrO 30HAYBaHHSA 3eMJi
(A33) mocaimxyBanu Tomuenko O. Ta crniBaBTopu [20],
XosiouuH I. Ta cniBaBTOpU [16], Manasna M. Ta cniBaB-
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Topu [17]. PesynbTaTu JUCTAHI[iIHHOTO MOHITOPUHTY
MoXKex Ha TepuTopii 06’ekTiB [13P y 30Hi 60M0BUX Jilt
npeacranJeHi y ctatti Tpodumuyka O. Ta cniBaBTOpiB
[21]. ¥ po6oTi llleBuyka C. Ta cniBaBTopiB [18] 3a xo-
MOMOTOI BiIKpUTUX JaHUX CynyTHHUKIB Aqua i Terra,
NOAA-2, Suomi NPP, Sentinel i Landsat npoBeieHo aHa-
J1i3 IOLIMpEeHHs MOXeX Ha TepuTopisx HadpTob6as, npo-
MUCJIOBUX OO€KTIB, CKIaZax AJjs 36epiraHHs o6saj-
HaHHS Ta GOEKOMIJIEKTY, JIiciB Ta KHUTJIOBOI 3a6YA0BH,
py#Hanito iHpacTpyKTypHUX CIOPY/[, T06IU3Y BOAHUX
06’exTiB. ¥ po6oTi 3ant060Bcbkoi O. Ta cniBaBTOPiB [3]
IOCJIPKEHO Ta BMSBJIEHO HaWOiJbIII MOXKeXi Ha Te-
putopil HanioHasbHOro mnpupoAHoro mapky (HIII)
«/IBopiuaHcbkuii» 3a fanumu EFFIS.

Came noxexi € HAMOINbLI AECTPYKTUBHUMU 3 YCiX
daxTopiB BiHU /11 NPUPOJHUX eKocrucTeM. Bonu Bu-
HUKaIOTh 4yepe3 4UCJIeHHI 60Mb6apAyBaHHs, PO3pUBHU
CHapsJiB Ta MiH, 3aliMaHHs GOEKOMILIEKTY, YpaKeHOI
TEXHIKU Ta JIETK03alMUCTUX PEYOBHUH Y 30Hi 600BUX
Ji#l Ta foBKoJia Hel. [loxexi 3HUIIYIOTh yce HAa CBOEMY
HIJISIXY: MaTEePUHCbKUN AepeBOCTaH, MiJipicT, mimicox,
110 CKJIAJIA€ HWXKHIN sipyc Jiicy, JIicoBY MiACTUMKY, pyH-
Hy€ I'PYHTOBUH NOKpUB. [Ipu 11bOMy BTpavaroThcs Ji-
coBi pecypcy, 1110 MOT/IM 6 6YTH BUKOPUCTAHI JJ151 3aro-
TiBJIi JlepeBUHHU, BijOYBa€eTbCcs HebakaHe 3aMillleHHS
XBOHWHUX POCJIMH JIMCTIHUMHU, BTPayarOThCsl MOMYsLil
TBAapUH, Y 3all0BIHUX TEPUTOPIAX 3HUKAKTb PeJIIKTO-
Bi BU/JY, 1|0 HECe 4acCTO He3BOPOTHI 3MIHU IPUPOJAHUM
komiiekcam [10]. Hapasi oninka ctany JiiciB ycknaj-
HeHa TUM, 0 0 3HAYHUX TepuTopii ¢disuuHul fo-
CTyNn o6MeXXeHO 4epe3 OKyMallilo, BeJleHHs] aKTUBHUX
60MOBUX il Ta 3aMiHOBaHICTb TepuTopiil. B Takux
yMoBax JaHi [I33 € €fAUHUM JKepeJsioM, L0 JaE MOX-
JIUBICTh OLiHUTU MacuITabu BTPAT JIiCiB Ta HeraTUB-
HUM BIJIMB BiMHU Ha KOMIIOHEHTH JOBKiJIA. 3rigHO 3
MeToauKoOM, 3aTBEpKEHO HaKa30M MiHZ0BKiia Ne
424 Big 13.10.2022 p., A1 OL[iHKU IKOAMW Ta 306UTKIB,
3aBjaHux [13®, MoxkJiuBe BUKOpPUCTAHHSA AaHux /]33
HapsAay 3 iHIKMMU JxepenaMu iHpopMaril.

MeToI0 CTaTTi € NPOCTOPOBO-4YaCOBUH aHaJi3 Io-
LIMPEHHA [O0XeX Ta BUABJIEHHA BUTOPLIUX AIISAHOK
jicy 3a ganumu /33 B Mexax obJsiacTeil YkpaiHu, ge
BeJIMCS aKTUBHI 6010Bi Ail 3 moyaTKy nmoBHOMAacCIITa6-
HOr'0 BTOPrHEHHs pociiicbKux BilicbKk A0 kiHus 2023
pPOKY, a TaK0> BUSBJIEHHS] YPAXKEHUX 0XKexKaMU JIico-
BUX eKOCUCTeM B Mexxax [13D.

BuKJ/IaJ, OCHOBHOro Mmarepiajay AOC/iJKeHHS.
3a paxyHOK JaHHUX MYJbTUCIEKTPaJbHUX KOCMIYHUX
3HIMKIB MOXJMBO BUABUTHU 3MIHU Y CIEKTpaJbHUX
XapaKTepUCTUKAxX 3eMHOI [TI0BepXHi, BUKJIMKaHI Moxe-
>kaMU. OCHOBHI MNiAX0AW BUSIBJIEHHSI BUTOPIIUX JiJid-
HOK POCJIMHHOTO NOKPUBY 6a3y0ThCS Ha 3aCTOCYBaHHI
JaHux 6amxkHbOoI (NIR) Ta kopoTkoxBuiboBOi (SWIR)
iHppauepBoHOI 06J1acTi BUpoMiHIOBaHHS. BoHU € oco-
6JIMBO YYTJIMBHMHU JI0 BIJIUBY BOTHIO, OCKIJIbKH 3MeH-
LIeHHS IH/EeKCY IJIOLLI JIMCTS IIPU TOBHOMY BUTOPSIHHI
Ta Moro nirmeHTy (BMicTy x/10podiny) mpu 4acTKOBO-
My o6mnasieHHi POCJWHHOCTI NMPU3BOJUTH [0 3HAYHO-
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ro 3HWXKeHHS KoedinieHTa BiA6UTTA B Aiana3oHi NIR.
| BogHOYAC 3HMXKEHHS BMICTYy BOJIOTH BHACJiOK cna-
JIIDBaHHS MPU3BOJUTH A0 36i1b11eHHs 3HaueHb ¥ SWIR
Jiana3oHi. 3aCHOBYIOUMCh Ha LUX 3aKOHOMIpPHOCTAX
BueHUMHU (Lopez Garcia and Caselles (1991); Key Ta
Benson, (1999); Brewer Ta in. (2005); Eidenshink Ta
iH. (2007)) 6y 3anpoONOHOBAHI ClIeKTpasibHi iHAEKCH
JUIs1 BUABJIEHHS] BUTOPIIMX [JiJITHOK Ta/abo CTyneHs
BUTOPaHHS, 30KpeMa HOpMasli3oBaHUN iHAEKC ropiH-
Ha (Normalized Burn Ratio - NBR) Ta gudepenuiiio-
BaHUN HopMasizoBaHui iHfekc ropinHsa (Differenced
(or delta) Normalized Burn Ratio - dNBR). [lsnis Tepu-
TOPilt aKTUBHUX MOXEX HAWO/IbII YYTIMBUMU 30HAMU
CcneKkTpy € cepenHsi iHppayepBoHa (MIR: 2,5-8 MkM) i
TemsoBa iHppayepBoHa (TIR: 8-14 mMkM) cMyra, xo4a
sickpaBicTb SWIR Takok 3Ha4HO 36i/IbIIYETHCS Mif Yac
aKTUBHUX MOXKEX, 10 A€ MOXJMBICTb BUKOPHUCTOBY-
BaTH AATYMKHU CYNYyTHHUKIB i3 cepe/iHbOI0 PO3/i/bHOI0
3JlaTHICTIO [T aKTUBHOTO BUsBJeHHA noxex. lle y
1990-x pokax, KOHTpacT BUNpOMiHIOBaHHA y MIR Ta
TIR pianmazoHax Mixk ocepefjKaMy aKTHBHUX MOXKeEX Ta
doHOM (OTOUYYHOUUMU TEPUTOPIAMHU) AO3BOJIUB CTBO-
pUTH nepuli rno6aabHi NPOLYKTH BUSIBJIEHHS MOXEX
Ha OCHOBI 3HIMKIB yZJ0CKOHaJIEHOT'0 paZiioMeTpa 3 JiyXKe
BHCOKOI0 po3/iiyibHO 3/1aTHicTio (Advanced Very High-
Resolution Radiometer - AVHRR) (Ahern Ta in. (2001);
Dwyer Ta in. (2000)) [12].

Taki cynyTHukoBI cuctemy, ik MODIS i VIIRS, Buko-
PHCTOBYIOTb TeIlJIOBi iHppauepBOHi ceHCOPU /1151 BUSIB-
JIeHHS1 ocepe/iKiB aKTUBHUX MOXKeX y peaJbHOMY 4aci.
Hapasi icHye Hu3Ka reoindpopmaniiHux oHJIaMH-IIAT-
¢$opM i3 MOHITOPUHTY MOXKeEK, AKI 6a3YI0ThCS Ha JaHUX
[UX Ta iHIIUX CYMyTHUKOBUX cucTeM. Hali6inbi Bijo-
mumu € Beb-cepBicu FIRMS, NASA (Fire Information
for Resource Management System- IHpopmauiiiHa cu-
cTeMa Mpo MOXeXi AJis yIpaBJaiHHA pecypcamu) [14],
GWIS (Global Wildfire Information System - [lto6asibHa
iHpopmaniiiHa cucTeMa JiCOBUX MOXEX), L0 € CIiJb-
Hoto iHiniaTuBow Group on Earth Observations (GEO)
Ta nporpamu €C Copernicus [15] a6o EFFIS (European
Forest Fire Information System - EBponelicbka iHdop-
MarliiHa cucTeMa JicoBUX moxex) [13], 110 € YaCcTHHOMO
nporpamu €C Copernicus nig kepiBHULTBOM CiyK6u
ynpaBJiiHHS HaJ3BU4YaiHUMHU cutyanismu (EMS). Li
iHpopmaniiiHi pecypcu HaZlal0Thb MOXKJIUBICTD CIIOCTe-
piraTy 3a NOIIMPEHHSIM aKTHBHUX IT0KeX Ta BU3HAYa-
TH BUTOPiJI JIITHKY CTAHOM Ha MOTOYHUM AeHb Ta 3a
MUWHYJI nepioau.

Be6-cepBic FIRMS [14] Hamae gaHi mpo akTUBHI
moxkexki Maike B peaJibHOMY 4aci BiJj criekTpopajio-
MeTpa 3 CepefHbOI po3JibHOK 3JaTHicTio MODIS
Ha 6opty cynyTHUKIB TERRA Ta ACQUA, a Takox Ha-
6opy paaiomeTpiB BUAMMOro Ta iHdpauepBoHOTO Ai-
ana3oHy Visible Infrared Imaging Radiometer Suite
(VIIRS) Ha 60pTy S-NPP (Suomi National Polar-orbiting
Partnership), NOAA 20 Ta NOAA 21 (Bizomux sik JPSS-1
i JPSS-2). [lnsa CIIA Ta Kanagu faHi BUsIBJIeHHS aKTHUB-
Hux noxex FIRMS gocTynHi B pexxuMi peasibHOI0 4yacy,
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a [iJ1 BCIX IHIIUX KpalH CBITYy — NPOTArOM TPbOX F'OJAUH
icJI CyIIyTHUKOBOTO CIIOCTepekeHHA. AKTUBHI Noxe-
I BUSABJIAIOTBCA Ta JIOKAII3YIOTbCA aBTOMAaTU30BaHU-
MU aJrOpUTMaMM Ha MiACTaBi «TemnsoBUX aHOMaJsii»
(kosin pi3HULA TeMmepaTyp MiX MOTEHLIMHOI0 MoXe-
K€D Ta 3eMHUM IIOKPUBOM HABKOJIO Hel NepeBULIYE
3aaHuil mopir). [IpocTopoBa po3fisbHA 34aTHICTH
MmiKceJisi aKTUBHOI'O BUSBJIEHHS IOXeXI CTaHOBUTH 1
kM Juig MODIS ta 375 M pgaa VIIRS, a nepioguuHicTb
3loMKH - 1-2 pasu Ha J06y. Takum yuHoM, AaHi VIIRS
Ta MODIS [0moBHIOIOTH B3aEMOJOIOBHIOIOTL OJHE
0JlHOT0, 3a0e3Meyuyo4y BHUsBJEHHS MEHIIHX 3a IJIO-
1Iler0 MOXKeX 1 03BOJISII0YM GiJbII TOUHO OKpeC/oBa-
THU [IepUMeTPHU BeJIMKUX N0xeX. JlaHl Ipo akTUBHI 110-
»KeXi NOCTyNHI A/ meperisAy Ha KaptorpadiyHoMmy
Be6-cepBici FIRMS FIRE MAP a6o uepes cepBic NASA
WORLDVIEW.

€Bponeiicbka iHpopmariiiHa cuctema EFFIS Buko-
PUCTOBYE JaHIi PO aKTUBHe BUSABJIEHHA N10XKeX, Hafla-
Hi NASA FIRMS. /lng Toro, 1106 3BeCTH NOXUOKY 10 Mi-
HiMyMy (He Bci rapsiui TOYKH, BUSIBJIEH] CYTIyTHUKOBOIO
3M0MKOI0, € MOXKeXaMHu) Ta BiAQinbTpyBaTH aKTUBHI
noxkexi, ki He kBaJipiky0ThCs K JicoBi moxexi (Ha-
NPUKJIAJ, CHAJIOBAHHA ClIbCbKOTOCHOAAPCHKUX KYJIb-
Typ), CUCTeMa BifjoOpaxkae Jiulle BifibpaHy migMHO-
YKUHY raps4ux TOYOK 3 THX, 10 BuaBJjeHi FIRMS. [lns
LIbOI'0 BUKOPHUCTOBYETBHCS aJTOPUTM, SIKHH BPaxXxOBYE
CTYIIHb MOUIKOJKEHHS HaBKOJMUUIHbOTO [PYHTOBOIO
MOKPHUBY, BiICTaHb [0 MiCbKUX TEPUTOPIN i MITYIYHUX
MOBEPXOHb, piBeHb HAJ[IMHOCTI «rapsiyol Touku» [11].
[ndopmManiss npo akTUBHI Moxexi 3a3BUYail OHOBJIIO-
€TbCA 6 pa3iB Ha JieHb i cTae foctynHow B EFFIS npoTs-
rom 2-3 roJiuH mic/as oTpuMaHHs 306paxkeHb MODIS/
VIIRS.

JJ1s1 BU3HauUeHHs Ta KapTorpadyBaHHs BUTOPIJIHUX
ninsgnok EFFIS y 2003 poui 6yB 3ampoBa/jKeHUNH MO-
Ayab IBUAKOro aHasizy Rapid Damage Assessment
(RDA), mo cmnoyaTKy BUSIBJSIB BHUropiji TepuTopii
JIUIIe TiJj 4ac Ce30HY MOXKeX ILIJIAXOM HaliBaBTOMa-
TU4YHOI Kaacuikanii mwogeHHUx 306paxkenbp MODIS i3
MPOCTOPOBOIO PO3/Ii/IbHOMK 3/aTHicTIO 250 M, Kl 6yu
JOCTYIHI NPOTAroM KiJIbKOX TOAWH Micjas 3WOMKH.
[lIBuzKa olniHKa 3abe3neyyBasia 1L10/leHHE OHOBJIEHHS
MeXK BUTOPIJIUX JiJITHOK Ha TepuTopil EBponu AJs mno-
»Kex mtolero 6s1u3bko 30 ra i 6isbiie. 3 2018 poky 1o
asiropuTMiB aHas1izy RDA 6ys10 10/jaHO BUKOPUCTAHHS
CYNyTHUKOBUX 300pakeHb Sentinel-2, 1o f03B0IMI0
BUSABJIATHU NOXeXKi Ha o MeHIe 30 ra Ta yTOYHIO-
BaTH MeXi BUTOPUIUX JIITHOK, BUSHAYEHUX 3a JJAHUMU
MODIS 3 geTtanizarnieto 250 M. 3aBJKHU YI0CKOHAJTEHO-
My aJropuTMy HaHeceHi Ha kapty EFFIS Buropiai ai-
JITHKHY NTOKPUBalOTh 6J1M3bK0 95% Bij 3arajbHoi nJo-
11i BUTOPiIUX TEPUTOPi y EBpoTIi.

Hani VIIRS Takox BukopucrtoBytwTbcs EFFIS pisa
kapTorpadyBaHHs BUTOpIIMX JiISHOK, NepUMeTpHU
AKHUX OKPeCJIOITbCA aBTOMAaTUYHO HAa OCHOBI KOOp/ Y-
HaT aKTUBHHUX I0XeX. AJITOPUTMHU reHepyThb M10JIiro-
HU MaliKe B pea/lbHOMY 4aci, HaBiTh 32 YMOB HEBeJIMKO]



The problems of continuous geographical education and cartography

E

ISSN 2075-1893(Print)  ISSN 2409-3173(Online)

XMapHOCTI YW 3aJUMJIEHOCTI. 3aBASAKU NiKCEJIbHOMY
OKpecJeHHI0 GopMU NepUMeTpiB BUTOPIIUX AiNSHOK
MOXYTb MaTH 4iTKimi ¢dopmu, Hixk npu kaacudikanii
3060paxkenb MODIS [19]. 3 orisifiy Ha Te, 1[0 HOMiHaIb-
Ha NPOCTOpOBa po3JisbHa 34aTHICTb ceHcopa VIIRS
JLJIs1 aKTHBHOTO BUSIBJIEHHS MOXeEX CTAaHOBUTb 375 M,
MiHiMa/JIbHa IIJIOIA BUABJIEHUX BUTOPIJIIUX [IJIAHOK
CKJIaJja€e npubausHo 14 ra.

Y HawoMy Joc/aipkeHHI poaHasi3oBaHO JaHi cHc-
TeMu EFFIS mofo akTUBHUX moxex i BUropinux Ai-
JISTHOK y JicoBUX MacuBax i Teputopisx [13® y perio-
Hax YKpaiH{, OXOIMJeHUX GOMOBUMHU [iIMU BHACJi0K
MOBHOMACHITAOHOI'0 BTOPTHEHHSI POCIHCbKUX BiHChK.
AHnauni3 oxomtoe nepiog 3 24 smwotoro 2022 poky no 31
rpygHsa 2023 poky Ta BkJwouyae Teputopil KuiBcbkKoi,
Kutomupcekoi, YepHiriBcbkol, CyMcbKoi, XapKiBCbKO],
Jonenpbkoi, Jlyrancbkoi, 3anopispkoi, XepcoHCbKOI Ta
MukosaiBcbkoi o6sacteil. Kaptorpadiuni martepia-
JIY, TIpeJiCTaBJIeH] y CTaTTi, IIIOCTPYIOTh NPOCTOPOBUM
po3mofin moxex Ta/abo BUTOpiAUX AiISHOK, po3Ta-
LIYBaHHA JIICOBUX MACUBIB, a TAK0XK NPOXOJKEeHHH JIiHIl
60MOBOr0 3iTKHEHHS, MeXi OKYNOBaHUX i 3BiIbHEHUX
TepUTOpil cTaHoM Ha rpyfenb 2023 poky (3a JaHUMU
DeepStateMAP). [nsa inenTudikanii 3anoBifHUX Tepu-
TOpiH, 10 NOCTpaxkAaau BiJ, Moxex, 6yJ0 [04aTKOBO
BUKOpHCTaHO KapTorpadivyHi mapu janux [13® Ykpainu.

JlocniPKeHHs1 BKJIFOYA€ NMPOCTOPOBO-4aCOBUM aHa-
JIi3 MOoXKeX y 3a3HaYeHUX perioHax, a TaKo»X IOpiBHSAH-
H{ 3arajibHoI KiJIbKOCTI oxkexx y 2022 poui 3 aHas1oriu-
HUMM [I0Ka3HUKaMHu 3a 2021 pik. Y pe3yabrati Bganocs
BU3HAYUTHU TEPUTOPII Ta YacoBi nepioay, e MacmTabu
MOXKeX JOCATAIN MaKCUMa/IbHUX 3HAYEHb.

Hani EFFIS mofo akTUBHUX MOXeEX Ta BUTOPIIKX
TepuTopiit y 2021 1 2022 pokax cBifuaTb MPO CyTTEBE
30iab1IeHHA NJIOLL ITOKeX B YKpaiHiy 2022 pouii nopis-
HSIHO 3 monepeaHiM pokoM (puc. 1 a, 6). 3a ny6JiyHu-
MU piYHUMHU 3BiTaMU roJioBU Jlep>KaBHOTO areHTCTBa
JicoBUX pecypciB Ykpainu [7, 8] y 2022 poui B Mexax
sicoBoro ¢oHAy 6yso aikBigoBaHo 1009 noxex, 110 y
1,5 pasu 6inbie, Hixk y 2021 poui, kosu 6yJ1o 3adikco-
BaHO 659 moxkexk. 3arajibHa IJIOIIA JIICOBUX IOXKEXK, 3
ypaxyBaHHSM JOC/i/PKeHb [le0OKYIIOBaHUX TEPUTOPIH,
y 2022 poui ctaHoBua 22 893 ra, 1110 NepeBUILYE I0-
ka3Huk 2021 poky (289 ra) y 79 pasis. CepeiHs mioia
ofHi€el s1icoBoi moxexi 3pocsa y 35 pasiB, AOCATHYBILU
15,4 ra, 1110 BKa3ye Ha 3HaYHe OCUJIEHHS] HEraTUBHOIO
BILIUBY ¥ 2022 poui.

Y 2023 poui 6y.10 sikBifoBaHo 593 noxexi Ha 1J10-
i 906,8 ra, 3 Tkux 35 MOXKENK — Iie BEJHUKI JIiCOBI IOo-
»exi Ha 3arasibHil miouti 446,6 ra. CepeaHs mioiia
onHiel moxexi craHoBusa 1,5 ra [8]. YTiMm HaBegeHi
CTaTUCTUYHI [JaHI He € NOBHUMHU Ta OCTAaTOYHUMHU,
OCKIJIbKHU 06JIiK moxex /lep>kaBHUM areHTCTBOM JIico-
BUX pecypciB 3/ilicHIOBaBcsl 6e3 ypaxyBaHHsI 3Ha4YHOI
YaCTHUHM JIiCiB, 1110 Mepe6yBalOTh B 30HI 60H0BUX Aill Ta
Ha TUM4YaCOBO OKYIIOBaHUX TEPUTODPIAX, Je NpoBeJeH-
Hsl iHCTpyMeHTaIbHOI 3HOMKH IJIOL] BUTOPIJIUX JIiCiB €
HEMOXJ/IUBUM.
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3a fanumu EFFIS 3 nepiux fHiB moBHOMacITabHoi
BiltHU y Xutomupchkili, KuiBcbkili Ta UepHiriBcbKiit
o6J1acTax crocTepiraaocst CTpiMKe 3pOCTaHHS KiJIbKO-
CTi Moxex. Y nepuvit Micsilib BOHO 6y/J1I0 MaKCMMaJlb-
HUM (puc. 2 a), a mic/s AeoKynarii TepuTopiit y kBiTHI
2022 poKy 3HU3HUJIOCH 0 MiHIMyMy. 3arajoM Ha LIUX
TEpPUTOPisAX y nepiof; BeJeHHs aKTUBHUX 60MOBUX il
(mepunii Micsiub mMoBHOMacIITaGHOI BiliHM) cTajocd
GiJIbIIIE MOXKEXK, HiXK 3a BeCh IHIIMWNA AOCIiIKEeHUHN Ie-
piox, ax g0 kiHug 2023 poky (puc. 2 6).

Ha npuksazni KuiBcbkoi o6u1acti (puc. 3) mpocTexy-
€TbCS IPOCTOPOBUHU 3B’I30K MK pO3TalllyBaHHSIM BU-
ropisiux [iJITHOK JIiCy Ta 30HOI0 BeJleHHs 60M0BUX [iilt
y JitoToMy-6epe3Hi 2022 poky. Haiib6inbiie nocTpaxia-
JIY TiBHiuHi pailoHu ykpaiHcbkoro [loticcs.

Macmtabui  noxexi BifgOysnuca Ha TepuTopii
YopHOOHUILCHKOTO pajialiiHo-
eKkosioriuHoro 6GiocdepHoro 3amoBifHHMKA Ta

YopHOOHUIBCHKOI'O CHeljaJIbHOro 3arajbH0300J10Tid-
HOr0 3aKa3HUKa. Buropii AinsgHkKyY, 10 AaTyoThCd Oe-
pesHeM 2022 pokKy, Takox 6y/1M 3adikcoBaHi Ha Tepu-
Topii HIIIT «3aniccs», y CBATOMIMHCBKOMY Jiici TO6IHU3Y
M. Ipninb, y cocHoBUX sicax no6.K3y M. [ocToMenb Ta
c. Hogi IleTpiBuj, B Mexax IBaHiBcbkoro, I[losicbkoro,
Jumepcbkoro, KnaBgieBcbkoro, TeTepiBcbkoro Ta
MaxkapiBCbKOrO0 JiCrocCIHiB.

3arasibHa mJomia Jiicopux noxex y KuiBcbkiil 06-
JacTi (6e3 ypaxyBaHHs YOpHOOHUJIBCHKOI 30HU Bifuy-
»keHHs) npoTsiroM 2022 poky ctaHoBuaa 1 128,53 ra,
mo Ha 1 125,37 ra 6inbuie, Hixk y 2021 poui [9].

3a yac okynauii YopHOOUIbCbKOI 30HU BiiUyKeHHS
3 24.02.2022 p. 10 01.04.2022 p. 60it0Bi Aii cnpuynHU-
JIU TIOXKEXKi, 1110 3aBAaJIN WKOAM XKUBIM TPUpPOAI Ha ILJI0-
i 14 074 ra. [licns geokymnanii 30HU BiguyKeHHS OY/10
3adikcoBano noxexi Ha miouyi 18 132 ra, ki cranucs
yepes nipuB 6oenpunacis Ta MiH. /o Toro x 3a6py-
HeHH$1 TepUTOpil BUGYxXOHe6e3eYHUMU IpejMeTaMu
YCKJIAJHUI0 POOOTY MOMXKEXKHUX CIAYKO Yy 60poThOi 3
BOI'HEM Ta CHPUsJIO NOIKPEHHIO0 NOXeX Ha 6iab1ui Te-
puTopii [9].

Ha XKuToMupiiuHi nig yac akTUBHUX G0MOBUX AiH
BiJl MOXKeX MOCTpaXKJaJIn JIicM IPUPOAHOTO 3aM0BiJHU-
Ka «/l[peBysiHCbKUI» (3HUILEHO NoHa 2100 rekrtapis
sicy [9]), Hapoaunbkoro Ta OBpyI|bKOI0 CIIEITiCrOCIIiB,
BinokopoBuubkoro, KopocreHcbkoro, MasMHCBKOTO
Ta OBpYLILKOTO JiCrOCIHiB.

Y YepHiriBcbkiil 06Js1acTi B epios; akTUBHUX 6010-
BUX AiH, gki TpuBanu 3 24.02.2022 p. go 03.04.2022
p., Hoxexi cTanvca Ha TepuTopii MiKpiYMHCBKOTO
perioHaJbHOro JIaHAWAPTHOTO MapKy, JaHAmadp-
THOTO 3aKa3HHWKa MiclleBoro 3HauyeHHs «PorisHe»,
YepHiriBcbkoro, HikuHcbkoro, CeMeHIiBCBKOTO,
KoprokiBcbkoro Ta [Ipunyubskoro sicrocnis. 3a pe3yiib-
TaTaMM I10J1bOBOT0 0GCTEXKeHH JIICOBUX MACHBIB ic/s
BUXOY 3 TepUTOPil 06J1acTi pociiicbKUX BiiCbK BUsIBJIE-
Hi nomkomxeHHs jiciB Il «opogHspaiiarposticrocm»
(3,89 ra), Al «bobpoBuLsIpalarpoiCHUITBO»
(14,9 ra), All «YepiriBpa#tarpouicrocn» (497,4 ra) Ta
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ATl «YepHiriBcbkuil BilicbkoBU# sicrocn» (416,2 ra, 3
HUX 6ing 145 ra noBHiCTIO 3HULIEHO noXxexaMu) [9].
Aue yepe3 cucTeMaTHU4Hi 06CTpinK Ta 06MeXXeHUH 10-
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BOB/ACUb

DAMBOVI‘\
COUNTY |
W

- TULCEA Co

CONSTA V]
co

.o TELEQRMAN * *

TUMWMEL REGTUIY

P ~ FOME/NbCKAS Yoo b
BOB/NIACUb e omezh
".‘..' N .+ KURSK ORLAGT aop,,,,,,,( .
. chan OBNACTb. . - .
y \ o 3 5 .5, Oh e Y :
OIVODESHI Xe .
A MY 0B . Belgorod V%’g’:’%"_}
:_'.;: , ; 9 ) chA OBNAC! bBenropvo i och
& ; ; KYIV: 5 % W ¢ i R
ARPATHIAN = . o KUIB Y- . AVA OBLAIT a% P a
VODESHIP.*  ‘TERNOPIL.OBLAST S OJTTABCLKA .+ ¢
W8 TEPHOMINBCLKA® e . osnAcni .l " ¢
5 -~ " DBJACTH . VINNYTSIA on‘LAsr Ukrsine’ '- -
i e BIHHWLBKA : oP‘E aq,\nK .
OBNIACTb. Y

" Ykpaiva .

Mfmﬂgau?ﬂ‘?’.
*,. JMAHINPONETPO S8

OBIIACTb."\

ADYGEA
ARbIFERA

.

" FOMENbCKAA
- BOBNACUB

OPILOBLAST ._,.'
PHOMIBCHRA
. BnACT-b

~

DB.HAC'H:

counTY s
& #ﬂcwur\?

RN . -. . A s

‘ g * “TULCEA CX

( .-JW {0 f%N.ST y

% 5 COUNA
6) '[ELEORM M W_‘,,,,-..-u

i R
v Y.SIA OBLA
BIHHULIb A Ll Ukmine .

=X J . KURSK OBLAST .gopwmm’"‘"" '

' ; KYPGKAR 0BNIACTb il
ﬂ. " ‘ B \ CAR e
m.® oM 0BLAST, * . Belgorod "\"%':)op'g%
‘YM KA OFNACTb Benropoa e

. i

)
b wruéaus!
ol lcw(ﬁ

Puc. 1. [lTowupeHHs akmugHuUX nodicedxc (3eeHi no3Ha4yku) ma sueopinux mepumopiil (1ep8oHi nozHauku) Ha mepumopii Ykpainu
3a danumu EFFIS y 2021 poyi (a) ma 2022 poui (6) /
Fig. 1. Distribution of active fires (green markers) and burned areas (red markers) in Ukraine based on EFFIS data in 2021 (a) and 2022 (b).
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Puc. 2. [lowupeHHs akmugHuUX nodicedxc (3e/1eHi no3Ha4yku) ma sueopiaux mepumopiil (3#08mo-uep8oHi N03Ha4Ku) y nieHivHUX o61acmsix Ykpainu
3a danumu EFFIS y nepiod 3 24.02.2022 no 31.03.2022 p. (a) ma 3 01.04.2022 no 31.12.2023 p. (6) /
Fig. 2. Distribution of active fires (green markers) and burned areas (yellow-red markers) in the northern regions of Ukraine based on EFFIS data
from February 24, 2022, to March 31, 2022 (a) and from April 1, 2022, to December 31, 2023 (b).
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Puc. 3. ®pazmenm kapmu suzopinux mepumopiii y Kuiscbwkitl o6.1acmi y nepiod nosHomacwmabHo2o emopzHenHs (3 24.02.2022 do 30.11.2023 p.) /
Fig. 3. A fragment of the burned areas map in Kyiv region during the full-scale invasion (from February 24, 2022, to November 30, 2023).

Ha Cymwmwuni mnopiBHaHO 3 KuiBcbkow Ta
YepHiriBcbkoto obsactaMu 3a AaHuMu EFFIS cranocs
3HAYHO MeHIlle OXeX, IKi 10 TOT0 X Mai>ke He OXOIJII0-
BaJIM JlicoBi MacuBH. [IpoTe yepes3 06CTpiiM Ta HECAHK-
1[ioHOBaHi py6kH, 3AilicHeHI pociiicbkUMU BilicbkaMy,
Ha OKpeMUX JiJsiHKax Jicy 3adpikcoBaHO MOLIKO/KeH-
HA [I0 CTyIleHsl IPUIIMHEHHS POCTy JepeB. MacoBaHUX
o6cTpiniB 3a3Hanu TepuTtopii [eTbMaHcbkoro HIIII Ta
HIII «/lecHssHCcbKO-CTaporyTcbkui» [9].

Y mexax XapkiBcbKoi Ta JlyraHcbkoi o6sacTed Ha
MoYaTKy BiHM KiJIbKICTh MOXeX He 6ysia BUCOKOIO,

azne y TpaBHi-4epBHI 2022 poKy iX KIJIBKICTb CyTTe-
BO 3pocia (puc. 4 a), 0co6aMBO B palioHi [3t0MCbKOr0
JicoBoro rocmofgapcrsa Ta KpeMiHcbkoro sicomwuc-
JIMBCHKOTO rocnojapctsa. B 1eil nepiog B370BX J0-
auHu p. CiBepcbkuit [loHeupb Bifg M. Bamakiia go wm.
Jlucu4aHChK cTajacs Halbinbia KibKicTb noxex. Ha
JlyranuiuHi Buropisin 3Hausi niouyi Cepe6psiHCbKOTo
Jicy KpeMiHCBKOro JIiCOMUCIUBCBKOTO IOCIOAAPCTBa,
sicoBi MacuBu CeBEPOAOHELLKOTO JIICOMUCTUBCBKO-
ro rocrnogapcra. Takox noxexi 6ynu 3adikcoBani y
CranuyHo-J/lyrancekoMy Ta HoBoalzapcbkoMy Jico-
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Puc. 4. Bueopini dinsinku Ha mepumopii Xapkiecvkoi ma Jlyeancvkoi o6aacmeti 3a davumu EFFIS y nepiodu 3 mpasHs no uepserv 2022 p. (a) ma 3
cepnHs 2022 p. no kgimens 2023 p. (6) /
Fig. 4. Burned areas in Kharkiv and Luhansk regions based on EFFIS data for the periods from May to June 2022 (a) and from August 2022
to April 2023 (b).

MUCIUBCBKUX TOCIOAAPCTBAX. 3a AaHUMU /[lepKaBHOI
ekosioriyHoi iHcmekuii JlyraHcbkoi o6usacti, y 2022
poui 3 mo4yaTKy 60MoOBUX Ail pocilicbki okymnariiHi
Bilicbka 4YacTKOBO 3HHUILUJIM JicOBUU GOHJ perioHy
Ha IJIoIi 6JIM3bKO 26 THC. ra apTUepilicbKUMY, aBia-
LiHUMU Ta BaXXKUMHU BOTHEMETHUMU cucTeMamu [9].
[TocTpaxkAanu JiicM y HACTyOHUX O6G€KTaX MNPUPOJA-
Ho-3anoBigHoro ¢ouay JlyraHUMHU: OGOTaHIYHOMY
3aKa3HUKYy MicueBoro 3HayeHHs «CepeOpsIHCbKUIN,
HIIIT «KpeMeHchbKi sicu», riiposIoTiY4HOMY 3aKa3HUKY
MicreBoro 3HaueHHs «KpeMeHChKi KanTaxi», 3aloBij-
HOMY ypouulli MicueBoro 3HayeHHs «/ly6oBUM rai»
(o sBasANO cO60I0 YHiKaNbHY AiGPOBY MPUPOSHOTO
nmoxo/>keHHs BikoM 6s113bk0o 300 pokiB), s1icoBoMy 3a-
Ka3HUKY MicueBoro 3HayeHHs «bimoropiBcbkiii», 3a-
raJlbHO300JI0TIYHOMY 3aKa3HUKY MiCLeBOro 3Ha4YeHHs
«Kepebelb», 3aMoBiHOMYy ypouulli MicleBoro 3Ha-
yeHHs «KaniTaHiBcbkuii Jtic» Ta yacTuHi JlyraHcbKOro
MPUPOJHOTO 3an0BiAHKKA «Tpexi36eHChbKUM cTem».

Y XapkiBcbkil o6sacTi moxexi cTasucad B Me-
»kax BanakJilicbkoro (Buropisia Maike BCS TEPUTO-
pis sicoBoro macuBy Bucokuit Bip), BoBuaHcbkKoOroO,
[3tloMcbKOro (HENmompaBHY UIKOAY MOXeXi HaHec-
au [3roMcekoMmy Jicy), Kym'sHcbkoro Ta YyryeBo-
BabuyaHchkoro JicoBux rocmnofapct. Cepef 00’€KTiB
[13® Bix moxkex nmoctpaxkaanu HIII «/lBopivaHCbKU»,
rifposioriuHui  3aKa3HUK  MICL[eBOr0  3Ha4YeHHs
«'padcpkuit», 60TaHIiYHUN 3aKa3HUK MiclleBOro 3Ha-
yeHHs «KoHomsiHe», perioHanbHi JanAmadTHI nap-
kU «Ockinbcbkuii» Ta «I3tomMcbka Jlyka», 6oTaHiuHa
naMm’siTka npupoju «KpacHomaxTapcbka», 3anoBifiHe
ypouuite «bip», manamadTHi 3akasHukd «CaBUHCbKa
JlicoBa fAada» (Mmokexxi OXONMW/IM Malke BCIO TEPUTO-
pito) Ta «KpelasiHCbKa JlicoBa gayay.

Ananiz pganux EFFIS 3a pi3Hi yacoBi nepiogu no-
Kasas, 1110 CUTYallis 3i 36i/bIIeH00 KibKICTIO MOXKEeXK

Ha TepuTopii JlyraHmwuHy, XapKiBIIMHU Ta MiBHOYI
JloHe4y4ynHU TpYBaJay TpaBHi-uepBHi 2022 poky, fewio
MeHIle 3/jiiMaHb OYJI0 B JIUIIHI, i Mali>ke BiJiCyTHI moxe-
Ki B CEpIHI [IbOr0 pOKYy. 3 TOro 4yacy i go TpaBHsa 2023
POKY JIiCOBUX MOMeX Ha LMX TEepUTOPisX NPaKTUYHO
He 6yJio (puc. 4 6). Y TpaBHi 2023 poKy cTasucs Macui-
TabHi moxexi Ha TepuTopii CepebpsiHCHKOTO Jicy (Ha
3axiz Bij JIucudaHcbKa), Ae B el yac pociiicbki Bilich-
Ka BeJIM aKTUBHI IITypMOBi Aii mo3uniit 36poiHUX cul
Ykpainu. [IpocTopoBui aHaii3 BUTOPIIHUX AiNSHOK
y TpaBHi-uepBHi 2022 poKy JAeMOHCTPYE KOpeJssLilo
MOILIMPEHHS MOXKeX 3 MPOXOKEeHHAM JIiHil GpOHTY, ¥
TOM 4Yac pociiicbki okymnauiiiHi Bilicbka BeJId HaCTyI
Ha Micta JlucnuaHcek, CeBepogoHenbk, Jluman. Ciig
3a3Ha4yMTH, 110 B Nepiog XapKiBCbKOr0 KOHTPHACTYIY
(Bepecenb 2022 poky) MacmiTabHi JiicoBi moxexi He
dikcyBanucs (puc. 4 6).

Y JloHenbkili obJiacTi B nepios, moBHOMACIITabHOI
BiliHM KiJIbKIiCTB MoXeX B3/I0BXK JiHil pPOHTY CYyTTEBO
3pocna y nopiBHsHHI 3 ganuMu 2021 poky (puc. 5 a,
puc. 1 a). ¥ TpaBHi 2022 poky pociiicbki okynaniini
Bilicbka mTypMyBasin M. JlumaH [loHelbKoi 06./1aCTi.
Yepes uucieHHi 60MbapiyBaHHS Ta BUOYXU GOENpPU-
naciB y COCHOBMX Jicax HaBKoJio JIMMaHy noda/nucs
MacIITaOHi JIicoBi moXkexi. 3HaYHUX IMOIIKOMKEHb 3a-
3HaJIu JiicoBi HacamkeHHd /Il «/IuMaHCcbKe JlicoBe roc-
0JapCcTBO», AKi BXoAATh A0 ckaaay HII «Ceari lopu».
3a nomepeJHIMU JAaHMMHU IJIOLIA JIiCIB NPUPOJHOTO
MapKy, MOIIKO/KEHUX M0XKeXKaMH, 06CTpiJlaMU Ta BaX-
KOI0 TEXHIKOI0, CKJIa/la€ Maiixke 18 Tuc. ra. Ha TepuTopii
perioHasbHOro JaHamwadTHoro napky «Kneban-buk»,
y TOMY YHMCJi B MeXax TreoJIOTiYHOI MaM’'siTKU MPUPO-
J1 3arajbHOJiep>kaBHOI0 3HaueHHa «Kineb6aH-Buibke
Bi/IC/IOHEHHS», CTAJIMCA MOXeXi 3arajJibHO ILJIOLIE0
noHaA 30 rektapis [9]. MaciuTabHi moxexxi Maiu Micue
B Mexax /|[po6uieBcbKOro Ta AMNisIbCbKOTO JIICHULTB.
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Fig. 5. A fragment of the burned areas map in Donetsk region during the full-scale invasion (from February 24, 2022, to November 30, 2023)
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Puc. 6. llowupeHHss akmugHuUX noicedxc (3eseHi no3Hauku) ma suzopiaux JiAsHOK (Hco8mo-4ep8oHi no3Hauku) Ha mepumopii 3anopisbkoi,
XepcoHcvkoi ma Mukosaiscvbkoi o61acmeti 3a danumu EFFIS y nepiod 3 24.02.2022p. do 31.12.2023p. /
Fig. 6. Distribution of active fires (green markers) and burned areas (yellow-red markers) in Zaporizhzhia, Kherson, and Mykolaiv regions based on
EFFIS data from February 24, 2022, to December 31, 2023
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Kpim Toro, noxexi cranucs y JiCOBUX MacHMBax Ha Te-
puTopil YKpaiHCbKOrO CTENnoBOr0 NPUPOJHOrO 3allo-
BigHuKa (Bigainennsa «KpeizmoBa duiopa») Ta foBKoJIa
Kasnp4nupKoro BOg0CXOBHULIA.

Y nepuuit mMicsnp noBHOMacIITabHoi BiliHU Bif0y-
JIocs pi3Ke 3pOCTaHHA KiJIbKOCTI IMOXeX B3J0BXK MexX
THMYacoOBO OKyINoOBaHUX TepuTopiit Joubacy (OPAJI0).
Y mnopanbuioMy BHCOKAa KOHLIEHTpaL(ifd IOXeX CIIOo-
cTepiranacd y TpaBHi-uepBHi 2022 poky y Jicax no-
613y M. JlumaH Ta M. CBATOTIPChK, Y JIUMIHIi-CEpIHi
2022 poky 3poc/ia KiJIbKICTb MOXeX J[JOBKOJIa MICT
BaxmyT, Map’inka, Byrsiesap. ¥ nHactynsi Mmicani go
aunHA 2023 poKy BUTOpiJI AiJISTHKY B MeXax JIiCOBUX
MacHBIB BificyTHI. ¥ cepnHi Ta BepecHi 2023 poky 3a-
dikcoBaHO MmoXkexi He JulIe B3J0BXK JIiHII QpoOHTY, a ¢
o Bciit TepuTopii JloHeYYHHH, 1110 MOB’SI3aHO 3 BUCO-
KO0 IOXKeXOoHebe3MeKolo y 1iel epios poky.

Ha Tepuropiax 3amnopisbkoi, XepcOHCbKOI Ta
MukosaiBcbkoi o6JiacTel, K i B iHIIMX perioHax, Mak-
CHMMaJ/lbHa KOHILeHTpallifl 0XeX 30cepe/KeHa B3J0BXK
Jinil ¢poHTy (puc. 6). OgHAK YAaCOBUM PO3MOALT MO-
»KeX y MiBJeHHUX perioHax Ma€ cBoi 0COGJMBOCTI: Ha
Mo4yaTKy MOBHOMAacIITabHOI BilHHU iX KiJbKicTb Oysa
MiHiIMaJIbHOIO, @ OYMHAaW4M 3 TpaBHA 2023 poky, no-
YaJia NOCTYIOBO 3POCTATH, JOCATHYBUIU iKY Y BepecHi
2023 poky. [licasa nporo, 3 HaCTaHHAM XOJIOLHOTO Ce-
30HY, BUHUKHEHHS N0XeX 3MeHIINUI0CH [0 MIHIMyMy.
Haii6inbiia KoHIeHTpalliss BUTOPIJIUX TepUTOpil cro-
cTepiraetbcsi B palloHax, Jie TPUBa/IM iIHTEHCUBHI 6010-
Bi nii, 30kpema HaBKoJI0 AeabTH JJHinpa (XepcoHcbka
06s1acTh) Ta N06s1M3y M. OpixiB (3anopisbka 06/1aCTh).

Y XepcoHcbkil o6sacTi moxkexi BimOyBanucsa y
BenukoosiekcanapiscbkoMy, KaxoBcbKOMy — JIiCOBHUX
rocnojiapcreax,  36yp'iBcbkoMy,  OJielIkiBCbKOMY,
TononpucrancbkoMy, BesnkokomaHiBCbKOMY  Jlico-
MUCJUBCbKUX rocrnogapctBax Ta CremoBoMy dimiani
YxkpH/ZJUITA. Big noxkex NoCTpak4aJiu JIiCOBI AIIAHKHY Ta
iHIIIa TPUPOJHA POCAUHHICTb Yy HACTYTHUX 06'EKTaX IPU-
poaHo-3anoBigHoro ¢ouay: HIII «/lxapuiaraubKui»,
«Kam’'sHcbka  Ciuw, HwmxHbogHinpoBcekomy — HIIII,
YopHOMOpPCbKOMY 6iochepHOMY 3aMoBiHUKY, 60TaHIU-
HOMY 3aKa3HHUKy «XpecToBa Cara», 3araJlbHO300J10Ti4-
HOMY 3aKa3HUKY «KopcyHCbKUI», JaHjIadTHUX 3aKa3-
HUKaXx «[Hrysnenb», «0JeKcaHpiBCbKU», 3aNI0BiJHOMY
ypouuiy MicueBoro 3HaueHHsi «Heporipcbkuit Jic».
Takox BUropiziKM AiNAHKKA BousmkuHOro Jiicy Ta JicoBi
HacaJpkeHHa fgoBkoJsia Teputopii HIIIT «OsewkiBcbKi
MiCKU».

Ha TepuTopii 3anopispkoi obJsacTi Bij moxex mo-
CTpaXkAaJiu Jiicu y 3anopispbkoMy, MesiTonosbCbKOMY;,
[To/10TiBCbKOMY ~ JIICOMUCIMBCBKUX — TOCIOLAPCTBaX,
Kam’ssHcbKO-/lHinmpoBchbkoMy,  [IpuMopcbkoMy — Ta
BepasgHcbKOMY JIiCOBUX rocrnogapcTBax. [loxxexi
CTaJIUCA Ha TepUTOpiAX JaHAMaPTHUX 3aKa3HUKIB
«IBaHiBcbKUH 6ip», «BoAsSHCBKI Kydyrypu», «Ypouuiie
Bisnozipcbke», «3MillaHuM Jic i3 3aMIIKAMU KOBUJIb-
HO-THUITYAaKOBOTO CTely» Ta GOTAaHIYHOTrO 3aKa3HUKY
«banka BisornuHkar.
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Y MukosaiBcbKil o6JiacTi moxexi cTanucs Ha
TepuTopiAx  bBalrTaHcbKoOro, Bepe3HyBaTCbKOTrO,
BosoguMupcekoro, Bo3HeceHCbKOro JiCOBUX Troc-
nogapctB, MukosaiBcbkoro Ta OuakiBCbKOTro Jico-
MUCIUBCBKUX TOCHOAAPCTB, MOCTpPaXJaJu JIiCOBI
macuBu HIII «bBino6epexxs CsATOCAaBa», JIiCOBOrO
3aKa3HMKa MicueBoro 3HadyeHHs «basabaHiBka» Ta
JAinssHku YopHOMOpPChKOTO GiochepHOro 3amoBijHUKA
«BonwmxkuH sic». Ha moyaTky moBHOMacuITa6HOI BiliHU
BHACJiJIOK GOMOBUX Aill cTajacsd MOMXKeXa y MPUPO/-
HOMY 3allOBiJJHUKY «EjlaHeLlbKUI CcTel» Ha 3arajbHil
mwiaowii 100 ra. 3a JaHMMU MuKoJ1aiBCbKOTO 06J1aCHO-
ro ynpasJIiHHA JIICOBOTO Ta MUCJIUBCBKOI'O ToCIofap-
CTBa Ha TepuTOpil MUKo/1aiBCbKOTO Ta balTaHCcbKOro
JlicrocmiB, 1110 YacTKOBO NepebyBa/v Mif, oKymnauiero, y
2022 poui uepes 60i10Bi Aii cTanocs 70 noxex 3arajib-
Howo miowe 1934,43 ra. 3arasom y bamtaHcbkomMy
JIICOBOMY TOCNOAAPCTBI 3HUILEHO JIICM Ha IJIOIi
38,0 ra i mowkomxeHo - 66,0 ra, y MukosiaiBCbKOMY
jicrocni - 842,0 rata 2210,0 ra BianosigHo [2].

3rigHo 3 JaHuMU Jlep>KaBHOI €KOJIOTiYHOI iH-
crnekuii [liBgeHHO-3axiIHOrO OKpyry, L0 JAi€ B Me-
»kax MukousaiBcbkoi Ta Opecbkoi o6sactei, HIII
«Bbino6epexksa CesaTociaBa» Ta P/I «KiH6ypHcbka
KOCa» BHACAiOK 60oMoBUX [Jil Ta oKymalii 3a3Haau
3HAYHUX NOIKoXeHb. Ha TepuTtopii KiH6ypHCbKOro
niBocTpoBa mnoxexi oxonuau noHag 2000 ra 3emenb
MIPUPO/HO-3aNoBiHOr0 GOH/Y, 3aB/IaBILIH IKOLHU BOJ-
HO-00JIOTHUM, CTEIIOBUM Ta JIiCOBUM eKocucTeMaM [1].

BHCHOBKM. AHaJli3 JUHAMIKU NOLIKMPEHHA II0XKEeX Y
perioHax YkpaiHM NpoieMOHCTpyBaB NPsAIMUH 3B’A30K
MK IHTEHCUBHICTIO 3aropAHb i BeJJeHHAM aKTHBHUX
6otioBux fi. OCHOBHUMHU (aKTOpaMU BUHUKHEHHS
MOXKeXK € MacoBi 06CTPiY, BAYYaHHS apTUIePiiCbKUX
CHapsiB Ta 3aMiHyBaHHSl TepuUTOpiil. 3HaUHA YacTu-
Ha MOIIKO/PKEHHUX JIiciB HasnexxuThb o0 [13D, cepes sikux
3HAYHUX BTpPAT 3a3HaJIM YHiKaJIbHI Ta pesiKTOBI JiicH.
[MocTpaxkaanu 30kpeMa Taki 06’ektu [13D, sk npupoz-
HUHN 3aN0BiAHUK «/lpeBasSHCbKUI», HOpHOOUJIBbCHKUM
pagianiiHo-ekoJsioriyHUM  6GiocdepHU  3aMOBiAHUK,
HIIIT «3anicca», «KpeMiHcbKi Jicu», «CBATI ropu»,
«/IBopivaHcbKkuii», «binobepexiks CBITOCIaBa», perio-
HanbHUM naHAmadTHUN napk «KiHOypHCbKa Kocay, 3a-
MoBi/iHe ypouuiie «/[y6oBuii rai» Ta iHIi.

OxpiM BOTHIO, 3HAa4YHy LIKOAY 3allOBiJHUM Te-
puTtopisM 3aBaarwTh ¢opTUdikaliiHi cnopyau, 110
HepiAKO 3BOAATLCA B MeXaxX OXOPOHIOBAHUX 30H.
3aMiHyBaHHS JIiCiB CTBOPIOE [0JATKOBI PU3UKU: BU-
OyX{ MiH MOXYTb CIPUYUHATU HOBI OXKeXi, ycK1a-
HIOIOUM IX KOHTpOJIb i racinHs. Ha Tepuropiax, ne
aKTUBHI 60MOBI Aii BxKe MPUNUHUJINUCS, BCTAHOBJIEH-
Hs IPUYHMH MOXKEX € CKJIQJHUM Yepes 3aJUIIKU OO€-
npunacis i MiH. Po3MiHyBaHHSI TaKUX 30H € KPUTHU-
HO BXKJIMBUM [Jis 3a6e3neyeHHs epeKTHBHOrO Ma-
TPYJ/IIOBaHHS Ta 60POTHOM 3 MOXKEXKaMH. Y Cy4yacHUX
yMOBax KOHTPOJIb 3a NOXKeXaMH Ha 3a0py/lHEHUX BU-
OyxoHebOe3MMeYHUMU MpeJMeTaMy TEPUTOPIAX 3Aikic-
HIOETBCSI TepeBaXKHO JIMIIE 3 Jlopir abo 6e3meyHux
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30H, 1110 CIPUSAE PO3MNOBCIOJXKEHHIO BEJTUKUX MOXKEK,
AKI BaKKO JIOKaJ1i3yBaTH.

CynyTthHukosi gani MODIS Ta VIIRS mupoxko 3acro-
COBYIOTBbCSl [IJI1 MOHITOPUHIY MOXeX, 0COOJMBO Ha
TEepPUTOPIAX, e NOJIbOBI JOCHIPKeHHs YCKIaJHeH]i ye-
pe3 60i10Bi Ail abo 3amiHyBaHHS. BoHU 3a6e3Me4yyoTh
omnepaTUBHY iHdopMaljilo Ipo AUHAMIKY NOIIMPEHHS
MIOKeX, J03BOJIAIOUM ileHTUIKyBaTH ocepe/iKU 3aro-
PsiHb i OI[iHIOBaTHU MacuITabu BUropisnux maouy. OgHak
iXHS TOYHICTb O6MeXeHa NMPOCTOPOBOI0 PO3/iJbHOIO
3J]aTHICTIO, 1110 € NPUHHATHO JIKLIe JJisi TEPBUHHO-
ro aHanisy. Jljis AeTajqbHUX AOCAiIKeHb HeoOXiHi cy-
NYTHHUKOBI 3HIMKM 3 MeTPOBOI0 a60 CAaHTHUMETPOBOIO
po3AinbHOI0 3JaTHicTI0. OO6MeXXeHHs1 CyNyTHUKOBUX
JaHUX BKJIIOYAIOTb MOXJIUBICTb IIPONYCKY HEBEJUKUX
oCepe/iKiB 3aropsiHHs, NPUKPUTHUX AUMOM abo xMapa-
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MM, a TaKOK MOMMJIKOBE BUSIBJIEHHS IHLIKUX JpKepeJi
Tema. lle Bumarae gomatkoBoi Bepudikariii oTpuma-
HUX pe3ynbTaTiB. [HcTpymenTH Ha Kwtaat EFFIS nos-
BOJISIIOTh NOPiBHIOBATH CYNyTHUKOBI AaHi 3 odinifiHo0
cratuctukor JCHC, nigBuiy0Yn TOUYHICTh aHai3Yy.

[Tonpu HassBHUN MOHITOPUHT, 3HaYHA YacTHHA [IPU-
YUH 3aropsiib 3aJIMIIAETHCS HEBCTAHOBJIEHOK) 4yepes
BiZicyTHiCTB AocTyny o TepuTopiil. [IpoBeneHuit y na-
HOMY JOCJi[KeHHI aHasi3 3a gonomorow gaHux EFFIS
MOXe CJyryBaTH MOYAaTKOBUM €TalloM, 110 JAOIOMOXKe
BU3HAYUTHU 30HMU, SIKi MOTPEOYIOTh MOTIMGJIEHOTO BU-
BueHHsd. [loganbii fJocaipkeHHSI MOBUHHI 6yTH cIips-
MOBaHi Ha YTOYHEHHS MaclITabiB BTpaT JIiCOBUX MacH-
BiB, OLIIHKY 3aBJJaHUX 30UTKIB, BUSIBJIEHHS HE3BOPOT-
HUX 3MiH B eKocHCTeMax i po3pobKy cTpaTeriit gJs ix
BiJJTHOBJIEHHS.
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STUDY OF FORESTS FIRES IN UKRAINE AS A CONSEQUENCE OF MILITARY ACTIONS ACCORDING TO
REMOTE EARTH SENSING DATA

The purpose of the article is to conduct a spatiotemporal analysis of wildfire spread and identify burned forest areas
using remote sensing data within the regions of Ukraine that experienced active combat from the start of the full-scale
Russian invasion until the end of 2023. Additionally, it seeks to identify forest ecosystems affected by fires within protected
areas.

The main material. As of 2023, according to the State Environmental Inspection, approximately 3 million hectares of
Ukrainian forests have been affected by hostilities, which accounts for nearly one-third of the country’s entire forest fund.
The combat zone has included the territories of 900 protected areas with a total area of 1.24 million hectares. The article
presents the results of an analysis of fire spread from the beginning of the full-scale invasion of Russian forces until the
end of 2023 in regions of Ukraine affected by active hostilities. Based on remote sensing data, cartographic materials were
prepared to illustrate zones of the highest concentration of burned areas. Particular attention is given to the impact of
hostilities on natural forest ecosystems and the protected areas, which comprise approximately 50% of the country’s total
forested areas. The study identified a spatial correlation between the spread of fires and the location of the front line, as
well as a temporal dynamic of ignitions that coincides with periods of intensified combat activities.

Conclusions and further research. Satellite data from MODIS and VIIRS, utilized via the EFFIS platform, demonstrated
high effectiveness in detecting burned areas, particularly in regions inaccessible due to military operations or occupation.
However, their limited spatial resolution reduces the accuracy of assessing the scale of forest damage. The spatial-temporal
fire analysis results presented in the article may serve as a foundation for identifying areas requiring more detailed
investigations. These investigations should aim to refine estimates of forest ecosystem losses, evaluate the extent of
damage, and develop strategies for restoring forests affected by the war.

Keywords: forests, protected areas, fires, burned areas, remote sensing, military actions, Ukraine.
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AnHamiKa nicoBux noxKex Ha TepuTopii I3lOMCbKOro paiioHny,
BUKAUKAHUX 6oMoBMMMU Aiamu

MeTol faHoi CTaTTi € NpeacTaBieHHA Pe3yabTaTiB PO3PaxyHKY KifbKICHUX MOKa3HMKIB (CNeKTpasbHUX iHAEKCiB
33 Pi3HOYACOBMMM CYMYTHUKOBMMM 3HIMKaMM Ta X NMOPIBHAHHA) 3 METO OLiHKM Aerpagalii Nici I3toMcbKoro panoHy
XapkiBcbKoi 061acTi BHacnigok noxex 2022-2023 pokis.

OCHOBHMIA maTepian. Y cTaTTi po3KpMBaETbCA NPObAEMATKA BUKOPUCTAHHA METOAIB CNEKTPA/IbHUX iHAEKCIB ANna ae-
TEKTYBaHHs NicoBKX 3aropsHb. OAHUM i3 cneuniuHMX CNEKTPANbHUX IHAEKCIB, WO HalbiNbLW crnewjiani3oBaHmMii 4O NOCTaB-
NeHOT MeTu, — HopManizoBaHui iHaeKc 3aropsaHb NBR, Lo BUKOPUCTOBYE 6AMKHIN iHDpauepBOHUIA Ta KOPOTKOXBUIBOBUIA
iHppauYepPBOHMIA 30HM CYMYTHMKOBMX 3HIMKiB. ABTOPU B CTaTTi NPeLCTaBAAOTb pe3ynsTaT po3paxyHKy NBR 3a fiTHI micaui
nepiogy 2021-2023 pp. Ta ix pisHuUIO 3a meToamKoto dNBR (wo € pisHuueto misk NBR 3HIMKIB [0 noxexi Ta nicas Hei).
[LnA OLiHKM CTyNeHA NOWKOAKEHb Ta BiZLHOBJIEHHA HacaAKeHb BUKOPUCTAHO Knacudikauito dNBR USGS. Takox BUCBITAEHO
METOAMKY | pe3y/sbTaTh BEKTOpM3aLi i migpaxyHKy naol 33 OTPUMAHUMU TaKUM YMHOM Pi3HULEBUMU 3006PaXKEHHAMMU;
KiNIbKiCHi pe3ynbTaTv OLiHKM NpeacTaBAeHo B CTATTi.

BucHoBkM. MpoBeaeHe AOCNIAKEHHA HAAAE KiNbKiCHY iHPOPMALLito LLOAO XapaKTepy i CTyNeHA NOLUKOAMKEHD NliciB Ha
0bpaHii ginaHyi 3a nepiog, iHTeHcMBHMX 60iMoBKX At 2022 poKy. 3arasibHa NAOLWA BUrOpAHb CKAagae 6amnsbko 72% Big,
3arasibHoi. IHAEKCHI pi3HMLEBi 300paKeHHA BKa3yOTb TAaKOXK Ha YaCTKOBE BiHOB/JIEHHA POC/IMHHOCTI Ha TepUTOPIi B Nepioz,
2022-2023 pp. BUKopucTaHa MeTOAMKa X04a 1 Mae NeBHi nepesaru, NpoTe notpebye nepesipku NOAbLOBUMM AOCAIAKEH-
HAMM.

Kntouosi cnoBa: eeoepacpis, memoo cnekmpanesHux iHOeKcis, nicosi noxcexi, I3tomcbruli palioH.

Ak uuTyBaTK: baitHasapos A., Monos B., Bosk Y., MintoriH A. luHamika NicoBUX NOXeX Ha TepUTOPii I3loMCbKOro paitoHy, BUKMKaHWX 6orioBUMM Aismu. [Tpobremu b6e3-
nepepsHoi 2eoz2pagiyHoi ocsimu i kapmoepadii. 2024. Bun. 40. C. 18-24. https://doi.org/ 10.26565/2075-1893-2024-40-02

In cites: Bainazarov, A., Popoy, V., Vovk, U., Piliugin A. (2024). The dynamics of forest fires caused by war in the territory of Izyum district. The problems of continuous
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Beryn. HumiBHuit xapaktep 60MoBuUX AiH, 1110 Bij-
OyBarTbCs Ha TepuTopii XapkiBcbkoi 06./1acTi, BU3Ha-
Yyae B NOBHil Mipi HE0OXiHICTD He JulIe IKiCHOTO, ane
1 KiZIbKiCHOTO aHasi3y BIJIMBY Ha IPUPO/IHE CEpel0BU-
uie. [lonepeny Besinka po60oTa B OLiHILi 1 MOHITOPUHTY
3MiH, 1110 3a3HaJ/I4 IPUPOJHI KOMIIJIEKCH HAllOol KpaiHy,
aJie B2Ke Hapasi € J0Li/IbHUM [10YaTH LIYyKaTH BiANIOBIiA1
Ha 3allUTaHHA KIJIBKOCTI BTPAT, 30KpeMa, y JIicorocIo-
JapCbKUX aKTUBaX. 3 MOYaTKy BiHU Malixke B ycix Jiico-
BUX HACa/PKEHHSX, 1110 ONUHUINCA 6JIM3bKO /10, ab0 XK
y 6e3nocepeIHbOMY KOHTAKTI 3 JiiHi€l0 GpoOHTY, 3a J0-
MOMOT010 IJ1I06a/JIbHUX MOHITOPUHIOBUX CepBiciB (Ha-
npuknaj, Fire Information for Resource Management
System, FIRMS) ¢ikcyBanocss TpariyHe 3pocTaHHS
3adikcoBaHuX y iHGpauepBOHOMY Jiana3oHi CIEKTPY
JIOKaJ/1i30BaHUX 3aliMaHb. AJie Bci HasiBHi BiJKpUTi cep-
BicH omnepyroThb JAaHUMHU 3 HU3BKOIO PO3JIJIbHOI0 3/aT-
HICTI0, TOMY IUTAaHHA KIJIBKICHOI OLIHKH, CKIJIBKU caMe
JlepeBOCTaHy 6yJ/10 3HUIIEHO, IKa JIUHaMiKa 1oro 3aru-
GeJii i BiAHOBJIEHHS, - 3a/JUIIAIOTHCSA B TAKOMY BUMA/-
Ky 6e3 BigmoBizai. MaTepianu i MeToau AucTaHLiMHOTO
30H/IyBaHHSA 3eMJli € OHUMU 3 ePEeKTUBHUX MiAXOIB
(moctynawoyuch ¥y TOYHOCTI TPaAULiHHUM MOJBOBUM,
aJsie epeBaXKalyUM IX NPOAYKTUBHICTIO i MOKPUTTAM),
TOMY MNpeJCcTaBJieHe AOCJi[P)KeHHs y MOBHiN Mipi 30-
cepe)XyeTbCA caMe Ha HUX. HacTymHe nmuTaHHA, 110
NIOCTAE, - AKY TepUTOpito o6paTu AJs OLiHKH, AKUN
nepioz i Y4acTOTy aHaJi3y. ABTOpPU BBaXKal0Th, 1110 O/ Hi-
€10 3 HAWOI/IbII MOCTPAXKAANUX JICOBUX KOMILJIEKCIB B
XapkiBcbKilt 06J1acTi € Haca/PKeHHs B OKOJIMISIX MicTa
[310Ma, BKJIIOYHO 3 TEPUTOPIEI perioHaJbHOTO JIAHJ-
madTHOro mnapky «Isromcbka Jlyka». Toxk, oueBUJIHO,
yci cnpo6u OLiHKU OYAYTh KOPUCHI He JiMllle B eKOHO-
MiYHOMY IJIaHi, a ¥ y npupojooxopoHHoMy. Tomy Ass
BUKOHAHHS OLIiHOYHOI0 aHasi3y 6y/10 06paHo caMe Li0
JiIHKY [310MCbKOT0 palioHy.

B nmeBHOMy ceHcCi HaBIiTh CKJlasacsd TeHJEHLid, 110
KOMILJIEKCHA HayKOBa OLjiHKa 3MiH, IKi CTOCYIOTbCA Jie-
peBocTaHy i jiicoBoi mificTUIKH, GOPMYETHCS, 3HAUHOIO
Mipoto, IJ1s1 TEpUTOPilt NprUpogHO-3anoBigHOT0 GOHAY,
I MeHII omypeHa AJ1f JIiCOBUX KOMILJIEKCiB BUKJIIOUHO
€KOHOMIYHOI'0 BUKOPHUCTaHHA. [IpyU 11bOMy OCHOBHUM
HaMNpsAMOM TaKOro KOMILJIEKCHOI'0 HiAXOAY O OLIHKHU
3MiH JiciB € po3pobka mMozesneld 06po6ku AaHux /133,
OCKIJIbKM BUKOPHUCTAHHSl OCTAHHIX CYTTEBO CIPOILYE
[pouec OLiHKU 3ropiIuX AIJIAHOK Ta, B PAJl BUNIAJKIB,
MOXe 3HA4YHO I[epeBUIIyBaTH 3a TOYHICTIO OLIHKY Ha
MiCL€BOCTI.

BTiM, 3a/MI1a€eThCA 3Ha4YHA KiJIbKICTh caMe TeXHid-
HUX Mpo6JIeM Yy MiAXo[i KiJIbKiCHOI OI[iHKU JWHAMiKU
W HaCJiJKiB JIiCOBUX MOXKEXK, JesIKi 3 SIKUX BUCBITJIEHO
B L[iif cTaTTi. JlOCTYNHICTh JaHUX 3 BUCOKOIO PO3/iJib-
HOIO 3/IaTHICTIO BCe Lie 3a/MUIAEThCS 0OMeXeHOlo, i
Oi/bIIICTh aKaZeMiuHUX POOIT 6a3yeThCs HA 3HIMKax
cynyTHHUKIB cepii Landsat i Sentinel-2 (10 cTocyeTbcs
ONTUYHOTO Jiana3oHy), NpU HasIBHOCTi 3HIMKIB 3 BU-
111010 po3/iibHO0 3aaTHicTIo (Planet). Lle BU3HAYa€Th-
cs1 6ib1I0I0 MipOI0 MeTOAMKOIO i crieniidikoro KaHaiB,
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AKi BOHa BHUKOPHUCTOBYE, L0 TaKOX Oy/e PO3KPUTO
HUXKUe.

BuxigHi mepeaymMoBH. 3HayHa KiJbKicTb poo6iT
y mpobJieMaTHli BU3HAueHHS MHOXex 1 ix Hacmigkis
KOHILIEHTPYEThCS HAaBKOJIO JUCTAHILIHHUX METOJIB fK
TaKUX, 110 Ha/JalTb OllepaTHBHY iHPopMaliio 11070
aKTyaJIbHUX 3aropsiHb. KoHlLleHTpallis yBaru po6uThCs
caMe Ha JioKaJii3alii, a ocb KiJibKicHa oliHKa moctdak-
TyM [IPOBOAUTLCA pijuie.

[licnisg movaTKy pocificbko-ykpaiHcbkol BiliHM Bi-
TUYU3HSHI JOCAIIHUKA BXXe POOUJIM CHOPOOHU OLIHKU
HeraTUBHOTO BIIMBY 60MOBUX il 32 JaHUMU AUCTAH-
LitHOTO 30HAYBaHHA. OKpeMo C/aif BUAIIUTH po6GOTYy
[lleBuyka Ta iHmwux [1], fe aBTOpHU BiA3HAYAlOTh, 110
BiAKpUTi fani fUCTaHI[iIHHOTO 30HAYBaHHS (pPO3IVIsHY-
To cynyTHUKU NOAA, Suomi NPP, Aqua i Terra, Sentinel
i Landsat, Takox Aeski iHIi) 103BOJIMIU BCTAHOBUTHU
BEJIUKY KiNIbKiCTh paKTiB HEraTUBHOTO BILJIUBY POCiHi-
CbKO-yKpaiHCbKOI BiHHU Ha JOBKIJLIS.

TexHoJioriyHi 3acasy, Ha IKMX 3aCHOBAHI NPaKTHUY-
Hi migxoau BU3HAYEeHHS U OL[iHKU MOMXKEXHUX SIBUII,
peryyisipHO MOMNOBHIOTbLCA HOBUMU NpUHLUNaMU. He
JUBJIIYUCh, IO CTATTd INPUCBAYEHA CIIeKTpPaJlbHUM
XapaKTepUCTUKaM, CJIiJi BiAMITUTH, 1[0 Ha MOTOYHUH
MOMEHT JJid IOCTaBJIEHOl 3a/jayi YCHIIIHO 3acTOCOo-
BYHOTbCA 1 paZapHi, i aifjapHi Metoau. Jlijapu MarThb
BeJIMYe3Hy IepeBary y TOYHOCTI OLIHKM HeraTUBHHUX
pe3yJbTaTiB MOXeX, aJiKe LIiIbHICTh JJaHUX HabaraTo
NepeBUIIYE 3BUYHY pPaCTPOBY CYNyTHUKOBY iHGoOp-
Mallifo i MOXXe HaZjaBaTHh TOYHI TPUBUMIpHI AaHi, 110
NOTEeHLiMHO /03B0OJISIE BUPILlyBaTH HabaraTo IIMpIle
KOJIO 33/lay, HaBiThb CTBOPIOBATH TaK 3BaHi LUpOBi
JABIMHUKM 3a pe3y/JbTaTaMU CKaHyBaHHs. Ajile BapTo
MiAKPECJUTH, |0 Pi3HOMAHITHICTb iICHYIOUYUX MiAX0/IB
Hi B fKilt Mipi He 03Haya€e iX TOTOXKHICTb 3 6OKY eKo-
HOMIYHOI cKk/1aZoBol. Jlijapy MOXyTb HaZlaBaTU TOYHY
iHpopmallito 1100 NOMKO/KEHD, ajle CKIAJHICTB i co-
6iBapTicTh 3HiMaHHA (1 06p0O6KHU TakoXK) BHUllla 3a Tpa-
OUIiMHI 3BUYHI TigxXomu.

ABTOpHU cNoOAiBalOThC, 10 B HAMOJAMKYOMY Mai-
6yTHbOMY y BITYUM3HSHOMY HayKOBOMY IIPOCTOPI 36iJ1b-
HIMTBCS He JIMIIE KiJIbKICTh POGIT 3 OLIiIHKY HEraTUBHO-
ro BIJIUBY BilHU Ha MIPUPOAHI KOMILJIEKCH KpaiHH, aJe
1 36I/IbIIMTBCS TEXHOJIOTIUHUM apceHasl JOCTiIKeHb i
OyAyTb BUKOPUCTAHI epe/joBi 3HiMalbHi CUCTEMU.

MeToO10 CTaTTi € BUCBITJIIEHHA pe3yJbTaTiB aHa-
J1i3y KiJIbKICHUX MOKAa3HUKIB (CHeKTpalbHUX iHJEK-
CciB 3a pI3HOYACOBUMH CYNYTHUKOBUMHU 3HIMKaMH
Ta iX MOpiBHAHHSA) 3 METOW OILiHKU Jerpajarnii JiciB
[3toMcbKOro paitoHy XapkiBcbkoi 06s1aCTi BHAC/iZ0K
noxex 2022-2023 pokiB i npoueciB ix BiJHOBJIEHHS.
ABTOpM TakKO0X CTaBUJIM Ha MeTi MpPOAEeMOHCTPYBaTHU
0COGJIMBOCTI METOJJUKH Yy IPAaKTUYHOMY acIeKTi 1110/i0
BUKOHAHUX POOIT.

BuKJ/IaJ, OCHOBHOro Marepiajay AOC/iJKeHHS.
[lepiuM BaXkK/IMBUM eTalNoM J0CJipKeHHs O6YB MOLIYK
CTIEKTPaJbHOrO iHJEKCY, HaBKOJIO SIKOTO OyZe opra-
Hi30ByBaTHCsl aHaJli3 KOHKPeTHHUX 300paxeHb. IcHye
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BeJIMKA KiJIbKICTb ClIeKTpasJbHUX iHJeKciB (moHaf Ae-
KiJIbKa COTeHb — i 3pOCTa€), OCHOBOIO PO3POOKU SIKUX
€, 3/1e6ib1IOT0, EMIIPUYHUN NOMYK AeKiJbKOX Jiana-
30HIB JOBXUH XBUJIb, [ie CIOCTEPIraEThbCA MPOTUIEK-
Ha [oBe/jiHKa JoCai/pKyBaHoro sBula. HalnpocTiumuii
NpUKJIAJ, - TUNOBI BeretauiiiHi iHJekcH, Je BUKO-
PUCTOBYETLCA BJIACTUBICTh XJ0podiNy y 30pOBOMY
JIUCTI BiAGMBATU 3HAYHY KiNbKiCTh GJMXKHBOTO iHQpa-
YepBOHOI'0 BUIIPOMIiHIOBAHHA 3, HAIIPOTH, HE3HAYHOIO
KIJIbKICTIO BUIIDOMIHIOBAHHS YepPBOHOTO crieKTpy. [Ipu
po3kJaJilaHHi xsopodiny crnocTepira€tbcs, BiAmoBij-
HO, IPOTUJIEXKHA CUTYallisd 3i 36i/JbIIEeHHAM BifOUTTS
YepBOHOI CKJIaZ0BOi i 3MeHIIeHHSIM iHppayepBOHOI.
Tunosi BereTanifiHi MoXHa BUKOPHUCTOBYBATH i AJid
OLIHKU NI0’KEe>KHUX ABULL, 3BICHO, aj/le BOHU He BPaxoBY-
10Th crieliidiky, 10 NPHU MOoXKeXKi HaABHUN CKIaJHIIIHUN
KOMILJIEKC SIBUL, AKi JOLI/IbHO BpaXxOByBaTH, 30KpeMa
rapaMeTpU BMICTy BOJIOT'OCTI B POCJIUHI.

J1s1 BpaxyBaHHs 0COOJIMBOCTeN CIIeKTpaJbHOI Mo-
BeJIiHKU Haca/KeHb A0/mij yac/micas noxexi Aouinb-
HO BUKOPHUCTOBYBAaTHM TaK 3BaHWW HOpMaJsi3oBaHUN
koedinieHT 3aropsiib (Normalized Burn Ratio, Hagani -
NBR) [2], ujo opieHTOBaHUM caMe HAa BUSHAYEHHS 3MiHU
napameTpiB KOMIIJIEKCIB BHAC/AI0K TOXEXHUX ABUIL
NBR B sIKOCTi BXiZIHUX JAaHUX BUKOPHUCTOBYE OJIMKHIN
iHppauepBoHUI Ta KOPOTKOXBUJIBOBUHM iHppauepBo-
HUM 1 BUpaXXa€eThCs IK HOpMaJli3oBaHa pi3HULA ApPYyTo-
ro Ta nepuioro. Lle# ¢akT BrinBae Takox Ha Te, 1110 NBR
MeHII 3aJIeXXHUH BiJl cTaHy aTMocdepH, HiXK BUAUMUN
CIEKTp, aJle 3aJIeXKHICTb BCe Lie CyTTEBA, TOMY CTaH aT-
Mocdepu npu Bii6opi 306paxkeHb Tpeba BpaxOByBaTH.

Jpyrui eTan - BU3HAYUTHUCA 3 [PKEPEJIOM JaHUX 151
aHaJsi3y, i TyT, BiacHe, 6ysa o6MexeHa KibKicTb Bapi-
aHTiB. BHacnigok BukopuctanHsa NBR, mjo mepepnba-
Ya€ HasBHICTb KOPOTKOXBUJILOBOTO iH$payepBOHOI0O
kaHany (SWIR) B 306pakeHHi ClieHU, 3HIMKU CUCTEMU
Planet Dove Ta Planet SuperDove, siki MalOTb HaUBHIILY
cepe/; 6e3KOLITOBHO AOCTYIHUX aKaJleMiuHil crnisbHO-
Ti IPOCTOPOBY PO3/iJbHY 3aTHICTb (IPUOGJIU3HO 3 Me-
TpU/miKcesb), He TiAXOAUIN AJi1 BUKOHAHHS NOCTaB-
JIeHUX 33y, a/ke He Manu SWIR-kaHany. Tomy 6ys10
06paHo 3HIMKM cucTeMH Sentinel-2, 1m0 BUNpaBAaHo 3
Jekinbkox nosuli. Ilo-nepiue, Sentinel-2 mae yci He-
006xifiHI kKaHaU AJid nobyoBU iHAekcy NBR, mo-apyre,
300pakeHHs J0CTYIHI Y IPOAYKTi 3 aTMOCPEepHOI0 KO-
peKlli€o - To6TO, 3HaUeHHs MiKcesiB BXKe MPUBEJIEHO
Jlo BiIGUTTSA Ha piBHI MOBepXHi, 1110 HAJABAXKJIUBO AJisI
TOYHOI KiJIbKicHOI OL[iHKM. 3HIMKM Sentinel-2 marTb
MPOCTOPOBY PO3AUILHY 3JaTHICTD JJI1 BKa3aHUX KaHa-
JiB 20 MeTpiB. 3BU4aliHO, 6a’kaHO 3aCTOCOBYBATH JlaHi
3 BUIIOK IPOCTOPOBOIO JleTaslisalieto, ajae 4 po3y-
MiHHS 3arajJibHUX TeHJEHLil Ha TepuTopii BkasaHoI
pO3A4iJIbHOI 3aTHOCTI L[IJIKOM JOCTaTHLO.

KinueBa ¢popmya (moaibHa A0 MIMPOKO MOIIKUPEHOT
dopmynu ingekcy NDVI) HopmastizoBaHoro koediieH-
Ta 3aropsiHb AJig AaHux Sentinel-2 omepye Biamosia-
HHUMM /10 BKa3aHUX Jlialla30HiB KaHa/JaMU OGJMKHBOIO
inppayepBoHoro NIR (B8A) i KOpOTKOXBUJLOBOIO
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inppauepBonoro SWIR (B12) [3]. IuTepnpeTanis 6yzae
MoJIATaTU B TOMY, L0 BUCOKI 3HAYeHHS 3a3HA4Y€HOrO
iHZleKcy OyyTh BKa3yBaTH Ha POCJMHHICTb 6e3 3aro-
psiHb, i HABNAaKU — HU3bKUM 3HadeHHsAM NBR 6yayThb
BiZimoBifaTH HelloaBHO BUTOPiIi AiMSHKY i BUCOKUM
BIATYK IPYHTY.

B12—B8A
~ B12+B8A

TpeTim eTanom BakJIMBUM eTarnoM O6y/10 BU3SHAUY€EH-
HSl METOJMKH, 3a JJOIIOMOT010 KOl MO>XHa KOPEKTHHUM
YUHOM TMOpPIBHATH pi3HOYacoBi iHAEKCHI 300paeH-
Hf | NIpaBUJIBHUM YMHOM iHTepHpeTyBaTH pe3yJbTarT.
Bubip 6ysio 3ynuHeHuil Ha pi3Huni iHgekcis dNBR,
10 € pi3HULEI0 IHAEKCY 3aropsAHb 0 NOXKeXi Ta micad
noxexi. Lledt npuHUMN pi3HUL iHAEKCIB Brepiie 6yJ10
BUKJIaZIEHO B po60Ti [4], e aBTOpH 3p0OUIU CIPOOY
oniHuTU HopMaJsizoBaHuit dNBR (1o pospaxyBasiu 3a
JaHUMU AWCTaHLilHOro 30HAyBaHHA Landsat) 3 koM-
no3uTHUM ingekcom CBI (Composite Burn Index), sikuit
po3paxyBaJ/iv 32 N0JbOBUMHU JJAHUMHU.

NBR

dNBR = NBR NBR

10 3aropsiib nicas 3aropsiHb

3 BUKOPUCTAHHSM 3a3HayeHol GOpMy/N MOXHaA OT-
pUMaTH JesKi cTasli 3Ha4eHHA 3MIHU CIIeKTpaJbHUX Xa-
pPaKTepUCTUK peaIbHOTO CBiTY, 1110 MOXHa 3aCTOCOBYBa-
THU JJI OLIHKHA JUHAMIKH MOIIKO/XEeHb i BiJJHOBJIEHHS
KOMILJIEKCY Mic/is noxkexi. PaKTUUHO, Pi3HUIS iHAEKCIB
dNBR cTasa neBHUM CTaHAAPTHU30BaHUM MiJX0A0M [0
BU3HAYEHHA CTYNHA | XapakTepy 3MiH JIICOBUX KOMII-
JieKCiB BHacC/ifok 3aropsHb [5]. BusHavyeHo, mo dNBR,
B OCHOBHOMY, 3HaXOAUTbCA ¥ MeXax Jjialla30Hy 3Ha4YeHb
BiZ -2 10 +2, a 3HAYHO NOIIKOPKEHUM I0KeKaMU Tepu-
TOpPIiAM BiZNIOBIJAl0Th BUCOKI 0AATHI 3HaYEeHHS Pi3HULL
inpexciB. B uiit po6oTi aBTOpU BUKOpUCTAIU Kaacubi-
Kallito i KoJIbOpOBY fudepeHialiio, 1110 3anponoHoBaHa
Teosioriunoro cayx60to CHIA [5] (puc. 1).

BesnocepejHbo po6OTH 3 PacTPOBOI MaTeMaTHKH
BUKOHYBa/IUCsl B mporpamMHoMy 3abesmnedeHHi ESRI
ArcGIS Pro, fie HaslalITyBaHHSA PO3paxyHKY iHJEeKCHUX
300pakeHb peaJsi3oBaHi y 6ijbll 3py4YHOMY Ta iHTYi-
TUBHOMY BUIJIAJZI, YV MOPIBHAHHI 3 NonepesHiM MOKO-
JIIHHAM nakeTy. TexHi4YHO npolec No6yA0BU iHAEKCHUX
300pakeHb OYB 3aCHOBAaHUM Ha BUKJIAJIeHil BUIlle Me-
Toauli. Cnepiy 6yayBaaucs iHgekcHi pactpu NBR 3a
BXIJHUMU 3HIMKaMH 110 JIITHIM MicS1sIM aKTHBHOI Be-
retauii (4epBHs, JUIHA i cepIHs), 3a TpU pokH, 3 2021
no 2023 pik. 3a 2021 pik oTpUMyBaJ/lCs, B IEBHOMY
3HA4YeHHI, eTaJOHHI [jaHi, 1110 HaZa/1i MaJiu IOpiBHIOBA-
TUCH 3 JaHUMU 2022 poKy, 3 HUILIBHUMHU HaCJaiJKaMU
JPOHTY J1a JINAHKM JocaifpkeHHS. TakUM YUHOM, Y
[OJaJIbIIOMY CaMe NIOPIBHAHHAM MicALIB Pi3HUX POKIB
rnepioAy i MoXKHa BCTAaHOBUTH PI3HUIIIO iHAEKCIB Ta iH-
TepIpeTyBaTH Il.

B 1iii cTaTTi He HABOAATHCS i1HAEKCHI 306paXKeHHS
NBR, i ans ajmekBaTHOTO 06cAry Marepiany, i Takox
BPaXOBYIOUH IX IPOMDKHY POJib B JOC/IIPKEHHI.
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Pe3yabTaTH % N106YZ0BY pi3HUIEBUX iHJ€KCHUX IT0-
ka3HukiB dNBR 3a cepnenb (06paHo AJis AeMOHCTpa-
uii B my6sikanii sk penpe3eHTaTUBHUN) B IPUWHATUX
YMOBHMX OAMHHULSAX 3a kJacudikaliero npejcrasJe-
HUM HIKYe (puc. 2).

[Ipy aHauisi ycix OTpMMaHUX Map pi3HULEBUX 30-
o6paxkxenb dNBR 3a mepiog 2021-2023 pokiB, MoxHa
BCTAHOBUTH, 110 HaWGi/bllle 3HaYeHHS LbOT0 MOKa3-
HHMKa BapitoeTbca B pianasoni Big 0,270 mo 1,3 opu-
HULb. l|i MOKa3HUKM XapaKTepHi [ LJISHOK, L0
3a3Ha/i¥, 3a KJacudikaTopoM, «IOMipHO-HU3bKOTO»,

2024. Bunyck/Issue 40 |

«CepeJHbO-BUCOKOr0» M «BUCOKOTO PiBHiIB» 3TOpPsHb.
JKOBTHUM KOJIbLOPOM, yV CBOIO 4epry, Ha pi3HUIEBUX
300paXKeHHAX MOKa3aHO HU3bKUU piBeHb i3 KOHCO-
ninauiero 3Hadensb Big 0,100 go 0,269 oaunuub. Cuif,
BIIMITHTH, 1110 IpajaLiiMU 3eJIEHOTO KOJIbOPY [03Ha-
YyeHO TepuTopii, Aki He XapaKTepU3yIThCS MOXKekKa-
MM, a HaBNAKU — NpouecaMu BigHoBaeHHs. o it 3y-
CTpida€eThcs AJis TepuTopii JocaiP)KeHHs 3a JaHUMU
2023 poky, amxe HallHuk4i 3HaueHHss dNBR pgianma-
3oHoM Bif 0,99 g0 -0,500 oguHHULB, XapaKTepHi came
JJ1s1 JISTHOK, 110 IeMOHCTPYIOTh HU3bKUHM Ta BUCOKUHN

Severity Level dNBR Range (scaled by 10°)  dNBR Range (not scaled)
B Enhanced Regrowth, high (post-fire) -500 to -251 -0.500 to -0.251
I Enhanced Regrowth, low (post-fire) -250to0 -101 -0.2501t0-0.101
B Unburned -100to +99 -0.100 to +0.99
Low Severity +100 to +269 +0.100 to +0.269
. Moderate-low Severity +270to +439 +0.270t0 +0.439
B Miderate-high Severity +440 to +659 +0.440 to +0.659
B High Severity +660 to +1300 +0.660 to +1.300

Puc. 1. Xapakmepucmuka cmyneHis nowkodxceHHs/8idHosaeHHs, 3a ANBR (Teonoziuna cayxcoa CIIA) [5] /
Fig. 1. Characterization of the degrees of damage/recovery, according to dNBR
(US Geological Survey) [5]
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Puc. 2. Cmyneni 3azopsitb 3a ANBR Ha mepumopii docaidocenHs, cepnenv 2021 - cepnens 2022 /
Fig. 2. Degrees of fires according to dNBR in the study area, August 2021 - August 2022
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PisHuus iHaekciB NBR (dNBR)
ANs NiCOBOro MacuBy I3tOMCbKOrO paioHy 3a cepnerb 2022 - 2023 pp.
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Puc. 3. CmyneHi 3azopsins 3a ANBR Ha mepumopii docaidscerts, cepnens 2022 - cepnens 2023 /
Fig. 3. Degrees of fires according to dNBR in the study area, August 2022 - August 2023
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Puc. 4. [1odin indekcHozo 306pascenHss ANBR Ha kaacu 3 kpokom 0,2 /
Fig. 4. Division of the dNBR index image into classes with a step of 0,2
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CTYIiHb Bi[HOBJIEHHS MicJ/s MOXeXi 32 06paHOoI0 KJa-
cudikauiero (puc. 3).

3 OTpUMaHUX pe3yJbTaTiB LIIJIKOM O4YeBUJHO, 110
HaWTSK4l Hactiaku Ha TepuTopil AocaimkeHHs oui-
KYBaHO CTOCYIOTbLCS Mepiofy NPOXOJKEHHS LUM peri-
OHOM JIiHii $POHTY 3 iIHTEHCUBHUMU 6OMOBUMHU JisIMHU,
TOMY CIOCTepiraeTbCsd 3HayHe MiJABULIEHHS IHJEKCY
dNBR, BHac/i1oK 3HaYHUX Moxex. Asie B 2023 pori, 3
BiaxosoM JiHil GpoOHTY Ha cxif, cnocTepiraeTbces, me-
peBaXKHO, MPOTHUJIEKHUN NpoLeC — 3apocTaHHs (Bipo-
riHO, TpaB’IHUCTOI0 POCJUHHICTIO) HA MOIIKO/XKEHUX
NIISTHKaX.

YeTBepTUM i 3aKJIIOYHUM €TaoM JOCTiKeHHS Oy B
MipaXxyHOK IJIOLL, 1110 3a3HaJ/Id Ti€l, Y4 iHILIOI AUHA-
Mi4HOI 3MiHM 3a nepioA. MeToMKa BU3HAYE€HHS MJIOLL
TepuToOpil, e MaJio Miclie 3arOpsiHHA, NoJiArajaa y Tak
3BaHil npoleaypi «caalCUHTY» 300pakeHHs1. 3a J0I10-
Moroto iHcTpyMeHTy «Slice» ArcGIS Pro 6esnepepBHy
MHOXXHUHY 300pakeHHs 6yJ10 po3/i/ieHo Ha OKpeMi KJia-
cudikaniiiai oquHuni 3 kpokom 0.2, 1[0 HAZLANO MOXK-
JIUBICTh BiAAINUTH 3HAUYEHHS, SIKi BU3HAUYeHi 3a NpHUii-
HATOIO IIKAJIO K BUTOPLJIi i3 BUCOKUM, CepeiHbO-BU-
COKHUM | cepelHbO-HU3bKUM CTyII€eHEeM MOLIKOJKEHHS.
Jani pi3Hi nigkiaacu 06’efHYBaNNUCA B OAUH, AJs 3py4-
HOCTi BeKTOpHU3allil Ta po3paxyHKy Ioili (puc. 4).

[licasa oneparii «caalicuHry» i 06’'€JHaHHS HEOOXiA-
HUX MiJKJIAcCiB, rpyna MmikcesiB, [0 OTOTOXHIOETLCA 3
KJIACOM 3aropsiib 6yJia BEeTOPHU30BaHa y MOJIirOHU 3 BU-
KOPUCTAHHAM iHCTpyMeHTY «Raster to polygony. Ilicis
3JIUTTS yCiX NOJITOHIB y €AUHUM 1Iap CTaT0 MOXKJIUBUM
ABTOMATHUYHO BU3HAUUTHU 3arajbHy IJIOILY Yy HEOOXi/I-
Hill oguHUIi BUMipY, 6Y/10 06paHO IreKTapHu.

3a pesy/nbTaTaMy NPOBeJEHHS BKa3aHUX omepariin
6yJ10 OTPHMMAaHO KiJIbKiCHY OLlIHKY JUHAMiKU BUTOPSIHb,
Ky 3Be/]eHO B TabsuLi 1.

Ta6auys 1 / Table 1
Po3spaxoBaHi mioui 3ropiyiux AiJITHOK
Calculated areas of burned areas

% Big,
3arasnbHoi
Mnowa BUropsAHb, TUC. Fa Cyma nnowi
Micaup (54234,96
THC. ra.)
2021-2022 2022-2023 2021-2023 2021-2023
Pp. pp. pp. pp.
YepBeHb 34945,99 732,70 35678,69 65,78
JluneHb 1273,22 442,24 1715,46 3,16
CepneHb 2613,28 16,51 2629,79 4,84
Cyma 38832,49 1191,45 40023,94 73,78
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BucHoBKH. [loTpi6HO 3a3HAYMUTH, 110 He JUBJIS-
YUChb Ha penpe3eHTAaTUBHICTb TepUTOpil Ta, B LiJI0MY,
OTPUMaHUX pe3yJbTaTiB, TOBOPUTU IPO OCTATOYHE
nifTBepaAkeHHsT ePeKTUBHOCTI 06paHOi METOAUKU
MO2KHa JIMIIe 3 IepeBIpKOI0 pe3yJbTaTiB B X0/l M0JbO-
BUX CIIOCTepexeHb. BTiM, ofepaHi pe3y/ibTaTy JoCi-
JPKEHHSI MOXKYTb BUKOPUCTOBYBATHUCSl B MalOYTHbOMY
JJIs1 3a/ja4 MOJieJII0BaHHSA IMOXeX, a TaKOX OOI'PYHTY-
BaHHS 3ax0/liB i3 eQpeKTHBHOIO MOJ0JIaHHS HeraTHB-
HUX HacJiJKiB. [cTopuyHa iHpopmMalis noxexi, ix mpo-
CTOPOBUH i YacOBUM PO3MOZII Biiirpae BaXK/IUBY poJib
Yy MOJZleJIDBAaHHI MOXXJIMBUX PU3UKIB.

Po3paxoBaHi B gocaifpkeHHi MoZiesli CleKTpalbHUX
ingekciB NBR Ta ix pisnuui dNBR ganu 3Mmory cnpo6i
KOMILJIEKCHOI YacoBOI OL[iHKH 3MiHHU CTaHy JIiCOBUX Ha-
Ca/)KeHb palOHY, NOTipLIEHUH CTaH AKUX BILJIMBA€E Ha
NpUPOAHUIN GaJlaHC Ta, 32 BUKJIAJeHUMH B CTATTIi Nij-
paxyHKaMH, IPU3BIB 10 BTPaTH BEeJUKOI YaCTUHH JIiCO-
Boro GoHAy pailoHy.

JUHaMIKy JIiCOBUX MOXeX, COIPUYMHEHUX BeJeH-
HSIM aKTUBHHUX 60MOBUX il Ha TepuTOpil AoctimkeH-
HSl MOKHA MiJICYMYyBaTH HACTYITHUM YMHOM: HAaUOi/IbIIi
BUTOPSIHHSA MaJid Micie came B 2022 poui (1o i moka-
3ytoTb dNBR pisnuni mixk 2021-m i 2022-M pokom) i
ctaHoBUTb 38832,49 Tuc. ra. 3a mjollelo, 10 CKJaaJaE
72% Bij 3arajbHOl TepUTOpii, TOGTO NOLIKO/PKEHD 3a-
3HaJIU TPU YeTBePTi BiJ BKa3zaHoI AiAHKU. Lli 3HavyeH-
HA ABJIAIOTbCA NOKa3HUKOM JpaMaTHU4YHOrO 3aHenajy
eKOCHCTeMH paloHy i CTAaHOBJIEHHSI eKOJIOTiYHO]I KaTa-
cTpodu, 1110 cipyUYMHEHaA Mepio/joM oKynallii Ta BeJleH-
HSIM iHTEHCUBHUX OOMOBUX [iH.

B Toi1 ke yac, nokasHuku dNBR, 1o 6yso pospaxo-
BaHO Ha 2022-2023 poku, LeMOHCTPYIOTh IeBHE BUPIiB-
HIOBAaHHA 3arajbHOI cUATyauii, afke mJoLia AiAHOK,
110 BU3HAYeHi sIK «3ropiji» ckopoTtuaacd go 1191,45
THC. Tra. Lle fABU1Ie NOACHIOETHCA TUM GaKTOM, 1110 JNiHisA
bpoHTYy Aewto BiAcyHysmacs Bij JoCaipKyBaHOI TepUTO-
pii 3a paxyHOK 3BiJIbHEHHA M. I310M. flk HacaifoK, Te-
pUTOpia nepecTasa 3a3HaBaTH Ha Liell MOMEHT TaKoro
HUILiBHOTO aHTPONOTeHHOTO BIJIUBY. MOXKHa 3po6UTH
06epeXHUN BUCHOBOK, 1[0 [310MCbKUI JlicOBUI MacuB
1oyas, B IeBHi# Mipi 3a paxyHOK mnpotecy cykuecii, Bif-
HOBJIIOBATHUCS IPUPOJHIM LIIAXOM.

HaocTaHOK, J0oLi/bHO NiJKpecauTH, 1o Le LOCIi-
JPKEHHH € [J0BOJII PAaHHBOIO OLIiIHKOI0 BUCBIT/IEHUX IIPO-
LeciB, a TOMY Ma€ JedKi LiJIKOM 3po3yMiJi Nepcrnek-
THUBU Ha MallGYTHE, FOJIOBHOI i HEOOXiZJHOIO 3 SKUX €
3icTaBJIeHHS pe3y/bTaTiB 3 N0JbOBUMHU JOC/IPKEHHA-
Mu. Kpim Toro, aBTopu BBaXaloTh, 10 OKPEMOIO Iep-
CIEKTUBOI0 € cpoba OLiHKU L€l TepuTopil 3a 3a3Ha-
YeHi nepioj¥ 3 BUKOPUCTAHHAM paJlapHUX JAHUX.
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THE DYNAMICS OF FOREST FIRES CAUSED BY WAR IN THE TERRITORY OF 1IZYUM DISTRICT

The purpose of this article is to present the results of the analysis of quantitative indicators (spectral indices satellite
images and their comparison) with the aim to assess the degradation of forests in the lzyum district of the Kharkiv region
(which was a result of the fires of 2022-2023).

Basic material. The article reveals the problems of using spectral index methods for detecting forest fires. One of the
specific spectral indices, which is the most specialized to the set goal, is the normalized burn ratio NBR, which uses the near-
infrared and short-wave infrared zones of satellite images. In the article, the authors present the results of NBR calculation
from the summer months of 2021-2023 and their difference according to the dNBR method (which is the difference
between the NBR data before and after the fire). The USGS dNBR classification was used to assess the degree of damage
and restoration of the forest. The methodology and results of vectorization and calculation of areas using the difference
obtained index images are also highlighted, quantitative evaluation results are presented in the article.

Conclusions. The conducted research provides quantitative information on the nature and degree of damage to forests
in the selected area during the period of intensive hostilities in 2022. The dynamics of burns is about 72% of the total
territory. Index difference images also show partial restoration of vegetation on the territory in the period 2022-2023.
Although the used technique has certain advantages, it needs to be verified by field studies.

Keywords: geography, method of spectral indices, forest fires, Izyum district.
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AHani3 TeputopianbHoi CTPYKTYpU ypbonaHawadry m. Yyryis
ANA NoTpeb BNnpoBaaKeHHA KoHUenLii 3eneHo-61akuTHoi
iHppacTpyKTYypU

3aLii 3acobamu 3eN1eHO-61aKUTHOI IHPPACTPYKTYPK .

OcHOBHMIA maTepian. [locnigKeHHa TepuTopianbHOI opraHisaLii ypbonaHawadTis micta Yyryis rpyHTYETbCA Ha aHa-
Ni3i aHTPONOreHHo TPaHCHOPMOBAHUX FEOKOMMEKCIB, O NOEAHYIOTb NMPUPOAHI Ta WTYYHI KOMMNOHEHTU. YpbaHi3oBaHi
TepuTOpIi BUMaratoTb 0c061MBOrO MiAXOA4Y A0 BUBYEHHS IXHBOI CTPYKTYPHOI OpraHi3aLii, afe NoeAHaHHA aHTPOMNOTeHHMX
i NPUPOAHMX YMHHMKIB CTBOPIOE CKNAAHY CUCTEMY B3aeMoAi. Mani micTa YKpaiHu, monpu Binbluy NOWMPEHICTb € MEHLL
BMBYEHUMM LinfHKamMKM ypbonaHawadTy, pa3om 3 TUM, BOHM L 36epiratoTb NeBHI pUCK NPUPOLHOTO NaHALWAGTY, € MeHL
aHTPOMOreHHOro NEePETBOPEHMMM Ta MatoTb 3HAYHWI NOTeHLian Ana 06naWTyBaHHA NPUPOJOOPIEHTOBAHMX PilleHb.

Pe3ynbTaT JOCAIAKEHHA TEPUTOPIaNbHOI CTPYKTYpH ypbonaHAlwadTy Nokasanu, Wo y MicTi nepeBaae cenitebHuin
TN NaHALWAadTy ManonoBePXoBOi 3a6yA0BM, 3HAUHMII NMOTEHLiaN Ma€ 3aXMCHO-PEKpeaLiMHWA TUN NaHAWwadTy, Wo nos’s-
3aHO fIK 3 MPUPOAHMMM YMOBAMM TEPUTOPIT LOCNIAKEHHA TaK i BiACYTHICTIO cyuinbHOi 3abyaosu. Came MoeAHaHHA ce-
NiTeOHUX Ta 3aXMCHO-PEKpeaLiMHMX NaHAWadTiB CNpUse CTBOPEHHIO 06’€KTIB 3eN1eHOl IHPPACTPYKTYPU AN8 onTUmisalii
TepPUTOPIaNbHOI CTPYKTYPM MicTa Ta 3abe3neyeHHs CTanoro po3BuTKy ypbocepeaosuiLa.

BucHOBKU. AHani3 TepuTopianbHOi CTPYKTYpU ypbonanawadty M. Yyryis nokasas 3HauHy GyHKLOHaNbHY Ta NPOCTO-
POBY HEOAHOPIAHICTD, LLO € KNHOYOBUM HAKTOPOM A8 BNPOBALKEHHA 3e1eH0-61aKkUTHOT iHdpacTpyKTypu. MKutnosa 3aby-
[10Ba 0XONt0€ NoHag, 30% TepuTOpii, WO CTBOPIOE NEpPesyMOBM ANA iHTerpaL,ii 3eeHnx 30H, O4HAK BUCOKA YacTKa benire-
paTvBHUX (17,4%) i npommucnosux (10,5%) Teputopiit 06MexRye MOKAMBOCTI NPOCTOPOBOrO PO3BUTKY PEKPEaLLiiHUX 30H.
[onpu 3HaYHy YacTKy pekpeaLinHux Teputopiii (23%), avwe 7,33% 3aranbHoi NAOLL MicTa NPUNafae Ha 3aralbHOAOCTYMHi
3€e/1eHi 30HM, L0 € HeLOCTATHIM [/19 CTBOPEHHS AKICHOTO MiCbKOrO cepesioBULLa. PO3BUTOK 3e1eH0-61akuTHOI iHppacTpyk-
Typy Ma€ 6a3yBaTMCA Ha PO3LIMPEHHI PEKpeaLiMHUX 30H, CTBOPEHHI 3eN1eHUX KOPUAOPIB Y340BK TPAHCNOPTHUX MaricTpa-
Neit Ta pekyNbTMBALT NPOMUCIOBKX | BenirepaTMBHUX NaHALWADTIB, WO CPUATUME MIABULLEHHIO EKOMOTYHOI CTiMKOCTI
MiCTa Ta NOKPALLEHHIO YMOB NPOXMBAHHSA.

Knioyoei ciosa: mepumopiansHa opeaHizauis, naHowagmu, ypbonaHowagpmu, OpenStreetMap, 30HiHe, aHani3, 3e-
71eHO-6AAKUMHa iHhpacmpykmypa.

Ak yutyBaTn: MakcumeHko H., Tpeuko A., Knew, A. AHani3 TeputopianbHoi cTpyKTypu ypbonaHawadty m. Yyryis ans notped BnpoBagsKeHHs KOHLEnNLi 3e1eH0-61aknTHOT
iHbpacTpyKkTypu. Mpobnemu besnepepsHoi 2eoepagiyHoi ocgimu i kapmoepadii. 2024. Bun. 40. C. 25-31. https://doi.org/ 10.26565/2075-1893-2024-40-03

In cites: Maksymenko, N., Hrechko, A., Klieshch, A. (2024). Analysis of the territorial structure of the urban landscape of Chuhuiv for the needs of green and blue
infrastructure implementation. The problems of continuous geographical education and cartography, (40), 25-31. https://doi.org/ 10.26565/2075-1893-2024-40-03
(in Ukrainian)
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Beryn. [lutanHs TepuTopianibHOl opranisarii yp6o-
JanamadTiB JOCAiKYBald BueHi 3 pi3HUX HAayKOBUX
Kia Ykpainy, a came: 'pogsuncbkuit M. /1. [1], lenucuk
I. . [2], Hapuk JI. [T Ta Ky3uk I. P. [3], Hazapyk M. M. Ta
Kyxk 10. L. [4] Towo. Y KOHTeKCTi ry06aJbHUX KJiMa-
TUYHUX 3MiH i LIBUKOTO PO3MIHNPEeHHA Yp6aHi30BaHUX
TepuTopii B YKpaiHi [JOC/difKeHHS aHTPONOreHHUX
JanamadTiB HabyBa€ 0COGJMBOI 3HAYYLIOCTI AJs 3a-
GesIMeyeHHs CTaJI0r0 pO3BUTKY. AHa/Ii3 TepUTOpii, TpaH-
chopMoOBaHOI JIIOAUHOMW, A03BOJISIE Kpallle 3pOo3yMiTH
B3aEMOJiI0 NPUPOAHUX INPOLECIB i3 aHTPONOTeHHUMHU
YUHHHUKAMU, a TaKOXK MiHiMi3yBaTH HeraTUBHUH BILJIMB
JIIOJCBbKOI iAJIbHOCTI Ha HABKOJIUIIHE Cepei0OBUILE.

AHTpomnoreHHi snaHAmadTH HepiJKo XapaKTepu-
3yIOTbC BUCOKUM DpIiBHEM eKOJIONIYHOrO HaBaHTa-
J)KeHHd 1, AK HaCJi[0K, NOpYLIeHHAM NpPUPOAHOI piB-
HOBaru. 3HayHi IJIOLi B HUX BUKOPUCTOBYIOTHCH AJIf
MPOMUCJIOBUX 1 CiIbCchKOroCnofapchbKUx NOTped, 110
COPUYMHSIE Jlerpajallito 3eMeJb, 3a6pyiHEHHA BOJAHUX
00’eKTiB Ta ckopoueHHs GiopisHoMaHiTTA. Halbinbin
BUPa3HMUM NPUKIAL0M aHTPOIOTeHHUX JaHAADTIB €
TepUuTopii MicTa.

Yp6aHizoBaHni saHmadTH € CKJIAJHUMHU CHUCTeMa-
MY, 1110 00’€JHYI0Tb IPUPOJHI KOMIIOHEHTH Ta aHTpPO-
NOreHHi CTpyKTypu. JocaifpkeHHs IXHbOI TepUTOpi-
aJbHOI opraxizauii € K/JII4Y0BUM [AJis 3abe3nedeHHs
CTaJIOr0 PO3BUTKY MiCbKUX TepUTOpPil. [lonpu 3HAYHY
BHUBYEHICTb TEPUTOPIiaJIbHOI opraHisarnii mMict, Masi Mi-
CTa BUBYEHI JIMIIe YaCTKOBO.

[Ipu BUBUEHHI TepuTopia/ibHOI opraHisariii yp6oce-
peZloBHIA B MOMNEPeAHIX AOCHimkeHHs aBTopU [5-7]
JOXOAATH O CIIJIbHOI AYMKH, 111040 BUJAIIY TUIIB aH-
TPOMOTEHHOro JaHAWAdTy: MPOMUCIOBUM, ceniTeb-
HUH, CiJIbCbKOIOCNOAAPCbKOT0 INpHU3HAYeHHs, Cajo-
BO-IIAPKOBUH, JIiCO-aHTPOIIOTeHHUH, BOJHO-aHTPOIIO-
FeHHUM, 3aXUCHO-peKpeaniiHui, JiHiHO-AOpOXKHIN
Ta 6esirepaTUBHUM.

Buxigni nepeaymoBM. 3a JgaHuMU /JlepKaBHOI
CTaTUCTUKHU [8] MaJsi MicTa B cTpyKTypi MicT YkpaiHu
3aliMaloTh HaWBMILIMH BifcOTOK - 12%, B TOH 4ac SIK
YacTKa cepefHix MicT ckyagae 9%, a Benukux — 2%.
MicTo UyryiB - € MajiUM MicTOM pallOHHOTO 3HAUYEeHH:
B XapkiBchKilt 06J1acTi, icTopis dopMyBaHHS SIKOTO CS-
rae JaBHix 4yaciB. Tak, Ha TepuUTOpii cy4yacHOro MicTa
e y 8 cT. 6ys10 nocesieHHs 3 popTelielo, ke CIyryBa-
Jio Jjii"i€ro o6opoHu [9]. CyvyacHe k MicTO 3acHOBaHe y
1638 po1ui Ko3akaMu siK MiCTO BiCbKOBHUX IOCEJIEHb,
mo i cbopMyBasio HETUINIOBY Oprasisarito MicTta, ajpxe
3a3BMYal MicTa Ta nocesleHHs1 3BOJUJINCh Y 1OJIMHI pi-
YOK, 2151 3abe3neyeHHs HaceJleHHs BOJ010, a M. UyTyiB,
HaBMaKu, BUHUKJIO HA BUCOYUHI - BOJOAINBHIN piBHU-
Hi, 110 laBaJIo 3HAYHY llepeBary y OXOpOHHI TepuTopil.
MicTo 3anumunI0och ocTaHHIM B YKpaiHi, /ie 36eperauch
IJIaHyBaHHI pUCH Ta 3a0y/0Ba LleHTPy BilCbKOBHUX I10-
cesieHb. HaBiTb 3apa3 yepes maibke 400 pokiB MicTo
JIMIIAETHCS BiICbKOBUM, aJiKe Mij| Yac YKpalHCbKO-po-
cificbkoi BilHU MicTO Biflirpa€e Bak/IMBY poJib B 3a6e3-
neyeHHi 060poHU XapKiBLUUHU.
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MeTox0 [bOTO JOCTi/P>KeHHA € BUBUEHHS TepUTOPI-
asibHOI opraHi3anii yp6osangmadTty micta Uyryis.

Buk/ias, OCHOBHOro Mmarepiaay AOC/IiJKeHHS.
Jlocnii>)keHHsl aHTPONOreHHUX JIaH[adTiB NPUBEPHY-
JIO yBary MMXPOKOro KoJla Cy4aCHUX HAyKOBLIB y ranysi
JaHjuadpTo3HaBcTBa Ta reorpadii [10-14]. Y cBoix po-
60Tax BOHH MiJIKPEC/IOIOTD, 1110 CaMe 3 OCHOBHUX MpO-
6s1eM kjaacudikalii aHTponoreHHUX JaHAWAPTIB € He
JIvlle pi3HOMaHITHICTh MiAXOAIB [0 IXHbOI'O TUIIOJIO-
riYHOro BUOKpeMJIeHHS, a ¥ BU3HAYeHHs TepUuTopiab-
HUX CHiBBiHOLIEHb MiXX NPUPOAHUMU JaHAIadTaMU
Ta aHTPOIIOTE€HHO 3MIHEHUMU IT€OKOMIIJIEKCAMH.

JocnipxeHHsa TepuTopiasbHOI opraHisauii micra
YyryiB BUKOHYBaJIOCh 3a QJITOPUTMOM IpeJCTaBJIE€HUM
Ha puc. 1. [lna kapTorpadiuHoro Bijo6pa>keHHsI aHTPO-
MOreHHO TpaHcPOopMOBaHUX JaHAAPTIB MicTa UyryiB
6y/J10 BUKOPUCTAHO NporpaMHe 3ab6e3neyeHHs ArcGIS
Desktop Bepcii 10.8.1. flk kapTorpadiuHy 0CHOBY BUKO-
PUCTAHO IJIaH 30HYBaHHA TepuTopii M. Uyryis, a i
MiJBULIEHHA TOYHOCTI NPOCTOPOBOr0 MOJE/0BaHHSA
mapiB 3a/1y4eHo cynyTHUKOBI faHi OpenStreetMap Ta
YTOYHEHHA 3a pe3y/JbTaTOM I0JIbOBUX CIIOCTEPEKEHb.

PesynbTaToM AOC/iP)KeHHSI TepUTOpiaJbHOI opra-
Hizanii yp6osanamadTtiB micta UyryiB crano kapTo-
rpadiyHe 306pakeHHs Ipe/iCTaBJeHe Ha puC. 2.

Ha Teputopil fociaimkeHHs BUABJEHO TaKi THUIHU
JaH uapTHUX KOMILIEKCIB: ceniTeOHUM, JiiHiIMHO-10-
POXKHiN, TPOMHUCJIOBUH, OeslirepaTUBHUHN, peKpealiii-
HUM, aKBa/IbHO-aHTPONOreHHUH THUN Ta arpoJaHj-
madTu.

Jlo cesiTe6HOrO THUIYy BifiHECEHO: MaJIONOBEPXOBY
3abyoBY, IKa B MicTi npe/cTaB/ieHa epeBaXHO MPU-
BaTHOIO 3a0yZj0BOI0, 260 JBOXIIOBEPXOBUMHU Oy/IMHKA-
MU nobygoBaHuMHU A0 1950 pokiB, 6araTonoBepxoBa
3abyzoBa — IpeJcTaBjeHa MepeBaXKHO N'ITUIIOBEPXO-
BUMH OyJMHKaMHU, pifllle 3ycTpidaroTbcs OyJUHKHU ce-
MUIOBEPXOBi Ta JieB’ATUNOBEPXOBI, AKi MO6Y0BaHO Y
1960-1980 pokax. OkpeMo BUJiJIEHO — FPOMa/iCbKa 3a-
6y[l0Ba, 1110 NIpe/iCTaBJIeH NTepeBaXXHO TOPrOBEJIbHUMU
3aKJIaZlaMy, LIKOJIaMH, JUTCAIKaMU Ta aMiHiCTpaTUB-
HUMU OYZAiBASIMU.

Pekpeaniiini sangmadru micra YyryiB npejcras-
JIeHi TpbOMa TUIIAMHU - Lje 30HU 3araJbHOr0 KOPUCTY-
BaHH{, CIeLia/bHOTO KOPUCTYBAHHA Ta 3aXUCHO-pe-
KpeanifiHi (BoJJoOXOpOHHI 30HU Ta MPOTHePO3iiiHi Ha-
caJPKeHHSH).

BusHaueHHs1 KoMILIeKcy OeJslirepaTUBHUX JIAHJ-
wadTiB Bignosigae [15], uo popmyn0ETHCA AK “aH-
TPONOTEeHHUN NaHAWAT, SKUA CTBOpPEeHO B mpoleci
MiITOTOBKU Ta BeJeHHS BOEHHUX [iit”. Jlo 6enirepa-
THUBHUX JIaHWAadTiB BiAHOCATHCS KypraH, 6JiHAaxi,
BaJIy, JIiHil BeJleHHSI 060pOHU, OKOMHM Ta MEHII MOIIU-
peHi - BilicbKOBi aepoipoMHu, CTPiJIbOUIIA TA TOTITOHHU.

TakuM 4WHOM, Ha TepuUTOPil AociiPKeHHs sK Oe-
JlirepaTuBHi JaHAmWadTU BUAINIEHO BiliICbKOBUN aepo-
JpoM - B 3axiJiHilt yacTuHi MicTa, a B cxifgHil yacTuHI
BU/IiJIEHO TEPUTOPil0 BiliICbKOBOr0o MOJIrOHY, a TaKOXK
iHIi 06’€KTH B Mexax MicTa.
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[IpoMucnoBi tanAmadTH B MicTi npefcTaB/eHi Te-
puTopiamu nig nignpuemcrsamu IV Ta V kiaacy Hebes-
MEeKHU.

AHTpomnoreHHo-akBaJIbHUH TUII JJaHAWAPTY B MicTi
YyryiB npejcTaBJeHUN ABOMa BOJHUMU O00'EKTaMU —
p. UyriBkoto Ta p. CiBepcbkuil JloHenb, pycso, IKUX
6y/10 3HAYHUM YUHOM 3MiHEHO Yy X0Jli MicTOGYAiBHOTO
OCBOEHHH.

ArponanamadTu Ha TepUTOpii MicTa € HAUMEHLIUM
npeJcTaBJeHUM TUIIOM JIaHAWATY Ta NepeBaXKHO I0-
LIUPEH] Ha OKOJIMI MiCTa, AKI MEHILI O MipOlo 3a3HalIu
npoleciB yp6aHizariii.

Ananiz cniBBifiHOIIEHHs MJIoL BciX THUMIB yp6o-
JaHjuadTy nokasas (Tabs1. 1), 110 HAWGINbILY YaCTKY
3aiiMae cesliTeOHUN THII, TPEJCTABJEHUN KUTIOBOIO
Ta IPoMaJiCbKoI0 3a6yZ0Bot0 — 33,66 % TepuTopii Mi-
cTa. B Mexax cesite6Horo Tuny B Micti UyryiB MoxkHa
BHOKPEMUTH [iBa OCHOBHHUX THUIIM - MaJIONIOBEPXOBOI
3ab6y/0BM Ta GaraTomnoBepxoBoi 3a6yzoBU. Halbinbin
MOIIMPEHMMU BHJAAMHU ceJliTe6HOro JaHAWADTY €
MicbKi cain6u iHUBiAyabHOI 3a0yA0BU Ta 6araTormno-
BepXOBa KalliTajbHa 3aby/oBa (BiJ 5 moBepxiB i 6i/b-
me) - 25,65 % Tta 3,42 % BianosifgHo. [lomupeHicTb
MaJIONIOBEPXOBOI 3a0y/l0BU NOB’si3aHa 3 iCTOPUYHUMU
nepesyMoBaMMi GOPMYBAHHS MICTa, TAaKOX BaXKJUBUN
acleKTOM € Te, 1[0 y MicTi YacTKoBO 36epersacs icTo-
pUYHa 3a6yA0Ba.

Y xopi pocnifpkeHHs JaHAWAPTHOI CTPYKTYpH
Micta YyryiB 6ysio 3AilicCHEHO aHaJi3 TPOCTOPOBOro
po3moAiay Ta BU3HAYEHHH IJIOWL PI3HUX TUMIB JIaH[-
mwadTiB. BusiBjieHO 3HA4YHI AucOponopIii MiX KHUTJIO-
BUMH, IPOMUCIOBUMHY, peKpealiiHUMHU Ta TPaHCIOPT-
HUMHM 30HAaMH, 110 BU3HA4Ya€ 0COBGJHUBOCTI MicbKOro
MpOCTOpY Ta Horo pyHKIiOHa/IbHE HABaHTA>KEHHS.

Pekpeaniiini TepuTopii 3arajoM OXOIIIIOTb
622,62 ra (23%), 1110 € BaXXJIMBUM MOKAa3HUKOM €KO-
JioriyHol CTiMKOCTiI MicbKOro cepefjoBUIla. 3aXHCHO-
pekpealiiiiii 301U 3aiiMatoTb 191,43 ra, a pekpeariii-
Hi TepuTOpil 3arajibHOro npusHadyeHHs - 198,37 ra.
3HayHUN 06CAT peKpeallilHUX TePUTOPil MO3UTUBHO
BILJIMBA€E Ha SKIiCTh JOBKI/LISA Ta KOMPOPTHICTH Mpo-
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»kuBaHH4. [IpoTe, oniHKa iX GaKTUYHOrO BUKOPHUCTAH-
HA Ta PiBHA JOCTYNHOCTI A/ HacesJeHHs NOTpe6ye
O0KpeMoro JoAaTKOBOTO JAOCJiJ»XeHHsd. BapTo 3asHa-
YUTH, 0 pekpearniiHi TepuTopii B MicTi mouupeni
HepiBHOMIpHO, 6i/ibllIa YacTKa 3 HUX - Lie 3eJieHi 30HU
crenjiaJbHOr0 NpU3HA4YeHHsd, AKi NpeJcTaBJIeHl Jico-
BUMU Haca/PKeHHSIMH, 1110 OTOUYIOThb OeJslirepaTUBHI Ta
MpPOMUC/I0BI JaHAA(TH. 30HU 3arajbHO KOPUCTYBaH-
Hf, NpeJCcTaBJ/IeH] MapKOBUMU 30HaMHU Ta CTAHOBJIATh
7,33%.

BenirepatuHi anjmadTu 3aiimarots 17,37% mio-
11i, 10 IKUX BiHOCATBCS BilicbKOBi 06'€KTH Ta iHdpa-
CTPYKTypa CllelliaJIbHOr0 IMpPU3HA4YeHHd, a caMe MoJIi-
IOHM Ta BiiCbKOBUM aepopoM. 3HauHa YacTKa TaKUX
TepUTOpil Moxe 06MeXKyBaTH MepCHeKTUBH MiCbKOI0
PO3BHUTKY, 0COGJIMBO 3 OIVISAJYy Ha IXHIO 3aKpPUTICTb Ta
cnenydiyHUN xapaKTep BUKOPUCTAHHS.

JliniliHO-OpoXkHI JlaHAmATHI KOMILJIEKCH O0XO-
mmooThb 327,16 ra (12%), 1m0 Bka3ye Ha l06pe po3BU-
HeHY TPaHCIOPTHY Mepexy, sfika 3abe3nedyye MoObijb-
HICTb HaceJIeHHs], a/i)ke MiCTO € pallOHHUM LIEHTPOM.

[IpoMucioBi TepuTOopiasbHi KOMILJIEKCH 3aliMalOTh
285,77 ra (10,5%), 1o cBiAYATH Npo 36eperkeHHs iH-
JAyCTpiaJIbHOTO NOTEeHLiay MICTa, IPOTe BOHU MOXYThb
CTQHOBUTH NOTeHLilHe JpKepeso eKoJIOTIYHOro Ha-
BaHTaXXeHHS Ha TEPUTODIlo.

AKBa/ZIbHO-aHTPONOTeHHI JaHAWAdTH 3alMalTb
auue 21,71 ra (0,8%), 1m0 BU3Haya€ po3BUTOK peKpe-
anifiHuX 30H Ta GopMyBaHHS Me30- Ta MiKpOKJiMary.
ArponanamadTu npeacrtaBieHi Ha miaouyi 68,66 ra
(2,5%), 110 € HE3HAYHO YACTKOI0 3arajibHOI TEPUTO-
pii, oHaK CBiAYUTH Mpo 36epekeHHs IEBHUX eJIeMeH-
TIB CIIbCBKOIOCIIOJAPChbKOTO BUKOPUCTAHHA B MeXax
MicTa.

BuCHOBKM. AHaJli3 TepUTOpiasibHOI CTPYKTYPH yp-
6osanmadTy M. UyryiB BUIBUB 3HaUHe QYHKIiOHAJb-
He Ta IPOCTOPOBEe Pi3HOMAHITT, 110 € BU3HAYaJIbHUM
daKTopoM /15 BIPOBa/»KeHHS KOHIleN1ii 3esieHo-6J1a-
kuTHOI iHppacTpykTypu. XKuT/oBa 3a6yj0Ba OXOILIIOE
noHaz 30% TepuTopii MicTa, 3 JOMIHYBaHHAM MaJlo-
MI0OBEPXOBOI 3a0y/0BH, 1J0 CTBOPIOE NepeyMOBU A5

Ta6auys 1/ Table 1

Pe3ynbTaTH po3paxyHKy IJIOLLI 32 TUIIAMM aHTPONOreHHUX JaHAmadTiB B micti Yyryis
Results of calculating the area by type of anthropogenic landscape in Chuhuiv

Twun Mnowya, ra Tvn Mnowga, ra

Cenime6Huli, 8cbo2o 856,52 PekpeauyiliHuli, ecbo2o 622,62
masnonogepxosoi 3abydosu 694,67 cneyianbHo20 NpU3HavYeHHA 232,81
6azamonogepxoeoi 3abydosu 92,50 3020/1bHO20 MPU3HAYEHHA 198,37
2pomadceKoi 3a6ydosu 69,35 3axucHo-pekpeauiliHul 191,43
benizepamusHuli 470,45 JliHiliHO-00poX(Hili 327,16

Mpomucnosuii 285,77 AKeasbHO-aHmMponozeHHuUl 21,71

AzponaHowagpmu 68,66 AzponaHowagpmu 68,66
3aranbHa naouwa 2707,97
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iHTerpauii esieMeHTiB 3esieHOI iH)pacTpyKTypu 6e3
3HAYHOro BIIMBY Ha IIiJIbHICTb 3a6yz0BU. BogHouac
BHUCOKa 4yacTKa 6estirepaTuBHUX (17,4%) Ta mpomucJio-
BUX (10,5%) saHAmadTIB CTBOPIOE HOBi BUKJIMKJIWUKHU
JLJIS1 CTAJIOT0 MiCbKOTO PO3BUTKY Ta 0OMEXY€e MOXKJ/IH-
BOCTi IPOCTOPOBOTO PO3IINPEHHS peKpealiiiHHUX 30H.
[Tonpu 3HA4YHY 4YaCTKy peKpealiliHUX TepuTopid
(23%), ix po3nojisn € HepiBHOMIPHUM, 110 YCKJIQJHIOE
3abe3neyeHHs 3arajJbHOJOCTYNHUX 3eJIeHUX NMPOCTO-
piB vy IeHTpasibHiN 4YacTuHi Micta. HaTomicTh 30HUH
3araJibHOTO KOPHUCTYBAHHS, BKJIOYHO 3 MapKOBUMH
TEepUTOPiAMH, 3aliMatoTh Julle 7,33% 3arajbHOi 1J10-
i MicTa, 1110 € HeJOCTATHIM /151 GopMyBaHHS SKICHUX
3eJIeHUX OCepeliKiB MiCbKOro cepefOBHUILA JJIF BiAIO-
YUHKY HaceJIeHHH Ta MOKpalleHHs MiKpOKJIiMaTy.
HesHa4yHa yacTka akBaJIbHO-aHTPOIOTeHHUX JIaHJ-
madTiB (0,8%) BKasdye Ha 0OMeXeHiCTb NMOUIMPEHH:
BOJIHUX O0'EKTIB y Mexax MicTa, 1110 NoTpebye AojaT-
KOBHUX 3aXO0ZiB AJid iHTerpauii BoJHOI CKJIaZ0BOl ¥ CHU-
CTeMy 3eJieHOo-6J1akUuTHOI iHppacTpykTypHu. [loTeHLian
JJ14 171 pO3BUTKY MICTUTBCA Y MOXKJIMBOCTI BAKOPUCTAH-

2024. Bunyck/Issue 40 |

HSl MaJIUX BOJHUX OG’EKTIB, IITYyYHUX BOJOUM Ta ONTH-
Mi3anii JpeHaXHUX CUCTEeM [JJid MOKpalleHHHA eKO0JIOo-
riyHoi piBHOBaru.

3 omisgLy Ha MPOCTOPOBI 0COGJMBOCTI MiCbKOTO
JaHmadTy, BIPOBa»KEHHS 3eJIeH0-0/1aKUTHOI iHdpa-
CTPYKTYypH B M. UyryiB Ma€ 6a3yBaTHCs HA PO3ILIUPEHHI
3arajJibHOJIOCTYIIHUX peKpealiiHuX 30H, iHTerpauii 3e-
JIeHUX KOpPHUJIOPiB y3/10BXK TPaHCIOPTHUX MaricTpaseit
Ta $opMyBaHHI ejieMeHTIB 3esjieHOI iHQpaCTPyKTypu
HaBKOJIO XKUTJIOBUX TEPUTOPIH.

Oco6siMBY yBary cjifi OpuAiIuTU peKyIbTHUBALil
Ta eKoJIOTiyHil peabiniTauil TepuTopil, 110 3a3HAAU
3HAYHOT'O aHTPOIIOreHHOTO BIIMBY, 30KpeMa B MeXax
MPOMUCJOBUX i GeslirepaTUBHUX TUMIB JaHAWADTY.
3anpoBaJpKeHHA KOMILJIEKCHOTO HiJX0A4y [0 NPOCTO-
pOBOro IJIAaHYBaHHA i3 ypaxyBaHHAM NPUHLMUIIB 3a-
NpoBa/pKeHHs 3eJlIeHO-6JIaKUTHOI iHPpacTpyKTypH
COpUSATUMeE MifBUILEeHHIO eKoJioriyHoi cTilikocTi Mmi-
CTa, MOJIINIIeHHI0 YMOB NPOXXUBAHHS HaceJeHHd Ta
rapMmoHizanii ¢yHKIioOHaJbHOTO BUKOPUCTAHHS Te-
puTOpil.
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ANALYSIS OF THE TERRITORIAL STRUCTURE OF THE URBAN LANDSCAPE OF CHUHUIV FOR THE NEEDS
OF GREEN AND BLUE INFRASTRUCTURE IMPLEMENTATION

The aim of the study is to study the territorial organization of the urban landscape of Chuhuiv with a view to further
optimising the territory by means of green and blue infrastructure

Main material. The study of the territorial organization of urban landscapes in the city of Chuhuiv is based on the
analysis of anthropogenically transformed geocomplexes that combine natural and artificial components. Urban areas
require a special approach to the study of their structural organization, as the combination of anthropogenic and natural
factors creates a complex system of interactions. Small towns in Ukraine, despite their greater prevalence, are less studied
areas of the urban landscape, yet they still retain certain features of the natural landscape, are less anthropogenically
transformed, and have significant potential for nature-based solutions.

The results of the study of the territorial structure of the urban landscape showed that the city is dominated by the
settlement type of low-rise buildings, with a significant potential for the recreational type of landscape, which is due to
both the natural conditions of the study area and the lack of continuous development. It is the presence of recreational
types within the settlement type that provides the basis for the creation of green infrastructure facilities to optimize the
city structure and ensure sustainable development of the urban environment.

Conclusions. The analysis of the territorial structure of the urban landscape of Chuhuiv has shown significant functional
and spatial heterogeneity, which is a key factor for the implementation of green and blue infrastructure. Residential
development covers more than 30% of the territory, which creates prerequisites for the integration of green areas, but
the high share of beligerative (17.4%) and industrial (10.5%) areas limits the possibilities for the spatial development of
recreational areas. Despite the significant share of recreational areas (23%), only 7.33% of the total city area is covered by
publicly accessible green areas, which is insufficient to create a high-quality urban environment. The development of green
and blue infrastructure should be based on the expansion of recreational areas, creation of green corridors along transport
routes, and reclamation of industrial and brownfield sites, which will help to increase the city’s environmental sustainability
and improve living conditions.

Keywords: territorial organization, landscapes, urban landscapes, OpenStreetMap, zoning, analysis, green and blue
infrastructure.
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AHani3 TouHoCTi KapTorpadiuHoi iHpopmaLii
(Ha npuKknagi BinobpaxkeHHA aBTOMObGiNbHUX WAAXiB YKpaiHu i CLLA)

MeTta foCnigKeHHA — OLHUTM TOYHICTb JaHUX OHNAMH-PECYPCiB Y NOPIBHAHHI 3 re0A4e3UYHUMM Ta 1A3ePHUMU MeToaa-
MW BUMIPIOBAHHS, Ta MOPIBHATM MPOTAXKHICTb OCHOBHMX aBTOMOGiINbHMX WwaxiB CLUA Ta YKkpaiHu 3a odiliiHumMm faHumm i
HaWbinbL BUKOPUCTOBYBAHUMM KapTorpadiyHMmm cepsicami.

OCHOBHMIA matepias. MopiBHANBHMI aHaNi3 TPAAMLINHUX re0Ae3nYHUX 3HIMaHb | 1a3ePHOTO CKaHYBaHHA aBTOMODI/Ib-
HUxX gopir Cnonydyerux LLUTtaTis AMepuKkm i1 YKpaiHM NoKa3aB maliKe iieHTUYHI pe3ynbTaTu. Lle cTano 0CHOBO ANS OUiHKK
TOYHOCTI KapTorpadiuHux cepsicis OpenStreetMap (OSM), GraphHopper (GH) Ta Google Maps. [lna KoxHoro Biapiska,
[LOBXWHa AKOro BUMiptoBanacb, BU3HAYEHO Pi3HULO KOOPAMHAT TOUYOK; KBAAPATH Pi3HMLb KOOPAWHAT TOUYOK; CepPeAHE 3Ha-
YeHHA KBAZAPaTiB Pi3HNMLLb TOHOK; cepeAHbOKBAAPATUYHY NOXMOKY ANA KoopAMHaT X Ta Y; 3aranbHy cepeHbOKBapaTUUHY
MOXWUOKY; BiAHOWEHHS NOXMOKK 0 3ara/ibHOI MPOTAXKHOCTI MapLLpyTY.

PesynbTaT NoKasanu po3bixkHOCTI Mixk odiLiiHumm faHumn FHWA, KMY Ta oHnaltH-pecypcamu. s marictpanei y
CLUA BigxuneHHs HesHauHi (-1,86% o +0,25%). B YKpaiHi B oOKpemumx BUnagKax BoHW caranm 19,99%, wo moxe 6yTu Ha-
CNiZAKOM MEHLLOT YacTOT OHOBAEHHSA 0diLiHUX Axepen. Lie nigKkpecntoe HeobXigHICTb NepexpecHoro KOHTPO/ILD, 30Kpema
3a lONOMOTrOL0 1a3epHOro CKaHyBaHHA.

BucHOBKM. TOPIBHAHHA reofe3nyHnX Ta Na3epHMX BUMIPIOBaHb NMOKa3ano iXHIO BUCOKY TOYHICTb, WO A03BONAE BUKO-
PUCTOBYBATU Lii METOAM ANA NepeBipKu KapTorpadiuHux AaHux. JlasepHe CKaHyBaHHA, NpescTaBaeHe y Lndposomy pop-
MaTi 6€3 NPOMIXKHMX KPOKiB OLMdPYBAHHA MOXKE CYTyBaTV KOHTPOIbHVM LIAPOM /11 BUSHAYEHHA MPOTANKHOCTI NiHINHMX
06’eKTiB, 30Kpema aBTozopir. OHNaliH-pecypc GraphHopper cepes TPbOX NPOaHaNi30BaHUX - AEMOHCTPYE HaMEHLLI po3-
6irkHOCTI K gna CLUA, Tak i ana YkpaiHu. KaptorpadiyHi ocHoBM YKpaiHu noTpebytoTb OHOBJIEHHS HA OCHOBI Cy4aCHMX TO-
norpado-reofe3nyH1X 3HimaHb, BKIHOYHO 3 1a3epHUM CKaHYBaHHAM. BU3HAYeHHA TOYHMX LOBKMH TPAHCMOPTHUX LUNAXIB €
BXX/IMBUM 17 e(PEKTUBHOIO PO3BUTKY AepIKaBU.

Kniouosi cnoBa: mpaHcrnopm+a mepexca, asmomobinbHi Waaxu, Mo4YHiCme Kapm, KapmozpagiyHe MoOesto8aHHs,
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Beryn. KoxkeH feHb MinbApAy y4aCHUKIB TpaH-
CIIOPTHOTO pPyXy II0 BCbOMY CBITYy KOPHUCTYIOTbCS Ha-
Birauiero. 3aBgK1 TPAaHCIOPTY Ta JIOTICTUL MpPaLOE
CBiTOBa eKOHOMiKa i TOpriBJis, a nepeciyHUN rpomajs-
HUH Ma€ 3MOTY HalO6ibLI MBUAKO JicTaTUCA [0 Mic-
s mpusHavyeHHs. HaBiranifiui npucrtpoi i nporpamue
3abe3MeyeHHs] BXe CTa/JM HEeBiZ'EMHOI YaCTHHOIO
NOBCSIKJEHHOTO KUTTA. PyHJaMEeHTOM TaKUX MOX-
JIUBOCTEN € OCATHEHHs reojiesii Ta kaptorpadii, axi
BiZlIrpaloTh BaXJIMBY POJIb Yy CY4aCHOMY CYCIiJIbCTBI,
3ab6e3ne4yyrouu TOYHI AaHi AJisg TpaHCIOPTHOI JioTric-
TUKH, MiCTOOYAyBaHHSA Ta iHLIMUX rajayseil. 3 po3BUT-
KOM OHJIalH-KapTorpadiunux cepnicip, Takux ik OSM,
GH Ta Google Maps, BUHUKJIA TOTPe6a OLiHUTU IXHIO
TOYHICTb JJ11 TepUTOpPil YKpaiHu y NOpiBHAHHI 3 Tpa-
JULIHHUMU reofile3nYHUMU MeTojamu. Lli cepBicu mu-
POKO BUKOPUCTOBYIOTbCS SIK /1J1s1 OCOOUCTHX, TaK i A5
KOMepLiMHUX NoTpeo, ase iXHS TOUHICTh MOXe 3MiHIO-
BaTHCs 3a/1€XKHO BiJj 6araTbox GpaKTopiB. 3BaXKarouy Ha
KPUTHYHe 3HAa4eHHs TOYHOCTI reorpadiyHux JaHUX,
e JOCJHipKeHH 30Cepe»KeHO Ha OLIHII TOYHOCTI
OHJIalH-KapTorpadivyHUX cepBiciB.

MeToO0 1ILOTO JO0CJIIXKEeHHSI € OI[iHKa TOYHOCTI
JlaHUX, Npe/CTaBJeHUX OHJIAWH-pecypcaMi, y MopiB-
HAHHI 3 reo/je3MYHUMHU Ta JIa3epHUMU MeTOJaMU BU-
MiproBaHHS, a TakoX 3 odiniiuumu gauumu CIIA Ta
Ykpainu.

BuxigHi nepeaymoBu. [lutanHs in03ii abcostoT-
HOI TOYHOCTIi /JaHUX B reoiH$opMaIilHUX TEXHOJIOTISX,
BiZoOpaXkeHHUX 3a [JOMOMOr00 KOMI'I0TEpHOI rpadiku
po3misfanock 6inbuie 20 pokiB Tomy [4] i 3anuma-
€TbCA aKTyaJbHUM CbOrOJHI. 3 MOYaTKy HOBOTO TH-
CAYOJIITTS TeXHOJIOTIi mepelliM Ha MPUHLUIOBO HO-
BUI piBeHb, 110 NOTPeOYE ajanTaliii MeToJ0J0riYHUX
i METOAUYHUX OCHOB JI0 CydyacHHUX noTpe6b. [luTaHH:A
TOYHOCTi BUMipIOBaHb, KOPEKTHOCTI KapTorpadiuHoi
Bidyasizanii € Hapi>KHUMHU MTAaHHAMU 9K KapTOYKJa-
JaHH{A, TaK 1 KapTOKopucTyBaHHs. [losiBa HOBUX Tex-
HOJIOTIM J103BOJIsIE pOOUTH 3BUYHI 33a4i i3 6GijbII0OI0
WBUAKICTIO ¥ TO4YHicTIO. € 6araTo MpUKIA/iB €KOHO-
MiYHO OGI'PYHTOBAHUX 3MiH /I OTPUMAHHS reo/ie3uy-
HUX JIAaHUX, K, HAalIPUKJIAJ Iepexif BiJ reoMeTpUYHO-
ro HiBeJIFOBaHHS /10 TPUTOHOMETPUYHOTO [2], a60 Horo
3amiHa Ha GPS-niBentoBaHHs [5]. Asle Takuil mepexif,
CYNIPOBOJKYETbCA MNiJBUILIEHHA BUMOI [0 TOYHOCTI
CUCTeM BiaJiKy [6], Ki cbOroiHi aKTUBHO MPUBOJSATh-
csl 0 EBPOMENChbKUX CUCTEM 3aMiCTh paJisiHCbKUX [7].
Taki nuTaHHSA NOTPeOYOTh Yacy i lie 3HAXOAUTLCA Y
nporeci BupimeHHs. logo kapTorpadidyHoi yacTUHU
I[UX 3MiH, TO OCHOBHHUM HaNpsIMKOM € 06po6Ka i Bi3y-
anizanisa uudpoBux gaHux. Po6oTa i3 onudppoBaHUMU
aHaJIOTOBUMHU JJaHUMU B YKpaiHi 06Mexxye MOX/JIMBOCTI
JeTanizalii yepe3 BTpaTH TOYHOCTI NpPU MaciITady-
BaHHI. Llboro Mo>xHa YHUKHYTH IpU po6OTi 3 JaHUMH,
CTBOpPEHUMH o7ipasy y uudposomy popmarti. TouHicTs,
HIBUAKICTb 360py JaHUX, Oe3leKa MPoBeJeHHs PooiT,
MO>KJIMBOCTI MacIlITabyBaHHs Ta lepexpecHoi epesip-
KU OTPUMaHUX Ta OPUTiHAJIbHUX JAHUX € KJIIOYOBUMHU
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acleKTaMy, Ki BU3HA4Yal0Th YCIIIIHICTb 3aCTOCYBAHHA
KapTorpadiyHux MaTepiasiB y pi3Hux cdepax Jroj-
CbKOI JIisiJIbHOCTI.

HepiBHocTi pesibedy, HeJOCKOHATICTh CIOCO6IB OT-
pUMaHHs nepBUHHOI iHopMaliil /i CTBOPEHHS KapT,
B TOMY pa3si i B pe3y/ibTaTi 3aCTOCYBaHHA 3aCTapinux
TEeXHOJIOTil, BUKOPUCTAHHS 3acTapisiux reorpadivHux
OCHOB — BCe Lie IPU3BOJUTDL J0 3MEHIIeHHA TOYHOCTI
KapT B3araji i TonorpadiyHux 30Kkpema. B cBoro uep-
Iy lle NIpU3BOAUTDb 10 HaAMIpHUX $iHAaHCOBUX BUTpAT
i 3 6oKy mignpUEMIIB, i 3 60Ky MepeciuHUX rPpoMa/isiH.
BesymoBHO, BukopuctaHHs ['IC iHcTpymMeHTIB A4 ne-
peBipkU TOYHOCTI reorpadiyHUX AAaHUX, BKJIIOYAIOUU
BU3HA4YeHHs NPOTSHKHOCTI MapLIpYTiB, JOCTYIHe 06-
MexXeHoMy KoJy daxiBILiB, TOJi SK OUIbLIICTL BOAIIB
B YKpalHi NOK/JIaJalTbCA Ha 3arajbHoAocTynHi OSM,
GH Ta Google Maps, He MarouH creliaJibHUX 3HAHb JJI5
OL|iIHKM TOYHOCTI LiuX JaHUX. Jloc/li2KeHHSA IOPiBHAHHA
reosie3u4yHoi Mepexi i faHux OSM 6yJio mpoBeJieHO A5
TepuTopii Besnkoi Bputanii [10], CayziBcbkoi ApaBsil
[8] i B 3aranbHOMY A5 168 kpain cBiTy [12]. OcTaHHi
pocaifmxenns A Google Maps BUKOPUCTOBYIOTD JJIS
NOpiBHAHHA JaHi cTaHLii MixkHapoaHoi cayx6u GNSS
Ha TepuTtopii Kutato, Anonii, CILIA Ta 3axigHoi EBponu
[11]. HasiBHicTh BUMipIOBaHb AJs iHUIKUX perioHiB cBi-
Ty CIIOHYKa€ NPOBECTH BUMIpPIOBAaHHA TOYHOCTI JaHUX
LUX pecypciB i AJig TepuTopii YKpalHU. 3a3Ha4MMO, 110
Mozenb GraphHopper mMae Mox/uMBOCTI BpaxyBaHHS
BUCOTHU NoBepxHi 3a anuMu Shuttle Radar Topography
Mission. Takox 3a3HayuMMo, L0 6a30Bi Bepcii miaat-
dbopM He PoOOJIATH aKLEHT Ha 3abe3nevyeHHi BUCOKOI
TOYHOCTI 1 MOXKYTb OKPYIVIIOBAaTH JedAKi 3Ha4eHHA [0
LIIJIMX YHCeJl.

BuKJ/1aJ 0CHOBHOI'O MaTepiasy goc/iigKeHHs. Ha
IeplIoMy eTalli Halloro AOCJIJ»KeHHs NPOBOAUIUCH
pO3paxyHKHU JJId NiATBepKeHHs TOYHOCTI KOOpAUHAT
XMapH TOYOK y NOPIBHAHHI i3 HAABHUM reole3UYHUM
3HIMaHHAM, K eTaJIOHOM, JJid Bifpi3ky Tpacu M-03
B XapkiBcbkill 06Js1acTi B HACTyMmHIiNA mocaizoBHOCTI:
1. TlopiBHAHHA KOOpAMHAT TOYOK TeO0fe3U4HO-
ro 3HiMaHHA 1 TOYOK LIAapy Jia3epHOro 3HiIMaHHS;
2. O6uynceHHsl cepe/JHbOTO 3HAYeHHs KBaJpaTiB pi3-
HUILb KOOPJMHAT To4oK; 3. 064nCc/IeHHs cepe/jHbOKBa-
ApatuuHol noxu6ku (CKII) gy koopUHAT TOYOK (OK-
pemo X ta Y); 4. O6uucnenns 3aranbhHoi CKII s fBox
koopauHaT To4ok X Ta Y pa3oM. Ha gpyromy erani go-
CJi/I)XeHHS XMapH TOYOK JIa3epHOT0 CKaHyBaHHs 6yJ10
BUKOPHUCTAHO fIK €TaJIOHHY OCHOBY JJIl PO3PaXYyHKY i
NOPIBHAHHA [OBXWH, BUMIPAHUX 3a KOOpAHWHATaMHU
TOYOK, i3 AaHUMU oHJaWH-kapT OSM, GH Ta Google
Maps Ha ginsiakax Tpac M-03 y XapkiBcbKiii o6J1acTi B
Ykpaini Ta [-189 y mitati BepmonT y CILIA B HacTynHiN
nocaifoBHocTi: 1. BU3HaueHHA KOHTPOJIBHUX TOYO0K
i3 opieHTOBHUM KpokoM y 150 MeTpiB; 2. Po3paxyHok
FOPU30HTAJIbHOIO NPOKJI3JeHHA MDK TOYKaMHU 3a iX
NPAMOKYTHUMHU KOOpPAMHATaMU Ha OCHOBI XMapHu TO-
YOK JIa3epHOTO0 3HiMaHH#; 3. Po3paxyHOK BifcTaHi Mix
TOYKaMU 1o Gi3UYHiN NOBePXHi BPaXOBYHOUU pesbed;
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4. Tpancdopmallisi KOOpAUHAT KOHTPOJIbHUX TOYOK i3
YCK-2000 Ta NAD83 y WGS84 i3 nmoganbmiuM pospa-
XYHKOM BificTaHi Mi>k HuMu 3a OSM, GH Ta Google Maps;
5. O6uyuc/lieHHS cepefHbOKBAJPAaTUUYHOI MOXUOKHU
JIOBXXWH JiJISIHOK Tpac i BCTaHOBJIEHHSI TOYHOCTI /10B-
’)KMH aBTOLLIAXIB, 110 BU3HAYalOTbCA 3a JOIOMOI0I0
OSM, GH Tta Google Maps 3a koopZuHaTaMu B CUCTeMi
WGS84. Ha TpeTboMy eTani JOCJiIKEHHS 3a JOTIOMO-
rotw oHJsalH-pecypciB OSM, GH Ta Google Maps 6ys10
BUMIipSIHO AOBXWHU aBToMarictpasieil. Ha teputopii
CIIA o6paHo HaizoBLIi MaricTpaisi, 10 TPOXOASATh Y
LIMPOTHOMY Ta MepUJioHaJIbHOMY HaNpsIMKax, iX J0B-
>KUHY NTOPiBHAHO i3 0QilliHHMM NepesikoM aBTOIJIAXIB
Ta iX AoBxkuH 3rigHo Federal Highway Administration
(FHWA) [9]. Y mexax YkpaiH¥ BUMIpSAHO JOBXUHU MiX-
HapoJHUX aBTOMaricTpasei i NMOpiBHAHO i3 JaHUMHU
MPOTSKHOCTI 3 NepesiKy 3aTBepaxeHoMy KaGiHeToMm
MiHicTpiB Ykpainu [3].

Ilepwuii  eman  docaidxcenHs. HaaeHi  jaHi
reo/le3aUYHOro 3HiMaHHSA /[IBOKIJIOMeTpOBOI AiNSHKU
Tpacu M-03 y BankiBcbkoMy paibioni XapkiBcbkoi 06-
JIaCTi cayryBaid eTaJoHoM 1 HasnidyBasiu 3700 Toyok
i3 koopaunatamu y cuctemi YCK-2000. Ha wiit pinsuani
OyJo MpOBeJIeHO Jla3depHe CKaHyBaHHS, 110 J03BOJIU-
JIO OTPUMATH XMapy TOYOK BHUCOKOI I'YCTOTH, KOXHA 3
AKUX MaJla IPUCBOEHI KOOPAUHATH, BUCOTY i KOJIip B
RGB-koayBaHHI. Po60oTa 3 JaHMMU NPOBOJUJIACH Y Ce-
penosuii QGIS 3.34 Prizren.

Bugineno 12 To4ok i3 mapy Jia3epHOro CKaHyBaH-
Hf, IKi MalOThb MaKCUMaJIbHO HabJIMXKeHe M0JI0XKeHHS
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/10 TOYOK reo/le3uyHoro 3uiManus (puc. 1). ix 6ys10 06-
paHo A5 MOo/a/IbLIMX PO3PAXyHKIB i3 BUKOPUCTAHHAM
dopMysM cepeiHbOKBaApaTUYHOI MOXM6KH - CKII:

T (xEEE_gieTyz
= o S S,

n

CKIl = , ne

a XBHM_X:'CT 2
;;1( ' i) - CyMa KBa/|paTiB pi3HULb MIXK BU-
MIpAHUM Ta ICTUHHUM 3HA4YE€HHAM JJI1 KOXKHOI TOYKH,
N - KIJIBKICTb BUMIPIOBaHb.

JlaHi Ta pe3y/bTaTU pPO3paXyHKIB NpeACTaBJIe€HO Y
Tabsunax 1 i 2. KoopinHaTH TOYOK JIa3epHOIr'0 CKaHYy-
BaHH# y KOJIOHKax X , TaY MOJIaHO y CUCTEMI KOOP/U-
HaT YCK-2000, Tak camo fIK i JaHi KOOpAUHAT reose3ud-
Horo 3HiMaHHs X Ta Y. [OpHU30HTa/IbHI NPOKJIA/[EHHS
MK 12 KOHTPOJIBHUMHM TOYKaMM pO3paxXxOBAaHO Ha OC-
HOBI NPAMOKYTHUX KoopAuHaT. HacTynHi kosionku AX
Ta AY NOKa3ywTb PI3HULI0 MK BU3HAa4Y€HUM II0JIO-
>KEeHHAM TOYOK JIa3epHOT0 3HIMaHHA Ta reof,e3U4HOro,
BU3Ha4YeHOro y MeTpax. OctanHi kosoHKH (X - X )% Ta
(Y, - Y)? mokasyloTh po3paxyHKH KBaJpaTiB pisHHUI
X Ta Y KOOpIUHAT BU3HAYEHHUX Y KBaJ[paTHUX MeTpax.
CepenHe 3HayeHHA KBazpaTiB pisHuns i CKII gia X ta
Y BKa3aHO HMXKYe JAaHUX KOOPJHUHAT TOYOK. 3HAYEeHHH
cepeanboi CKII gia koopgunat X ta Y pasoM cTaHo-
BuTh 0,0037 meTpa, BignosigHo 3,7 MmM. Taka mMaJsia no-
XMOKa CBiJYMTDb PO NPAKTHUYHO iZiea/ibHe y3ro/>KeHHs
MDX JIa3epHUM CKaHYBaHHAM I JaHUMU reofe3u4HOro
3HiMaHHA. CymMa TrOpU30HTAJbHUX IPOKJIALEHb Bij-
pi3KiB MDX I[10YaTKOBOIO I KiHI|€BOO KOHTPOJIBHUMHU

Puc. 1. [lo10%ceHHS1 KOHMPOABLHUX MOYOK [ 8I006padtceHHs XMapu Mo4oK Ha 8idpizky mpacu M-03 Ha ¢poHi zeode3utHo20 naaHy micyegocmi/
Fig 1. Position of control points and display of the point cloud on the M-03 road section against the background of the geodetic plan of the area)
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TOYKaMHM 3a JJaHUMH reo/|e3UUHOr0 3HIMaHHS CKJIa/ia€e
1674,5479 metpiB, a 3a JJaHUMU Jla3epHOTO 3HiMaH-
He - 1674,5536 MmeTpu. Pisnuuga ckiagae 5,7 MM a6o
0,00034% Bij 3araysibHOI JOBXKHHH, 1110 BKa3ye HAa Mall-
>Ke MIOBHY i/leHTUYHICTb TOPU30HTAJbHUX NIPOKJIa/leHb
OIJISTHOK.

[IpoBeseHi poO3paxyHKHU MNiATBEPAXKYHIOTb, L0 Jia-
3epHe CKaHYBaHHS € HaJi3BUYAaHO TOYHUM METOZ0M
JJ11 BUMIpIOBAaHHA | MOZleJII0BaHHSA peasibHOI TOBEPXHI,
110 JJa€ MOXJIMBICTh BUKOPHUCTOBYBATH JlaHi Jla3epHO-
ro CKaHyBaHHS K [UPPOBY OCHOBY JJisl IOTPeb KapTo-
rpadyBaHHS i 3a6e3MeueHHs] BUCOKOI TOUHOCTI po3pa-
XYHKIB 3a I0IOMOroi0 KapTorpadiyHOro MeToAy, a Ta-
KO [IJI1 MOXKJIMBOCTI [lepexpecHol llepeBipKU JaHUX.
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Jpyeuli eman docaidxcenHs. [laHi Ja3epHOro cka-
HYBaHHSl Ha IbOMYy eTalll BUKOPHUCTOBYBAaJIUCh fK
eTaJIOH JAJis NMOopiBHAHHA i3 gaHuMu OSM, mogeni GH
Ta Google Maps. ®aiinu 3tioMku AiasgHKK Tpacu M-03
y XapkiBcbkKill o6Jsiacti oTpumano Bij HasirariliHo-
reoJlesau4HoOro LeHTpy. Tak K BOHM IpeJcCTaBJ/eHi B
cuctemi koopauHaT YCK-2000 neo6xigHo TpaHcdop-
MyBaTH KOOpJAHUHAT TO4YOoK B cuctremy WGS84 piaa
NOJa/bIINX PO3paxyHKiB, yepe3 BUKOPUCTAHHSA L€l
CUCTEMU KOOpAMHAT [AOCIi[)KyBaHUMHU OHJIANH-cep-
Bicamu. lle 6yso BukoHaHo B cepenoBuili QGIS 3.34
Prizren. KoHTpoJsibHI TOYKM [Ji1 LbOrO eTamy JAOCJi-
JKEHHS B35TO yepe3 NPOMiXKKMU 6/1u3bKo 150 MeTpiB.
JloB)xMHa TOPU30HTAJBHOTO0 NPOKJIaJleHHsl, po3paxo-

Tabauys 1/ Table 1

Pe3ynbTaTH po3paxyHKy KBaJpaTa pisHUIi X-KOOPAUHAT KOHTPOJIbHUX TOYOK
Results of calculating the square of the difference in X-coordinates of control points

Ne X, X, AX, M (X, - X )%, m?

Moyatkosa TouKa 5317711,546778320 5317711,54700 -0,000221680 0,00000004914198625
1 5317723,992778320 5317723,99000 0,002778320 0,000007719060033
2 5317817,273778320 5317817,27100 0,002778321 0,000007719065208
3 5317913,389778320 5317913,39000 -0,000221680 0,00000004914198625
4 5317919,154778320 5317919,14800 0,006778320 0,00004594562606
5 5317989,347778320 5317989,35000 -0,002221679 0,000004935858979
6 5318001,325778320 5318001,32580 -0,000021679 0,0000000004699932145
7 5318191,207778320 5318191,20500 0,002778320 0,000007719060033
8 5318369,940778320 5318369,93800 0,002778320 0,000007719060033
9 5318485,747778320 5318485,75000 -0,002221680 0,000004935863117
10 5318521,284778320 5318521,28300 0,001778320 0,000003162423478

KiHueBa To4Ka

5318542,432778320

5318542,42900

0,003778321

0,00001427570759

CepepHe 3HAYEHHSA KBaApaTiB PisHULb

0,000008685873208

CKMN ana koopauHat X

0,002947180552

Tabauys 2/ Table 2

Pe3y/sibTaTH pO3paxyHKy KBaJpaTa pi3HHILi Y- KOOpAHMHAT KOHTPOJIbHUX TOYOK
Results of calculating the square of the difference in Y - coordinates of control points

No v, Y, AY, m (Y- Y)2, m2
MouaTkoBa TouKa 5520200,85787 5520200,86400 -0,00613 0,00003754674672
1 5520221,01287 5520221,01100 0,00187 0,000003506107792
2 5520368,98387 5520368,98300 0,00087 0,00000076118679
3 5520526,09787 5520526,09000 0,00787 0,00006197563291
4 5520535,62187 5520535,62200 -0,00013 0,00000001626668151
5 5520646,11687 5520646,12000 -0,00313 0,00000978150934
6 5520677,52787 5520677,53010 -0,00223 0,000004961935022
7 5520977,60487 5520977,60200 0,00287 0,000008251024099
8 5521246,37787 5521246,38100 -0,00313 0,00000978150934
9 5521498,55587 5521498,56000 -0,00413 0,00001703658393
10 5521592,32687 5521592,33500 -0,00813 0,00006605691214
KiHuesa Touka 5521648,95487 5521648,95600 -0,00113 0,000001271346754

CepegHe 3Ha4YeHHA KBaApaTiB PisHULD

0,00001841223013

CKMN pna koopauHat Y

0,004290947463
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Ta6auys 3/ Table 3

Bu3HayeHHd pi3HUII TOPU30HTA/IbHUX NPOK/IaAEeHb Mi>K KOHTPOJIbHUMM ToYKaMu Ta CKII
Ha ocHOBi OpenStreetMap (6a3oBa Bepcis) i moaesii GraphHopper g4 ginsaaku Tpacu M-03 XapkiB-Basiku
GraphHopper gnasa ginaaku Tpacu M-03 XapkiB-Banku
Determination of the difference in horizontal layout between control points and JCS based on
OpenStreetMap (basic version) and GraphHopper model for the section of the M-03 Kharkiv-Valky

Ne KoopawnHaTy L(QGIS),m | L(OSM),m | L (GH), m AL’(O‘GS-OSM)’ ALF(Q(I;J‘S-GH)' (%I_Sr)';()gGNI?- (A(I-;’l:)(z?s:ls-
1 2 3 4 5 6 7 8 9
1 49.9094772, 35.7568418

150,13 150 150,09 0,13 0,04 0,02 0,00

2 49.908204, 35.756148

149,56 149 149,06 0,56 0,50 0,31 0,25
3 49.90696, 35.755372
148,9 149 149,17 -0,10 0,27 0,01 0,07
4 49.905751, 35.75447
146,59 147 146,74 -0,41 -0,15 0,17 0,02
5 49.904604, 35.753465
150,09 149 150,01 1,09 0,08 1,19 0,01
6 49.90348, 35.752309
150,7 151 150,46 -0,30 0,24 0,09 0,06
7 49.902349, 35.751154
150,98 150 150,86 0,98 0,12 0,96 0,01
8 49.90119, 35.75006
149,27 149 148,88 0,27 0,39 0,07 0,15
9 49.900033, 35.749014
149,98 150 150,12 -0,02 -0,14 0,0004 0,02
10 49.898882, 35.74792
147,98 147 147,79 0,98 0,19 0,96 0,04
11 49.897763, 35.746806
149,67 149 149,53 0,67 0,14 0,45 0,02
12 49.896639, 35.745661
150,59 150 150,39 0,59 0,20 0,350 0,04
13 49.895507, 35.744512
149,63 149 149,48 0,63 0,15 0,40 0,02
14 49.894376, 35.743383
CepenHe 3HAaYEHHA KBAAPaTiB Pi3HULD 0,38 0,05
CKn 0,62 0,23
YacTka Big, 3arasibHOro 0,032% 0,012%

BaHa MaTeMaTH4HO B cucTeMi kKoopguHaT YCK-2000
ckjafae 1949,67 MeTpiB, 3 ypaxyBaHHAM pesbedy -
1950,65 MeTpiB. [loB:kMHa NPOKJIaJIeHHS L€l AiNsHKA
y cucteMi koopguHaT WGS84, po3paxoBaHa 3a Jomo-
MOromw iHcTpyMeHTy Measure Line y cepegoBuii QGIS,
ckjana 1944,05 MeTpiB, a BpaxoByHO4YH BUCOTY TOYOK -
1945,03 meTpiB. OpieHTOBHa moxubKa Npu TpaHchop-
Malil JiIIAHKA 3 NMPAMOKYTHOI CUCTEMU KOOpPAUHAT B
reoleHTPUYHY CKJaia 5 MeTpiB a6o 0,26%.

[Jani y Tabnungx 3, 4, 5, 6 BiAnoBijaloTh pe3yabTa-
TaM pospaxyHkiB: L_(QGIS) - ropusoHTanbHe npoKJia-
JleHHsl, po3paxoBaHe iHCTpyMeHTOM Measure Line B

QGIS, L_(OSM) - ropusoHTa/IbHE NPOKJIaJieHHs, po3pa-
xoBaHe B 6a30Bil Bepcii OSM, L (GH) - ropusoHTa/Ib-
He NPOKJIaJIeHHs, po3paxoBaHe 3a J0INOMOI00 MoJei
GraphHopper Ha 6asi OSM, AL _(QGIS-OSM) - pisuuus
MK JJaHMMH, po3paxoBaHUMU B cepegoBulli QGIS Ta
NaHuMmu 6asosoi Bepcii OSM, AL_(QGIS-GH) - pisnu-
us mixk ganumu QGIS ta mogeni GraphHopper Ha 6a3i
OSM, (AL )?(QGIS-OSM)?- kBagpaT pisnuui ganux QGIS
Ta 6a3o0Boi Bepcii OSM, (AL )*(QGIS-GH)?- kBagpart pis-
Huni ganux QGIS Ta mozeni GraphHopper Ha 6a3i OSM.
OnuHULI pO3paxyHKy - MeTpPH, CUCTeMa KOOpAMHAT -
WGS84.
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Tabauys 4/ Table 4

Bu3HayeHHA pi3sHUIi TOPU30HTA/IBHUX IIPOKJ/IaJeHb Mi2K KOHTPOJIbHUMH TOYKaMu Ta CKII Ha ocHOBI
Google Maps ajia aiaaku Tpacu M-03 XapkiB-Baaku
Determination of the difference in horizontal alignment between control points and JCPs based
on Google Maps for the section of the M-03 Kharkiv-Valky

Ne KoopauHaTu L (QGIS), m L (Google Maps), m | AL (QGIS-Google Maps), m (AL )*(QGIS-Google Maps), m?
1 2 3 4 6 8
1 49.9094772, 35.7568418
150,13 150 0,13 0,02
2 49.908204, 35.756148
149,56 150 -0,44 0,19
3 49.90696, 35.755372
148,9 150 -1,10 1,21
4 49.905751, 35.75447
146,59 150 -3,41 11,63
5 49.904604, 35.753465
150,09 150 0,09 0,01
6 49.90348, 35.752309
150,7 150 0,70 0,49
7 49.902349, 35.751154
150,98 150 0,98 0,96
8 49.90119, 35.75006
149,27 150 -0,73 0,53
9 49.900033, 35.749014
149,98 150 -0,02 0,0004
10 49.898882, 35.74792
147,98 150 -2,02 4,08
11 49.897763, 35.746806
149,67 150 -0,33 0,11
12 49.896639, 35.745661
150,59 150 0,59 0,35
13 49.895507, 35.744512
149,63 150 -0,37 0,14
14 49.894376, 35.743383
CepefHE 3HAUEHHA KBaApaTiB Pi3HULb 1,52
CKM 1,23
YacTKa Big, 3aranbHoOi JOBXKUHM 0,06%

PisHung Mixk 3HaueHHAMHU, oTpuMaHuMU B QGIS Ta
po3paxoBaHuMHU 3a gonomororw OSM ckiagae Big -0,41
o +1,09 meTpiB, B cBoto uepry 3a GH cksapae Big -0,27
o +0,50 meTpiB, a 3a fonomorot Google Maps - Bij
-3,41 no +0,98 metpiB. CepeHe 3Ha4YeHHS KBaJpaTiB
pi3HUILb A1 BifcTaHel [iITHOK, po3paxoBaHUX 3a J10-
noMmorow OSM cranosuthb 0,38 M2 3a GH - 0,05 M? 3a
Google Maps - 1,52 m?, YacTka 1[uX 3Ha4eHb J[0 3arajib-
HUX JIOBXKUH FOPU30HTAJNbLHOIO MPOKJIaAEHHS CKJIaJ[a€
0,032%, 0,012% Ta 0,06% BignosigHo. CKII gis OSM

ctaHoBUTb 0,62 M, i1 GH - 0,23 M, a g1 Google Maps -
1,23 M. OTKe, HaliMeHIli po36i?)KHOCTi MalOTh AaHi, po3-
paxoBaHi 3a fonomoror GH.

Jlisi 3a6e3neyeHHs MOPIiBHSAJBHOTO aHasli3y BUKO-
HaAHO JOCJiJ»)KeHHSI TUX CaMHUX IIOKAa3HUKIB 3 ileHTHu4-
HUM HAGOPOM JJaHUX JJIs YaCTUHU aBTOMOGIJIbHOI Tpa-
cu [-189 Ha niBHiYHOMYy cxogi CIHA y mtaTi BepMOHT.
3a ocTaHHi 15 pokiB J1a3epHe CKaHYBaHHS 3a JOMIOMO-
rolo MiJIOTOBaHUX Ta 6e3MiJIOTHUX JiTaJlbHUX amapa-
TiB mpoBoAMJIOCH MaiKe Ha Bcio TepuTopito CIIA i €
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Ta6auys 5/ Table 5

Bu3HayeHHA pi3HUIi FOPU30HTA/ILHUX NIPOK/IaAeHb Mi>K KOHTPOJIbHUMM ToukaMu Ta CKII Ha ocHOBI
OpenStreetMap (6a3oBa Bepcis) i moaeai GraphHopper gasa ginsaaku tpacu I-189 y mrati BepmonT, CIIIA
Determination of the difference in horizontal spacing between control points and CMPs based on
OpenStreetMap (basic version) and GraphHopper model for a section of the I-189 highway in Vermont, USA

AL (QGIS- (AL ) (QGls- (AL )*(QGIS-GH)?,
Ne KoopauHatn L (QGIS), m L (OSM), m L (GH), m 05M), m AL (QGIS-GH), m 0SM)?, w2 2
1 2 3 4 5 6 7 8 9
1 44.4467237,
-73.210236
150,99 150 150,64 0,99 0,35 0,98 0,12
2 44.4471742,
-73.208446
151,43 151 151,1 0,43 0,33 0,18 0,11
3 44.4476225,
-73.2066500
150,79 150 150,39 0,79 0,40 0,63 0,16
4 44.4480629,
-73.2048581
149,47 149 149,12 0,47 0,35 0,22 0,12
5 44.4484956,
-73.2030802
145,97 148 145,86 -2,03 0,11 4,12 0,01
6 44.44885,
-73.201314
150,97 150 150,64 0,97 0,33 0,93 0,11
7 44.4490728,
-73.1994436
150,73 150 150,33 0,73 0,40 0,53 0,16
3 44.4492349,
-73.1975635
150,42 150 150,03 0,42 0,39 0,18 0,15
9 44.4494046,
-73.1956886
151,55 151 151,15 0,55 0,40 0,30 0,16
10 44.4495686,
-73.1937986
149,45 149 149,01 0,45 0,44 0,20 0,20
11 44.449749,
-73.191938
149,74 149 149,38 0,74 0,36 0,55 0,13
12 44.449889,
-73.190067
154,07 154 153,68 0,07 0,39 0,004 0,15
13 44.449946,
-73.188133
150,53 150 150,09 0,53 0,44 0,28 0,19
14 44.449989,
-73.186243
147,56 146 146,89 1,56 0,67 2,44 0,45
15 44.450141,
-73.184407
144,26 143 143,45 1,26 0,81 1,580 0,65
16 44.450626,
-73.182732
151,40 151 150,96 0,40 0,44 0,160 0,19
17 44.451426,
-73.181205
CepeaHe 3HaYeHHA KBagpaTiB PisHULb 0,83 0,19
CKN 0,91 0,44
YacTka Big, 3arasibHOro 0,038% 0,018%
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Tabauys 6/ Table 6

Bu3HayeHHA pi3sHUII TOPU30HTA/IBHUX IPOKJIaJeHb Mi2K KOHTpo/1bHUMHU TOYKaMHy Ta CKII Ha ocHOBI

Google Maps asia aisisaku Tpacu [-189 y mraTti BepmonrT, CIIA

Determination of the difference in horizontal spacing between control points and CMPs based

on Google Maps for a section of the I-189 highway in Vermont, USA

Ne KoopauHaTu L.(QGIS), m L (Google Maps), m | AL (QGIS-Google Maps), m (ALr)Z(QGIS-ﬁc;ogIe Maps),
1 2 3 4 6 8
1 44.4467237,-73.210236

150,99 150,88 0,11 0,01

2 44.4471742, -73.208446

151,43 149,96 1,47 2,15
3 44.4476225, -73.2066500
150,79 150,88 -0,08 0,01
4 44.4480629, -73.2048581
149,47 149,05 0,42 0,17
5 44.4484956, -73.2030802
145,97 143,87 2,10 4,42
6 44.44885, -73.201314
150,97 150,88 0,09 0,01
7 44.4490728, -73.1994436
150,73 149,96 0,77 0,59
8 44.4492349, -73.1975635
150,42 149,96 0,46 0,21
9 44.4494046, -73.1956886
151,55 150,88 0,67 0,45
10 44.4495686, -73.1937986
149,45 149,05 0,40 0,16
11 44.449749, -73.191938
149,74 149,96 -0,22 0,05
12 44.449889, -73.190067
154,07 153,92 0,14 0,02
13 44.449946, -73.188133
150,53 149,96 0,57 0,32
14 44.449989, -73.186243
147,56 146,91 0,65 0,42
15 44.450141, -73.184407
144,26 143,87 0,39 0,15
16 44.450626, -73.182732
151,40 150,88 0,52 0,27
17 44.451426, -73.181205
CepegHe 3Ha4YeHHA KBAAPaTiB Pi3HULD 0,59
CKN 0,77
YacTKa Big 3aranbHoro 0,032%

YaCTUHOI BiJKpUTOI 6a3u AaHux [eosioriuHoi cayx6u
CIIA (USGS). IIpoBeaeHi y JIbBiBchKil mosiTexHili fo-
C/Ti/I>)KeHHS NiATBEPAXKYIOTh Y 1]bOMY BUIIAJIKy MU CIIU-
paeMoch Ha JJOCJIi/PKEHHS TOYHOCTI TaKoro TUIlY 360py
JlaHux, npoBeZieHe v JIbBiBCchbKil mostiTexHini [1]. BoHo
Jl03BOJISIE CTBEP/KyBaTH, 1110 JjaHi Jla3epHOro 3HiMaH-

Hfl CKaHYBaJIbHUMH CTAHLiIMU, BCTAHOBJIEHUMHU Ha Jii-
TaJIbHI anapaTy 3a6e3Me4yTh TaKy K TOYHICTb, IK i Ti,
1110 CTBOPEHI 3a J0NIOMOI'0I0 MOGIIbHUX CKaHYBaJIbHUX
n1aTPopM, BCTAaHOBJIEHUX HAa Ha3eMHI TPaHCMNOPTHI 3a-
co6u. JlaHi J1la3epHOro CKaHyBaHHS 0O6paHO eTaJOHOM
To4yHOCTI. JliIsTHKA Tpacu po36uTa Ha 16 Bifpi3kiB npu-



40

MNpobnemun 6eanepepBHOi reorpadiyHoi OCcBiTK | KapTorpadii

| 2024. Bunyck/Issue 40

ISSN 2075-1893(Print)

ISSN 2409-3173(Online)

Ta6auys 7/ Table 7

IlopiBHAHHA NPOTAXKHOCTI YaCTUHU OCHOBHUX MarictpaJieii CIIIA
3a ganumu FHWA, OSM, GH ta Google Maps
Comparison of the length of some major US highways according to FHWA, OSM, GH and Google Maps

" [JoskunHa [OpU30HTabHE NPOKALEHHS
a3Ba .
Aoporu MouaTok mapuwpyTy KiHeub mappyTy OdiuinHa osM, GH, Google Maps, Km,
(FHWA), km KM, (%) KM, (%) (%)
San Diego, CA (32.542523, | Blaine, WA (49.002076,
I-5 117.029064) 122.756028) 2222,97 2228,6 (+0,25) 2227,13 (+0,18) |  2227,51(+0,2)
Santa Monica, CA Jacksonville, FL
1-10* (34.016665, (30.320772, 3959,53 (i?ii) 3(?3?;1;) 3(?3355;1
-118.502204) -81.69301) ! ’ ’
40" Barstow, CA (34.885795, M:‘;f;;"z'gg'zm 411446 4104,30 4101,50 4104,40
-117.01435) -77.868538) (-0,24) (-0,31) (-0,25)
- Hialeah, FL (25.896704, Sa”('zztzb'\é'zgz' Mi 2875 04 2878,4 2873,83 2871,39
-80.324241) -84.360725) (+0,12) (-0,04) (-0,13)
Seattle, WA (47.592329, Boston, MA (42.378909, 4964
_90* : 8
1-90 -122.325855) -71.025608) 4990,78 4958,23 (-0,65) (-0,54) 4961,29 (-0,59)
105 Miami, FL Houlton, ME 3096.06 3039,7 3038,40 3050,35
(25.749222, -80.212333) | (46.134871, -67.781248) ! (-1,82) (-1,86) (-1,48)
. R 21163,23 21159,35 21172,48
Bcboro (yacTka Big odiLiMHOT LOBKMHM) 21258,84 (:0,45) (-0,47) (:0,41)

6su3HOo 1o 150 MeTpiB. Y cuctemi koopauHat NAD83
JOBXKHHA TOPU30HTAJILHOIO INPOKJaJeHHs CKJAJa€
2405,3 MeTpy, 3 ypaxyBaHHSIM BUCOTH TOYOK - 2406,9
MeTpiB. /i1 NpOJOBXKeHHS PO3pPaxyHKiB, 110 HaBeleHi
Hux4de (Tabs. 7), KOOpJAUHATH KOHTPOJIbHUX TOYOK
6ys10 TpaHcdopMoBaHoO y cepenoBuili QGIS i3 cuctemu
koopauHat NAD83 y WGS84. g cama fingHKa y cu-
cteMi koopguHaT WGS84, po3paxoBaHa 3a L0IOMOI 00
iHcTpyMeHTy Measure Line ckniana 2399,31 meTpiB, a
BpaxoBYIOYU HepiBHiCTb penbedy - 2400,87 meTpis.
OpieHTOBHaA moxubka mpu TpaHchopmauii JiSTHKU 3
NPAMOKYTHOI CUCTEMHU KOOpJAHUHAT B TeOLEeHTPUYHY
ckJasa 6 meTpiB a6o 0,25%.

PisHuLg MiX 3HaueHHAAMH, oTpuMaHuMU B QGIS Ta
po3paxoBaHUMHU 3a JornoMororw OSM Ko/JIMBalOTbCA B
Mexax Bif -2,03 mo +1,56 MeTpiB, y cBo Uepry 3a Jo-
nomorow GH - Big +0,11 go +0,81 meTpiB, a 3a Google
Maps - Bif -0,22 go +2,10 meTtpiB. CepeiHE 3HaYEeHHH
KBaZipaTiB pi3HUIb AJIs BiAcTaHell [iNsHOK, po3pa-
XOBaHUX 3a gomomoroi OSM ckiagmae 0,83 M2 GH -
0,19 m? Google Maps - 0,59 M2 BigHoleHHs IIUX 3HA-
YeHb J10 3araJIbHUX J0BXXHUH TOPU30HTATbHOIO IPOKJIA-
neHHs ckaazgae 0,038%, 0,018% Tta 0,32% BignoBigHo.
CKII gt OSM popiBHioe 0,91 M, ansa GH - 0,44 M, a gaia
Google Maps - 0,77 m. Bauumo, 110 HalkMeH11i Po36iXxKHO-
CTi MalOTh JjaHi, po3paxoBaHi 3a gonoMmoror GH.

3rizHo nmpoBeeHUX PO3paxXyHKIB 6ayMMoO, 110 KiH-
LeBi pe3yJbTaTH TOPU30HTAJIBHUX NPOKJIAJeHb, pO3-
paxoBaHux 3a gonomoror OSM, GH Ta Google Maps
MaloTb 3Ha4eHHs 6iyibii 32 po36ixkHicTb ¥ -0,25% npu

TpaHcdopmalii cucteM KoopAuHAT. Po36GiXHICTh ro-
pPU30HTA/NIBHUX NIPOKJIaZleHb He Ma€ 3aKOHOMIPHOCTI, i
BiZimOBiAHO, MOXK/IMBOCTI pUBeAeHHS [0 KoedilieHTiB
nonpaBky. HaliMeH111y moXu6Ky i HAaW6JIMK4i 3HaYeHHS
Jl0 PO3paxyHKIB 3a JIa3epHUM CKaHYBaHHAM MaB pe-
cypc GraphHopper sik B YkpaiHi, Tak i B CLIA.

Tpemiti eman docaidxceHHs. [licist oTpUMaHUX 3Ha-
YyeHb NMOXUOOK [JIsI TECTOBUX AINSHOK y JeKisbKa Ki-
JIOMEeTPiB MM NepeHlIn [0 PO3PaXYHKY NPOTSKHOCTI
Hal/JOBIIMX OCHOBHUX aBTOMarictpasei B CIIA i 6isb-
mocTi MiXKHApOAHUX MaricTpasielt B Mexax YKpaiHU
3a gonomorow OSM, mogeni GraphHopper Ta Google
Maps. Po3paxyHku MopiBHIOBa/IUCH i3 odiniiHUMU fa-
Humu Federal Highway Administration g5 aBTomLIs-
xiB CIIA i gaHUX OPOTS>KHOCTI aBTOMOOIIBHUX JAOpir
3aTBepxkeHux KabineToMm MiHicTpiB Asa Ykpainu. lle
JI03BOJIMJIO OL[iIHUTHU TOYHICTb KapTorpadiyHoi Bi3ya-
Jlizanii aBTOMOGIILHUX MEpPeX Ha Mi>KHapoJAHOMY piB-
Hi y MacurTabax KpaiH Ta BUSBUTHU 3arajibHi TeHAeHIIl.
Y Tabaungx 7 i 8 npeacTaB/ieHi KOOPAUHATU MOYATKO-
BUX Ta KiHIIEBUX TOYOK aBTOMOGIJbHUX LLIAXIB, aje
MNPOTSKHICTb TOPU3OHTAJILHOTO NPOKJAJeHHs O6yJa
OTpHMaHa fK cyMa npoTtspkHocTed 20 piBHOMipHO po3-
noAisieHuX BifipiskiB. 3ipoykoio (*) mo3HayeHo Aopory,
Ha AKHUX € TIpChbKi AIIAHKU.

B 060x Bua/ikax COCTepiraloThesl K A0JaTHI, Tak
i Bix’eMHi 3HaueHHS poO36GIKHOCTI JJisT PO3pPaxOBaHUX
3HauYeHb FOPU30HTANIBHUX NIPOKJIAZleHb JOPIr 3a BciMa
OHJIAMH-KapTaMHU y NOpiBHSHHI 3 0dililHUMU JaHUMU.
3arasibHa JOBXXMHA TOPU30HTANIBHUX NIPOKJIaJIeHb [0~
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Tabauys 8/ Table 8

IlopiBHAHHSA NPOTAKHOCTI Mi>KHApOJAHMX MaricTpasjieil B MexKax YKpaiHU 3a JAHUMU NepeJtiky
aBTOMOOGiIBbHUX A0pir, OSM, GH Ta Google Maps
Comparison of the length of international highways within Ukraine according to the list of roads, OSM,

GH and Google Maps
" [JoBxuHa fOpU30HTaNbHE NPOKNAJEHHS
assa )
marictpani MouaTok mapuipyTy Kineub mapwipyty Ooiujitia (KMY), osM, GH, Google Maps,
KM KM, (%) KM, (%) KM, (%)
M-01 Kwuis (50.467786, CkuTok (52.073292, 2429 210,4 210,34 210,3
30.655628) 30.970708) ’ (-13,38) (-13,41) (-13,42)
M-02 KinTi (51.065925, Bauuiicbk (51.875190, 2602 2419 241,9 2419
31.156615) 34.324300) ! (-7,03) (-7,03) (-7,03)
MLOS Kuis (50.370562, Opeca (46.469459, 5608 464,7 464,6 464,8
30.458902) 30.741005) ! (-17,14) (-17,15) (-17,12)
M-06* Kwis (50.455500, Yon (48.414597, 902.2 817,4 817,46 817,1
30.357930) 22.171238) ! (-9,40) (-9,39) (-9,43)
M-07 Kuis (50.515848, CrapoBoiiToBO 499 7 487,5 487,41 487,5
30.361617) (51.189694, 23.813069) ! (-2,44) (-2,46) (-2,44)
M-08 Yskropog, (48.577181, Yskropog, (48.654875, 171 13,7 13,68 13,7
22.335249) 22.26522) ’ (-19,88) (-19,99) (-19,88)
M09 (Z‘;”S“g';’;tl’ PaBa-Pycbka 175 192 192,02 191,9
25.545195) (50.274377, 23.588923) (+9,71) (+9,73) (+9,66)
M-10 NbBiB (49.842972, Kpakoseup (49.954944, 702 70,2 70,22 70,2
24.015843) 23.114277) ’ (0,00) (+0,04) (0,00)
M-11 JbBiB (49.844759, LWernHi (49.799712, 716 82,3 82,32 81
24.029234) 22.947802) ’ (+14,94) (+14,97) (+13,13)
V13 Kp&';“;{';;;;”” MnaToHose (47.406719, 2586 253,1 252,79 252,8
32.16021) 29.334677) (-2,13) (-2,24) (-2,24)
Opeca PeHi 307,4
M-15 (46.472553,30.741049) | (45.480978, 28.224516) 2977 307,49(+3,29) | 307,41(+3,26) (+3,26)
M-16 Opeca KyuypraH (46.737678, 589 58,9 58,9 58,9
(46.486519, 30.614008) 29.971039) ’ (0,00) (0,00) (0,00)
M-19 [omaHose (51.826588, Tepebneue (47.988096, 5341 540,6 540,55 540,0
24.312668) 26.061112) ’ (+1,22) (+1,21) (+1,10)
M-20 Xapkis (50.101153, lonTiska (50.330301, 28.4 26,4 26,38 26,4
36.26839) 36.277156) ’ (-7,04) (-7,11) (-7,04)
M-21 Buctynosuyi (51.660982, | Morwunis-lMoginbcbKkuii 210.7 421,68 421,62 422
29.120844) (48.444109, 27.790420) ! (+2,67) (+2,66) (+2,75)
M2 MonTasa ?gse*g;fgs’g” 1482 165,1 165,1 165
(49.560093, 34.524616) 33.111374) (+11,40) (+11,40) (+11,34)
23 Beperose (48.206122, B?ﬂg“fggcl’gg”“ 50 49 48,98 49,1
22.645422) 23.14463) (-2,00) (-2,04) (-1,98)
24 Bef:;if;gp;“b Jy6aHKa (48.165592, 05 60,5 60,45 60,4
22.391779) 22.574168) (0,00) (-0,08) (-0,17)
M-25 ConomoHose (48.435622, fAHowm (48.252762, 539 58,8 58,79 58,6
22.139438) 22.626302) ’ (-0,17) (-0,18) (-0,51)
26 Bunok (48.110786, Hf:fg“;;ﬁg”y 208 20,5 20,54 20,5
22.836691) 73.001533) (-1,44) (-1,25) (-1,44)
M-27 Opeca(46.397058, YopHomopcbk 141 15,15 15,15 15,2
30.707488) (46.319199, 30.639824) ! (+7,44) (+7,44) (+7,80)
V.28 Opeca (46.443412, Cnuaska (46.650106, 372 36,3 36,32 36,3
30.623826) 31.131955) ! (-2,42) (-2,37) (-2,42)
M-29 Xapkis (49.972282, [OHinpo (48.587774, 1989 181,5 181,52 181,5
35.991246) 35.14746) ! (-8,75) (-8,74) (-8,75)
Bcboro (4acTka Big 0diLiiHOT LOBXKMHM) 4131,5 4712,25 (+14,06) | 4715,25 (+14,13) | 4772,5 (+15,52)
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pir B CIIIA, po3paxoBaHux 3a gonomorow OSM, GH Ta
Google Maps BignosigHo Ha 0,45%, 0,47% 1 0,41% men-
i 3a odinifiHy. Y BUnajaKy 3 AoporaMu YKpaiHu pos-
6ixkHOCTi HabaraTto 6i/b1i. Po3paxoBaHi ropu3oHTab-
Hi npoksaZieHHs 3a gonomorow OSM, GH ta Google
Maps BignoBigHo Ha 14,06%, 14,13% Ta 15,52% 6inb-
i 3a odiniiini gaui. [ e € Benuke nutaHHs: «Yomy? Ak
TaK BUUILLIO, O I1i aHi 3anepeuyoTh TOU GaKT, 1[0 ro-
pU30HTa/IbHEe NPOKJIAJIeHHS 3aBX/W Ma€E OYyTH MeHIle
abo aopiBHIOBATH BUMIpsHil BigcTani?». Xoua JOBXKU-
Ha Jleskux fopir (M-10, M-16, M-24) To4Ho a60 Mailxe
TOYHO CXOAUThHCA i3 faHUMU odiliiHOTO NepeiKy.

B 060x BUNaZikax 3HaueHHs1 CAMUX IOXUOOK 32 TPbO-
Ma OHJIaHH-pecypcaMM JyKe OJIM3bKi, 110 FOBOPUTH
PO CXOXKUM, X04a i He iAeHTUYHUH MiJXiJ 10 po3paxyH-
Ky FOPU30HTAJIBHUX NPOKJaZeHb. TaKoX BOXKJIUBUM €
Te, 1[0 pedepeni-enincoig GRS80 ansa YCK-2000 maii-
Ke iIeHTUYHUN 1o pafiycy i crtocHyTocTi 1o WGS84,
TOMy NOXMOKH, 110 BHUHHUKAIOTh 4Yepe3 TpaHcdop-
Mallilo CUCTeM KOOPAWHAT MawTb OyTH MiHiMasbHI.
OkpyryieHHsl JaHUX OIPOTSKHOCTI JOPIr 40 LIJIMX YKcel
Ha OHJIalH-KapTax Ta irHOpyBaHHsA pesbedy B pasi pos-
paxyHKiB FOpU30HTa/JIbHOTO NIPOKJIa/ieHHs MoXe 306i/1b-
1IyBaTU PO36DKHICTh A0 AEKIIbKOX BiACOTKIB, ane He
JecaTkiB. Lle cBifuUTb Ipo Te, 110 Npo6eMa TOYHOCTI
JlaHUX B YKpaiHi Mo>ke 6YTH 3yMOBJIeHA MEHILO0 YacTo-
TOI0 OHOBJIEHHSI 0QiliiHUX /KepeJi, a TAKOX HeBipHO
3aJlaHuX napaMeTpax. lle cioHyKae 0 CTBOPEHHSA MOX-
JINBUX CIIOCO6IB MepexpecHOro KOHTPOJII0, B TOMY YU CIIi
BUKOPUCTOBYIOYH JIaHI JIa3€pHOTr0 CKaHYBaHHS.

BucHOBKM. [locipkeHHA [OKa3aso, U0 TOYHICTb
kaptorpadiyHux AaHux Jus Teputopii CIIA, € 3Hay-
HO BUILIOI0, HXK AJis TepuTopii Ykpainu. Po36ixkHocTi
aas CIIA ne nepeBuiyoTb 1,86%, 1110 CBiAYUTH PO
peryjispHe OHOBJIEHHS JaHUX Ta fKiCHe IX JpKepeio.
BogHouyac aJig YkpaiHu po36iKHOCTI Ha JlesIKUX AisH-
Kax pocararTb 19,99%, uio Bka3ye Ha 3Ha4yHe BifcTa-
BaHHS B aKkTyasizanii odiniiinux kaprorpadiyHux ma-
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TepiasiB. CepeJ; TPbOX PO3IVIAHYTUX OHJIAWH-pecypciB
— OpenStreetMap, Google Maps i GraphHopper — came
GraphHopper feMoHCTpye HaliMeHIi PO361XKHOCTI 1K
Anda tepuropil CIIA, Tak i gna teputopil Ykpainy, i
SAKUN MOXXHa peKOMeH/yBaTH [/l BUMipIOBaHHSA Bij-
CTaHeH, B TOMY YMCJIi /151 TOTPed JIOTiCTUKH.

JlazepHe CKaHYBaHHA NpPOAEMOHCTPYBaJI0 BHCO-
Ky TOYHICTb y BU3HAUEHHI JOBXXUH JIiHIHHUX 06’€KTIB.
CepeHbOKBaZpaTUYHA NOXUOKA /1151 Ta3ePHOTO MeTO-
[y 3QIMIIAETHCA B MeXax, Kl 3al0BOJIbHAKTb Cydac-
Hi reofesuyHi Bumord. lle migTBeppKy€e LOLIIBHICTD
BUKOPHCTAHHS JIa3epHOr'0 CKaHyBaHHsA fAK 6a30Boi
TexHoJorii Ta UUdpPoBOi OCHOBU /1 CTBOPEHHS HO-
BUX 260 OHOBJIEHHS iCHYIOUHX KapTOrpapiuHUX JaHUX.
[lopiBHIHHA BUMIpIOBaHb INOBEPXHi LLJIAXOM reoje-
3MYHOT0 3HIMaHHs abo Jla3epHOro CKaHyBaHHS NOKa-
3aJ0 Maibke iJeHTU4Hi pe3ysbTaTH, 1[0 MOTEHL[ilHO
Jl03BOJISIE BUKOPUCTOBYBATHU 06H/IBa MeTOAHU JJis Tle-
peBIpKU pe3y/bTaTiB BUMIPIOBAaHb peaibHOI IOBEPXHI,
OTpUMMaHUX KapTorpadiyHuM MeTozoM. Bucoka Tou-
HICTb CKaHYBaHHs i Ipe/icTaB/IeHHs JaHUX Y LUPPOBO-
My popmaTi 6e3 NMpoMiXKHUX KPOKiB oLHpPOBYBaHHS
Mae NoTeHLias JJisi BAKOPUCTAaHHS TaKOTo IIM$pPOBOro
napy K KOHTPOJIBHOTO IPU NepeBipLi MPOTAXKHOCTI
JIiHIHHUX 00’€EKTIB, 30KpeMa aBTOMOOIIbHUX IIJIAXIB.

[3 Tppox mnpoaHani3oBaHUX KapTorpadiuHux pe-
cypciB, OpenStreetMap, GraphHopper Ta Google Maps,
Hal6inbm TouHuM € GraphHopper i came iioro MmoxkHa
peKoMeH/lyBaTH JJI BUKOPUCTAHHS B IPAKTU4YHIN Ai-
AJIBHOCTI aBTOTPAHCIOPTHOI rajysi.

KapTtorpadiyHa ocHoBa naJs TepuTopil Ykpainu
noTpebye TepMiHOBOTO OHOBJIEHHS, NMPOBEJEHOTO 3a
pe3yJbTaTaMM Cy4acHUX Tomnorpado-reofiesuaHux
3HiMaHb, B TOMY YHUCJI 3a JONIOMOIOI0 JIA3€PHOTO 3Hi-
MaHHA. MOXJ/IMBICTb BU3HAUYeHHA pea/lbHUX [OBXUH
TPAHCIOPTHUX LLISAXIB € HEOOXiAHUM PaKTOpOoM edek-
THUBHOTO €KOHOMiYHOIo QYHKLiOHYBaHHS i PO3BUTKY
Jlep>KaBU B LIIJIOMY.
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ANALYSIS OF THE ACCURACY OF MAPPING INFORMATION (USING THE EXAMPLE OF MOTORWAY
MAPPING IN UKRAINE AND THE USA)

The aim of the study is to assess the accuracy of online data in comparison with geodetic and laser measurement
methods, and to determine the length of major roads by comparing them with official data from the United States and
Ukraine.

Main material. A comparative analysis of traditional geodetic surveys and laser scanning of US and Ukrainian roads
showed almost identical results. This became the basis for assessing the accuracy of OpenStreetMap (OSM), GraphHopper
(GH) and Google Maps. For each segment whose length was measured, we determined the difference in point coordinates,
the squares of the point coordinate differences, the average of the squares of the point coordinate differences, the root
mean square error for X and Y coordinates, the total root mean square error, and the ratio of the error to the total length
of the route.

The results showed discrepancies between official FHWA data, CMU data and online resources. For highways in the
United States, the differences are insignificant (-1.86% to +0.25%). In Ukraine, they can reach 19.99% in some cases, which
may be due to the lower frequency of updates of official sources. This underlines the need for cross-checking, in particular
by means of laser scanning.

Conclusions. The comparison of geodetic and laser measurements has shown their high accuracy, which allows the use
of these methods to verify cartographic data. Laser scanning, presented in a digital format without intermediate digitisation
steps, can serve as a control layer for determining the length of linear objects, including roads. Of the three online resources,
GraphHopper shows the smallest discrepancies for both the United States and Ukraine. Ukraine’s mapping framework
needs to be updated based on modern topographic and geodetic surveys, including laser scanning. Determining the exact
length of transport routes is important for the effective development of the country.

Keywords: transport network, roads, map accuracy, map modelling, Google Maps, OpenStreetMap, GraphHopper
model, laser scanning.
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KaptorpadyBaHHA MeTeOopoNOriYHUX ABULL, HA NPUKNAAI TYMaHIB
Ha TepuTopii XapKiBcbKoi obnacri

MerTol0 CTaTTi € BUBUYEHHA 0CO6IMBOCTEN KapTorpadyBaHHA METEOPOIOTIYHUX ABULL, HA MPUKAA] TYMaHIB Ha TepuTopii
XapkiBcbKiit obnacti 3a nepiog 1996-2020 pp.

OcHoBHMIA maTepian. KapTorpadyBaHHS METEOPONOTIYHMX ABWULL € KNOYOBUM IHCTPYMEHTOM A8 BidyanisaLii Ta posy-
MIHHA CKNagHUX aTMochepHUX npoLiecis. BOHO 403B0AE HAOUYHO YABUTU NPOCTOPOBMIA PO3MOAIN METEOPONOTIUHUX ABULL,
3p0BUTK iX aHaNi3 Ta BUABUTM MaiibyTHI TeHAeHLi 3MiH. OcobaMBiCTb KapTorpadyBaHHA TYMaHiB NONATAE Y BCTAHOB/EHHI
B3aEMO3B’A3KiB Mi reorpadiyHnMm Ta KNiMaTUYHMMK 0COBAMBOCTAMM perioHy. Lis iHbopmaLyis Mae NpakTUYHe 3HaYeHHs
npu po3pobLi 3axo4iB WOAO YNPaBAIHHA PU3MKaMU, NMOB'A3aHUMM 3 MOTOLHUMM ABMLLAMU, 3abe3neyeHHs be3nekn Ha-
CeNeHHs Ta eKOHOMiKM. PaKTopamm, WO BNAMBAIOTb Ha KNiMaT XapKiBCbKOT 061acTi € BiaAaneHiCTb Bif BENMKMUX BOAHUX
NPOCTOPIB, PIBHUHHICTb TEPUTOPII.

B pe3ynbraTi f4OCAIAKEHHA TYMaHIB MOXHA BUAINUTY OCHOBHI i3nKo-reorpadiyHi YUHHMKK, LLO BM/IMBAKOTbL HAa NPOLLECH
TYMaHOYTBOPEHHA: oporpadis, XxapakTep NiACTUABbHOI NOBEPXHI, HAABHICTb BOAHUX 06’ EKTIB, TEMNEPaTyPHUI PEXMUM TepUTOPII.

3a gonomoroto 3actocyBaHHsA NC-nakety ArcGis 6ynu nobyaoBaHi KapTv 6araTopiyHMX MOKa3HUKIB KiNbKOCTI AHiB
3 TymaHom 3a nepiog 1996-2020 pp. Ta 33 ce30Hamu, TpUBANOCTI TyMaHiB 3a nepiog 1996-2020 pp. Ta 3a ce3oHamu.
KapTorpadiuHi TBOpK 403BONAIOTL BUABUTM NPOCTOPOBO-Y4aCOBi OCOBAMBOCTI PO3TallyBaHHA METEOPOOrNiYHOMO ABULLa,
Lo 3abe3neyye f0AaTKOBI NepeBary MOPIBHAHO 3 iHWMMM GOpMamMK NpescTaBAeHHA MOAENbHUX Pe3y/bTaTiB, TAaKUMM AK
Tabanuj abo cnucku.

BuCHOBKM | Nnoganblui gociaxKeHHaA. B ymoBax 3miHu KnimaTy BigOyBaeTbCA 36i/blIEHHA KiNbKOCTI HaA3BMYAMHMX Ta
CTUXIAHUX iBPOMETEOPONONIYHMX ABULL, LIO BU3HAYAKOTbCA 3HAYHUMM MaTEPiaNbHUMM 36UTKaMK. TyMaH YUHWTL BNAKB
Ha BE/IMKY KiNbKICTb rasy3eii rocnofapcraa, TOMy KapTy Ti4pOMETEOPOIOTIYHUX ABULL, € BaXK/IMBO CKAZL0BOIO A1A 3abe3-
neyeHHn 6e3nekn HaceNEeHHA, OCKINbKM BOHW Aat0Tb YABNAEHHA MPO XapaKTep, iHTEHCUMBHICTb Ta NePiOANYHICTD MOXKINBUX
3arpos 4/1a NesHoi TepuTopii.

0co6/MBICTIO MiCTa-MiNbOHHMKA XapKOBa € BipOriAHICTb BUHUKHEHHA TYMAHiB-CMOTiB, fIKi MatoTb NiABULLEHY KaHLe-
poreHHy Ajto. LLLo6 aHani3yBaTM CMOroBi ABMLLA NOTPIBHO BpaxyBaTh HaraTo MeTEOPONOriYHMX GaKTOPIB, AK-TO LWUBUAKICTb
i HANPAMOK BiTPY, CTaH HebOCXMNY, TEeMNEPATYPHUI PEXKMM, HaABHICTb aTMOCHEPHUX ONagiB, CTyniHb 3abya0BM TepuTopii.
OTKe nofanblui JOCNIAKEHHA CNPAMOBAHI Ha BUBYEHHSA YMOB YTBOPEHHS CMOTiB Ta crocobis ix KapTorpadysaHHA.

KniouoBi cnoBa: knimamuyHi 3miHu, KapmoapagiuHi meopu, MemeoposozivHi Asuwja, mymaH, Xapkiecbka obaacme.

Ak uuTyBaTu: PewetyeHko C., Amitpies C., boxenaii |, emepos O. KaptorpadyBaHHA METEOPONOTiYHUX ABULL HA NPUKNAZA] TYMaHIB Ha TepuTopii XapKiBcbKoi 0b6nacTi.
Mpobnemu 6e3nepepsHoi 2eoepacpiuHoi oceimu i kKapmozpadpii. 2024. Bun. 40. C. 45-50. https://doi.org/ 10.26565/2075-1893-2024-40-05

In cites:. Reshetchenko, S., Dmitriiey, S., Bozhedai, I., Zhemeroy, A. (2024). Mapping meteorological phenomena: a case study of fog in the Kharkiv region. The problems
of continuous geographical education and cartography, (40), 45-50. https://doi.org/ 10.26565/2075-1893-2024-40-05 (in Ukrainian)
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Bceryn. Kaprorpadiuni TBopu [JaroTh 3MOry Bif-
TBOPIOBATH 06pa3u peasbHOI0 CBiTY onocepeKOBaHO
yepes Horo MaTepiajibHi 06pa3u y BUs/i reorpadiu-
HUX KapT abo pi3HUX KapTorpadiyHUX 306paKeHb.
KapTtorpadyBaHHs sBJIIE CO00I0 KOMILJIEKC POOGIT 3i
CTBOPEHHS KapT, L0 XapaKTepU3yeTbCA LIIAMU Kap-
TorpadiyHUX [AOCAi[IKeHb, TEXHIYHUM OCHALIEHHSM,
MeTOZaMU BUKOHAHH{, OpraHisani€ero Ta JOCATHYTUMU
pesysibTaTaMu. 3a1eXHO Bifi 3MicTy, 1110 BiZjo6paka€eTh-
cs1, po3pis3HAITh Tonorpadiuni, 3arasbHoreorpadiuni
Ta TeMaTU4HI KapTH.

TemaTuuni kapTu Bifo6pakaroTb reorpadiyHi
006’€KTU 3aJIEXKHO BiJi KOHKPETHOI TeMU i BUPI3HAOTb-
cs1 pisHOMaHITHIicTI0 3MicTy [1-6], IKUI MOXHa po3fi-
JIUTU Ha /JiBl YaCTUHY, Jile KOXKHaA 3 AKUX BUKOHYE CBOE
cnenydiyHe Npu3HaYeHH MiJf Yac BUKOpUCTaHH4. Tak,
Jl0 IlepuIoi YaCTHHU BiIHOCATLCS 306paXkeHHS SIBUILA,
110 BU3HAYa€ CHelia/bHUNM 3MICT TeMaTH4YHOI KapTy,
HalpHKJIaZ, Ha MeTe0oPOJIOTiuHiN kapTi aTMochepHOro
THCKY MOBITPSI MOXHA M06a4UTH i306apu, GoHOBe MO-
dapbyBaHHA Mix i306apaMu i CTpiJKY, 110 BKa3yHOTh
HalpsAMKH BIiTpiB.

TemMaTn4yHi KapTy, K NpPaBUJIO, MOXKHA IOLIIATH
Ha /Bi rpynu: Ha KapTHU NPUPOJHUX ABuUl (Pisuko-re-
orpacdiuHi) i kKapTu conianbHUX ABULY] (COLiaIbHO-EKO-
HoMiuHi). KapTu rifpoMeTeopoJsioriyHux siBUIL, BijHO-
CATb [0 KapT NPUPOJHUX ABHUIY — TeMaTUYHUX KapT,
1110 OXOILIIOKTDb YCI KOMIIOHEHTU IPUPOJHOT0 Cepeso-
BUIIIA Ta IXHI KOMOiHaLil.

KapTu npupoaHux ABUIL PO3NOAIAIOTE HA BeJIUKI
6JI0KH, OAHUM 3 SIKUX € KApMmu Memeopo102i4Hi i kaima-
MUuYHI — KapTy KJIIMaTOYTBOPIOWYUX YUHHUKIB, Tep-
MiYyHOro, 6apUYHOr0, BITPOBOTO PEXUMIB, XapaKTepy
3BOJIOKEHHSI TepuUTopii, aTMocPepHUX sIBUI, aTMOC-
¢depHUX NpolieciB i noroAy, KJiMaTUYHOTO pallOHyBaH-
HA TOLIO.

AtmocdepHi sABMIA Bce 4YacTille NPUBEpPTAOTh
yBary JOCHAiJHUKIB, OCKIJIbKM B YMOBaX NMOCTiHHOI 3Mi-
HU KJIiMaTy Bifi0yBa€eTbCs 36iblIeHHS KiJIbKOCTI HaJ-
3BuyaiHux (Hf) Ta cTuxiliHUX riipoMeTeoposoridyHUX
sasuuy (CT'4) [7-8].

KapTtu rizpoMeTeoposioriyHUX SBUL BifirparThb
BaXKJIUBY POJib y 3ab6e31e4yeHHi 6e31eKH HaceleHHs, 60
Ha/lal0Tb YABJIEHHA PO XapaKTep, iHTEHCUBHICTb Ta
NepioJUYHICTb MOXKJ/IMBUX 3arpo3 /11 KOHKPeTHOI Te-
pUTOPIl i € OCHOBOIO /11 NPOTHO3YBaHHA IMOBIPHOCTI
BUHUKHEHHH LIUX ABULL.

JocnipkeHHS NMPOCTOPOBO-4acOBOTO PO3MOAIIY Ti-
JPOMETEeOpOJIOTIYHUX ABUILL, a TAKOXK KiJIbKiCHa OIjiHKa
WMOBipHOCTI IXx BUHUKHEHHS, Pa30M 31 CTBOpEHHSIM Kap-
TorpadiyHUX MaTepiasiB Ha OCHOBi oTpuMaHoi iHpoOp-
Matii npo 1i ABUIla, € HEOOXIJHUMHU [/ OL[iHKU Tepu-
TOpiaZIbHOT0 PU3UKY BUHHUKHEHHsI HaJ[3BUYalHUX NpH-
poJHUX cuTyauiid. Kpim Toro, 11i JaHi BUKOPHUCTOBYOTbHCS
JIJ15 pO3POOKH 3ax0/IiB, CIPSIMOBAHUX Ha HeWTpaJtizaliiro
Ta [IOM’SIKILIEHHS1 HEraTUBHUX HACJIiJKiB [JUX SBUILLL.

MeTo0 AOCIiAXKEHHSI € BUBUEHHS 0COGJIUBOCTEN
kapTorpadyBaHHs MeTeOPOJIOTIYHUX fABUI Ha NpPU-
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KJaAi TyMaHiB Ha TepuTopii XapkiBcbkoi o6JacTi 3a
nepioz 1996-2020 pp.

Buxiaui nepegymoBu. KaptorpadyBaHHs MeTeo-
pPOJIOTIYHUX NOKAa3HUKIB [03BOJISIE€ NIPOBECTHU MPOCTO-
pOBUH aHAaJi3 JOCTiAKyBaHUX eJleMeHTIB a60 ix KoMII-
JIEKCiB, Hala€ MOXKJIMBICTb 3pO3yMITH MaclITaGHICTb
MPUPOJHUX IPOLECIB.

Hapasi HalvacTime kapTorpadyoTb MNOKa3HUKH
KIJIBKOCTi, TPUBAJIOCTI TiJpOMETEOPOJIOTIYHUX SABUILL
Ta JOCATHEHHs1 HeGe3NeyHUX 3Ha4yeHb, Jle KapTorpa-
¢iuni TBopu MoxHa kKjaacudikyBaTH 3a JBOMa OcC-
HOBHUMU O3HaKaMHU:

1) cipsiMyBaHHSIM TeMaTUYHOI0 KapTorpadyBaHHs
Hebe3MeyHUX PUPOJHUX SABUILLL;

2) MpOCTOPOBUM OXOIJIEHHSIM TepuTOpii, 110 Bimo-
OpakaeThCs Ha KapTi.

[lepmy rpyny KapT MOXXHa INOAUIMTH Ha TaKi rpy-
IIM: KapTH PeXXMMHUX NOKa3HUKIB Heb6e3MeYHUX sIBUILL;
KapTu ocepeJiKiB BUHUKHeHHs Ta ¢ikcalii HebGe3mney-
HUX SIBUILI; KapTH, SKi BiJo6paKaroTh 3aMofisHy IIKO-
Jly HeGe3NeyHUM NPUPOJHUM SBUIAM; KapTH OLiHKU
MOXKJIMBOI KO, HeGe3MeKH Ta PU3UKY, UMOBIpHOCTI
BUHUKHEHHsI Hebe3NeuHUX NPUPOJHHUX SBHULL,

Kapmu pesxcumHux Xxapakmepucmuk He6e3ne4Hux
sAeuw MpeJcTaB/eH] KapTaMU IOBTOPHOBAHOCTI, IHTeH-
CUBHOCTI fIBUI Ta CTBOPIOIOTHCA 3 METOI0 HAyKOBOIO
BUBYEeHHS, 3ab6e3Ne4eHHs CyIPOBO/Y MOHITOPUHIOBUX
3aB/laHb, OCKLJIbKM BOHM BifjoGpakaloTbh 06JiacTi, ae
HallyacTille BifOyBalTbcs Hebe3NeyHi SABUIA, IXHIO
MaKCHMaJIbHY iIHTEHCHUBHICTb.

KapTy noBTOpIOBAHOCTI HaZlal0Th 300paXkeHHA 3a-
KOHOMIpHOCTeH! MNOLIMpeHHs BUNAAKIB HeOGe3NeYHHUX
SIBUIL Y IPOCTOPI, Yyaci Ta BUKOPHUCTOBYIOTb GaraTopiy-
HUH psii MeTEOPOJIOTIUHUX TOKA3HHUKIB.

11 Bijo6pakeHHsI PEXXUMHUX XapaKTepUCTUK He-
6e3MnevyHUX SBUIL HAa TAaKUX KapTax HalyacTille 3acTo-
COBYIOTbCS: KiibKicHUM QOH y MoeAHAHHI 3 i30/1iHIAMY;
KapTorpaMud Ta KapToZiarpamMu (mpu Bigo6paxkeHHi
MOBTOPIOBAHOCTI HeOe3NeYHUX SBHUIL] M0 OAUHHULSAX
aZMiHicTpaTUBHOTO Mofiny); skicHu#M ¢oH (nmpu au-
depeHnnianii TepuTopii 3a YacTOTO BUHUKHEHHS Ta
iHTeHCUBHICTIO Hebe3MeYHUX SIBUIN); CrOci6 3HAYKIB
i IKa/s YMOBHUX 3HaKiB NMPU BiloOpa*keHHi iHTeHCUB-
HOCTI Ta eKCTpeMa/IbHUX XapaKTePUCTUK SBUILL.

Kapmu micyb ¢ikcayii Hebe3neuHux s8uuy CTBOPIO-
I0TbCA K 3 BUKOPUCTAHHAM JaHUX PO NPOCTOPOBY,
THUMYacoOBY JIOKaJsi3aLilo ABUIL 3a JAHUMHU TijpoMeTe-
opoJsioriyHoi Mepexi, Tak i Ha ocHOBi iHpopmaliii, oT-
pUMaHoOi iHIKMMHU crioco6amu (3a gaHumu /133, Bifg ove-
BU/ILIiB MO/Jilf, 3ac06iB MacoBoi iHpopManii).

KapTu uiel rpynu MoxyTb MicCTUTH abo onepaTHUB-
Hy iHdopMariito, abo apxiBHi AaHi npo 3adikcoBaHi 3a
Oy/b-sIKMI MPOMIXOK Yacy siIBUIIla Ta HaJal0Th BiJJOMO-
CTi /11 BUBYEHHA [I0BTOPIOBAHOCTI, BUMaralmThb pery-
JIIPHOTO OHOBJIEHHH.

Kapmu wkoodu, 3anodisiHoi He6e3neyHuUMu a8uwamu,
BiZloOpakaloTh KiNbKiCHI Ta sIKiCHI XapaKTepUCTHUKU
3aBJlaHUX 30UTKIB. B IKOCTi BUXiJHUX OAaHUX BHUKO-
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PUCTOBYIOTH BiZJOMOCTI, OTpPUMaHI i/l 4ac NpoBeJeHHs
o6cTexxeHb paloHiB, y IKMX CIIOCTepirajavcs HaJ3BU-
yaitHi cuTyauii.

3a3BMYall Ha TaKUX KapTax Bifo6paxarTbCs IO-
Ka3HUKM eKOHOMIYHOI, eKOJIOTiYHOI IIKOAHU, BiJoMOCTi
PO KiNBKiCTh JIIOACHKUX )KepTB. IHpopMallis npo 3aB-
JlaHy LIKOJY NMOKa3yEeTbCS BiZJIOBIHO 10 TepUTOPiab-
HUX OJUHULb (afMiHiICTpaTUBHO-TEPUTOPiIaJbHOIO
MOJiJly TOIL0), OCKiJIbKU JaHi BUKOPUCTOBYIOTBCS A5
niJ[paxyHKy Ta KOMIeHcalii 36UTKiB.

Kapmu Heb6e3neku, pu3uky ma timosipHocmi 8UHUK-
HEeHHs1 Had3su4aliHux cumyayill, 8UKAUKAHUX Hebe3ney-

HUMU npupodHumu Aeuwamu, ad mako;ic Ol,{iHK'U MOHCAUBOT

WKOOU € OCTATHBO MOIIUPEHUMHU, OCKIJIBKY GiJIbIIICTh
JOCJIP)KeHb NPUCBSAYEHA OLIHLi PU3UKIB BUHUKHEHHS
Hebe3MeYyHUX SBUII, MOXKJIUBOI COIlia/IbHO-eKOHOMIYHOT
Ta eKoJIoriuHol KoY BiZ HUX. OCHOBHE MpU3HAYEHHS
ix mosisirae B indpopmaniiHOMy cynpoBo/ii 3aB/IaHb MPo-
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rHO3YBaHHs Hebe3MeYHUX ABUIL Ta MOXJMBUX Ha/I3BU-
YallHUX CUTYalill IPUPOJHOTO XapaKTepy.

BoHM aKTHBHO BHUKOPHCTOBYIOTbCS KOMIAHISIMU
IpU CTpaxyBaHHI 06’€KTiB, 1110 3HAXOAATbCSA Y 30HAX
NiZIBUILEHOTO pHU3UKY BUHHUKHEHHs Hebe3NeYHux
ABUIL. BapTo 3a3HaYMTH, 1110 KapTH L€l rpyny Halyac-
Tillle HOCATb KOMIIJIEKCHUN XapaKTep, Jie MOINpPeHUM
€ palloHyBaHHS TePUTOPill.

[Ipu Bino6pakeHHi pU3UKy BUHUKHEHHS Hebe3ney-
HUX NPUPOJHUX SIBUIL HaWyacTillle BUKOPHUCTOBYIOTb
Taki cnocobu kapTorpadiyHOro 306pakeHHs, IK Kap-
TOTpaMU, KijibKicHUM 1 skicHu#M ¢oH. Bubip cmocoby
3aJIeXKUTD Bifi TUINIB XapaKTePUCTHK, 1[0 ONUCYIOTh PU-
31K, iIMOBIpHICTb SIBUIlIA YU HAA3BUYAWHUX CUTYALlill.

Jlpyra rpyna kapT (KapTH IpOCTOPOBOI'O OXOIJIEH-
Hsl TepuTopii) XapakTepusye HebesNeuyHi fABULA Ha
Pi3HUX IPOCTOPOBO-iEpapXiYHUX PiBHSAX: [NI06ATbHOMY
(cBiTOBOMY) piBHi, OKpEMUX KOHTHHEHTIB a60 YaCTUH

no 20 25 30

KINbKICTb OHIB 3 TYMAHOM Y XAPKIBCbKIV OBMACTI
(1996-2020 PP

1:1 500 000

/ Cmbouﬂuchke

YMOBHI NO3HAYEHHA

® MeTeocTaHLii
CepeaHbOpPiYHA KiNbKICTb AHIB 3 TYMaHOM

40 45 noHag

Puc. 1. Kinvkicmb 0Hie 3 mymaHoM, Xapkiecbka 064. 1996-2020 pp. /
Fig. 1. Number of days with fog, Kharkiv region 1996-2020
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TPUBAJICTb TYMAHIB Y XAPKIBCbKI/A OBMACTI
(1996-2020 PP.)

1:1 500 000

YMOBHI MO3HAYEHHA

@ MerTeocTaHuii
CepeaHbopiyHa TpMBanicTb TyMaHiB (roavH)

Ao 100 140 180 220 260

300 noHag

Puc. 2. Tpusanicmb mymauis, Xapkisecvka 064. 1996-2020 pp. /
Fig. 2. Duration of fogs, Kharkiv region 1996-2020

cBiTy (MakpoperioHanbHOMYy) piBHi, okpeMux KpaiH
(HauioHa/NbHOMY), a TAKOX peTioHIB ycepeAuHi KpaiH
(perioHasbHOMY).

KapTorpadyBaHHs nomupeHHs Heb6e3NeYHUX NpU-
POJHUX fIBUL HA 2/106a/1bHOMY pISHI J03BOJISIE OT-
pUMyBaTH Hao4yHy iHdopMallito npo 30HU, HAUOLIbII
CXWJIbHI 10 BIJIMBY HebGe3NneYHUX NPUPOJHUX SIBUIL, i
Ha/i3BUMYalHI cuTyalil NpUpoJHOro XapakTepy, 1[0 Ma-
I0Th 3HAaYHUH eKOHOMIYHUH, COLliaIbHUH, eKOJIOTIYHUH
BILJIMB Ha CBIiTOBY cnisibHOTY. Taka iHopmarliis Moxe
BUKOPHCTOBYBATUCS 3 METO MiXKHapoJHoro (y ToMy
YHCJi HAyKOBOr0) CHiBpPOGITHUIITBA B rajiy3i mporHo-
3yBaHHs, INOIlepe/>)KeHHsA CTUXIMHUX JIMX Ta NOM SK-
LIeHHS HeraTMBHUX HacCJiJKiB Bif Hux. CTBOpeHHH
KapT He6Ge3MeYHUX NPUPOAHUX SABUILL Ha IJI06aIbHOMY
piBHI BUMarae Mi>kKHapoZHOI HAYKOBOI B3aEMOZ|I 111010
00MiHY JaHUMHU Ta MeTOJMKaMU KapTorpadyBaHHs.

KapTorpadyBaHHs nomupeHHs: Heb6e3NeYHUX NpU-
POJHUX SIBUIL HA MAKPOPE2IOHA/AbHOMY Md HAYIOHAb-
HOMY pigHsIX IPOBOAUTBLCS CaMe B MaclTabaX OKpeMHUX
KpaiH Ta ix rpymn. lle roJlOBHUM YMHOM IOB’3aHO 3
61711010, Hi>K HA IHIIUX TPOCTOPOBO-iEpapXiyHUX PiB-
HAX, KiJIbKicTIO BUXigHOI iHopMmarii aus kapTorpady-
BaHHA HeOe3Me4YHUX sIBUIL

KapTu mnoumurpeHHs Hebe3neyHUX MNPUPOJHUX
SIBUII HA perioHaJbHOMY piBHiI MalOTb MeBHi 0CO6/IU-
BOCTi: Hebe3MeuHi fBUIA € MOAIIMU piJiKicHOi MOB-
TOPIOBAHOCTI, YaCTO MacuB JaHUX Npo 3adikcoBaHi
BUINAJKW HEeJOCTAaTHIM JJis1 BUSABJEHHS OyJb-IKUX
3aKOHOMIpHOCTeH IXHbOTO NPOCTOPOBOTO PO3MOJINY;
6araTo BUMa/JKiB HebGe3MeyHUX sBUIL He QiKCYEThCSA
rijpoMeTeopoJIOTiYHOI0 Mepexelo yepe3 iX BiZIHOCHO
HeBeJIUKY rycToTy. OTXKe, KiJIbKiCTh KapTorpadiuHux
MaTepiaJiB 3a TeMaTUKOI HebGe3NeyHUX rijpoMeTeo-
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POJIOTIYHUX ABULL HA perioHaJIbHOMY PiBHI TOPIBHAHO
HeBeJIMKa.

Bukiiag, ocHoBHOro marepiajsy. OCHOBHUMHU Ja-
HUMU, IKI BAKOPUCTOBYBAJIUCA Yy JAaHOMY JOC/IKEHH]
Oy/IM KJIIMATOJIOTiYHI psAiu cepeiHiX MiCSYHUX MOKa3-
HUKIB KIJIbKOCTI, TPMBaJIOCTI TYMaHiB Ha MeTeOCTaHLi-
sax XapKiBCbKoi 06.J1acTi.

CTaTUCTUYHUI MEeTO/ J03BOJIUB OTPUMATH 6araTo-
pi4yHI XapaKTepUCTUKHU KiJIBKOCTI Ta TPUBAJIOCTI TyMa-
HiB Ha TepuTopil XapkiBcbkoi 06.1acTi 3a nepiox 1996-
2020 pp., 110 @€ MOXJIMBICTb BCTAHOBUTH 3aKOHOMIp-
HOCTI iX po3nofiny no Teputopii periony (puc.1, puc.2).
MaxkcuMasibHa KiJIBKICTh JHIB 3 TYMaHOM € XapaKTep-
HOW JJisg 3axijHuxX paioHiB o6sacti (MeTeocTaHMil
Kosiomak i KpacHorpaz) Ta micta XapkiB, 3Bakatouu Ha
Horo HalGiJbIy aHTPOIOTeHHY HAaBaHTAXKEHICTh.

Y cxipgHilt yacTUHI TepUTOpii NPOCTEXKYETHCA LIU-
POTHUI XapaKTep Y PO3MOJiJi cepeJHbOPIiYHOI KiJIbKO-
CTi AHIB 3 TyMaHOM i cTaHOBUTH 20-25 HIB Ha pik.

XapaKTepHOW 03HAKOK € MOCTYNOBe 3MeHLIeHHS
KIJIbKOCTI TYMaHiB 3 Ci4YHfl [0 TpaBeHb. 3 CepIHSA IO
IpyAeHb HaBNAKU BiZiOYyBa€Tbcs 36i/blIeHHS KilbKO-
CTi AHIB 3 TyMaHOM, [Jie B MepIIUN Micsalb 3UMU CIIO-
CTepiraeTbcad MaKCUMaJlbHe 3Ha4eHHS JJHIB 3 TYMaHOM
(8 muiB). 3arasioM 3MiHa TyMaHiB Ma€ YiTKUW piyHUHN
XiZi: HaWGINbUI YacTUM Iie sBUIE € Y 3UMOBI Micsli
(noBToOproBaHicTb 16%), a 3 TpaBHA N0 ceplieHb QiKcy-
€Tbcst 1 no6a 3 TyMaHoM (moBTOproBaHicTh 3%).

BcranoBisieHo, mo y 2020 poui Ha 6isnbiiocTi Te-
puTopii cnocTepirasacs HallMeHIIA KiJbKiCTb JHIB 3
TYMaHOM 3a BecCb Iepioj fgocaifxeHHd. Jlulne Ha Me-
TeocTaHlii Kym'sHcbk MiHiMa/bHe 3HayeHHS TyMa-
HiB cnoctepirasoca y 2011 poui, Cio60kaHCbKe - y
2019 poui, boroayxis -y 1996 poui
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Po3nogain TpuBasiocTi TyMaHiB aHasOTiYHUH 10 PO3-
MOJiy cepefHbOI IX KIJIbKOCTI: TPUBAJIICTb TYMaHiB 3
BepecHs 10 IPyAeHb 3011bIIYETHCA Ha BCill TepuTOpii, 3
Ci4H# 110 KBiT€Hb BOHA IIOCTYIIOBO 3MEeHUYEThC. Y 3U-
MOBi Micsli pa3oM 3i 36ibllIeHHSIM AHIB 3 TYMaHOM,
36iJbIIYETHCA IX CyMapHa TPUBAJICTb. Y BECHAHO-JIIT-
Hill nepios TpUBaMiCTh KOJUBAETbCA Yy Mexax Bif 1 f0
22 ropuH (MeTeocTtaHliss KpacHorpan), BoceHu - Bif 4
(meTeocTtanuis Benukuit Bypayk) go 47 rogus (MeTe-
octaHList KpacHorpan).

Ha 3axomi Teputopii (MeTeocranuii Kosomak
Ta KpacHorpas) TpuBajsicTh Ha piK CTaHOBUTH
289-300 roguH, Ha cxoai (MeTeocTaHLis Kyn'sHcbk) -
107 roauH, Ha niBHOYi — A0 195 roauH. BcTaHoBJIEHO,
10 HaWbisblia TpUBaJicTh TyMaHiB 3adikcoBaHa y
2019 poui Ha 6inbiIOCTI TepUTOPii, 32 BUHATKOM Me-
TeocTaHLin 3osouiB, Kyn'suebk (2010 p.) Ta Beaukuit
Bypayk (1999 p.), a HailiMeHIla piuHa TPpUBAJICTh He-
Mag€ 4iTKOI 3aKOHOMIpHOCTI pO3IMoAiy.

[IpocTopoBuUil aHaMi3 AOCTIKYBaHUX MOKA3HUKIB
nepeBaKHO Ma€E MepHU/lioHaJIbHUN XapaKTep po3NoAiay
(puc.1, puc.2).

BHUCHOBKM. BcTaHOBJIEHO, 1[0 KapTU PeKUMHUX
MOKAa3HUKIB Ta Miclpb ¢ikcalii € momupeHUMHU, OCKiJb-
KU BUKOPHCTOBYIOTb LIMPOKY 6a3y apXiBHUX JlaHUX Ta
riZipoMeTeos10riYHOI Mepexi Ta MaloTh K HayKOBe, TaK
I MOHITOPpUHTOBE 3HaUYEHHS.

[To6ynoBaHi kapTorpadiuHi TBOpU KiJbKOCTI Ta
TPUBAJIOCTI TyMaHiB Ha TepuTopii XapkiBcbkoi 06-
aacti Bifo6GpaxkaroTh MPOCTOPOBI 0co6GMBOCTI iX
posTaulyBaHHd, Je MaKCHMaJbHa NOBTOPIBAHICTb
Ta TpUBaJiCTh PiKCYETbCA B OCIHHbO-3UMOBUU Ie-

pioz.
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MAPPING METEOROLOGICAL PHENOMENA: A CASE STUDY OF FOG IN THE KHARKIV REGION

The purpose of this article is to study the meteorological phenomena mapping, focusing on fog occurrences in Kharkiv
region during the period of 1996-2020.

Basic material. Mapping of meteorological phenomena is a key tool for visualizing and understanding of complex
atmospheric processes. It allows us to represent the spatial distribution of meteorological phenomena visually, to analyze
them and identify future trends. The particularity of fog mapping lies in establishing relationships between the geographical
and climatic characteristics of the region. This information holds practical significance in developing measures to manage
risks associated with weather phenomena, ensuring the safety of the population and the economy. Factors influencing the
climate of Kharkiv region include its distance from large bodies of water and the flatness of its terrain.

The results of fogs study show that it is possible to identify the main physical and geographical factors influencing fog
formation processes: orography, the nature of the underlying surface, the presence of water bodies, and the temperature
regime of the area.

Using the ArcGIS GIS package, we were able to draw maps of multi-year indicators of the number of foggy days during
the period of 1996-2020 and by seasons, fog duration during the period of 1996-2020 and by seasons. Cartographic works
allow us to identify spatial-temporal characteristics of the meteorological phenomenon’s distribution, providing additional
advantages compared to other forms of presenting model results, such as tables or lists.

Conclusions and further research. In the context of climate change, there is an increase in the number of extreme and
natural hydro-meteorological phenomena, which result in significant material losses. Fog affects a wide range of economic
sectors. Therefore, maps of hydro-meteorological phenomena are an important component ensuring population safety as
they provide an understanding of the nature, intensity, and periodicity of potential threats to a specific area.

A distinctive feature of the million-strong city of Kharkiv is the likelihood of smog-fog occurrences, which possess an
elevated carcinogenic effect. To analyze smog phenomena, it is necessary to consider numerous meteorological factors,
such as wind speed and direction, sky conditions, temperature regime, presence of atmospheric precipitation, and the
degree of urbanization. Therefore, the aim of further research is to study the conditions for the formation of smog and
methods of their mapping.

Keywords: climate change, cartographic works, meteorological phenomena, fog, Kharkiv region.
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fenioeHepreTnUHi pecypcu YKpaidm 3a 1990 - 2020 pp.

Mertoto faHoi cTaTTi € OLiHKa NOTEHLiany renioeHepreTMYHMX pecypcis YKpaiHu AnA BU3HaYEHHA NepcneKkTUB 3acTocy-
BAHHA NPUPOAHNX Axkepen eHeprii 33 1991 - 2020 pp.

OCHOBHMIA matepian. B ymoBax Cy4yacHOI 3MiHM KNiMaTy BaXK/IMBOrO 3HaYeHHs HabyBae eHepreTMyHa HesanexHicTb
HaLWOi AepKaBy 3 BUKOPUCTAHHAM aNbTEPHATUBHMX BiZLHOBOBAHMX AKEPEN eHeprii, Lo BU3HA4YatTb EKOHOMIYHY A0L,iNb-
HiCTb iX 3aCTOCYBaHHA B €Heprono3sanexHux ranysax eKOHOMIKM Ta pisHUX cdepax AiANbHOCTI NOACTBa.

[Ons uboro cbopmoBaHa 6a3a faHUX OKPEMUX CKNAL0BMX PaAiaLiiHOTO pexMmy 3 BUKOPUCTAHHAM apXiBy cnocTepe-
YKE€Hb METEOPO/IOriYHOI i aKTMHOMETPUYHOI Mepexi LieHTpanbHoi lfeodisnyHoi O6cepsaTopii imeHi bopuca CpesHeBCcbKoro
LCHC Ykpaitu. MNpy oTpMMAHHI iX NPOCTOPOBO-Y4acOBOrO PO3MOAiNY BUKOPUCTAHO METOAM MATEMATUYHOI CTaTUCTMKM Ta
KapTorpadii.

MpeacTaBneHo cnewjianizoBaHi NOKa3HUKM KNIMATUYHUX PECYPCIB reflioeHepreTMkM AN OKPEMUX aKTMHOMETPUYHMX
i METeopPO/IOriYHMX CTaHLiM KpaiHW. 3rigHO L0 3MiHWM CKNafOBMX pafialifiHOrO PeXUMy HaBEAEHO 3HAYEHHS LyX MOKas-
HuKiB 3a: 1991 - 2000 pp., 2001 - 2010 pp., 2011 - 2020 pp. Bu3HayeHO BHECOK NPAMOI COHAYHOI pagiaLlii y CymapHy 3a
KBiTEHb - BepeceHb, BHECOK CYMapHOi pajiaLii 3a KBiTEHb - BepeceHb Y pPiuHy Cymy. Ha OCHOBI MOHITOPUHTY MOTOKIB KOPOT-
KOXBMNbOBOI pafiaLii npeacTaBneHo 36iNblIEHHS TPMBAAOCTI COHAYHOTO CAMBA Ta CYMapHOi COHAYHOI paaiaLlii npoTarom
nepioay AOCNiAKeHHSA. HaBeaeHo ix MpoCcTOPOBO-4YacoBMI PO3MOAIN i BCTAHOBNEHO MOMK/IMBOCTI 3aMpoBaAKEHHS pecypcis
refioeHepreTMKM 3a YMOB 3POCTaHHA PIYHOI CYyMM TPMBANOCTI COHAYHOrO caiiBa Buuie 2000 rog, i piyHOi cymn cymapHoi
COHAYHOT pagjaii noHag 4000 MOx / m2.

BMCHOBKM. Y CTaTTi OTPMMAHO NOCTYNOBe 3pPOCTAaHHA NOTEHLiaNy pecypcis renioeHepreTMkn B YKpaiHi.

KntouoBi cnoBa: 2esioeHepeemuyHi pecypcu, cknadosi padiauiliHo2o pexcumy.
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Bun. 40. C. 51-57. https://doi.org/ 10.26565/2075-1893-2024-40-06
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Beryn. /lMHaMiyHUM PO3BUTOK CBiTOBOro roco-
JlapcTBa B yMoBax Ivio6asisalii BU3HavYa€ picT NONUTY
Ha pi3Hi pecypcy, 30kpeMa HeTpaUulliliHi. AKTyaIbHOO
€ npo6sieMa o6MexXeHHs 3alaciB, TepUTopiaibHOI He-
PIBHOMIpPHOCTI eHepreTU4HUX pecypciB. [ljia cranoro
PO3BUTKY eHeprosaJieXXHUX rajaysei eKOHOMIKHU cTpa-
TeriyHui XapakTep Ma€E eHeproouia/iHicThb, BiIHOBJIIO-
BaJIbHI JpKepeJsia eHeprii. EHepreTnuHa He3asexHICTh
3yMOBJIEHA PO3BUTKOM reJlioeHepreTUKH, BiTpoeHep-
reTUKH, Ti[poeHepreTUKY, 3aiiHHA GioMacu, 3acHo-
BaHUX Ha NpUPOAHOMY noTeHLiasti. COHAYHA pajiaLig
He WKOAUTH JAOBKI/LIO, € KJIIMAaTUYHUM Pecypcom, Lo
BMBYalOTh B €Bpomi, AMepunyj, cBiTi. BoHa 3acTtocoBy-
eTbea y 3axifgnil, Cxiguitt €Bponi (Hopserii, LlBenii,
Qinnaungii, HimeuunHi, [laHii Too), cTaHOBUTb KOJIO
20 % esiekTpu4HOI eHeprii. /o BUBYeHHA CKJIAJIOBUX
pajianiiHOro peXxuMy 3ajydyeHo reocTalioHapHi Ta 1no-
JISIpHi 0p6iTasbHi CynyTHUKU. B anbTepHaTUBHIN eHep-
reTUL, NepcreKTUBi I BIPOBa/»KeHH 3alliKkaBJieHi BU-
POGHUKU TexHoJIoriH [1-4, 6].

BuxigHi nmepeaymMoBu. PeHTabesbHiCTb COHSY-
HUX eHepreTH4yHux ycrtaHoBok (CEY) Bu3sHauaeTbcs
pPEeXUMOM i MIiHJIMBICTIO KOMILJIEKCY Teiodi3ndyHux
rapaMeTpiB, 30KpeMa XapaKTepUCTUK CKJIAZ0BUX pa-
JianifiHoro pexumy. [lis ojiHKU rejlioeHepreTUYHUX
pecypciB cayryroTb IeBHI KpUTepii, 30KkpeMa cyMap-
Hoi cOHsIYHOI pajialii, TpUBaIOCTi COHAYHOTO csiiBa
(TCC). 32 1991 - 2020 pp. icTOTHO 3MiHUIOCH HAAXO-
JoKeHHA KOPOTKOXBUJIbOBOI pafialil, yepe3 mpoxon-
>)KeHHS Kpi3b 3eMHy aTMocdepy U aTMocdhepHy Lup-
KyJLio.

MeToO10 CcTaTTi € OLiiHKa re/lioeHepreTUYHOro Io-
TeHLiany Ykpainu 3a 1991 - 2020 pp. y pagianiiiHo-Te-
IJINH nepios poky (KBiTEeHb - BepeceHb) i3 BU3HAUEH-
HAM MOXJIMBOCTI 3anpoBapkeHHs CEY gia orpumMan-
Hf Ta HAKONIMYEHHA eJIeKTPUYHOI eHepril.

ISSN 2075-1893(Print)  ISSN 2409-3173(Online)

CdopmoBaHa 6a3a JaHUX OKPEMUX CKJIaZ0BUX pai-
anifiHoOro pexxuMy 3a apxiBoM METEOPOJIOTIYHOI i aKTH-
HoMmeTpudHoi Mepexi LII'O iM. bopuca Cpe3HeBCcbKOTO
JACHC Ykpainu. [lpy oTpuMaHHI iXx NpocTOpOBO-4aco-
BOT0O PO3MNOAINTYy BUKOPUCTAHO METOAU MaTeMaTU4YHOI
CTaTUCTUKHU Ta KapTorpadii.

Buksiag, ocHoBHOro marepiajuy. JloniibHiCTb po-
6otu CEY BH3HAuawoTh 3a crelniaji3oBaHUMU IOKa3-
HUKaMHU KJIMaTU4YHUX PecypciB, 3TiHO 3 AKHUMHU 3a
cydyacHuM mnepiof 36inpunnace piuHa TCC, 3o0kpema
cepefHs piyHa Kinbkictb nmoHag 2000 rog, i cymap-
Ha COHfIYHA pajialis, 30KkpeMa cepeJHA pidyHa MOHAJ,
4000 M / M? cepesus g060Ba cyMa cyMapHOI pa-
Jianii 3a pagianiiHo-Tenuuit nepiog poky [3]. [cToTHO
3pic BHECOK NpPAMOI COHAYHOI pajianii y cyMapHy Ta
BHECOK CyMapHOI 3a KBITeHb - BepeceHb Yy PiuHy CyMy,
110 3yMOBJIIOE 30i/IbllIeHHS MOTEHIiaNy pecypciB re-
JlioeHepreTUKU. 3MeHIlIeHHd iX NoTeHIia/ly BU3HAYae
36isblIeHHs: KoedillieHTY Bapianil piuHUX cyM cymap-
HOI paZialil, cepeHbOI piyHOI KIJILKOCTI 3arajibHOI Ta
HU>KHBOI XMapHOCTI, KisibKOCTi AHIB 6e3 CoHI.

J11 aKTUHOMETPUYHHUX | MeTeOpOJIOTIYHUX CTaH-
Ui YkpaiHM po3paxoBaHi HaWG6iabll 3Hauyyul Xxa-
PaKTEpUCTUKHU TreJliOeHepreTUYHUX pecypcis, 110
3yMOBJIOIOTh JOLINBHICTD 3anpoBafykeHHsa CEY B
Ykpaini: piuHi cyMH HOpaMoi Ta CyMapHOI COHAYHOI
pagianii, TCC, BHecOk cyMapHOI COHAYHOI pajiauii 3a
pagianiiHo-Tenui mnepiog y piuHy cymy (Ta6..l).
B 1991-2020 pp. piuHa cyMa cymMapHOI pajialii 3pocTae
Bi 3635 M/ / M* Ha niBHiuHOMYy 3axozi (KoBesn) 10
4632 M/Jx / mM* Ha IliBgenHomy ys6epexcxi Kpumy
(ITBK) (Kapagar), a Ha cxujax YkpaiHcbkux Kapmat
(Mixrip’st) 36isblLIIEHHST XMApPHOCT] BJIITKY 3yMOBJIIOE
il smenmennsa g0 3155 M/ / M2 Piuna cyma npamoi
pagianii Bapiroe Big 1723 M/l / Mm% Ha niBHiYHOMY 3a-
xozi (Kosesb) mo 2850 M/Ix / m* na I1IBK (Kapagar) i

Tabauysa 1 / Table 1

Iloka3HMKM rejiioeHepreTUYHUX pecypcis 3a 1991 - 2020 pp. B YkpaiHi
Indicators of solar energy resources for 1991 - 2020 in Ukraine

CraHuinA Pqua.‘ cyI\.Aa cymapHST H:I::;M?:)'\:iannp::?/or:c’)):s;(:::), PiyHa TCC, rog, B:;::::\_/ﬂ;\:s:i::clzmza
pagiauii, MOk / m Mk / w2 cymy, %
Mokowwnyi 3886 2015 1937 80
KoHoton 3898 2131 1965 80
Kosenb 3635 1723 1871 79
Bopwucninb 3745 1901 2080 80
Hosa Ywwnusa 3689 1845 1994 77
CBiT10BOACHK 4498 2707 2217 80
MonTtasa 4170 2264 2046 80
Mixrip’s 3155 1433 1627 77
Beperose 3705 1764 1980 76
Opeca 4599 2709 2307 78
Bonrpag, 4693 2724 2353 76
XepcoH 4604 2630 2241 79
AckaHia Hosa 4177 2268 2304 79
Kapapar 4632 2850 - 79
HikiTcbkuii Cag 4544 2716 2305 80
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Halimenma (1433 M/ / M?) - Ha niBAeHHO-3aXiAHUX
cxunax YkpaiHcbkux Kapnat (Mixrip’s). TCC craHo-
BUTb 1870 rog 3a pik Ha niBHiYHOMY 3axozi (KoBesn),
3poctatouu g0 2305 rox y Kpumy (HikiTcbkuit Can),
a y ropax YkpaiHcbkux KapmaT - 3HMXKYETbCA [0
1625 rox (Mixrip’s). Buecok cymapHoi pajianii 3a kBi-
TeHb - BEpeceHb y pPiYHY CYMy AOCUTb PiBHOMipHUM
TepUTOpiaJbHO Ta CTAHOBUTH Bif, 76 % Ha 3akapnaTTi
(Beperose) 0 80 % Ha 6inbIIOCT KpaiHU.

Kpurepiem penrtabenbHocti CEY B YkpaiHi € piuHi
CyMH cyMapHoi coHa4uHo] pagianii Buue 4000 M/Ix/M?,
npsmoi - Buie 2400 M/x / m%, TCC - nonag 2000 rog,
Y 1991 - 2020 pp. icToTHUH BHeCOK cyMapHoi pajianii
3a pajianiiHo-Temaui nepios y piuHy cymy Beze [0
Horo 3HayHOro 3poctaHHd (Maibxe 80 %). 3pocTae piy-
Ha TCC Buuie 2000 rog. [lopiBHaHO 3 1961 - 1990 pp.
3aCBiJUYETbCA PO3UIMPEHHA oL i3 IX NepeBUIleH-
HAM LUX KpUTePiiB.

3a 3 ocranHi 10-piyus BigOyBasuch MOCTYMNOBi
3MiHU HaAXO/JKEHHS OKPEMUX CKJIAZOBUX pajialiiii-
HOT'O pEeXHUMYy: NPAMOI, CyMapHOI COHAYHOI paaianii
Ta TCC maiike Ha Bcill TepuTopii. [IpoTe € nesika He-
CTabibHICTD Yy HAAXOMKEeHHI HaMO6ibLII 3HAYYLIUX
[I0OKa3HUKIB TeJlioeHepreTUKU y JesAKUX perioHax
(Ta6.s1.2). Ha 6inbiiocTi TepuTopii nocTymnoBo 3pocTa-
Jia mpsiMa Ta cyMapHa pagianis,, TCC i3 Hal6inbmInMuU
3HayeHHAMU B 2010 - 2020 pp. Ha niBgHi CrenoBoi
30HU ¥ y KpuMy BOHM 36i/IbLIYIOTHCSA Maike 10 MakK-
CUMaJIbHUX 3HadeHb: 5000 M/Ix / m? asna cymapHoi
i 3000 M/Ixx / M* - /19 IpsAAMOi COHAYHOI pagianii 3a
pik. [loctynoBo 3pocsia TCC npy MakcMMaJbHOMY 3Ha-
yeHHi - 2500 roj. IcToTHO BIJIMBaJa Ha CKJIaJ0Bi pa-
JAianifiHoro pexxumy 3MiHa aTMocpepHOl UPKYIALI,
30KkpeMa Ha 3akapnatTi (beperose), fe ix Haixo1KeH-
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Hs OyJIM Jlelllo HecTabiJIbHUMU; NpOTe B YKpPaiHCbKUX
KapnaTtax (Mixrip’s), HabaMKeHUX 10 3akapnatTs, il
KOJIMBAHHA He BIIMHYJIU Ha IX HaIXO[PKeHHH B OKpeMi
10-piqus.

[IpsaMa coHsA4YHa pajialisg — rojJoBHa CKJIaZ0Ba Cy-
MapHoi. I Ko/iMBaHHSA Ay»*e BIJIMBAKOThL HA MOLIMPEH-
Hf] NOTeHLiany rejioeHepreTUKy B CBiTi. BoHa 3pocia
Maibxe y Bcill Ykpaini 3a 1991 - 2020 pp. pa3oM i3 Kijib-
KICTIO fICHOI, MaJIOXMapHOi MOroAMu 3i 3MiHOK aTMOC-
depHoi nupkynsanii [5]. [lokasHUKOM peHTabesbHOCTI
CEY € moctynoBse 3pOCTaHHs BHeCKy IpAMOI pajianil
y cyMapHy B KpaiHi 3a Micsui pajianifiHo-Temnsoro
nepiony poky okpemux 10-piy 1991 - 2020 pp. i Bia-
HocHO 1961 - 1990 pp. (Ta6.1.3). BHecok npsimoi pafi-
anii y cymapHy 36isbmuBca B 1991 - 2020 pp. mofo
1961 - 1990 pp. 3a TepuTopieto Bix 48 % go 53 %:
V KBITHI BiH 3pocTaB y koxxHOMy 10-pivyyi oo nome-
pennboro Ta fgocdar 61 % Ha miBAHi; 3 TpaBHS — 361/1b-
muBce 10 63 % i BaiTKy gocar 68 % Ha niBAHi. HaBiTh y
ropax Ykpaincekux Kapnat (Mixkrip’s) y kBiTHi-uepBHi
BiH cTaHOBUTb 49 % ¥ NpoJiOBXKYBaB Mi/IBUILYBATHUCH,
He JloCsATalo4yu CcepeIHbOro piBHS Ha GibLIOCTI Tepu-
Topii yepe3 aTMocdepHy LUPKYAALil0 3i 36ijablieH-
HfIM XMapHOCTI Yy BeCHSIHO-JIiTHI MicsAni. Ha 3akapnarTi
(Beperoge) ckJiafjanrch Aelllo BiaMiHHI yMoBU. B okpemi
Mics1i 1iei BHECOK He BiZjpi3HABCS cTabiIbHUM 3POCTaH-
HAM y [IeIKUX perioHax.

3a 1991 - 2020 pp. TCC - xapakTepUCTUKaA HaLXO-
JPKeHHs NpAMol pazianii, IoCTynoBO 3pOCTA€E TEPUTO-
pi€to, yepes 36i/blLIeHHS SICHOI Ta MaJIOXMapHOI MOT0-
AU BHACAI0K 0cob6uBOCTEN aTMOChepHOI LUPKYJIs-
1ii. Piuna TCC 3pocsa: y 1991 - 2010 pp. £o Hait6inbLIol
Ha niB/JHi, nepeBaxxHo y Cteny; B 2001- 2010 pp. - ic-
TOTHO MaiKe Ha noJsioBUHI TepuTopii (Ctem, JlicocTen),

Tabauys 2 / Table 2

PiyHi NOKa3HUKM rejiioeHepreTUYHUX pecypciB B YKpaiHi, ycepeaHeHi 3a 10-piyHi nepioau: cyma
cymapHoi paaianii (Q, Mx/m?), cyma npsamoi paaianii (S, M/I»k/M?), TpPUBaIiCTh COHAYHOTrO CAiBa (T, roa)
Annual indicators of solar energy resources in Ukraine, averaged over 10-year periods: sum of total
radiation (Q, M]/mz), sum of direct radiation (S, M]/m?), duration of sunshine (tO, h)

1991-2000 2001-2010 2011-2020
CraHuia

Q S T, S T, Q S T,
Mokowwnyi 3431 1950 1849 3093 1955 1925 3377 2130 2036
KoHoTon 3609 1858 1897 4019 2218 1948 4065 2317 2040
Kosenb 2853 1465 1878 3059 1729 1854 3228 1976 1882
Bopwucninb 3505 1616 1998 3679 1892 2026 4050 2195 2185
Hosa Ywuua 2825 1604 1883 3069 1848 1963 3271 2084 2124
CBiTN0BOACHK 3386 2245 2277 3503 2446 2118 3944 2851 2258
MonTasa 3396 2065 - 3434 2190 1981 3672 2517 2103
Mixrip’sa 3303 1397 1605 2958 1383 1561 3202 1520 1713
Beperose 3874 1876 2007 3594 1891 1960 3640 1824 1977
Opeca 3682 2532 2293 3858 2712 2324 3778 2883 2303
Bonrpag, 4767 2628 2281 4590 2608 2322 4715 2636 2449
XepcoH 4376 2305 2147 4565 2650 2180 4570 2936 2365
AckaHin HoBa 3850 2055 2236 4514 2230 2276 4168 2480 2399
Kapapar 4782 2662 2291 4883 2979 2400 4925 3000 -
Hikitcbkuii Capg, 4742 2544 2234 4736 2931 2348 4598 2918 -
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Tabauys 3 / Table 3
BHecok npsAMoi coHs19Hoi pajianii y cymapHy (%) 3a paaianiliHo-Teniuil nepio poky
(xBiTeHB - BepeceHb) B YkpaiHi: 1961 - 1990 pp. (1), 1991 - 2020 pp. (1),
1991 - 2000 pp. (I a), 2001 - 2010 pp. (11 6), 2011 - 2020 pp (Il B)
Contribution of direct solar radiation to the total (%) for the radiation-warm period of the year
(April - September) in Ukraine: 1961 - 1990 (I), 1991 - 2020 (II), 1991 - 2000 (II a), 2001 - 2010 (II b),
2011-2020 (IIc)

1|11 [ta]|ue]us] 1 [ 11 [1ta|6[ms] 1 [ 11 116 |ms] 1 [ 11 [11a]me|ims] 1 | 11 [11a[me[ms] 1 | 11 [11a 6] 1ms

Micsiuub
KBireHs I TpaBennb I YepBeHb I Jlunnens I CeprieHb I Bepecenn
TToxormm4i
43]49]44]52]52]49]56]50]57[59]49]57] 55|58 60] 48][57] 53[61]56]50][57] 53] 58[62]51][53]51[55]54
Konoron
44[53]49][54]56]51[59]54][60]62]52]60]59]59]63]51]60]57]62]60]53][60]56[60][63]51[55]54]55]57
KoBeinb
42[48]41]50]53]48]50]46]51[55]48]52]48]51]57]46]51]46]53]52]50]54] 48] 52]60]44]48]39][49]53
Bopucnine

46]49]41]51[55]51]53]49]55][56]53]56] 50]55[63]52]57]53[59]58]54[57]51]57]62]52]53]49]52]57
Hosa Yomns
44]49]42]50[54]49]53]50[55] 54]49]54] 53] 54]55]50][54]51[57]54]53][58] 53] 54[65]52]52]48]50] 56
CBITJIOBOJICHK
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49]50]45]50][56]57][57]53[57]61]55]59] 57| 57[63] 59]60] 56[59]63]59[60] 56]57[68] 58]60] 55[64] 61
Mexrip'st
36[45]37]49]49]38[47] 45]49] 48] 36]48] 48] 48[49]40[51]49]52]51]43]54]47] 56 [60] 40[48] 434951
beperose
44]45]46]50]40]48]50]54]53[42]49]53] 56]58]45]49]53]53[57]50]51][57] 52]60] 59]49]48]48][53] 45
Oneca
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Puc.1. Piuna mpugasicms coHstuHo20 catiea (200) 8 Ykpaini 3a: 1991 - 2020 pp. (a), 1991 - 2000 pp. (6), 2001 - 2010 pp. (8), 2011 - 2020 pp. (2) /
Fig. 1. Annual duration of sunshine (hours) in Ukraine for: 1991 - 2020 (and), 1991 - 2000 (b), 2001 - 2010 (c), 2011 - 2020 (d)
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Puc.2. [losmoprosanicme (%) piuHoi mpueasocmi consuHozo csiiea suwe 2000 200 & Ykpaini y: 1991 - 2020 pp. (a), 1991 - 2000 pp. (6),
2001 - 2010 pp. (8), 2011 - 2020 pp (2)
Fig. 2. Repeatability (%) of the annual duration of sunshine above 2000 h in Ukraine in: 1991 - 2020 (a), 1991 - 2000 (b), 2001 - 2010 (c), 2011 - 2020 (g)
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Puc.3. Piuna cymapna consiuna padiayisa (M/Jxc / m?) 6 Ykpaini 3a: 1991 - 2020 pp. (a), 1991 - 2000 pp. (6), 2001 - 2010 pp. (), 2011 - 2020 pp. (2) /
Fig. 3. Annual total solar radiation (M] / m?) in Ukraine for: 1991 - 2020 (and), 1991 - 2000 (b), 2001 - 2010 (c), 2011 - 2020 (d)

40

45 45 45 45
25 30 35 40 25 30 35 40
T (T T ——

—'NMVV\\D[\OOO\E B MNMVW\OI\OOO\S r

Puc.4. [losmoprosaricms (%) piumoi cymapHoi padiayii euwe 4000 Mo / m? 3a: 1991 - 2020 pp. (a), 1991 - 2000 pp. (6),
2001 - 2010 pp. (8), 2011 - 2020 pp. (2) /
Fig. 4. Repeatability (%) of annual total radiation above 4000 MJ / m? for: 1991 - 2020 (a), 1991 - 2000 (b), 2001 - 2010 (c), 2011 - 2020 (d)
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okpim 3axony; B 2011 - 2020 pp. - Ha 6inb1il, KpiM Ae-
[AKOro perioHy 3axozy. Lle niATBepaxye 3picT noTeHLia-
JIy pecypciB resiioenepretuku y 1991 - 2020 pp. (puc.1).

JouinbHicTe BukopuctaHnHss CEY o6ymoBsieHa
3poctaHHaM B 1991 - 2020 pp. piynoi cymu TCC nonaz
2000 rog, Ii nosToproBanicts: y 1991 - 2000 pp. 3Hau-
HoM OyJs1a nepeBakHo Ha niBAHI, B 2001 - 2010 pp. - Ha
6inpuocTi kpainy; B 2011 - 2020 pp. - Maiixe MOBCIOA-
HO, KpiM HeBeJIMKUX perioHiB 3axoay (puc.2).

PiyHa BesinuMHa CyMapHOI paZialii icTOTHO 3pocJia 3a
1991-2020 pp. i € cyTTEBOIO Ha MepeBaXKHIN TepUTOPIi,
B oKpeMi 10-piyysl moCTyNnoOBO 3pOCTarwy4u 3 MiBAHSA Ha
3axij, miBHiYHUH 3axig: y 1991 - 2000 pp. - Halb6inbIIa
BOHA Ha MiBJHI, niBgeHHOMY cxoZi; B 2001 - 2010 pp. -
HalMeHIlIa Ha 3aKapnaTTi, 301/IbLIYI0YUCh [0 3aX0AY; B
2011 - 2020 pp. - HaliMeHILOI0 € HA 3aKapnaTTi, nepe-
BaXKHO 3pOCTa4u KpaiHoto (puc.3).

3a1991-2020 pp. nocTynoBo 3pocTajia I0OBTOPOBA-
HicTb piuHoi cymMapHoi pagianii nonaz 4000 M/ / m? -
03HaKM JAouisbHOCTi BrpoBagkeHHs: CEY, maibxke mo-
BCIOAHO, KpiM KpaiHboro 3axoay: B 1991 - 2000 pp.
Hal6inblla BoHa Ha miBAHI, cxofi; B 2001 - 2010 pp. -
3HauyHa Ha JliBo6epexaki; B 2011 - 2020 pp. - ¢ikcyBa-
Jlacb Maiike MOBCIOHO, KPiM HE3HAYHOTro perioHy 3a-
xozy (puc.4).

BuCcHOBKH. YkpaiHa, KpiM 3akapnarTsl, TipCbKHX
paloHiB YkpaiHcbkux Kapmnat, € cnpusTIMBOIO /14 3a-
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nposapkeHHs CEY. [x KOHKypeHTHO3/4aTHICTh P BHU-
POOGHUIITBI eJIEKTPUYHOI eHepril 3yMOBJIIOIOTh Cy4YacHi
KOJIMBaHHSI OKPEeMHUX CKJIaJOBUX | IOKa3HUKIB pafia-
L[iIHHOTO peXHMy: NMOCTYNOBe 3POCTaHHSA PIYHUX CYM
TCC, cymapHoi coHsiuHOi pajianii ¥ icTOTHO - npsAMOL.
[le npu3Besio J0 3MiHM CHIBBIJHOLIEHHA MiX NPAMOIO
Ta CyMapHOI0 pajialieto y 6ibuiocTi perioxis i3 36i1b-
LIeHHAM BHECKY NpsAMoi paJialLil y cyMapHy Ta BHECKY
cyMmapHoi paaianii 3a pagiauiiiHo-Tenui nepios poky
B piuHy cyMy. IX mepeposmnogin 3yMoBJieHHI 3MiHOIO
atTMochepHOI HUPKYJIsLii, 3MeHLIeHHSAM 3arajbHOi Ta
HWXKHBOI XMapHOCTI, 36i/bllIeHHAM $SICHOI, MasioxMap-
Hoi norogu B €Bpori, 30Kkpema B YkpaiHni. lle Bkasye Ha
36isbieHHs BnpogoBx 1991 - 2020 pp. noTeHujiany
pecypciB rejlioeHepreTUKH, 10 He LKOAATb JOBKIJIJIIO
Ta He BIVIMBAIOThb Ha peHTabesJbHICTb BUKOPUCTAHHSA
CEV.

IlepcieKTUBHY MNOAAJBIIMX MOLIYKIB [Jd 3a-
CTOCYBaHHA COHAYHOI eHepril 3acBif4yylOTbCd Ipo-
CTOPOBO-4YaCOBUM PO3IOAIJIOM COHAYHOI pafiauil 3i
3Ha4yHUM 3pocTaHHAM B Kpumy, Creny, Jlicocteny,
[Tonicci. O6MexxeHHs1 BukopucTaHHs CEY cTocyeTbcs
HeBeJIMKOT0 perioHy 3axoAy, 3akapnarTs, YKpaiHCbKUX
Kapmnar.

TakyM 4YMHOM, MOHITOPUHT COHAYHOI paziauil BcTa-
HOBJIIOE NIOCTYINOBEe 3pOCTAHHSA INOTeHIialy pecypciB
reJlioeHepreTUKHU B YKpaiHi.
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SOLAR ENERGY RESOURCES OF UKRAINE FOR 1990 - 2020

The purpose of this article is to assess the potential of solar energy resources of Ukraine to determine the prospects
for the use of natural energy sources for 1991 - 2020.

Main material. In the conditions of modern climate change, the energy independence of our country with the use of
alternative renewable energy sources, which determine the economic feasibility of their use in energy-dependent sectors
of the economy and various spheres of human activity, is gaining importance.

For this, a database of individual components of the radiation regime was formed using the archive of observations of
the meteorological and actinometric network of the Borys Sreznevsky Central Geophysical Observatory of the SESU. When
obtaining their spatio-temporal distribution, the methods of mathematical statistics and cartography were used.

Specialized indicators of climatic resources of solar energy for individual actinometric and meteorological stations
of the country are presented. According to the changes in the components of the radiation regime, the values of these
indicators are given for: 1991 - 2000, 2001 - 2010, 2011 - 2020. The contribution of direct solar radiation to the total for
April - September, the contribution of total radiation for April - September to the annual sum was determined. Based on the
monitoring of short-wave radiation flows, the increase in the duration of sunshine and total solar radiation during the study
period is presented. Their spatio-temporal distribution is given and the possibilities of introducing solar energy resources
are established under the conditions of growth of the annual sum of the duration of sunshine above 2000 h and the annual
sum of total solar radiation above 4000 MJ / m2.

Conclusions. The article has obtained gradual increase in the potential of solar energy resources in Ukraine was
obtained.

Keywords: solar energy resources, components of the radiation regime.
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Transport system as a determinant
of the spatial development of the region

The purpose of the article is to highlight of the role of the transport system as a determinant of spatial development
in a region (the case of Kharkiv region).

Basic material. The interaction of settlements is essentially carried out through the transport system, as the
transformation of the settlement network into a settlement system occurs precisely due to the presence of various
hierarchical connections between settlements. An efficiently functioning transport system not only contributes to regional
development but also affects spatial organization, as the mobility of passengers and goods is an essential component for
economic and social activities, commuting migration, production, distribution of goods and services, or energy supply.

Kharkiv region has traditionally been characterized as an economically developed region, a logistics hub with a well-
developed transport system and logistics. However, the region is one of the most affected by military actions. Nevertheless,
the restoration of transport infrastructure in Kharkiv is one of the priority tasks for the region and the country, as it ensures
high-quality logistics and effective transport communication, which forms a reliable rear for accomplishing tasks at the
front line. The detailed analysis of Kharkiv region’s transport system showed that the region has a developed and extensive
transport infrastructure, which is an important factor in ensuring population mobility and freight transport. This, in turn,
stimulates economic development and urbanization, particularly the formation of the Kharkiv agglomeration. The network
of roads and railways is key to the region, providing connections both within the region and with other regions of Ukraine
and European countries. However, extreme events caused by the war have inflicted severe damage to the transport system,
requiring significant efforts and investments for restoration. Moreover, the destruction of infrastructure, significant mine
contamination of territories, and temporary occupation of part of the region complicate the recovery work due to the
challenging security conditions. Despite these difficulties, the region continues to function as an important logistics hub
thanks to support from national and international donors. The transport system of Kharkiv Region is characterized by a
multi-component structure with numerous transport hubs of varying hierarchical levels. The largest transport hubs in the
region include the cities of Kharkiv, Lozova, Izium, Kupyansk, Chuhuiv, Zlatopil, and others.

The restoration of transport infrastructure, including bridges and roads, is necessary to ensure the region’s development
and its further integration into the European transport network. This requires comprehensive reconstruction, particularly
in the most affected areas, using modern materials to ensure long-term durability. An important stage of recovery is the
development of a demining program for the safe restoration of infrastructure and attracting state, international, and
private investments through grant programs, among other sources.

Conclusions. The analysis of the transport system of Kharkiv region confirms its significant role in spatial development,
ensuring mobility for the population, transportation of goods, and supporting the economic and social activity of the
population. An efficiently functioning transport system contributes to rapid urbanization, the formation of the Kharkiv
agglomeration, and forms the basis for logistical connections of various hierarchical levels. However, due to military
actions, the region and its transport system have suffered significant damage, requiring substantial efforts for restoration,
considering security risks and the considerable mine hazard. The restoration of transport infrastructure, particularly bridges
and roads, is critically important for the region and its integration into the European transport system.

Keywords: transport system, settlement system, transport hub, territorial recovery.

In cites: Kravchenko, K., Shpak, Ye. (2024). Transport system as a determinant of the spatial development of the region. The problems of continuous geographical
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Introduction. Ukraine’s aspiration to transition to
European principles of spatial development, along with
the ongoing decentralization processes, highlights the
need to improve the spatial organization of regions, an
essential component of which is the settlement system.
Spatial organization is traditionally characterized
by geographic location, population density, and the
uneven distribution of the population. This territorial
differentiation occurs through settlement processes,
population concentration, and the formation of various
types of spatial interconnections. Strengthening
these connections contributes to the formation of a
settlement system, where the interaction between
settlements is primarily facilitated by the transport
system. The transformation of the settlement network
into a settlement system happens due to the existence
of various hierarchical links between settlements,
including transport ones. The intensity and direction
of transport flows determine the type of hierarchical
connections, helpingtoidentify the centerand periphery.
An efficiently functioning transport system not only
promotes regional development but also influences the
organization of space, as the mobility of passengers and
goods is a critical component of economic and social
activity, pendulum migrations, production, distribution
of goods and services, and energy supply. These features
can be examined using the example of Kharkiv region.

Kharkiv region is traditionally characterized as
an economically developed region, a logistics hub
with a well-developed transport system and logistics
infrastructure. The city of Kharkiv is the center of the
interregional settlement system, characterized by a
powerful organizational function, which has formed
the Kharkiv urban agglomeration. The historically
established settlement system of the region is distinctly
monocentric. However, Kharkiv region is also one of
the most affected by military actions in Ukraine [1, 3].
Significant destruction has been inflicted on housing,
industrial enterprises, service sector institutions, the
agro-industrial complex, and the transport system.
Some cities in the region, including Izium, Balaklia,
and Kupiansk, experienced occupation and devastating
effects but have since been liberated and partially
restored. Some settlements remain under occupation
or have been reoccupied (e.g, Vovchansk), which
significantly affects the settlement system in the region.
Given that an effective transport system promotes the
integration of settlements, the development of both
urban and rural areas, the activation of economic
activities, and the mobility of the population, the issue
of modernizing the transport system of Kharkiv region,
restoring settlements, and the region’s settlement
system is highly relevant and requires attention from
scholars in various fields. In particular, studying the
role of the transport system in the transformation of
the settlement system will allow us to identify regional
development patterns, assess the effectiveness of
existing transport links, and propose ways to optimize

2024. Bunyck/Issue 40 |

and modernize the transport system in the context
of current challenges and the prospects of European
integration.

Initial conditions. The spatial organization of
society, the settlement system it forms, and its level
of development influence the regional transport
system. At the same time, the transport system exerts
a corresponding influence on the development of the
settlement system, optimizing the spatial structure of
the region. Thus, by studying the nature and intensity
of these interrelationships, it is possible to identify
the issues and prospects of post-war recovery and
development of the settlement system in Kharkiv
region, as well as develop recommendations for
the optimization and modernization of the region’s
transport system. These issues have been extensively
studied in the works of specialists in social geography,
including transport geography, logistics, economics, etc.
[2-4,6-10, 12].

This work employs the following approaches and
methods of scientific knowledge: the systemic and
synergistic approach (particularly when studying
the settlement system of the region as a functional
component of the socio-geosystem, and the transport
system as one of its elements), the historical approach
(for the retrospective analysis of the formation and
development of the region’s settlement system), the
informational approach (for determining the role of
transport infrastructure in the evolution of the regional
settlement system), philosophical methods, including
induction and deduction (to determine the nature of
the interdependence between the level of development
of transport infrastructure and the evolution of the
regional settlement system), general scientific methods
(retrospective analysis, modeling, systematization,
etc.), as well as a set of specific scientific and special
methods of social-geographical research, including
the IFI-modeling method (for constructing a model of
transport accessibility of cities in the region based on
demographic potential).

The purpose of the article is to highlight of the
role of the transport system as a determinant of spatial
development in a region (the case of Kharkiv region).

Basic material. The spatial organization of the
region’s population is manifested in the formation
of the regional settlement system. The settlement
system of the region represents the territorial basis
and functional subsystem of the regional socio-
geosystem, which is a complex, open, multi-level
system of settlements characterized by intensive socio-
geographical, informational, and communication links.
Settlement systems are quite inert formations, which
do not evolve quickly in response to the dynamics of
economic, social, and demographic processes. The
transport system is the basis for communication
links, ensuring the transportation of passengers and
goods. It is transport that ensures the mobility of the
population, connecting labor resources with places of
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employment. The development of the transport system
in the region depends on natural conditions, which
affect the accessibility of territories (in particular,
orographic features, relief, etc.), investment volumes,
infrastructure construction intensity, transportation
efficiency, and the range of possible transport modes.
For example, large flat rivers are natural transport
routes that historically facilitated regional development.
The historical features of regional development and
unique geographic conditions determine the location
and functioning of transport hubs in the region, mostly
cities involved in trade.

A distinctive feature is that the transport system
connects both urban and rural settlements, allowing
rural residents to access high-quality social services
on par with urban residents. Additionally, the
spatial impact of transport systems is reflected in
the acceleration of urbanization processes and the
formation of extensive urbanized areas—urban
agglomerations. The development of the transport
system and the improvement of infrastructure
contribute to the settlement of population in suburban
areas, forming suburbs. As a result, the territorial
distance between the place of residence and work for
residents of urbanized areas increases, which in turn
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motivates the automobilization of space, as suburban
residents mostly use private transport. [6, 7]. Given
the development of the transport system, the spatial
structure of a city can be classified based on the level
of centralization (when the main functions of the city
are concentrated in the central part) and clustering
(when economic activity of the population is intensively
manifested in various areas of the city - subcenters
or clusters). A cluster of economic activity represents
a concentration around a specific coordination point,
such as a transport interchange, etc. [12].

Additionally, the directions of transport flows define
so-called «areas of attraction» - territories to which
a large population moves for professional activities,
service access, shopping, etc. According to the central
place theory, a hierarchical system is formed within
the urban area, starting from the central district, which
offers a wide range of specialized services, to regional
centers [7]. Thus, the intensive development of cities
and urban agglomerations is driven not only by the
rapid growth of industry and the service sector,; but also
by the evolution of the transport system, expansion of
public transport types, their speed, etc.

The transport system is characterized by the
presence of the following components (Fig. 1):

KEY GOMPONENTS
OF THE TRANSPORTATION

SYSTEM

Transport Modes

All types of vehicles that provide mobility for
passengers and freight, representing the mobile
elements of the transportation system.

ransport Infrastructure

support for the operation of vehicles, including
routes and terminals, which are stationary elements
of transportation, as well as their superstructures

Transport Networks

Transport networks are systems of
interconnected locations or nodes that ensure
the functional and spatial organization of the
transportation system.

I Transport infrastructure provides the physical

4 Transport Flows

Transport flows reflect the movement of passengers,
freight, and information through the network, with
origins, intermediary points, and final destinations.

5 Technologies and
Digitalization

Technologies and digitalization involve the
implementation of digital tools in transport
infrastructure, such as traffic management systems,
GPS navigation, and intelligent transportation systems
(ITs) that optimize transportation, reduce delays, and
improve safety.

6 Logistics and Supply
Chain Management

This represents the expanded role of transport in global
and regional supply chains, covering not only the
movement of goods but also inventory management,
warehousing systems, and goods handling.

Fig. 1. Components of the Transport System (created by the authors to [12])
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Six main elements of the transport system
can be distinguished: transport modes, transport
infrastructure, transport networks, transport flows,
technologies and digitalization, and logistics. Transport
modes encompass all types of vehicles that ensure the
mobility of passengers and freight. These are the mobile
elements of the transport system, such as cars, trains,
airplanes, and ships, which provide movement across
different routes and networks. Some types of transport
are designed to carry only passengers or cargo, while
others can carry both.

Transport infrastructure includes the physical
means necessary for the functioning of transport: roads,
railways, ports, airports, terminals. These elements are
stationary, providing support and conditions for the
movement of vehicles. Transport networks represent
a system of interconnected locations or nodes that
provide functional and spatial organization of transport.
Nodes may include stations, ports, and logistics centers
that interact with each other via transport corridors.
Transport flows, in this context, reflect the movement
of passengers, freight, and information through the
network. Transport flows have their starting points
(origins), intermediate stations, and final destinations,
forming a continuous transportation process.
Technologies emphasize the importance of integrating
digital technologies into transport infrastructure:
traffic management systems, GPS navigation, intelligent
transport systems that improve efficiency, reduce
delays, and enhance transportation safety.

Logistics and supply chain management extend the
role of transport in global and regional supply chains
by not only facilitating the movement of goods but
also managing inventories, warehousing systems, and
product handling, ensuring the continuity of logistics
processes. The diagram comprehensively analyzes the
transport system as an interconnected structure, where
mobile elements (modes) interact with stationary
ones (infrastructure), forming networks and ensuring
operational transport flows. An important modern
component of the transport system is the role of
technologies that optimize these processes and logistics,
which adds strategic value to the transport system in
supply management.

The development of the transport system
contributes to the formation of new elements of spatial
organization - transport hubs, which are key points in
the transport system where various modes of transport
(rail, road, air, river, maritime, etc.) intersect and
connect. These hubs play an exceptionally important
role in the spatial organization of the settlement system.
Transport hubs create a hierarchy of settlements: hubs
with a high level of transport accessibility and large
flows of people and goods transform into cities and
regional centers, while less significant centers, in turn,
form a network of smaller towns and villages.

Industrial zones actively develop near transport
hubs, and logistics centers and warehouses are
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established, stimulating employment and making the
settlement attractive for labor migrants. Thus, transport
hubs contribute to the formation of transport-logistics
hubs, which become important for interregional trade.
They also provide connections between settlements
and ensure the mobility of the population, access
to labor markets, and quality social services, which
stimulates pendulum migration and contributes to the
formation of urbanized areas, and at the highest level
of development - urban agglomerations. Moreover,
transport hubs contribute to the creation of a unified
settlement space, where distances between settlements
become less critical due to fast and regular connections.
The areas around transport hubs usually exhibit a high
level of economic activity, while more distant, peripheral
areas retain agricultural specialization.

The current settlement system of Kharkiv Region
is, in many aspects, a derivative of the historical and
geographical features of settlement and economic
development of the region: it has 1,755 settlements
(of which 78 are urban, forming the backbone of the
population settlement structure) and an extensive
transport network that not only facilitates intra-regional
connectivity between settlements but also enables
informational and material exchanges with otherregions
of Ukraine [2, 4]. The structure of the settlement system
in Kharkiv Region reflects the historical development
characteristics of the region. The highest concentration
of settlements is in the northeastern part of the region,
with significant clustering around the regional center -
the Kharkiv city.

An analysis of the spatial development of the
settlement system in Kharkiv region prior to the war
shows that the region is characterized by rapid socio-
economicdevelopment ofthe administrative center - the
Kharkiv city, as evidenced by the continuous expansion
of its organizational functions and sphere of influence,
strengthening and complicating the connections and
interactions with district centers. This trend intensifies
internal contradictions in the settlement system and
leads to the hypertrophy of the settlement core. There
was also a suppression of the development of peripheral
areas, which, in turn, causes the formation of spatial
asymmetry in the settlement system of the region and
characterizes it as sharply monocentric [4].

As aresult of Russia’s military aggression, beginning
in 2014, the economic-geographical and transport
position of Kharkiv Region has acquired negative
characteristics due to its proximity to the aggressor
country. Kharkiv region, its transport system, and
transport infrastructure have suffered significant
damage from military actions, with the region being one
ofthe top threeregionsin terms of incurred losses. At the
same time, the restoration of Kharkiv Region’s transport
infrastructure is one of the region’s and the country’s
priority tasks, as it ensures high-quality logistics and
efficient transport communication, forming a reliable
rear for carrying out tasks at the front line [3, 8].
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Let us analyze the transport system of Kharkiv
Region according to the elements defined in Figure 1,
taking into account the modern challenges of wartime.

Kharkiv Region is characterized by a wide range
of transport types, including rail, road, and public
transport in the cities of the region. The extensive
network of roads and railways provides mobility for
passengers and goods both within the region and
beyond its borders. Before the full-scale invasion, the
Kharkiv airport was operational; however, from the first
days of the war, it was heavily bombed and destroyed,
and the airspace over Ukraine was closed to passenger
traffic [3].

Kharkiv Region traditionally has a developed
transport infrastructure, including international
highways, railway stations, cargo terminals, etc. This
infrastructure serves as the physical basis for the
functioning of transport flows. The region ranks first in
Ukraine for the length of public roads (over 9.6 thousand
km), with nearly 98% of them having a hard surface [1].
The region has a dense railway network that connects
both within the region and with other regions of Ukraine
and European countries. The extensive network of
roads of various significance provides mobility for the
population and goods. Major highways connect Kharkiv
with other large cities, stimulating the development of
adjacent areas and contributing to urbanization.

The extreme events during the full-scale invasion
caused severe physical damage to transport
infrastructure ~ with  long-term  socio-economic
consequences. Kharkiv Region is one of the most
mined regions in Ukraine. The destruction of bridges
and bridge crossings is also a representative indicator
of the losses, as bridges are capital structures that are
extremely difficult and costly to restore. Due to constant
shelling and the movement of heavy equipment
during the occupation, the road surface in the region
was significantly damaged. However, the roads are
gradually being restored. The regional road service was
reorganized into the “Infrastructure Restoration and
Development Service of Kharkiv Region” in response
to current tasks. As a result of military actions and
occupation of the territory, almost all bridges across
the Siversky Donets and Oskil rivers were destroyed,
particularly near the cities of Izium, Balakliya, and
Chuhuiv, as well as in the areas of the Pechenizke and
Oskil reservoirs, with a total of 24 bridges destroyed, 17
of which are currently being restored (including: T-21-
04 Kharkiv - Vovchansk, located within the village of
Fedorivka, T-21-10 Shevchenkove - Balakliya -Zlatopil-
Kehychivka, located within the village of Oleksiivka,
etc.).

The main donors supporting and financing the
restoration of transport infrastructure in Kharkiv
Region today are the Armed Aggression Consequences
Liquidation Fund (operating under the Ministry
of Communities, Territories, and Infrastructure
Development of Ukraine) and the World Bank. They have
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financed the reconstruction of destroyed infrastructure
objects in the region [1, 3, 5].

The transport network of Kharkiv Region connects
cities, towns, and industrial zones, ensuring effective
spatial organization. The city of Kharkiv serves as
the central hub, from which the main transport
routes radiate, characterizing the transport system as
radial-ring. The developed transport network of the
region influences the placement and development of
settlements. High transport accessibility contributes to
the concentration of the population in cities and towns
located near the main transport arteries. This leads to
the formation of agglomerations, such as the Kharkiv
agglomeration, where the main industrial, scientific, and
cultural centers are concentrated. Peripheral areas of
the region, distant from major transport routes, typically
have lower population density and less developed
infrastructure. The transport network of the region
has undergone significant transformations, with some
elements—rural settlements and cities—currently
temporarily under occupation, and communication with
them is non-functional. Additionally, some settlements
close to the front line (e.g., Liptsi, Kupiansk, etc.) are
closed off for civilian access.

Kharkiv Region is a region through which significant
flows of passengers, goods, and information pass.
Transport flows in the region reflect the movement
of goods between regions of Ukraine, European
Union countries, and the relocation of the population,
including internally displaced persons from Donetsk
and the more dangerous areas of Kharkiv Region to
safer regions of Ukraine or abroad (to European and
other countries). Transport links with the aggressor
country have been severed since 2014. Despite the
challenging wartime conditions, modern digital
technologies are being implemented for transport
management in Kharkiv Region. However, some
systems currently have limited access due to the
security situation (such as online platforms that track
public transport in cities via GPS signals). The region is
an important logistics center serving international and
regional supply chains.

Thus, the transport system of Kharkiv Region is
complexand well-developed, ensuring effective mobility
of the population (including during the evacuation of
internally displaced persons from dangerous areas),
supporting the region’s economic development,
and facilitating its integration into the national and
European transport super-system. However, significant
damage caused by the war requires detailed study and
urgent restoration. It is currently impossible to establish
the full extent of the damages, as the war is ongoing, and
some areas of the region remain temporarily occupied.
Historically, Kharkiv has been an example of a major
transport hub in Ukraine, which has determined its
status as a powerful industrial-economic center and
influenced the development of the settlement system in
the region: the formation of the Kharkiv agglomeration,
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the development of satellite cities (Lyubotyn, Merefa,
Derhachi), and the growth of economic activity in
transport-accessible areas. Let’s analyze the spatial
development model of Kharkiv Region based on the
demographic potential and transport accessibility of
the region’s cities (Fig. 2).

The transport system of Kharkiv Region is
characterized by a multi-component structure with
numerous transport hubs of different hierarchical
levels. Transport hubs are extremely important for
the spatial organization of the settlement system,
determining the possibilities for economic development,
migration processes, population density, and functional
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specialization of territories, and their development
is a key factor in forming regional planning and
management strategies.

The Kharkiv city serves as a key regional center
and the largest transport hub in the region, ensuring
connectivity at the intra-region, national, and European
levels. From Kharkiv, a dense network of road and
railway routes radiates, making it the main logistics and
passenger hub of the region.

Powerful transport hubs also include the cities of
Lozova, Kupiansk, Izium, Chuhuiv, and Bohodukhiv,
which facilitate transport flows at the subregional level.
Lozova is an important railway hub at the intersection

Derhachl
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\Plvdenne

\

KHARKIV - regional center;

e Lozova - cities of the region,
transport hubs;

- highways;

- highways of extra-regional
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- railways;
- water objects;
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e,
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\/ éarvmkov B
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k-5
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h; - districts and cities located within
* 1 hours of transport accessibility;

2 - districts and cities located within
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wms=mg - districts and cities located within
2 hours of transport accessibility-

Fig. 2. Spatial development model of Kharkiv Region based on the demographic potential and transport accessibility of cities
(created by the authors to [9, 11])
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of several transport routes and connects Kharkiv Region
with Donetsk Region.

Kupiansk serves as a strategic hub, but due to active
combat, the city is effectively a stronghold. The cities
of Izium and Chuhuiv have advantageous locations in
terms of the concentration of passenger and freight
flows; however, as a result of the hostilities, Izium has
suffered significant damage, including the destruction of
residential buildings and transport infrastructure, such
as bridges, which have been temporarily replaced with
pontoons. Zones of transport accessibility determined
through IVR modeling show thatresidents of the city and
most districts of the region have access to the regional
center within 1-2 hours, whichisimportant for economic
and social integration. However, military actions have
significantly impacted the functioning of these hubs,
causing damage to infrastructure, particularly in
the southeastern areas (Izium, Kupiansk). Thus, the
transport hubs of Kharkiv Region are critical elements
of the regional and national transport system, ensuring
the mobility of the population, the transportation of
goods, and supporting economic development even
under the challenges of wartime.

One of the most important and priority tasks for the
restoration of the Kharkiv region is the reconstruction
of the transport system in the most affected cities
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and districts, where possible, taking into account the
security situation.

This task is urgent and critical, as an efficient
transport system can provide effective logistics for the
military, influence the country’s defense capabilities,
and determine the speed of response to changes on the
front. It also allows for rapid evacuation of the population
when necessary and supports humanitarian corridors for
the delivery of food, medicine, and other aid to frontline
communities that suffer the most from the fighting. The
restoration of the transport system is also crucial for the
region’s economy, as the repair of roads, bridges, and
railways enables businesses operating in the region to
maintain connections with suppliersand markets, whichis
critical for the survival of businesses and the preservation
of employment. Furthermore, transport corridors play
an important role in the restoration of infrastructure
overall, as they are used to deliver construction materials,
machinery, and equipment necessary for reconstruction.
Among the main recommendations for the restoration of
the transport system in Kharkiv Region are the following
(Fig. 3).

The gradual implementation of these measures
will contribute not only to the restoration of the
transport system in the Kharkiv region but also to its
modernization based on the principles of sustainable

RECOMMENDATIONS FOR
RESTORING THE TRANSPORT SYSTEM

OF THE KHARKIV REGION

Priority reconstruction of damaged highways,
railways, and bridges, particularly in the most
affected districts such as Izium, Kupiansk, and
Chuhuiv (where the need is greatest due to the
security situation), using modern materials and
sustainable technologies to ensure durability.

Development of a comprehensive demining
program for areas along transport corridors to
enable the safe restoration and operation of
transport infrastructure.

Attraction of state, international, and private
investments to finance recovery works,
including through grant programs and
partnerships with international organizations.

4 Modernization of public transport in Kharkiv and
other cities of the region using environmentally
friendly technologies (electric buses, trams) and
optimization of the route network to improve
population mobility.

5 Development of logistics hubs in strategically
important locations such as Kharkiv, Kupiansk, and
Lozova to ensure fast cargo transportation and
restore regional logistics chains.

6 Preparation of qualified personnel for work in the

upgraded transport system through the
implementation of training programs and advanced
training courses in vocational technical schools and
higher education institutions of the region.

Fig. 3. Recommendations for restoring the transport system of the Kharkiv region (created by the authors to [1, 3])



The problems of continuous geographical education and cartography

|65

ISSN 2075-1893(Print)  ISSN 2409-3173(Online)

development, which will be a crucial factor in the
region’s economic revival and improving the quality of
life for the population. The main principle of restoration
should be reconstruction based on the “build back
better” approach.

Conclusions. The analysis of the transport system
as a determinant of spatial development in the Kharkiv
region has shown that the interaction of settlements
is primarily enabled by the transport system, as the
transformation of the settlement network into a
settlement system occurs through the hierarchical
connections between settlements. An efficiently
functioning transport system not only contributes
to regional development but also affects spatial
organization, as the mobility of passengers and goods
is a vital component of economic and social activities,
pendulum migrations, production, distribution of goods
and services, and energy supply.

The Kharkiv region is traditionally characterized as
an economically developed area, a logistics hub with a
well-developed transport system and logistics. However,
it is also one of the most affected by military actions.
Despite this, the restoration of the region’s transport
infrastructure remains one of the region’s and country’s
top priorities, as it ensures quality logistics and effective
transport communication, providing a reliable rear for
operations on the front line.

A detailed analysis of the transport system in Kharkiv
region confirms that the area has a developed and
extensive transport infrastructure, which is a key factor
in ensuring the mobility of the population and cargo

2024. Bunyck/Issue 40 |

transportation, stimulating economic development and
urbanization, particularly in the formation of the Kharkiv
agglomeration. The network of roads and railways
is crucial for the region, ensuring connectivity both
within the region and with other regions of Ukraine and
European countries. However, extreme events caused
by the war have led to severe damage to the transport
system, requiring substantial efforts and capital
investments for recovery. Additionally, the destruction
of infrastructure, widespread landmines, and the
temporary occupation of part of the region complicate
the recovery efforts due to the challenging security
situation. Despite these difficulties, the region continues
to function as an important logistics hub thanks to the
support of national and international donors.

The transport system in Kharkiv region has a multi-
component structure with numerous transport hubs
of varying hierarchical levels. The largest transport
hubs of the region include the cities of Kharkiv, Lozova,
Izyum, Kupiansk, Chuhuiv, and Zatopil, among others.

The restoration of transport infrastructure,
particularly bridges and roads, is essential for the
region’s development and further integration into
the European transport network and requires
comprehensive reconstruction, especially in the most
affected areas, utilizing modern materials to ensure
the durability of operations. An important stage of
restoration is the development of a demining program
to ensure the safe recovery of infrastructure, along with
the involvement of state, international, and private
investments through grant programs, etc.
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TPAHCMOPTHA CUCTEMA AK AETEPMIHAHTA NPOCTOPOBOIO PO3BUTKY PEFIOHY

MeTolo cTaTTi € A0CNIAKEHHS PO TPAHCMOPTHOI CUCTEMM AK AETEPMiIHAHTM MPOCTOPOBOrO PO3BUTKY PerioHy (Ha npu-
Knagi XapKiscbKoi 0bnacri).

OCHOBHMIA matepian. B3aemogis HaceneHux NyHKTiB GaKTUYHO 34iMCHIOETbCA 3aBAAKM TPAHCMOPTHIN CUCTEMI, afxe
TpaHchopmaLlia Mepeski pO3CeNeHHA 40 CUCTEMM PO3CeNeHHA BiAOYBaETbCA came 3aBAAKW HAABHOCTI Pi3HOrO poay ie-
papxiyHMX 38’A3KIB MiX noceneHHAMU. EGeKTMBHO MpaLitotoya TPaHCMOPTHA CUCTEMA He TiIbKM CMPUAE perioHabHoOMY
PO3BUTKY, afe i BNJMBAE Ha OpraHi3aLjio NPOCTOpY, afxe MOBINbHICTL MacaskMpiB i BAaHTAXKIB, € BAXKNMBOKO CKAA0BO
N5 EKOHOMIYHOI Ta coLjanbHOI AiANbHOCTI, MAATHUKOBMX MirpaLiii, BUpoBHMLUTBA, PO3NOAiNy ToBapiB Ta nocayr, abo no-
CTa4yaHHA eHepril.

XapkiBcbKa 061aCTb TPAANLIMHO XapaKTePU3YETCA IK EKOHOMIYHO PO3BUHEHMIA PErioH, OTiCTUYHMIA Xab 3 obpe po3-
BWHEHOIO TPAHCMOPTHOK CUCTEMOIO Ta NIOTICTUKOKD, NPOTE PEriOH € OAHUM 3 HalbiNbL NOCTPAMKAANMX Bifl BOEHHMX Al
MpoTe, Bi4HOBNEHHA TPAHCMNOPTHOT IHPPACTPYKTYPU XapKiBLUMHM € OAHIEID 3 NPIOPUTETHUX 33434 A1 PETIOHY Ta KpaiHu,
afi’ke BOHa 3abe3neyye AKICHY JIOMCTUKY Ta ePEKTUBHY TPAHCMOPTHY KOMYHiKaLito, o dopmye HaZiNHWIA TUA AN BUKO-
HaHHA 334a4 Ha NiHil GpoHTy. MoeneMeHTHUI aHani3 TPAHCMNOPTHOI cMcTemMM XapKiBCbKOi 061acTi 3acBiaumB, WO perioH
Ma€E PO3BMHEHY Ta PO3ranyKeHy TPAHCMOPTHY IHPPACTPYKTYPY, AKa € BaKAMBUM PaKTOpoM 3abe3neyeHHs MoBiNbHOCTI
HaceNeHHs Ta NepeBe3eHHA BAHTAXIB, LLO 3yMOB/IOE CTUMY/IFOBAHHA €KOHOMIYHOTO PO3BUTKY i PO3BUTOK ypbaHisauii, 30-
Kpema — cdopMoBaHO XapKiBCbKy arnomepaLito. Mepeka aBTOMOBINIbHUX JOPIr | 3a/i3HULb € KNOYOBOK A1 PErioHy,
3abe3neyye 38'A3KM AK BCcepeamHi 06acTi, Tak i 3 iHWMMK perioHamu YKpaiHu Ta KpaiHamu €sponu. OAHaK, eKCTpemabHi
noaii, CNpUYMHeHi BiliHOO, 3aBAANMN CEPMUO3HUX PYMHYBAHb TPAHCMOPTHIN CUCTEeMI, WO NOTPebye 3HAUHMX 3yCuAb Ta Kani-
TaN0BKNaAeHb ANA BigHOBNEHHA. OKPiM TOro, 3HULLEHHS iHOPACTPYKTYPK, 3HAYHA 3aMiHOBAHICTb TEPUTOPIi Ta TMMYACOBa
OKyMaLjis YaCTMHU PErioHY YCKNaAHIoTb BigHOBNIOBAMbHI POBOTH 3 OrNaAy Ha CKnagHi 6e3nekosi ymoBu. HesBaskatoum
Ha Ui TpyZAHOL, perioH NpofoBXKye GYyHKLIOHYBATU AK BaXKAMBMIA NOTICTUYHMIA Xab 3aBAAKM NIATPUMLI HaLiOHANbHMX i
MiXXHapOAHUX JOHOPIB. TpaHCMOPTHA c1cTeMa XapKiBCbKOi 06/1aCTi XapaKTepu3yeTbes 6araTOKOMMNOHEHTHOK CTPYKTYPOIO
3 YACIEHHVMM TPAHCMOPTHUMM BY3N1aMM Pi3HOTO iEPAPXIYHONO PiBHA, 40 HaNBINbLWIMX TPAHCMOPTHMX BY3/1iB PEriOHY BifHO-
cATb MicTa XapkiB, J/1o3oBy, I3tom, Kyn'sHcbK, Yyryis, 3naToninb, Towo.

BiZiHOB/NIEHHA TPaAHCNOPTHOI iHPACTPYKTYPM, 30KpemMa MOCTIB Ta [Opir, € HEOBXiAHMM AnA 3abe3neyeHHs PO3BUTKY
perioHy Ta NoAanbLUoi iHTerpaLii B €BPONEenCbKy TPAaHCMOPTHY Mepesky Ta NoTpebye KOMNIEKCHOT PEKOHCTPYKLT, 0cob6amBo
y Halbinbl nocTpaxaanux paoHax, 3 BUKOPUCTAHHAM Cy4acHUX MaTepianis s 3abesneyeHHs LOBrOBIYHOCTI KCMy-
aTauji. BaXX/MBMM eTanom BiflHOBNEHHA € po3pobKa Nporpamu po3miHyBaHHA TepUTOpii Ana 6e3neyHoro BigHOBAEHHS
iHOPACTPYKTYpH, 3aNyUEHHA AePKaBHUX, MiXKHaPOAHUX Ta NPUBATHUX IHBECTULLY Yepes rpaHTOBI NPorpamu, TOLLO.

BMUCHOBKM. AHani3 TpaHCMOPTHOI cucTeMm XapKiBCbKOT 061acTi CBiAYMTL MO ii Baromy ponb y NPOCTOPOBOMY PO3BMUT-
Ky perioHy, 3abe3neyeHHi MobiNbHOCTI HaceNeHHS, TPAHCNOPTYBaHHA BaHTaXiB Ta NiATPMMLL eKOHOMIYHOT Ta coLlianbHOT
aKTUBHOCTI HaceneHHs. EQeKTUBHO QYHKLiOHYOYa TPaHCMOPTHA CUCTEMa CNpUAE WBMAKIN ypbaHisauii, dopmyBaHHO
XapkiBcbKoi arnomepaliii, Ta € 0CHOBO A/1 NOTICTUYHMX 3B’A3KIB Pi3HUX iEpAPXiYHUX PiBHIB. MpOTE, BHACAILOK BOEHHUX Ail
perioH, Ta 30Kpema, TPaHCNOPTHA CUCTEMA 3a3Ha/IU 3HAUHUX PYViHYBaHb, LLLO NOTPEOYIOTb BaroMMX 3ycuib AN BiiHOBNEH-
Hf, 30KpeMa 3 ypaxyBaHHAM De3neKoBMX PU3MKIB Ta 3HAYHOI MiHHOT Hebe3neku. BigHOBAEHHA TPAHCNOPTHOI IHPPaCTPyK-
TYpW, 30KpeMa MOCTIB i LOpIr, € KPUTUUYHO BAXKIMBUM A1 PEFIOHY Ta MOro iHTerpaLii y eBponewcbKy TPAHCMOPTHY CUCTEMY.

Kntoyosi cnosa: mpaHcnopmHa cucmema, cucmema po3ceneHHs, MpaHcnopmHuli 8y301, 8i0Ho8AeHHA mepumopil.
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FeorpadiuHi ocobamsocTi cinbcbKoro rocnopapcrsa Yepkacbkoi obnacri
B YMOBAX 3MiH Kaimaty

Merolo ui€i cTaTTi € aHani3 3a Aonomoroto reorpadiuHoi metogonorii peakLii depmepcbKux rocnogapcts YepkacbKoi
obnacTi Ha 3MiHM KNiMaTy, AKi BifAbyMca BNpoLoBXK ocTaHHix 10 pokis.

OcHOBHMIA matepian. Mpobnema, No3HayeHa y Ha3Bi CTaTTi, Habyna akTyasbHOCTI B OCTaHHI POKM Yepes 3MiHW Khi-
maTty. A B yMOBaX NPUPOAHMX 30H YKpaiHW, MEXi MiK AKMMU B¥Ke [ABHO € JOCUTb YMOBHMMM (TE€OEKOTOH «Jiicononey,
I. JeH1CcKK), 0brpyHTYBaHHA Ta NOAaANbWMIA PO3BUTOK «30HANLHOIY CheLiani3alii 3aBxKan ABAANO CKAagHy npobaemy.
HaouHi 0Ka3W NOTENNIHHA KNiMaTy CMOHYKaaM [0 NOLWYKY TakuX NOKa3HUKIB, AKi 6 (NpAMo uu onocepeaKoBaHO) 3acBia-
UMM «PeaKLio» CiNbCbKOTO rocnofapcTsa Ha Taki KAiMaTUuHi 3MiHK. MOPIBHANIbHWI aHani3 CifbCbKOTOCMIOAAPCLKOTO paito-
HyBaHHA 2014 Ta 2024 poKy NOKa3as, Lo CYTTEBO 3MiHWMACh KOHGIrypaLlis CifbCbKOrocnoZapCbKux parioHiB, Ha AKY LOKOPIHHO
BM/IMHYNA 3MiHA KNimaTy.

BucHoBKM. [0710BHMI MacvB rocnogapcTs (1274 rocnogapctsa 3 1808) 1-ro MNisaeHHO-LleHTpanbHOroO CinbCbKorocno-
[lapCbKOTO PaiioHy ONMMHAETBLCA B 30HI PU3MKOBAHOMO 3emM1epo6CTBa, AKa NOTPan/AE Niz BNAUB 3MiH KnimaTy. HalimeHwwi
3MiHM (SIK 33 KiNbKICTIO TaK i 338 NUTOMOIO Barow) BiabyaMca B NiBHIYHMX NiCOCTENOBMX 30HANbHUX TUMaX rOCNOAAPCTB
(KaHiBcbkui, MawwKiscbkuid, KopcyHb-LLeBueHKiBCbKMIA paiioHn). Lie moxke cBiaYMTM NPo Binbluy eKOooriYHY NAaCTUYHICTL
rocnofapcTs NiCOCTENOBOT 30HM CTOCOBHO 3MiH KNiMaTy (MOPIBHAHO 3 30HA/IbHUMM CTEMOBMMM TUNAMM). 33 pe3ynbTaTamu
aHanisy po3pobneHi NpaKkTUYHi pekomeHAaLii 4R KOXHOIO CilbCbKOrocnoAapcbKoro paioHy (2024 p.), AKi oxon/wooTb
nepeaycim reorpadiyHunit acneKT NPOCTOPOBOI OpraHisaLii CiIbCbKOro rocnofapcraa.

KniouoBi cnoBa: aeposaHowagpm, cneyianiaayis, cinbcbkoaocnodapcbkuli palioH, 3miHa Kaimamy.

Ak uutyBaTh: 303yns |. feorpadiyHi 0cobaMBOCTI CiNbCbKOro rocnogapcTaa YepkacbKoi obnacti B ymoBax 3miH Knimaty. lpobaemu besnepepsHoi 2eozpaciuHoi ocgimu i
kapmoepadpii. 2024. Bun. 40. C. 68-78. https://doi.org/ 10.26565/2075-1893-2024-40-08

In cites: Zozulya, I. (2024). Geographical features of agriculture in Cherkasy oblast in the context of climate change. The problems of continuous geographical education
and cartography, (40), 68-78. https://doi.org/ 10.26565/2075-1893-2024-40-08 (in Ukrainian)
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Beryn. He3Baxkaroun Ha Maslui 3 TOYKHM 30py IJI0-
f0aJbHUX KJiMaTUYHUX npoleciB 10-piyHuil nepion
MOpIBHAAHHAA METEeOpOJIOTIYHUX TmpoueciB y 2014-
2015 pp. Ta y 2023-2024 pp. A03BOJUIO KOHCTATY-
BaTU MNeBHi TpaHchopMalil arpokJiMaTUYHUX YMOB,
niJiB/1a/iHi 3arajibHOIJIaHeTapHil TeHAeHLi] HOTeniH-
Hea kiaiMmaty [3]. OuinbHUK Bigfiny arpoMmeTeopoJioril
YkprigpomeTtuenTpy TeTaHa AfaMeHKO KOHCTATYE, 10
yepes NMOTeNJIiHHA Oibla yacThHA YepKacbKoi obJiac-
Ti HUHI BXOAUTD A0 cTenoBoi 30HU [15]. KoHcTaTyeThCs,
1110 3poCTaHHeA TeMIlepaTypu Ha 1°C 3cyBae Mexy arpo-
KJIIMaTUYHUX 30H B cepefHboMy Ha 100 kM Ha miB-
Hid. A 3a OCTaHHI poKHU TeMIlepaTypa 3poc/a Ha LiJIux
2°C. Toxx Mexa KJIMaTUYHUX 30H 3MicTuiaca Ha 200
kM. (puc. 3). Ik 6auumo, 6inblIa YacTUHA TepUTOPil
Yepkacbkoi 06s1acTi «nepeiinia» B 300y Cteny. Takum
YMHOM, HAaO4YHI JJOKa3/ NOTEIIIHHA KJIiMaTy CIIOHYKa-
I0Tb /10 NMOUIYKY TaKUX MOKa3HUKIB, AKi 6 (mpsAMo 4yu
OToCepeIKOBAHO) 3aCBiAUUIN «peakl[ilo» ClIbChKOT0
roCIofapcTBa HA TaKi KJIIMaTU4YHI 3MIHMU.

JlicocTrenoBa 30Ha, K CBOEPIJHUNA EKOTOH Mix
Jlicom Ta CTenoM 3aBxJu BiJipi3HAJIACh IJIABHUM Ile-
pexof0M y 3HaUeHHAX FOJIOBHUX KJIIMaTUYHUX NOKa3-
HUKIB, a, OTKe, HayKOBe OOI'PYHTYBaHHSl NPUHHSATHOI
cnenianizanii 3aBk/Au 6Y/10 CKJIaJHOI HAYKOBOIO MpPO-
6s1eMo10, IKy 3aBX/JW HaMaraJaucb BUPILIMTH reorpa-
¢u. HaBiTb y cyyacHux knacudikariisx B 06XijJ; 3akoHiB
reorpadiuHoi 30HaJILHOCTI 3aTBEPAKYETHCSA HASABHICTD
Jliconons (Jlicocten+CTen) sk OAHOr0 3 CyYacCHUX aH-
TponoreHHUX slaHAwadTiB [13].

CyvyacHui iHTepec [0 Z0BOJIi «3acTapisoi» HayKo-
BOI Mpo6JieMH, MOB’sI3aHO{ 3 BUPOOGHUYOI TUIIOJIOTIEID
CiJIbCBKOTO rocroJapcTBa, 00yMOBJIeHUH Hebe3NeyHU-
MU TpeHJaMHU HaJiHTEHCUBHOT'O 3€MJIEKOPUCTYBAaHHH,
pe3y/bTaTOM AKOTO € IIOCTYIIOBa BTpaTa I'PYHTaMU IX-
HbOI NpUPOAHOI poAruocTi. [ieBOI0 aJbTepHAaTUBOIO
€HeproBUTPAaTHOMY Ma€ OyTH eKOJIOTiYHO-TOJIepaHT-
He CiZbCbKe TroCHoJapCTBO, sKe HabJMkeHe /0 bioc-
depHUx MexaHi3MiB [7].

BuxigHi nepeaymoBu. Buxonsuu 3 BHU3HA4yeH-
Hs CiabcbKOrocnojapcbkoro padony (3rigno M./,
[licTyHa), «CiIbCbKOTOCNOAAPChbKUN palloH — 1ie Cu-
CTeMa CiIbCbKOIOCIOLAPChbKUX MIJANPUEMCTB CXOXHUX
BUPOOHUYUX TUMIB, sIKi 3aiMalOTh MOPIBHAHO 3HAYHY
YaCTUHY TepUTOpii arpapHO-TEpUTOPIaJIbHOrO KOMII-
JIeKCYy 1 XapaKTepHU3yHTbCs CTiMKUM IO€EAHAHHAM
JIMIlle TOJIOBHUX (CIeliia/li3oBaHUX) rajysei ciJibCbKo-
ro rocnoZiapcTBa», BCTAHOBUTH ITPOCTOPOBi po36ixkHO-
CTi B yMoBax 6araTonpodijbHOT0 CiJIbCHKOTO TocCIo-
JlapcTBa YKpaiHHU fye ckJaJHo. BiacHe, MoBa e po
OKpecJIeHHs] MeX CiJIbCbKOr0CIoapChbKUX PalioHiB, AKi
Jy2Ke 4acTo NPOBOAATbLCA Ha CEHCUTUBHOMY piBHI J0-
caigHuKa 6e3 J0CTaTHbOI HAyKOBOI apryMeHTaliil.

KnacuyHa MeTozAMKa faBasa 3MOry 3AiMCHIOBaTH
YTOYHEHHS] MeX CiJIbCbKOroCHOJapCbKUX pPaMOoHIB 3
BUKOPHCTAHHSAM KOpeJALifHOr0 aHasi3y JIMIle TOMY,
1110 KiZIbKiCTh 060B’I3KOBUX JJaHUX CiJIbCbKOIOCIIOZAap-
CbKOI CTaTUCTUKU IO KOXHOMY rocrnofgapcrtsy y 70-
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Ti - 80-Ti poxu XX cTosiTTa Gysna HabaraTo 6i/bLIOD
(400 mokasuukiB). Lle uizikoM Bianosifaso izei yHidi-
Kallii CiJIbCbKOT0 TOCIoAapCcTBa B paAssHChKIM KoJrocn-
HO-pa/IrOCIHIN cucTeMmi.

B ymMoBax ke pUHKOBOI eKOHOMIKH, KoJIU dpepMep Mae
HabaraTo 6ijibllle MAHOBUX MpPaB HiXK KOJTOCIHUK, YU
HaBiTb rosioBa KoJrocny, inpopmailis no koxkHomy ¢ep-
MepCbKOMY OCIOZapCTBY MOKe SBJISTH 3HAYHUH KoMep-
LidHUY iHTepec A/ KOHKYPEHTIB, a TexHoJIorii, 1110 3a-
CTOCOBYIOTbCS, MOXKYTb AABJIAATH IIPeAMET iHTeJIeKTya/lb-
HOI BJIaCHOCTI. BylacHe, camMe UM 3yMOBJIIOETBCA 3HA4YHA
30iAHEHICTh CibCHKOrOCOAAPCHKOI CTATUCTUKH, KOO
KOpHUCTyBaBcs aBTop. HaBiTh 6inblie, 060B’s13K0BU me-
peJiik CTaTUCTUYHUX TIOKAa3HUKIB 3MEHUIYETHCS LIOPOKY.
Tak, y 2014 poui kosu npantpoBaB pecypc (http://www.
anyfoodanyfeed.com/) 6ys1a MOXXJIUBICTb OTPUMATH AaHi
10 BPOXXalHOCTI, BaJIoBOMY 360Dy Ta MOCIBHUX IJIOILAX
KOXXHOro rocrnogapctsa. ¥ 2024 poui MM MoKa3HUKa-
MU BXKe He MOXHa 0yJI0 CKOPUCTATHUCh Yyepe3 JiepKaBHe
6JI0KyBaHHs pecypcy 3 poCiiCbKHUM JOMEHOM.

Came uyepes 1e Oysa BHUKOHaHa MPOCTOPOBA
«IIPUB’sI3Ka» TOCNOAAPCTB NEBHUX BUPOOGHUUYUX TUIIIB
J10 BiIMOBiAHUX NPUPOAHUX JaHAADTIB JUIle 3a J1a-
Humu 2014 poky, 60 37ilicHeHHS NMO/AI6HOI MpoLeaypu
A1 naHux 2024 poky He 10/1a10 6 06’'€KTUBHOCTI TaKo-
My palloHyBaHHI0. TUM He MeHIlle, HANoJIATaTH Ha 3Ha-
YHi O0G'€KTHUBHOCTI BUJIJIEHHSI MEX CiJIbCbKOrOCIO-
JapCcbKUX padoHIB HaM Jja€ MpaBo BUOGIp MepBUHHOI
[IPOCTOPOBOI OAUHUII AOCHIIKEHHS, AKOI € OKpeMme
dbepMepcbKe rocrnoAapcTBo.

KpiM Toro, /11 yTOUHEHHSI MeX CiJIbCbKOr0CIoAap-
CbKUX paloHIB Ha J0JATOK 3a/Jy4eHHs [0 CiJIbCbKO-
roCro/lapcbKOro palloHyBaHHS T0JIOBHOTO IOKa3HMU-
Ka - piBHA IHTEHCUBHOCTI CI/ILCBKOrO IOCIOAApCTBa,
HaMU OyJiM BUKOPUCTaHI TpaJUulliliHi ekoHOMiKo-reor-
padiyHi MeToanyYHI miaxoau LeHTpo-nepudepitHoOCTi,
Opi€eHTALl Ha CIIOXXUBA4ya, TPAHCIIOPTHOI JOCTYIIHOCTI
[11]. B sikocTi rosoBHOro Kaprtorpadiunoro iHcTpy-
MeHTa aBTOpPOM BHUKopHcTaHa MeToguka ElIC (ene-
MeHTapHoi reoindopmaniinoi cucremu) [5]. Yci kapTo-
rpadiuni MaTepiasu BUKOHAHI ¥ TEKCTOBOMY peIaKToO-
pi «Word».

Jl11 BCTAHOBJIEHHSI TOJIOBHUX TeHJeHLill 3MiHU
cneniasnizanii ciibcbKoOro rocmnofgapctBa Yepkacbkol
o6JsiacTi, B TOMy uuciai i mig BmjiuBoM 3MiH KJjimary,
Ha JlofaTok Ao incTrpyMmeHTapito ET'IC 6yna pospob.e-
Ha cllelliaJlbHa MeTO/MKa, Ka BKJ/I0Ya/a pO3paxyHOK
12 noka3HUKIB, a Ha IX OCHOBI MOOYZOBY MEJIOCTKOBUX
AlarpaM, AKi HaZlaloTb 3MOT'Y HAa0YHO NMOPIBHATU BiJXU-
JIeHHs Bifi cepeJHbOTO 110 06J1aCTi 3HaYEHHS ¥ KOXKHOMY
paiiosi (puc. 1). KoxkHa nesitocTkoBa Aiarpama 6yJia Ha-
HeCceHa Ha IiZICYMKOBY aHAJIITUYHY KapTy, 3arajbHa X
IUIOIA NETI0CTKOBUX JiarpaM (y cM?), iHTeprpeToBaHa
HaMHU SIK «eKCIOPTHUM NOTeHIliasl paloHy», BPaXoBY-
BaJlacb IPU NpPOBeJeHHI MeX ClIbCbKOrOCNoAapChbKUX
paiioniB (puc. 2, puc. 3). B3arai x mijcymkoBa KapTa
cinbcbKorocnoZapcbkux panoHis (2024) 6ysa BUKOPU-
CTaHa HaMH fIK TOJIOBHUM aHAJITUYHUH IHCTPYMEHT.
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MeToI0 CTATTi € aHaJi3 3a AonoMoro reorpadiy-
Hoi MeTof010Tii peakiii pepMepcbKUX rOCoOAAPCTB HA
3MiHU KJiMaTy, siki Bifj0y/ivcs BIPOJOB¥K ocTaHHiX 10
pokiB. CaMe ToMy Gy/id BUKOPHUCTaHI JaHi BUPOOGHUYO1
TUIoJIOril Ta CiIbCbKOTOCIOJAPChKOTO palOHYBaHHSA
Yepxkacbkoi obJacTi 3a 1e# nepiog. Kpim Toro Mmu Hama-
rajJluCh JAaTW HaWGi/bII 3arasibHi pekoMeHaalil 1040
ajanTanii depMepcbKUX rOCIOAAPCTB A0 3MiH KiMary.

Buk/iaj, OCHOBHOro Mmarepiaay JAOC/IiJKeHHS.
B cy4acHill ykpalHCbKill reoekoJiorii Ta arpoekoJiorii
icHyIOTb pi3Hi ysiBJIEHHS NPO CTPYKTYpy Ta $yHKIio-
HaJIbHi 0c06/IMBOCTI arpoekocucTteM [4].

3a 0.0. Co3iHOBUM «ArpoekocrucreMa — JUCKpeTHa
dyHKIiOHa/NIbHA CKJIaJ0Ba azpocgepu, TpU3HAYeHHAM
AKOI € OZlep>KaHHA ClIbCbKOTOCIOAAPChKOI MPOAYKLIT
MoTpi6HOI AKOCTi 3a MiHIMa/JbHUX BUTPAT HEBiHOB-
JIIOBaHOI eHeprii, 36epexeHHsI HAaBKOJIUIIIHbOTO Cepe-
JOBHILA | NTpUPOJHUX pecypciB. EHepreTuka arpoeko-
cructeM 6a3yeThcsl Ha homocuHmesi 1 aHTPOIMOreHHiN
eHeprii. XapakTepusyeTbcs 36ifiHeHHUM 6iopi3HOMa-
HITTSIM, HecTilika. be3 miATpUMKHU JIIOAUMHOI po3Mna-
Ja€Tbcs 1 TpaHCPOPMYETHCS B NMPUPOJAHI MOpYyIIeHi
GioLeHO3M.

[IpocToOpoBO MOAINSAETHCA HA piBHI: MiKpo-: moJe,
npucazubHa JiisHKa, depMa; Me30-: QYHKI[IOHYE Y Me-
»Kax OKpeMUX rOCNoJapCcTB; MaKpO-: OXOIJIOE LiJIiCHUN
azposnaHdwagm. ArpoekocrcTeMa — pe3ysbTaT CIps-
MOBaHOI [il JIIOAWHHU, 3HAYHOIO MIpOH BU3HAYAETHCHA
COoLia/IbHO-eKOHOMIYHUMHY YNHHUKAMUY.

3a C.II. CoHbKkOM «ArpoekocucremMa — INPUPOSHUI
JaHjuadT, 4acTKOBO abo JOKOPIHHO MepeTBOpeHUM
JIIOJIMHOW (TmepeayciM 3 Mo3ulLill peyOBUHHO-eHepre-
THUYHOT0 06MiHY), HAGJIMKEHUH 32 CBOEIO €KOJIOTTUHOI0
CYTTIO /10 IITYYHOI eKOCUCTEMH, B SIKil MOTOKHU peyo-
BUHM U eHeprii cBizjoMo crpsiMoByIOTbCS B GiK Mak-
cuMizanii oTprMaHHS i NOAAIBIIOrO Bij4y>KeHHs 6io-
Macu. Ha JonoBHeHHd /10 MOJIOKEeHb eKOJIOTil Mpo Te,
110 «JIKJWHA CTBOPUJIA CBOI0 — LUTYYHY €KOCUCTEMY»
(M. Tony6enp), reorpadiuHuil mor/isa Ha NpoGJeMy
TAKCOHOMII 3a/ly4a€ [0 aHasi3y nepeayciMm mpocTopo-
BUI KOMIIOHEHT €KOCUCTEeMHU [4].

[IpoTe, MOBHOLIIHHO BUKOPUCTATH re0eKoJI0TTUHUHN
MiAxig 40 BUALIEHHd | TO4AJIbIIOr0 aHali3y arpoeko-
CUCTEeM HaM 3[iHCHUTH He BJaJiocs 4epe3 JeKilbka
npuyuH. [lepma - e 6pak AaHUX (MU KOPUCTYBaIUCS
JIUIIe 3araJlbHOAOCTYIHUMHU JaHUMH 3 HalliOHa/Ib-
Hux 6a3 (https://kolosok.info), sikuit He J03BOJIUB KO-
PEKTHO OKpeCJUTU NPUPOAHI MexXi arpoeKOoCUCTeM
(Tunu opranisarnii ciibcbKorocnoZapcbKoi TepuTopii).
Jpyra - ocobauBocTi koHdirypauii Yepkacbkoi obJiac-
Ti, HaBJIMKEeHOI A0 JiHil. AJ/pKe, IMPOTHE MPOCTSATaHHS
TepuTopil UepkauiuHu NiTBEePAXKY€E TPaAULiH] ysIB-
JIEHHA IIPO MeXi IPUPOAHUX 30H, aJle YCKJIaJHIOE BUJI-
JIeHHS OfiHOPiAHUX aHAAdTIB, AKi 6, AK y BUNAJKY 3
XapkiBcbkow o6sacTio [10], aBasiu 6 c06010 MPOCTO-
pOBO KOMIIaKTHI, a Ha/j yce KOHTHHYaJIbHI IPOCTOPOBI
JUCTPUKTHU. [IpoTe, «aApeiid» ocTaHHIMU pOoKaMU Mexi
CTEeNnoBOl i JiicocTenoBoi NPUPOLHUX 30H Ha IMiBHIY
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6inb1re Hixk Ha 100 KM Malike BCIO TepUTOPit0 06/1acTi
«BKJIIoUUB» J1o Ctemny [15].

IIlo 2k CTOCYETbCSI EKOHOMIYHUX MEX arpoeKoCHcTeM
(Mex CiIbCbKOTOCNOAAPChKUX palioHiB), To ixHS KOHOI-
rypauig y 2014 pouji 3 NeBHOI 4aCTKOX YMOBHOCTI J103-
BOJISIE BUJIJIUTH IX 32 KIJIBKICTIO CIJIbCBKOTOCIIOAAPChKUX
palioHiB, AKKX BCbOTO 5. AJie BiICYTHICTb J@aHUX PO TUIH
BUKOPHUCTAHHA ClJIbCBbKOTOCIOAAPCHKOI TepuTOopil J03-
BOJISIE TOBOPUTH JIMIlIe NP0 NPOCTOPOBY ifeHTUdiKalliI0
A7lep arpoekocucTeM, fKi (3a JOCBiJOM cibcbKOrocmo-
Jlapcbkoro parioHyBaHHs XapkiBcbkoi o6uacti [10])
Maibke He 3MiHIOIOTb CBO€EI MPOCTOPOBOI JioKallii y yaci.
Le: 1. MlpuaHinpoBcbko-Yepkacvkuit II. LleHTpasbHO-
Jlicoctenouii  IIl.  IliBgenHo-JlicocrenoBuii  IV.
[liBHiuHO-3axiguun JlicoctremoBuii V. IliBgeHHO-
3axigHuii JlicocTenoBui.

fAx 6aynmo kinbkicTh Buainenux y 2014 poui pa-
WOHIB HaGJMXKAETbCS A0 KiJIbKOCTI afgMiHicTpaTuB-
HUX paMloHIB, «3aKpimjieHUx» B HOBill aaMmiHicTpa-
TUBHIN pedopmi [1]. 3rizHO Hel IX yCbOro YOTUPHU:
3os0ToHicbKkUHM, YepKkacbKkuil, 3BEHUTOPOACHKHUU Ta
YMaHcbKkuM. Takuil yMOBHUM 36ir MU OLIiHIOEMO SIK
00’€KTUBHY IepelyMOBY AJisi MOOYAOBHU HOBOTO aAMi-
HICTPaTHMBHOTO YCTPOIO HAa eKOCUCTEMHUX NPUHLIUIAX,
PO 1[0 HAMKCAaHO OKpeMi po6oTH [6].

CTocoBHO iepapxil arpoekocrucTeM, TO B HaHOJIK-
YOMYy MaNOYTHbOMY «HPOTJISJAETHCI» HAUHIDKIYUN
MIKpopigeHb, IKUH MPOCTOPOBO BiJIMOBi/Ja€ CENTHCHKO-
My TOCIOJAPCTBY, i IKUH 3 MO3ULill eKocHcTeMoJIoril
YABJSIETbCA HaM HaWBa)XK/IMBILIMM, OCKIJIBKH OXOTIJIIOE
HalHWK4i, HAWO/IbII HAaGIMXKEH] 0 TPUPOAHOI opra-
Hizanii TakcoHu JaHAmadTHOI kiaacudikanii — danii,
dopmariii, ypouuiia.

lllo [0 ckjgajy nepesiyeHUX CiabCcbKOrocmnozaap-
CbKHUX pallOHIB, TO BOHU TaK0X HabJIMXKAIOThCS, aJle BXKe
Jl0 IPUPOJIHO-CiJIbCbKOTOCIOAPChbKOI'0 palOHYBaHHS.

[llo > cTOCYeTbCA arpoTeXHOJIOTiH, MU MOXXeMO
JivIlle NPUGJIU3HO BU3HAYUTHU Ti 3 HUX, Ki € HANO1Ib1I
TOJIEPAaHTHUMU 1O BiJJHOLIEHHIO [0 NIPUPOJHUX €KO-
cucteM. HacnpaBzi, yMOBU PUHKOBOI €KOHOMIKU Ha-
CKIJIbKM aKTHBi3yBa/IM pUHOK CiIbCbKOTOCIOAAPChKUX
nocJyr, o depMep MOKe caM 0OMpaTH sIKi caMe Tex-
HoJioril mifinayTh HalKpallle AJis Horo rocrnofapcTaa.
Hami pekoMeHpaLii CTOCYHOTbCS CiJIbCbKOrOCHOAAp-
CbKUX paloHiB, siKi chopmyBanuck y 2024 poui (puc. 4,
puc. 5).

L. IiedeHHo-LlenmpaabHull paiioH. B Hal6mK4i
pPOKH, fIKi 32 MPOTHO3aMU OyAyTh Lie CHeKOTHIINMH,
B IIbOMY CiJIbCBKOTOCIOJAPChKOMY paioHi, 0co06J1MBO
cepeJ; MacHBY HOBOYTBOPEHHUX TOCNOJAPCTB, HalCKO-
piile JoninbHUM GyZie BOPOBAPKEHHS TAKUX KYJbTYP
i ranyselt, siki nigBuIaTh 6ydepHicTH CTOCOBHO MOTe-
IJIIHHA KJiMaTy.

1. 3o0KpeMa, TaKUM IPUHOMOM MO>Ke CTaTH BBeJleH-
HS B IIOCIBM CYMILIOK MOKPUBHUX KYJbTYpP, 0COGJIMBO
THX, IKi CIPUSAIOTh «3aKPUTTIO» BoJiorH [17].

2.Ilo mipi 36inb1IeHHS JOXi/IHOCT] 3alT0YaTKOBAHUX
depMepcbKUX rocnofapcTs, depMepaM GakaHO MPU-
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YMOBHI IIO3HAYEHHHA

3Havenns KoeilieHTy eKCHOPTHOI CIIPOMO:KHOCTI CiIbCHKOTO FOCMOAAPCTBA (OXHALDb TLIOMI MEIICTKOBOI Aiarpamu)*

meniue 10

11-15 16 - 20

nonaj 20

ITopiBHAHHS NOKA3HUKIB BUPOOHUYOI TUIOJIOTII
ciibcbKOro rocnojaperea Yepkacbkoi odJ1acTi
3a 10 pokis (2014-2024 p.p.)

Ilokaznuxu: 1. 36inpmmiock rocrogapets y 2024 poui nopisusHo 3 2014 poxom
(%). 2. 'ocnopapceTB 3 mepeBaXHUM BUPOOHMYMM TUNOM (y % BiJ 3arajibHOl
KizbpkocTi y 2024 poi). 3. KibKicTh rOCIOfapeTB, B SIKMX J0JAINCH HOBI Taiysi
y 2024 poui (y Tux, mo npaioroTs 3 2014 poky) (1ur). 4. KinekicTs rocnogapcTs,
B SIKUX 3HHMKIH cTapi ramysi y 2024 poui (y Tux, mo npaiorts 3 2014 poky)
(1T). 5. KinbKicTh TOCTIOAAPCTB, B SIKUX 301IBLIMIUCH MOCYXOCTIHKI Tamy3i (abo
KyIbTypH) y 2024/2014 pp. (1r). 6. KinbKicTh rocrosapcTs, B SIKMX 3011bIIHIIACH
KUTBKICTh MOKPUBHUX KylbTyp y 2024/2014 pp. (tur). 7. KinbkicTs rocrnogapcrs,
B SKHX TPEJICTABICHI KYJIbTYpH 1 Taiysi, 10 CIPHAIOTH eKojorizamii (1T).
8. Cepenns 1uroma 3abe3neueHHs: eKOCHCTEMHUX ITOCIYT OJJHUM T'OCIOAapCTBOM
y 2014 poui (xB. kM). 9. Cepennst 1wiomna 3a0e3MeYSHHS] €KOCUCTEMHUX MOCTYT
omHUM TocmomapctBoM y 2024 pomi (kB. kM). 10. BimgcoTox rocmomapcTs, IIo
crienianizytorbes Ha TBapuHHUANTBI Y 2014 p. (%). 11. Bigcorok rocnopapcts, 1o
CICIIaTi3y0Thesl Ha TBapuHHUITBI y 2024 p. (%). 12. Jomamock rocogapcTs 3
BY3bKOCTICIIaJ1I30BaHUMHU TOBAPHUMHU Traiy3smu y 2024 p. (wr).

*Kec — koe(ilieHT EKCHOPTHOI CIPOMOXKHOCTI CLIBCHKOTO TOCIOAAapCTBA -
eKBiBAJICHTHUH TUTOMI METIOCTKOBHX JiarpaM (y OMHHIAX BUMIpPY IUIOMI, cM”)

Puc. 3. J/lezenda do puc. 2. «<EkcnopmHa cnpomosicHicmb pationie Yepkacvkoi o6aacmi» /

Fig. 3. Legend to Fig. 2. «<Export capacity of districts of Cherkasy region»

A6aTH BiANOBIIHY TeXHIKy 51 36epeKeHHsI BOJIOTU Y
rpyHTi [19].

3. BizmoBa 3 yacoM BiJi MOHOKY/IBTYPHOI crneniaii-
3alil, 30KpeMa, BUPOLIYBaHHS HOBUX CLIbCBKOIOCIIO-
JapChbKUX KYJbTYP, SIKi 32 yMOBHU IXHbOI MOCYXOCTiNKO-
CTi MOXKYTH 11l ¥ 361/IbIIUTH arpobiopisHoMaHiTTS. Le
J03BOJIMTD 36i/JIBIIMTH BUXiJ 6ioMacu 3 rekrtapa, aje
nepenbadyaTuMe BiAnoBifHY AuBepcudikalio rocmuo-
JlapCTBa, 30KpeMa, PO3BUTOK rajy3eil TBApUHHUITBA,
AKi OyfyTh YTPUMYBaTHUCh 32 PaXyHOK KOPMOBUX pe-
CypciB HOBOBBeIeHUX KYJAbTYp [12].

II. IMisHiuHo-/licocmenosguii panoH. HalionTu-
MaJIbHIIIIM 3a piBHEM BIiANOBIAHOCTI crenjasnisanii
yMOBaM INPUPOJHOr0 cepefOBUILA B yMOBax Jico-
CTeNy € POCAWHHUIbKO-TBAPUHHUIIbKUH BHUPOOHU-
yui TUN. Binbi ckiaagHu# (MopiBHSAHO 31 cTenoOBUMU
nanamadTamMmu) peabed 06yMOBIIOE i 6inbII CKIAAHI
CXeMU 3eMJIEKOPUCTYBaHHS, B IKOMY JOAAI0ThCA ILJ10-
uii 3eMeJib 3 YXUJIaMHU NOoHaz, 7°. BifTak, BUKOpUCTaH-
HA NPUPOJAHUX KOPMOBHUX Yrifib B JIICOCTENy MOXe
CTaTU NEepCHeKTHUBHUM HANpPSMKOM pO3Tajly>KeHHs
TpaauliiiHoi crenianizanil (MpyUK/IaAu 4oro HaBeJeHi
BHILE).

P03BUTOK POCIMHHULIBKUX rajy3el B IbOMy paio-
Hi OyZie NOB’sI3aHUM 3 BUpILIEeHHAM TPaJULiHHUX A
JicocTeny mpo6JieM, 'pyHTOBOI epoaii, Ta onTuMizarii
nociBHUX ol [2]. 3 MeToI0 BUpillIeHHS [JUX TPo6JieM

JOLIJIbHO BIIPOBAJKyBaTHU HOBITHI TexHOJIOTI, ajan-
TOBaHi /10 yMoB JiicocTeny [16].

2. /lna oTpuMaHHs HaAilMHUX NPUOYTKIB BiJ mpo-
Jaxky 3epHa (0CO6JIMBO Ha EKCIIOPT), a TAKOX 3 METOI0
ajanTtanii 3eMJEeKOPUCTYBAaHHA [0 MICLieBUX YMOB
JIOLIJIBHO Y CXeMax 3eMJIEKOPUCTYBAHHSA OiIblI YiTKO
BU3HAYUTH TOBAPHY Ta QypakHy piJLito, epeayciM 3a-
JIEXKHO Bif yxuny peabedy [9].

3. «PO3BUTOK POCJIMHHULTBA [JI1 TBAPUHHULTBA».
3 MeTo10 6inbLIOrO BUXOAY GioMacH 3 reKTapa JI0Lijb-
HO YPI3HOMaHITHUTH IepesliK M0JbOBUX KYJIbTYp, 30-
KpeMa QypakHUX, 110 [[03BOJUTb 6ibll ePeKTUBHO
pPO3BMBATH 30HAJIbHI rajysi TBApuHHUILTBA [8].

III. Ipudninpoecvko-UYepkacvkuil. 3BaXKaw4yyd Ha
AICKpaBy CII0KMBaLbKy OpIEHTALiI0 TOCIOAAPCTB LbO-
ro palloHy MoXXHa Ha/lilHO TPOTHO3yBaTH ii moAablle
NOT/IMGJIEHHS.

1. 3MeHUIEHHS KIJIbKOCTI rOCHOAAPCTB i3 30HaAJb-
HOI0 creljiasisalji€elo MOCTynoBO MOCTaBUTh NpobJe-
My 3MiHU cTaTycy i QYyHKI[iOHAJIbHOTO MpPU3HAYEHHS
3eMeJib y iXHbOMY KOPUCTYBaHHI. YHIKaJIbHe reorpa-
¢diyHe NoJIOXKEHHSI Ha NepeTHHI TPaHCMOPTHUX ILJIS-
xiB mo o6uzaBa Geperu /[lHinpa, BuUxifg A0 y36epexoks
KpeMeHuy1bKOr0 BOAOCXOBHIA MOCTYNOBO OYAYTH i
Haziali «BUTICHATU» TpPaAWLiiiHI 30HaNbHI ranysi Ha
KOPUCTb peKpeaniiHUx QYHKIIM Ta 3amo4aTKyBaHHS
TYPUCTUYHUX JecTUHaLiil. CaMe TOMy BapTO pO3IJsi-
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HYTH iHIUi (KpiM TpaauLiiHKX) BapiaHTU BUKOPUCTAH-
Hd 3eMeJib [18].

2. Jlep>kaBHUM OpraHaM /JIOLiJIbHO pOo3pO6HUTH Npo-
rpaMy, CIpsIMOBaHi Ha 3MeHIIeHHs 3eMeJlb Y CiJIbCbKO-
roCIo/lapCbKOMYy KOPMCTYBaHHi, 0COGJIMBO THX, fKi
BTPAaTU/IM pOAIOYICTb BHAC/IIAOK HaAiHTEHCHUBHOIO
3eMJIEKOPUCTYBAHHA 3 IOCTYIIOBUM iX IepeBe/leHHAM Y
nepesiory, Teputopii [13P, BkyitoueHHs 10 CMapargoBoi
Mepexi. g npo6ieMa HabyBa€E 0COGJIUBOI aKTyalbHO-
CTi 3BaXkalo4yMu Ha Te, 110 ycs TepuTopisa YepkaluHu
BXOAUTb J0 ckaany [anunbko-Ciro60XaHCHKOTO eKo-
JoriyHoro kopugopy [20].

3. ®i3UYHUM Ta IOPUJUYHUM 0C006aM — BJIaCHUKaAM
3eMeJlb ClJIbCBKOTOCIOAPChKOT0 NPU3HAUYeHHs BapTo
MparHyTH A0 po3rajy:XeHHs TpaJuLiiHOI cilbcbKo-
rOCIOAAPCHKOI creliai3anii, B TOMy YUCJI 1 MJIAXOM
Bi/iBeJleHHS1 YaCTUHM IJIOL] MiJi peryJiboBaHe «3Ju4a-
BiHHSI», CTBOPIOIOYM THUM CaMHUM eKOTONH AJs1 abopu-
reHHUX poc/uH i TBapuH [8]. Ha uux finsiHkax 3 yacom
MOKHa PO3BUBATH HeTpaAMLiiHI (418 YKpainu) raay-
3i, 1[0 TOCKUJIUTD IXHE Ii3HaBaJibHEe Ta TYPHUCTUYHO-Pe-
Kpealniline 3HaueHH: [20].

1V. IliedenHo-3axionuti Jlicocmenoguil. Buxoasayu
3 CYy4aCHHUX TeH/IeH1i}, Moa/lblIKi PO3BUTOK IJbOTO pa-
HoHy Oy/ie BiAOyBaTUCh Y HAPSIMKY MOIJINOJIeHHS cIie-
uianizanil. Ilpy nboMy 6isbllla KibKICTH TOCHOJapCTB
Oy/ie OIIMO/II0BATH 30HA/IbHY POCIMHHUIBKY clieliaii-
3alilo0 - 3epHOBE r'OCMOIAPCTBO (3epHOBI 3epHO6060BI),
BUPOOHUIITBO TEXHIUHUX KyJAbTYp (0/iMHUX Ta Gypsika
LIyKpoBoro,). Buxozas4u 3 aHai3y neJIloCTKOBUX JiiarpaM
(puc. 3) 3MiHM KJiMaTy, 110 Bifbyuch 3a octanHi 10 po-
KiB MOCTYNOBO NMOYMHAIOTH BiIGUBATUCH HA Clielliasi3a-
i rocnofapcTs.

1. TocnofapcTBaM, IK HOBOCTBOPEHUM, TaK i TUM, 1[0
icHy10Tb 3 2014 poKy AOLIIJIBHO B rajy3sX pOCJAUHHULTBA
«BiapearyBaTu» Ha MOCTYNOBi 3MiHU KjiMaTy (puc. 3)
BIPOB3/PKEHHSIM HOBITHIX TeXHOJIOTIH, fKi MOXYTb
3MEHILIWTH 3ryOHUM BIUIUB Bif Takux 3MiH [16,17,19].

2. BpaxoBytoui 6araTopiyHi TeHAeHIil 10 MOTemIiH-
HA KJIMaTy, 3TiJHO AKUX TEepPUTOpPid LIbOT0 CiJIbCHKO-
roCII0/lapCbKOr0 paloHy 3HAYHOI CBOEK YaCTHHOMO
BXe «Iepeliyna» B 30Hy CTeny, JOLi/IbHO PO3BUBATH
KOMIIJIEKCHY POCJWHHHULbKO-TBapUHHUIBKY CleliaJii-
3alil0 YUM YPi3SHOMAHITHUTHU €KOCUCTEMHI BiJTHOCUHU
B arpoeKOCHUCTeMAx, 3p0OUBILH iX GiJIbII pe3UCTEHTHU-
MH [10 30BHILIHIX BIVIUBIB [8].

3. 3BaXKaloyy Ha BUTiZiHe TpaHCHNOPTHO-reorpadiy-
He I0JIOKeHHs1 paloHy, YHiKa/bHe NO€JHAHHA iCTO-
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PUYHHUX, IPUPOJHUX Ta TYPUCTUUYHUX 06’EKTIB, Z10Li/b-
HO MOCWJIIOBAaTH JuBepcudikalilo ciJbcbKorocmnojap-
CbKOI'0 BUPOOHHUIITBA, B TOMY YHCJI i IIJISXOM 3MiHU
THUIy 3eMJIeKOpUCTYBaHHs [20].

BucHoBKM. 1. Hali6isnblna KiJbKiCTh TOCIOAAPCTB,
ski foganuce y 2024 poui, npunajae Ha 1-i [liBgeHHO-
LeHTpanbHUM Ci/IbCbKOTOCMOAAPChKUM paiioH.
[eorpadiuHo 1151 3k TepUTOPisl OXOIJIIOE apeasl, Ha AKUH
pPO3LIMPHUIIACE IIJIOLIA CTENIOBOI 30HHU IiJ| BILIMBOM 3MiH
kJiMaTy. To6To, roJIOBHUM MacuB rocnogapcTts (1274
rocrnofapctsa 3 1808) onuHsAETbCS B 30HI pU3UKOBa-
HOT0 3eMJIepo6CTBa, fKa NOTpaIJIsS€E MiJ BIJIMB 3MiH
kJiMaTy. HaneBHe, BIpOZj0BK IEBHOTO Yacy B IiiKi rpymi
rOCIOAAPCTB MOXKHA OYiKyBaTH peakliito Ha TaKi 3MiHU.

2. 3MeHIIeHHA 4YacTKU POCJIUHHULbKO-TBAPHH-
HUIbKUX TUIIB BiJl 3arajbHoI KIJIbKOCTI rOClofapcTB
y 2024 poui nopiBHAHO 3 2014 poKOM He NO3HA4M-
JIOCh Ha 3arasibHil iX KibKkocTi. Tak, Halb6iablIe 3MeH-
LIeHHs 4YaCTKU TaKMUX THUIIB roCloAapcTB Bifdys0Cch
y 3osoToHicbkoMy (Ha 45%), YMancbkoMy (Ha 45%),
KamsiHcbkoMy (Ha 52%). Asle, He3BakalouM Ha HU3b-
kui BifcoTok (10-18%) Takux rocrnofapcTB y 3a3Have-
HUX palloHax B aGCOJIIOTHOMY 06paxyHKY ix HapaxoBy-
e€Tbcs He MeHIe 20 of.

3. HaiiMeH1i 3MiHu (51K 3a KiJbKicTIO Tak i 3a mu-
TOMOIO Baroi) Bif0ysucss B MiBHIYHUX JIiCOCTENoO-
BUX 30HaJbHUX THUNax rocmnogapctB (KaHiBcbkui,
XKawkiBcobkuii, KopcyHb-llleBueHKIBCbKUN palioHU).
lle meBHOIO MipoI0 MOXKe CBiAYUTU IPO OI/IbILY €KOJIO-
riYHy IJIAaCTUYHICTb TOCIOAAPCTB JIICOCTENOBOI 30HU
CTOCOBHO 3MiH KJiiMaTy (MOpiBHSIHO 3 30HaJILHUMU
CTeNOBUMH THUNIAMHU).

4. 1151 BCTAaHOBJIEHHSI TOJIOBHUX TeHJeHLil 3MiHU
creyjasizanil ciJibCbKOro rocmnojgapctBa Yepkacbkoil
06s1acTi B TOMY 4McaIi i miJy BIVIMBOM 3MiH KJiMaTy 6ysa
po3pobJieHa cneljajbHa MeTOJHKa, sKa JOMNOBHUJA
MeTtoauyHi npuiomu El'IC. 3okpema, 6yB po3pobieHUM
aHAJNITUYHUN IHCTPYMEHT - MeJIIOCTKOBA Jiarpama,
KU Ha/la€ 3MOT'Y HA0YHO NMOPIiBHATH BiAXUJIEHHS Bij
cepefHbOTO 10 06J1acTi 3HaYEHHS Y KO)KHOMY paloHi.

5. 3a pe3y/bTaTaMu aHasli3y po3po6sieHi NpakTUYHI
peKoMeHJaLii A/ KOXKHOTO0 ClIbCBKOTOCIOAAPCHKOr0
paiiony (2024 p.), siki oXoIIIOIOTh NepeayciM reorpa-
¢iyHMN acneKT MPOCTOpPoBoOi opradisauii cisibcbkoro
rocrnojapcrea. B HaflaHUX pekoMeHJaLigX MU HaMa-
rajJliCb MaKCUMaJIbHO B3a€EMOINOTOAUTH IPUPOJHI
(B TOMY 4yHCIIi i eKoJIOTiUHI) Ta EKOHOMIYHI TPpEHAU PO3-
BUTKY CiJIbCbKOT0 rocrojapctBa YepkacbKoi 061acTi.
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GEOGRAPHICAL FEATURES OF AGRICULTURE IN CHERKASY OBLAST IN THE CONTEXT
OF CLIMATE CHANGE

The purpose of this article is to analyze, using geographical methodology, the response of farms in Cherkasy Oblast to
climate change that has occurred over the past 10 years.

Main material. The problem indicated in the title of the article has become relevant in recent years due to climate
change. And in the conditions of natural zones of Ukraine, the boundaries between which have long been quite conditional
(geoecotone «forest field», G. Denisyk), the justification and further development of «zonal» specialization has always
been a difficult problem. Visual evidence of climate warming prompted the search for such indicators that would (directly
or indirectly) demonstrate the «reaction» of agriculture to such climate changes. A comparative analysis of agricultural
zoning in 2014 and 2024 showed that the configuration of agricultural areas has changed significantly, which was radically
affected by climate change.

Conclusions. The main array of farms (1274 farms out of 1808) of the 1st South-Central Agricultural District is in the
zone of risky agriculture, which is affected by climate change. The smallest changes (both in quantity and specific weight)
occurred in the northern forest-steppe zonal types of farms (Kaniv, Zhashkiv, Korsun-Shevchenkivskyi districts). This may
indicate a greater ecological plasticity of farms in the forest-steppe zone with respect to climate change (compared to zonal
steppe types). Based on the results of the analysis, practical recommendations were developed for each agricultural district
(2024), which primarily cover the geographical aspect of the spatial organization of agriculture.

Keywords: agrolandscape, specialization, agricultural district, climate change.
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