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XApPKiBCbKMM HAWOHOABHIMIA YHIBEpCUTET imeHi B. H. KapasiHa

KAPTOTPA®PHHE MOAEAKOBAHHA NAPOEHEPTETUHHOTO
NOTEHLIAAY MAAKX PIHOK XAPKIBCbKOI OBAACTI
3 BUKOPUCTAHHAM MNC-TEXHOAOTIA

¥ cTarTi 3an0poNoHOBAHO METOJAHKY ABTOMATH30BAHOTO MATEMATHKO-KapTorpadpivuHOre MOASIIOBAHHA TIpoeHep-
MeTHYHOTO NOTeHINATY, Mo peadizopana Ha Gasi reoindopManiiinol cueremu AreGIS #i anpoGosana Ha TepHTopil
Xapkiscbkol obaacti. B xoai pocaijikenna Nposeiedo oliHKY TEOPeTHYHOTO Ta TeXHIYHOTO eHePreTHYHOTO IOTeH-
1Ay PIMOK 5 POSMEKVBAHHAM [0 IX OKpeMHX JALiAHKax. Ha ocHOB] OTPHMAHHX PesY/IBTATIE YEJIIEeHO cepllio KapT
ryIpoeHepreTHYHHY pecypels XapKiseskol obuacti.

Kmogorl ciaosa: Kapra, reoindopmaninni cucremu (I'IC), enepreTHYHHA NoTeHIIAA MaJHX pivok, XapKiBcbKa
ofy1acTh

EareHa Aranocsa

KAPTOTPAPUYECKOE MOAEAWPOBAHWE THAPOSHEPTETUHECKOTO NOTEHLLWAAA MAABIX PEK
XAPbKOBCKOW OBAACTH C HCNOABIOBAHWEM TMC-TEXHONOTHH

B cTaTee npesoAKeHa MeTOJHKA aBTOMATHSHPOBAHHOTO MATEMATHEO-KAPTOrpadhHIeCKOT0 MO/ THPOBAHHA THIPO-
AHEPreTHYecKoTo MOTeH IHAJIA, PeaTH30BaHAAd Ha Gase reonadopmanHonnoi cuereMsl AreGIS o anpobHpoRanHan
Ha TEPPHTOPHH XapbKoBeKoH obnacTd. B Xojie HecaejoBaHHA IPOBEJIEHA OIEHKA TEOPETHYECKOTO H TeXHHYECKOTo
SHEPTeTHYMECKOrD NOTeHHATd PeK ¢ pasiesIicHHEM [0 HX OTACIBHBIM VHACTEAM. Ha ocnoge NOJIVMIEHHBIX pesyviibTa-
TOB COCTABJIEHA CEPHS KADPT MHAPOIHEPreTHYECKHX pecypeos XapbhKOBCKOH 00J1acTH.

Kmogersie ciioga: Kapra, reouagopmaiHonnsie cueremsl (I'HMC), aHepreTHYecKHA NOTERIIHA MAaJILIX PeK, Xaph-
KOBCKas ob1acTh.

Olena Agapova

CARTOGRAPHIC MODELING OF SMALL HYDROPOWER POTENTIAL IN KHARKIV REGION USING GIS
TECHNOLOGIES

The use of small hydropower resources is considered as one of the priority development directions in the energy sector
in Ukraine and worldwide. In the initial planning stages of hydropower development and small hydropower plants placing,
there is a need to conduct detailed assessments of hydropower potential.

With the development of geo-information technologies, the possibility of spatial modeling and GIS tools application have
emerged for the automated construction of a surface water manoff models, quantification of hydropower resources and defi-
nition of the sites potentially favorable to establish small hydropower plants.

In this paper an algorithm of antomated mathematical and cartographic hydropower potential modeling is proposed.
It was implemented on the basis of a multi-purpose (universal) geographic information system ArcGIS and includes
the use of standard analytical tools, which can be an advantage, becanse it requires no additional software development
or purchase of specialized software for hydropower resources study.

The proposed methodology involves the use of the Hydrology toolset in AreGIS Spatial Analyst Tools and a range of other
analytical tools to calculate energy potential on the river segments, as well as mapping of hvdropower resources, which al-
lows to define the river sections with the highest energy indicators and the possible placements for new hydropower plants.
During the research the indicators of specific water flow power (theoretical energy potential), as well as the value
of the potential energy production on the river segments (technical energy potential) were calculated. Based on the ob-
tained caleulation results the series of hydropower resources maps for the territory of Kharkiv region has been designed;
it includes three maps that show the water flow, theoretical and technical hyvdropower potential on the river sections.
Using the information obtained from the maps, prospective sites for construction of small hyvdropower plants have been
identified within Kharkiv region on the rivers Siversky Donets, Uda, Berestova, Mozh and Merlo.

Keywords: map, geoinformation systems (GIS), small hydropower systems, energy potential, Kharkiv region.

Beryi, BukopucradHsl TJIpOeHEpPreTHYHHX
pPecypciB MasIiX PIYOK PO3IVIAAETECH AK OJIUH 3
IPIOPHTETHHX HAINPSMKIE PO3BHTKY €HEpreTHy-
HOI rayy3i B YKpaiHi Ta cBiTi. Ha eranax c¢rpare-
NYHOro IUVIAHYBAHHA Ta PO3pPoDKH [epespo-
EKTHHX MPONO3HIIIH 1I0A0 PO3MILIEHHA Maanx
rijpoenekrpoctadiid ('EC) BuaHKae mnorpeba
Y [POBEJEHH] JeTaJbHHUX OINHOK TIlJIpoeHepre-
THYHOTO [TOTEHIIANY ¥ PO3PI3l OKPEeMHUX PIYOK Ta
IX JisiHOK. BHMKOHAHHS TaKUX OLIHOK YCKJIaJI-

HSETBCHA BLICYTHICTH) HeoOXiyHO1 0asu HaTyp-
HHMX TIIPOJIOTIYHHUX CHOCTEpeKeHb (KUIBKICTD
I'YIPOIIOCTIE  JIEPSKABHOL  TPOMETEOPOJIOTIYHOI
cykON € 0OMeXKeHOK, 1 PO3TalllOBaHl BOHHM I1e-
PEBAKHO Ha BEJIMKHX Ta cepejlHIX plukax). A op-
rasizailisa crewiagi3oBaHuX JOCHUKEHb TIIpo-
JIOTTYHUX XapakKTepUCTHK PIiYOK HA MICHEBOCTI 3
METOI0 OIJIHKH IX €HepreTUdHOro IIOTEHIaNy €
HA/MIPHO 3aTPATHOK 1 HEBHIIPABJAHOK 3 €KO-
HOMIYHOI TOYKH 30pY.




MPOBAEMI BE3MEPEPBHOI TEOTPAPIMHOI OCBITK | KAPTOTPAPII

3 PO3BUTKOM reolH(opMaliiiHiX TEXHOIOT i
(I'IC-TrexH00T1H) 3 ABWJINCA MOMKJIHBOCTI 3aCTO-
CyBaHHSl MaTeMaTHKO-KapTorpa@iueux MeTo/iiB
Td dABTOMATHIOBAHHMX iHL"[’p}-’h‘IEI—I’]‘iE HPOCTOPO-
BOTO aHaM3y A 1100yI0BH MOjeNied oBepx-
HEBOTO BOJIHOIO CTOKY, BU3HAYEHHSA KiJIBKICHHX
IIOKA3HHKIB TiJIPOEHEPreTHYHHX PecypciB piuok
Ta BUABJICHHSA JIVIAHOK, 1110 € [IOTEHIIIHHO CIIPHU-
ATAUBAMM J1A BeradopieHHEa Mmanux UEC. Kpim
[IPOBE/ICHHS OIIIHOK €HEepreTHYHOro MOTeHIiany,
sactocyBanHs reoiddopmaiiianx cucrem (I'C)
1ipu Budopl AusaHoK i manux 'EC nossosnse
BPaxOBYBATH €KOJIOTIYHI YHMHHHKH, ITPHPO/IHI,
€KOHOMIYHI, cOlllaJIbHL 0COOJIMBOCTI TEPUTOPIL.

BuxiaHi mepeaymMoBH. ljel sacTocyBaHHSA
zacobie T'IC s MosenoBaHHS TipOSoOriyHol
Meperkl Ta lapameTpiB PIYKOBOTO CTOKY I0Yasu
po3pobiATHCA 0JIpasy I/ CTBOPEHHS 1IHCTPY-
MEHTIB 1100y10BH IU(pPoBUX Mojeneil pensedy
(LIMP). OcobmHBo aKTyaIBHUM CTAJIO 1X 3aCTOCY-
BaHHS ¥ JOCJIPKEHHAX IJIPOeHEPreTHYHOTO [10-
TeHIlany pivok. ¥ psyl kpaid (B Kanaai, I'ranii,
Opannil, Hopeeril, Hlornanail, CIHIA, HIpi-Jlas-
i, Ilipgenniin Kopel) omiHKY rijpoeHepreTuy-
HUX MOTYKHOCTEH IIepersiAHyJIi Ha OCHOBI
IIPOCTOPOBUX MOJIeNieH TIIPONIOTIUHOl Mepexl,
nobyposannx 3acobamu  I'lC-rexHonoriin [8].
B Ko3KHIN KpalHl /0 ITPOBEJIEHHS OIIHKH TIpo-
EHePreTHYHOr0 MOTeHIiany Ta KaprorpadyeaH-
HA TJIPOEHEPTeTHYHNX PECYPCIE PIYOK 3aCTOCO-
BYBaJINCA BJACHI METOJMKH Ta pi3He IporpaMHe
3abesrnedeHHs. B OCHOBHOMY 3aCTOCOBYBAJIMCS
crierianizoraHi nmporpamsi sacobu (Hanpukia,
Hydropost, StreamStats, HydroHelp, SMART
MINI IDRO, The Hydropower Evaluation
Software Rapid Hydropower Assessment Model
(RHAM) Ta iH.) abo pozpobasiziica criewiaib-
HI IporpaMHi HajbVI0BH JJIS VHIBepCaJbHHX
I'C, wo marpuMyTh (QYHKII pPo3paxyHKY
EHePreTHYHOro IMOTeHIaNny PIiuoK, [OTYKHOCTI
o0yaflHAHHA TiIPOBY3JIB, BUOOPY ONTHMAJIb-
Horo micus posraurygadds I'EC rta iv. Hanpu-
wian, B Kanaal mogens Rapid Hydropower
Assessment Model (RHAM) 6yna pospobiena
Ha ratgopmi ArcGIS ESRI, ananorigno B Itanii
creopeHe nporpamue sabesnedenss VAPIDRO
Aste, iHIII mporpamHi opaTky Ha 6asi ArcGIS
sacrocoepano B Hopeerii, IlIBeitnapii, Pocii [8].
JlocnpKeHHAM TIpOeHepreTHYHOro [oTeHIla-
ay 3 szacrocyea”HHaMm I'lC npucesagent poboru
DaraTboX sakopjoHHHX BuYeHux H.B. bapenka
Ta iH. [1], A. Ballance Ta 11. [4], G. Carroll Ta in.
[5], B. Feizizadeh, E. Haslauer [6], D.G. Larentis
Ta iH. [7].

B VYkpaiHi HalOIIBII UIHPOKO I[HTAHHSA
OLIHKH TIJIPOEHEPreTHYHUX PEeCypCiB  PIUoK
posmisinyTi B poboti A.B. Mopos [2], 30kpe-
Ma po3pobsIeHO MEeTOAHKY PO3PaxXyHKY TiIpo-
@HEPreTHYHOTOo IIOTeHIlany PivoK, 1110 BPpaXxoBye
[IPUPO/I0OXOPOHHI 00MeXeHHA Ta IMOBIpHicC-
HHI1 PO3IOAUT BUTPAT CTOKY, Ta BU3HAYEHO TeOo-
PETHYHMH 1 TEXHIYHHH €HeproloTeHIlian pluoK
VYkpalin Ha OCHOB1 OaraToOpIuHHUX JAaHUX CII0-
cTepeskeHb riyiponorivHux mmoctie. OHAK, BAPTO
BIZIMITHTH, 1[0 OIIHKY I'JIPOEHEPreTHIHOro 110-
TeHIIaNy IPOBEASHO 3 IEBHUMU 0OMeKeHHAMU
Bi/110paHi piuKH 3 IOKA3HUKAMH BUTPAT BOJH Bl
2 10 150 M3/c, JJiA PIYOK, He OXOIUIEHHX TIpo-
JIOTTYHHUMH CIHOCTEPEsKEeHHAMHM, 3aCTOCOBYBaBCH
miaxin mipbopy pluku-aHasora 3 BUIOMHMH Xa-
PAKTEPUCTHUKAMH CTOKY, €HEPreTHYHHH [10TeH-
[[1aJ1 BUSHAYEHO He Ha BCIH HPOTAKHOCTI PIYOK
yepe3 00MEeXKeHICTh ICHYKYHX TIiJIPOJIOTIYHUX
JaHux. Kpim Toro, pe3yzbsraTi OLIHOK HeE IIpe/i-
crapyiedl y kaprorpadiusiil ¢opmi, 1o yexinai-
HKE MMOANBIIMHE aHaMi3 Teputopil st Bubopy
ONTUMAJIBHUX Micllb posTamtyeaHas Manux I'EC.

Omxe, kaprorpadiyae MOAeNOBaHHA TIpo-
EHEPreTHYHHX XapaKTepHUCTHK PIYOK JUISA el
PO3BUTKY MaJlol TIJIpoeHepreTHKH B YKpaiHi
3 sacrocyBaHHAM cydacHux I'IC-texHonorii €
AKTYAJIBHHM SdBJaHHHM.

MeToK € BUCBITJIEHHS Pes3yJIbTaTIB po3poh-
K AATOPHTMY I{EIIJTUFPHCIJiIIHD['D MOJCTTKIBaAHHA
TIPOEHEPTeTHYHOTO MOTEHIIAaNy MaJHuX PIYoK
3 BUKOpHUcTaHHAM 3aco0iB yHiBepcanpHol 'IC
Ta iHoro anpobauii Ha npuKiIaal Teputopii Xap-
KIBCBKOIL 001acTI.

Buxnajy ocHoBHoro marepiany. CyuacHi
KOMII'KOTEPHI TEXHOJIOrI Ta [IporpaMmHi 3acodu,
Takl Ak I'lC, 103BONAKTE ABTOMATH3YBATH [IPO-
1ec OIIHKK Ta KaprorpadyBaHHA rijipoeHepre-
THYHOTO MOTEHIIaNy pivoK 3a PaxyHOK 3acTo-
CYBAHHS METO/[IB MOJENBAHHA pesikedy Ta
IIOBEPXHEBOTO BOJIHOTO CTOKY. Ha BiAMIHY Bl
METOJIMK, 1110 0a3yI0ThCA HA BUKOPUCTAHHI JIMIIE
JJAHHX HATYPHMX TiZIPOJIOTIYHUX CIIOCTEPEKEeHb,
OI[IHKA eHEepreTHYHUX PecypeiB 13 3aCTOCYBaH-
HaAM I'IC nosposse BU3HAYATH IJIpOeHEpreTHy-
HUI [OTEHINAJ JIJIA BCIX PIYOK, BKJIKYAKYH Ti,
Ha SIKUX He IIPOBOJMJIMCA TIAPOJIOrIYHI CIIOCTe-
PesKeHHSI.

YV pagiii €TaTTl 3aIPOIIOHOBAHA METOANKA
ABTOMATH30BAHOI0 MaTeMaTHKO-Kaprorpadiy-
HOTO MOJIENOBAHHA TiIPOEHEPreTHYHOro I10-
TeHliany, peayiizopaHa Ha 0asl 0araTouibo-
Boro (yniBepcansnoro) I'lC-mpoaykry ArcGIS,
siKa nependavae BUKOPUCTAHHSA CTaHAAPTHOTO
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AHAJIITHYHOIO IHCTPYMeHTapi nporpamu. Ile-
peBaramMi IIJIXO/y, 3aCHOBAHOTO Ha BHKOPH-
cranHi baraToniieopoi I'lC, €: mommpeHIcTs Ipo-
rpaMmHOro sabesrnedeHHs; BIICYTHICTE rmoTpebu
nmpuabanHs abo pospobku cremamsosanux I'lC
ab0 porpamMHHUX A0JATKIB; MOMJIMBICTE BHKO-
PUCTAHHS ICHYIOUHX BHXIJHUX KapTorpadiuHux
naHux 6e3 MpoBefieHHs J0AATKOBUX TpaHcdop-
Malliii; OTpUMAaHI B pe3yJbTaTi aHaMi3y KapTo-
rpapiuHi apH MOXKYTH IHTerpysaTtucs y 6asu
JAHUX Ta BUKOPHCTOBYBATHCS IIPH BUPILIEHHI
IHITHX JOCJIITHUIBKHAX 3a/1a4.

[3 3aCTOCYBAHHAM ICHYKOUOTO JOCBIY Ta €KC-
nepuMeHTaZIbHOL  anpodauil HU3KH  (QPYHKINH
ArcGIS pospobiieHo anropyuTMm KaprorpadpiuHo-
ro MOJIEJIKBAHHSA €HEePreTHYHOrO IOTeHIaNy pi-
YOK, 10 BKJIKYAE HACTYIIHI €Talli:

1. ITigroroBka BUXIHHUX reoiH(oOpMalllHHHX
mapie gaaux — [LIMP Ta kaprorpadiuHoro mapy
MOJYJIA CTOKY, Ha OCHOB1 AKHUX CTBOPHIKOTRCH 110~
XiZIHI 1IapH JIaHUX — CKJIaJ0Bl KaprorpadivHoi
MOJIEII TIPOJIOTTHHOL MEepesKi.

2. Kaprorpadgiuse MoJle/IIOBaHHSA TIPOJIOriy-
HO1 MepeXl Ta IOKa3HUKIB [IOBEPXHEBOIO CTOKY
3 BUKOPHCTAHHSM TPy IHCTPYMeHTIB «I'ipo-
norisi» (Hydrology) nopatkoporo moayns Spatial
Analyst.

3. CreopeHHA NOXIIHUX reoiddgopMaliiiHux
IAPIB JIAHUX, 110 BKJIKYAKTh PIYKOBY MEPEKY,
3HAYEHHA aDCONMKTHOL BUCOTH MICIIEBOCT] TA BH-
TPaT BOAM Y [IYHKTAX BUTOKIB Ta FHPJI PitoK, a Ta-
KOK Ha I10YaTKY Ta Ha KIHII 1X OKpeMHX JIVIAHOK.

4. Po3paxyHOK BayioBOTO (TEOpPeTHYHOro) Ta
TEXHIYHOrO I[OTEeHIlaNy pidokK (Ta IX oKpeMHx
AUISTHOK) Ha OCHOBI aTpuOyTiB reoindgopmariiii-
HUX LIApIB JIaHHX, CTBOPEHHUX Ha IOIepe/iHIX
eTariax.

5. Kaprorpadiune odopMieHHA OTpUMAHNX
pe3yJIBTaTIRE, KOMIIOHYBAHHA Cepil KapT rijipo-
EHEePreTHYHUX PecypciB piuok, [0 BKIKYAE
BIOOpaKeHHA cepefiHIX BUTpAT BOAH, TEOPETHY-
HOT'O Ta TEXHIYHOrO TiIPOSHEPreTHYHoOro  I10-
TEHLIIaJIy PIYOK.

Ilepumid eran pobiT BKIOYae 301p BUXIIHHX
CTATHCTHYHMX Ta KapTrorpa(iuHenx JlaHUX, a Ta-
KOXK IIJIPOTOBKY €NeKTPOHHHUX Kaprorpadiy-
HUX wapis y cepenosuun I'IC. Jina nposenenns
FIPOJIOTIYHOr0 aHaMi3y HeoOXUIHO IIJIroTyBa-
™M 0az30Bl reoindopMalliifHi HapH, o MICTSTh
IHOpPMALIIKD ITPO penbed) AOCHPKYBAHOL Te-
pUTOpIl (BeKTOPHI LIapH JaHUX FOPH30HTAaNEH,
pacTpoBl JlaHl pajapHol TornorpadiuHol 3H0M-
ki1 3emu — Shuttle radar topographic mission
(SRTM) Ta 11.), rigporpagiuay Mepexy (piuaku,

03epa, BOJOCXOBHIIA Ta 1H.), MOJY/Ib CTOKY, Ce-
peHl faraTopidHi XapakTepHUCTHKH BUTPAT BOJH
B piUKax, OTPHUMAHI B PeayJIBTATI MIPOJIOriuHNX
CIIOCTEPEIKEHD JIEPKABHOL TI/IPOMETeOpPOJIOriy-
HO1 CITy»KOM.

Inerpymentu I'IC pnosponsoTh pospaxyea-
TH 3HAUE€HHs BUTPAT BOJAH B PiUKax, OLIHKKYH
CYMapHHMH CTIK ycboro Bojo3bipHoro HacelHy.
BifiITOBI/IHO, 1151 IIPOBE/IEHHA KOPEKTHOL OLIIHKH
MJIPOJIONTYHHEX XapaKkTepHCTHK PIYoK XapKiB-
cbKO1 00J1acTl period nobynoen kaprorpadgiaaol
Mo/ienii OyB po3LIMpeHUI Ha IIBHIY Ta IIBHIY-
HUIT ¢Xij, 10 TepUTOpiil, Je PO3TALlOBYIOTECS
BUTOKH piuok Gaceiiny Cigepckroro JliH1s.

Ha nouarky smiHcHI0OETBCA 1obynosa 1IMP
HA OCHOBI JIAaHUX PajioJIoOKaliiHol 3HOMKH
abo/Ta BEeKTOPHOrO 1Iapy ropusonTanei. B me-
Kax JlaHoro gocniypkeHHs  nobyposy  1IMP
PO3AUIBHOK 37IATHICTIO 25 M BUKOHAHO 3 BUKO-
pucradgaaM iHcTpymeHnTy «Toro B Pactp» (Topo
to Raster) Ha ocHOBI reoiHopMalliiiHOTO LIapy
rOpU3OHTANeH, o1 poBaHKX 3a TOIorpahiuHm-
MH KapTaMmi Macurrady 1:100 000, Ta SRTM. ITpu
nmobynosl 1IMP, sk npaeusio, HeBeJIMKHUH BIICO-
TOK Pe3y/IbTYIOUOl IIOBEPXHI CKIaaiTh 00J1acTi
JIOKAZIBHUX IIOHIDKEHD, B MEXKAaX SIKHX YapyHKH
pacTpy 3 MEHIIHMH 3HAYEHHAMH BHCOT OTOYEHI
YapyYHKaMHM, 1110 MAaiTh BUOI BiamiTKu. Haii-
yacTillle BOHU NPEeJACTABIAKTEL cO00K HeBeJMKI
[IOMHJIKOBl JIVIAHKH, CIPHYHHEH] PO3/UIBHOK
3/ATHICTIO BUXIJIHUX IaHUX a00 OKPYTJIEHHAM BH-
coT pu 11o6yaoBl LIMP 10 HaitbmpKaoro mioro
3HaueHHA. /)15 yCyHeHHA IOMIWIKOBUX 3HAYeHb
ILIMP Ta 3abesredeHHst OLIBIIT KOPEKTHOrO BH-
JIeHHA BO/030IpHHX ob7acTeil 1 IIOBEPXHEBHX
BOJIOTOKIB Ha HACTYIIHUX eTalax podiT 3acToco-
BYETECA AHAJNITHUHHI IHCTPYMEHT «3allOBHEH-
Hsa» (Fill) noparkosoro mosayns Spatial Analyst.

TaKoK CTBOPHETHCA PACTPOBHH L1ap MOYJA
CTOKY, KOMKHII 4YapyHIIl SKOTO BIJIIIOBIJIAE 3HA-
YeHHsl KIJIBKOCTI BOJIM, 10 CTIKAE ¥ PYIO PiukH
3a OMHHUIIK Yacy 3 OJUHMII 11710111 BO/10301p-
Horo Oaceiiny. JInsi IIpOBefEHHS I10JAJIBIINX
aHANMTHYHUX Oorepalii 3 00paxyHKy [TOKasHHKIB
CTOKY 000B AZKOBOK YMOBOK) € IIPHBE/IEHHSA 3HA-
YeHb MOJLYJIS CTOKY YV BLAIOBIHICTE JI0 IO Ya-
PYHOK pacTpy. B janomMy qocnijipkeHH 3a /10110~
mMorow QyHKI « Kanpkynsatop pactpie» (Raster
Calculator) snaueHHsI MOAY/SA CTOKY Iepepaxo-
BaHl JUIS IO, 110 BUIIIOBIAKTE PO3JALIBHIN
anaTHocTl LIMP — 25 M.

Ha jpyromy erarni s3aiiiCHKETBCS 110Dy0Ba
MO/IEJIL TIOBEPXHEBOT0 BOJHOIO CTOKY Ta IJIpPo-
JIOTIYHOI MEpexl 3 3aCTOCYBAHHAM aHAJIITHYHHX
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(hyHKII gogaTkoBoro moaynasa ArcGIS Spatial
Analyst, 30kpema rpynu iHcTpyMeHTIB «[apono-
risi» (Hydrology). Ha ocHogi LIMP iHCTpYyMeHTOM
«Harpsamok croky» (Flow Direction) erBoprers-
cA reoldndopMallliHIN AP HAIIPAMKY 1IOBEpX-
HEROro CTOKY. KoyKHa uapyHKa pesysibTyIouoro
pacTpy KOJYETHCA HYHCJIOBHM 3HAYEHHAM, L0
BH3HAUA€E HAIPSIMOK, B AKOMY HaHOL/IblIIE 3MeH-
UIYETHCS 3HAYEHHS BHCOTH MicLeBOCT 1, BiJI-
ITOBIJIHO, PYXAETHECH BOJHUI ITOTIK.

HactynmHMii  TeMaTHYHHMI LIap CyMapHOro
CTOKY PO3PaxXOBYETBCS HA OCHOBI JIBOX BUXIJIHUX
pacTpiB — HaIIPAMKY Ta MOAYJASA CTOKY. 3a J0-
oMOrow iHcTpymeHTy «CymapHuil crik» (Flow
Accumulation) py1A KOKHOI YapyYHKH Pe3yJyIbTy-
UOre pacrpy 00paxoBYETHCH «IIPOTIKAKYA»
Kpi3b Hel KUIBKICTE BOJH (BUTpaTa Bojau). Ya-
PYHEKH DACTPY, AKHM 34 PE3YJIBETATAMH E:IHELTIIB}'
BIINIOBIAAKOTE HAliBUIII 3HAYEHHA BUTPAT BOJIH,
IIPUIMAIOTRCSA 32 BOAOTOKH, a Tl, AKHM HAHHHK-
Yl 3HAUEHHA, — 3a BOAOJAUIH. 3a HalOLIbIIHNMK
3HAYEHHAMH MOJICJIKETHCA MEpeska TaK 3BaHUX
«CHHTETHYHHUX» (IITYYHO I0OYVI0BAHUX) PIYOK
HLUTAXOM 3aJIaHHA ITOPOTrOBOI0 SHAYMCHHA BUTPAT
BOJIM, IIICJIA AKOTO BOAHHH IIOTIK MOJKE BBaka-
THCA PiUKoK0. IToporoee sHaYeHHsI BU3HAYAETE-
sl 3a JIOIIOMOTOK Bi3yaJIbHOTO IIOPIBHAHHSA Kap-
TorpaluHUX MIAPIB CHHTETHYHUX Ta PeaJibHHUX
pidok. CHHTeTHYHI Ta peasibHl PIYKH 3 BUCOKUM
CTYIIEHEM KOPEJIIITE MK co0010, IIpoTe po3Ta-
LIyBaHHSI THPJI He CHIBIIaAaTh. lle, mo-nepime,
IIOACHKETHCS THM, IO TOUYHE BCTAHOBJICHHS
PO3TALIYBAHHSA THPJIA PIUKH HE 3aBXJIH MOX-
JHBC Ha I'I]_:I'HI{'I'HL[L a 1O-ApPYIre, THM, IO KapTo-
rpapiuHl IApH peasIbHUX PIYOK VKIa[alThCsA
3 [IEBHHM pIBHEM reHepanizailll — LeH30BHI
BiI0Ip 3acHOBAHMI Ha JAHUX IIPO 1X JIOBXKHHY,
a CHHTEeTHYH] PIYKH BHJUISIOTBCA Ha OCHOBI
3Ha4YeHb IX BOAHOCTL. B ja”HoMy AoctipKeHHI
BCTAHOBJICHE 1HOPOTOBE SHAYCHHH BHTPAT BOJH
Ha piBHI 0,05 M3/c.

Hapani 3AliCHIOETECA KOHBEpTAllisl CHH-
TeTHUYHHX PIYOK 3 PacTpPOBOrO Y BeKTOPHHI
(hopMaT UUISAXOM [OCHIIOBHONO 3aCTOCYBaH-
Hs (pyHKIIH «Beranosut Hyzes» (Set Null) Ta
«Boysioroku B rpocropoBuil ob’ekr» (Stream to
Feature). Ilepma (yHKIiA HA OCHOBI WIapy Cy-
MAPHOT'O CTOKY CTBOPIE IOXiZIHUI pacTp, B KO-
My 4apyHKaM 31 3Ha4eHHAM OlJIblIle IIOPOroBOro
00’eMy BHTpPAT BOJU IIPHCBOKETHCA 3HAUCHHS
1, BCIM IHUINM — O, a Apyra (PYHKIIA 3a JiIAH-
KaMH 3 OJJHHHUYHUM 3HAYEHHAM OVIVE BEKTOp-
HUH 1Iap pidoK. AHaJOTUHHM YHHOM CTBO-
PEHO BEKTOPHI ILIApH JUJIAHOK PIYOK, Ha AKHX

BUTPATH BOJIM CTAHOBJATH Olnblre 1, 2, 5, 10,
20 Ta 50 M3/c, Ha OCHOBI AKHX YKJIAJIeHO KapTy
«XapkiBcbKa o0nacTb. BUTpaTH BOAM B piuKkax»
(puc. 1). PeaynsraTil IPOBEIEHUX OLIIHOK BUTPAT
BOJH PIMOK IMOPIBHIOKOTLCA 3 JJAHHMH BOJIOMID-
HUX ITOCTIB.

3a panuMu [2], B mexax Ykpainu OyJiBHH-
1rteo Manux [EC eKoHOMIUHO BHIIPABJAHUM €
HA pIYKax, JIe BUTPpATH BOJH CTAHOBJATH OLb-
ure 2 mM3/c. 3a YKIAJEHOK KAPTOK BCTAHOBJIE-
HO, 110 pruki Cieepeekui Jlorens, Ockin, Yaa,
Jlomann, Xapkie, Opine, bepecropa, Bepeka,
Mepsno, Mok, Boeua, Bennkuii Bypsyk MawThb
PIUHHH BOJAHWH CTIK, JIOCTATHIN I8 BCTAHOB-
nenHa manux 'EC. OpHak riipoeHepreTHYHHH
IMOTEHINA PIYOK Ta MOMJIMBOCTI HOIO BUKOPU-
CTAHHSA 3aJIeXKaTh He JINIIEe BiJi 3HAYeHb BUTPAT
BOJIH, EHpiLI.IHJH:rHE 3HAUEHHA MAKTh CE30HHI
KOJIMBAHHSA CTOKY, NaJiHHA PiUKU (BOAHMI Ha-
I11p), IHIIII IPUPO/IHL, COLIAJIBHI, €KOHOMIUHI TA
eKOJIOriuHI 0OMeXKeHHA MICLIEeBOCTI.

Ha TperboMy erari Mepeska CHHTEeTHYHHX Pi-
JOK po30HBAETHCA HaA JNUIAHKH, JUIS SIKUX PO3-
PAXOBYBATHMETBCH FiﬂpﬂEHEp[’ETH‘IHHﬁ [IOTEH-
ias — TeOpeTHYHHI 1 TeXHIYHMH. [Ins 1poro
CTEBOPWIOTECA JIBa JOIIOMIXKHI BEKTOPHI IIapH
TOUKOBHUX 0OO'€KTIB: IHCTPYMEHTOM «BepiinHn
ob'ekra B Touku» (Feature vertices to points)
ABTOMATHYHO PO3CTABJSIIOTECH TOYKH B MICIIAX
BUTOKIB 1 rUpa pidok. TakuM 4iMHOM, PIUKOBA
Meperka po3OHBaeThCs Ha AUIAHKH B MICLIAX, JIe
BIZIOYBa€EThCA piske 30UIbLIEHHA BUTPAT BOJH
3a PaxyHOK BIIaJIIHHA IIPHTOKIB. 3a JOIIOMO-
ror IHCTPYMeHTY « BUnyduTn MyJIbTH3HAYeHHS
y Toukn» (Extract multi values to points) na oc-
Hoel LIMP ta pacTpy cymapHOro cToKy BH3Ha4a-
I0TBCA 3HAYEHHS BUCOTH MICLIEBOCTI Ta BUTpAT
BOJIH ¥ MIYHKTAX PO3TAlIYBAHHA BUTOKIB Ta THPJI
Ta 3aMMCYTHCA 10 aTPUOYTHBHUX TaOJAULIE BiJI-
IMOBIJIHUX TOYKOBHUX LI1aPIB.

YeTBepTHi eTan BKJIIOYAE IIPUB'A3KY aTpH-
OyTHBHHUX TaOJIMIE TOYKOBHUX reolHdopMaltii-
HHUX LIapiB, L0 MICTATE iH(GoOpManiw npo ad-
COJIKOTHI BUCOTH Ta BUTPATH BOJH ¥ BUTOKAX TA
rupJjax pidok (a Tako Ha odaTKy Ta KiHI iX
JIUISTHOK), 10 reoiHOpMAIIiMHOrO L1apy Mepeski
CHHTETHYHHX PIYOK, IO 3/IIHCHIOETHCSA 3a JAOTI0-
MOroKw yHKIN «3'e¢iHaHHA Ta 3B’13KU» (Join
and Relate). Hapgani 3 BUKOpHCTAHHAM (PYHKILIT
«Kanekynarop nosnsi» (Field Calculator) eu-
KOHVIOTBCS PO3PAXYHKH TEOPETHYHOTO ITOTEH-
miany pidok, Ipe/ICTABJIEHOr0 IMOKA3HUKAMH
IIOTY?KHOCTI Ta IHUTOMOI IIOTY?KHOCTI BOJIHOTO
rnotToky. IoTy:kHieTs BOJAHOTO MOTOKY N; juist 1-1
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AUIAHKH PIYKH BH3HAYAETHCA HA OCHOR] DIBHAH-
Hi [1]:

N =9131%{H}2—H“), [kBr],

ne Q. Ta Q. — cepeaHi GaraTopiuHi BUTPATH
BOJIH HA ITOYATKY T4 KIHII -1 piuky abo JUIaHKK
pruku, M*/c, H, ta H;) — abcomoTHI BHCOTH IO~
YATKOBOI TA KIHLIEBOI TOYKH 1-1 AUTAHKH PIYKH, M.

[Turoma nmoTy:HICTE PIUKK 400 1 mnaHkH N,
BH3HAYAETHCA 34 HACTYIIHOIO hopmMynoio [3]:

[kBT/xp],

Ny = N, \
L,

ae N; — MOTY:KHICTD 1-1 JUIAHKHY Piuky, L; — 1
MPOTSAKHICTE HA MICIIEBOCTI, KM,

Hazam pospaxoByeTkcA TeXHIYHHH eHep-
reTMYHHE MOTEeHIan PiuoK (MOTEHIIHHKMH BH-
pobITOK eHepril), L0 BPaXOBYE KoeIIIEHTH
KOPHCHOl /Il TYIPOEHEPreTHYHOro o0agHaH-
HsT — TypOIHM Ta reHepaTopa, KoedilllEHT BUKO-
PHCTAHHA MOTYXHOCTI BOJAOTOKY, IO BAEKHTD
Bl CE30HHHX KOJHMBAHL CTOKY piuku. B manomy
JAOCTIKEHH]I 34CTOCOBAHO CIPOIIEHY CHCTEMY
POBPAXYVHKIE TEXHIYHO-ZAOCHAKHONO IMOTEeHIlaTy
riZJPOEHEPTETHYHUX PECYPCIB PIYOK: 3HAYEH-
HA TEOPETHYHOrO MOTEHIIATY MOMHOMKYBATHCAH
Ha KIbKiCcTh roauH (y AaHii poboTi po3paxyHKH
BHKOHVBAJIHCA JJIA PIYHOrNO MepioAy) Ta Ha KO-
edIIEHT BHKOPHCTAHHA TEOPETHYHOrO IOTeH-
LTy, MO BAIEKHTH BII IMOTYKHOCT1 BOJHOIO
MOTOKY ¥ piuil. BIAMOBIIHO 10 METOIHKH, ITPEI-
crarieHol y pobori H. B. bagenka ta in. [1], Oy
IMPHFHATI HACTYIIHI 3HAYEHHA KOe(ILIEHTY BHKO-
PHUCTAHHA TEOPETHYHOrO MOTEHINAY: 7 PIYOK
3 MOTYKHICTIO BOJIHOIO NMOTOKY MeHmre 1 MBr —
0,15, Big 1 70 2 MBT — 0,2, Gineme 2 MBT — 0,35.

Ha ocraHHbOMY eTari 3a pesyiabTATaMH pOo3-
PaXyHKIB YKAAJAKTECA KAPTH TEOPeTHYHOro Ta
TEXHIYHO-ZOCAKHOTO TIPOEHEPreTHYHOro Io-
TeHIIaTy piyok {(puc 2—3). Pesyabrari MOIENio-
BAHHA TEOPETHYHOro Ta TEXHIYHOIO rZpoeHepre-
THYHOTO MOTeHLlany pidyok Xapkischkol obnacri,
MpEeACTABIEH] HA KAPTAX, ITOKA3aJIH, 1[0 HAMBHIIM
BHAYEHHA UMX MOKA3HMKIE MalOTh Majl pPIuKH,
JIOBKHHA SIKHX CTAHOBHTEH 10—20 KM, IO ITOAC-
HIOETHCH BHAYHHUMH IMepenagaMu BHCOT B3IOBK
pyena (maginuam piuku). ITpore ix BUKOpHCTAH-
ua s eeraHoenenHs 'EC y 6insimocti Bunmam-
KIE HEMOMUIMEBE a00 eKOHOMIUHO HEBHMIIHE 4e-
pe3 HHU3BKI IMOKABHHKH BOJHONO CTOKY V JITHIH
nmepioz.

[loTeHIIMHMMHK I8 POSTALIYBAHHA CTBOPIB
I'EC B Meskax TepHTOpil JOCTIIZKEHHS € AUIAHKH
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XAPKIBCbKA OBNACTb. TEXHIYHO-OOCSXXHWUW EHEPFETUYHWMA NOTEHLIIAN PIYOK

Macwra6 1:1 000 000

) i) = 1
-! 2 : / ...'.ZI-E'
n nn _ B 1 -
YMOBHI /Y oBrustio [\ NTO3HAYEHHA
HaceneHi nyHKTH ok
MoTeHuinHMM cCepeaHbLO-
XAPKIB  ofnackui yentp -g pivHuin BUpoOGiTOoK eHeprii Ha
; ainAadkax pivok, N'Br-ron./pik
& Jadenuniexka  pPanOHHI LEHTPW
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e mexi obnacri ' ,
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| [mocwTa6 smeHweHo)

| Puc. 3. KapTa «XQpKIBCbKa 0BAQCTS. TEXHMHO-AOCHKHUIA €HEPTETUYHMIA NOTEHLIGA PIHOK)

piuku Cigepebkud JoHen s — mBHivyHIme M, ba-
JAKITIA Ta ¥ MIBJAEHHIH yacTuHl banawmnicskoro
paHoHy, pPlUKK Yia — saxigHime Yyryepa, piu-
Kk bepecropa — B panoHl 3a4enuaiBKH, PIYKH
Mok — Ha 3axiy Byg M. 3miiB, piuks Mepno —
BHIIE Ta HHZKYE 3a Tewiein Bl KpacHOKYTCBKA.

JdocraTHIM  riZIpOEHEPreTHYHNM  MOTEHLIATIOM
XapakTepyayeThea Takok p. Ockin, ane 1i noTes-
A MaHKe MOBHICTIO BHKODHCTOBYEThCA Yep-
poHoockinscsKo10 'EC, [lepenekriBHoO0 € enek-
Tpudikamia rpebm Iledeniabkoro BOJOCXOBHIIA,
poatamoeadoro Ha p. CisepcbKii J[OHELD.
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OCHOBHI NOTEHLIIIHI JUISTHKA PO3TAlyBAHHA
vamux I'EC 3ocepekeHl v LeHTpasibHIM, Hal-
OBl ryeTOHACE IEHIH yacTHRI 001acTi. 3 ofiHOrO
boky, 6omsekicTs posraimysanssa FEC jpo criosku-
Ba4a € MO3HTHBHHUM MOMEHTOM, a 3 IHIIIOro — Ha-
cesieHl [IYHKTH CTBOPIOIOTH JIOAATKOBI 00MeeH-
HA npy OyaiBHMLTBI BojgocxoBuul. Kpim Toro,
peanizatis nnpoekTtis OyaieHuirea 'EC Ha o3Ha-
YeHHX JIVIAHKAX MOXKe 0OMeXKyBaTHCA HAAABHICTIO
00'€KTIE IIPUPOJIHO-3a1I0BIHOrO (hOHAY Ta reo-
JIOMIMHUMH YMOBAMH, 10 110TPebye NoJaTKOBHX
JOCIIKEHDb 3 BUKOPUCTAHHSM METO/IB ITPOCTO-
POBOTO aHAJI3Y.

BUCHOBKH i MepCHEeKTHBH MOJAbIIHX
IMOIIYKIB. 3anpoloHOBaHUH aJroOpuTM  3a-
crocyeadHs I'lC-rexHoN0rH ¥ Iponeci OiHKH
F/IPOEHEPreTHYHOrO ITOTEHIaNy PIYOK J03BO-
JIsI€ 3AIOBHUTH HECTAUy TiIPOJIOTIYHNX JIAHNX
[P0 BUTPATH BOAH Ta PIYKOBHH CTIK, a TAKOXK
OLIIHUTH eHepreTHUHI MOKA3HUKH Ha IX OKpeMIx
JUISIHKAX, 110 Mae Ba)kKJIMBe 3HAYEHHA I11J] 4ac
BUOOPY TA IJIAHYBAHHSA IIEPCHEKTHBHUX MicCllb
posmitenHsa manux 'EC.

Jast peramasailil pe3yabTaTiB OLIHKH TiApo-
eHepPreTHYHUX [OKA3HUKIB, IIJIBULIEHHS TOY-
HOCTI Ta J0CTORIpHOCTI KapTorpadiuHol Moseni
Y HepPCIeKTHBI MOMUJIMBE 3aCTOCYBAHHS VTOU-
HeHHX (aKTyani3zoBaHWX) KapT MOJYJSA CTOKY,
arpobailisi pisHHUX MeTOJUK 00paxyHKy TexHIu-
HOTO TiiporoTeHiany (B ToMmy 4ucil 151 pisHUX
THIIB TIAPOIOriYHOro obsajHaHHA Ta 3 ypaxy-
BAHHAM CE30HHUX KOJIMBaHb IOKaszsHUKIB piu-
KOBOIO CTOKY). ¥YTOUHEHHS IOTEHIIIHHUX MICIb
posmitteHHs Manux NEC mosinee 3a paxyHOK
BHKOHAHHA CYMICHOTO (KOMILJIEKCHOTO) IIPOCTO-
POBOTO aHal)i3y KaprorpadgiuHHX HIapiB JaHHX
rAPOEHEPreTHYHOIO IIOTEHIaNy PIYOK Ta 1H-
HIMMH TeMaTHYHUMH 1apaMH, 10 BKJIKYaloTh
BIJIOMOCT] 1Ipo oOmMexkyrul (dakropu po3BHUT-
Ky TJIPOSHEPreTHKH, AIK-TO ITPUPOJ0OXOPOHHI
00’€eKTH, KpYIIHI HacesJIeHl IIVHKTH, HeCIIpHAT-
JIUB1 IHKEHEPHO-Te0JIOTIYHI YMOBH.

Peuenaenm: xaHdudam zeo2papivuHiux HaykK,
douenm O.1. Cinna
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TEOPETUYHI 3ACAAM IHPOPMATU3ALLIT CYSACHOI
OCBITH

Y erarti posrssHyTO CyaacHl oK g1a npobaemy indopmaTrsaiil ocsiTH. 30KpeMa, BUCBITJEHO THTAaHH Teope-
THYHHX OCHOB iHpopMaTH3anil BHIIOI negaroriuiol oceith. PoskpuTo sHaven s indopmanii AK SABHINA CYCIIUIBHOTO
H HapvansHOTO. BUanaveno norpedy B creopenHi indopmaniiinoroe cepenoenmia v BH3. Iojgano cyvacHe HaveHHA
pouii inpopmami HEKEX TexnoJI0riH v npodeciiinomy craHoBIeHH] MadiyTHROTO BUHTE A reorpadl miji vac HaBYaHH,
Komogori eorora: indopMariaania ocsiTH, MaibyTHIA yauTens reorpadii, indopmarnis,

HWaoHa Makapesuy

TECPETUHECKWE OCHOBbl WHPOPMATU3IALLUW COBPEMEHHOTO OBPA3OBAHKA

B cTaThe paccMOTPEHO COBPEMEHHBIe B3IVIAAL HA npobaemy HHGOPMATHIAIHKA 00pa3oBaAHKA. B 4aACTHOCTH, OCRE-
HIEHBI BOTIPOCH! TEOPETHYECKHX OCHOB MH(pOPMATH3AIMH Bhicinere obpasopanus. PackpeiTo sHavenHe HHGOpPMA-
IIHH KaK ABjaenHs obmecTeenHoro 1 yaebunoro. Mecaeaosano HeobXoIHMOCTE B COSTaHHH HHDOPMAIIHOHHOH Cpe/ibl
B BFEEIK. n(]ﬂHH]TCH COBPEMEHHBIE BSTJIHIEBI Had POVIEL HHEbE]]]MHL[HﬂH HEIX TEKHE].T.IE]I‘I-‘Iﬁ B TI[JDE]]ECEHDHEU[I:H(}M CTAaHOB=
JIEHHH GYAVILEro YUHTeIA reorpahun Bo Bpems yuedsl.

Kmnogerbie caora: HHpopmaTHzamua obpasopanus, OyAvIIHHA yauTeab reorpadpui, HHpopmanms,

llona Makarevich

INFORMATION THEORETICAL FOUNDATIONS OF MODERN EDUCATION

The modern views on the problem of education informatization system were described in the article. In particular,
the theoretical foundations of higher pedagogical eduecation informatization were explained. The importance
of information as a social and educational phenomenon had been showed. The need to organize information
environment in the Universities was identified. The author explains modern vision of information technelogy’s role
in the professional formation of the future teacher of geography during studies in the article.

The use of information in the educational process should lay the foundations of philosophical, psychological, social
and pedagogical training of future teachers of geography. In addition to educational and extracurricular social
activities of students-geographers information should provide incentives in their training. A. Krasnov described
the importance of information in each individual type of activity, effective information exchange provided by the for-
mation of a number of information skills; evaluation of the usefulness and validity of the information received;
selection of relevant personal information, finding the necessary information, including the methods of processing;
communication and language skills (perception and transmission); information-psychological self-defense;
persistently high level of information needs; development and improvement of an individual and effective ways to pre-
serve and assimilate information; mental hygiene information {ecology) — information self-regulation and selection
process according to their relevance and usefulness; ethics governing the access to other people’s information.
Keywords: informatization of education, future teacher of geography, information,
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Beryn. CporofHi crocrepiraioTbCs aKTHB-
Hi 3MiHUM B iH(opMamiifHili, HayKOBO-TEeXHIYHIH,
MIOJTITUYHINA, eKOHOMIYHIH, COLiabHIH, KYyIbTyp-
HIil Ta iHImUX cdepax KUTTEMISUIBHOCTI CYyCIILUTb-
CTBa, fIKE BBIUIIUIO B €NOXY «CYCIIUIbCTBA IJIO-
OaspHOI KOMITETeHTHOCTI». [lepembadyaeTnes, Mo
B HACTYIIHI TpHU poku Oyzie cTBOopeHO iHdopMariii
Ourbllle, HDXK 3a IOIEPENHI COPOK THCAY POKIB
i3-3a AKICHOI 3MiHH 11 pPOJTi y KUTTI JIFOAWHU 1 PO-
3BUTKY HOBUX KOMYHIKAI[iIHHUX TEXHOJIOTIH, fAKi
BiJIKPMBAIOTh HOBI MOKJIMIBOCTI JIUTS CITLTKYBaHHS,
noctytry Ao iHdopMartii ta ocBitu. O3HaKaMu iH-
¢opmamiitHoro cycmisiberBa BuziieHO iH(OpMa-
LiHy eKOHOMIKY, BUCOKUH piBeHb iHbOpMaIii-
HUX NOTpeb yCiX WieHIB cycrnuibeTBa 1 pakTuyHe
X 33/10BOJIEHHS OCHOBHOIO MaCOI0 HaceJIeHHs, BU-
COKy iH(hOpMAIIIHY KyJIBTYPY Ta BUIBHUH JIOCTYII
KOKHOTO WIEeHa CYCIIUIbCTBA /10 iHdopMarii, mo
oOMerxeHUU Juine iHGOPMAIIHOI 6e31eK0I0
0COOHCTOCTI, COIIAVTPHUX TPYII Ta YCHOTO CYCIILIb-
crBa [1]. HagBHICTh BUALIEHNX O3HAK JO3BOJIUTH
KO2KHil 0cOOMCTOCTI OyTH IOBHOITPABHUM WIEHOM
inopMmamiifHOro cycmisibcTBa Ha IIpaBax KOH-
KYPEHTOCITPOMOKHOCTI, YCITIIIHOCTI 1 Oe3IeKu.
I Bce e MOXKJIMBO, Ha JIyMKY OUTBIIIOCTI HAYKOB-
[iB, HA YMOBAaX CTAHOBJIEHHSA HOBOI INapajurMu
B OCBITi, OBOJIOZIIHHSI criocOOaMu HeIepepBHOTO
Ha0yTTA HOBUX 3HAHb 1 BMiHb CAMOCTIMHOTO Ha-
BUAHHA KOXKHHUM YJIEHOM CYCIILJIBCTBA; 3aCBOEH-
HA HaBUYOK pobOTH 3 Oy/b-AKOI0 iH(pOpMaIi€ro,
JIOTIOBHEHHA TPAUIIIHHOTO NPUHIUIY (GOpMy-
BaHHA MpodeciiHNX 3HaHb, YMIHb 1 HABUYOK
npuHOUnoM ¢GopMyBaHHA iHOpPMaIiHHOI KOM-
MIeTEHTHOCTI.

Buxiguni mnepexymoBu. Indopmaruzamis
OCBITH — «B IIMPOKOMY PO3YMiHHI — KOMILJIEKC
COLIaJIbHO-TIEZIaTOTIYHUX I[IePETBOPEHD, IIOB’fI-
3aHUX 3 HACHMYEHHSAM OCBITHIX cucreM iHdopma-
LIHHOI0 MPOAYKINEI0, 3ac00aMU 1 TEXHOJIOTIEIO,
y By3bKOMY — BIIPOBaJ[>KEHHS B 3aKJIa/IN CUCTEMU
ocBiTH iHOpMaiiHIX 3ac00iB, 1[0 I'PYHTYIOTHCS
Ha MIKPOIIPOLIECOPHIN TeXHiIl, a Takox iHgop-
MAITIHIA TPOYKITil 1 IMe/IaroriYyHuX TEXHOJIOTIH,
sIKi 0a3yI0ThCS Ha KX 3acobax. IHhopmaTusariis
OCBITM — YacTHUHA Iporiecy iHbopMaTH3arlii cyc-
ILJTBCTBA, TEOPETUYHOIO OCHOBOIO IKOTO BUCTYIIAE
inopmarruka — cucreMa 3HaHb, KA CTOCYETHCS
BUPOOJIEHHS, ITepepobKy, 30epiranHs:, MOMIIyKy 1
MIOIIMPeHHs iH(opManii B Hapi3HOMaHITHIIIIX
ii acexTax y IIPUPOJI, CYCIILIBCTBI, TeXHOChEPi»
[3, c. 149]. Came g Te3a C. [oHUapeHKa BKa3ye
Ha noTpely y BUPpIilIeHHI Ipo6IeMH TOCHIEHHS
ingopmarusariii ocBiTH, mepii 3a Bce — mpodeciii-
HOI IiATOTOBKY MalOyTHIX yIUTesiB reorpadii.

MeTo CTaTTi € IOJaHHS MOJIepHi3arlil
OCBITH BiZIITOBIJTHO /10 HOBUX YMOB iH(pOpMaTH30-
BAHOTO CYCIIUIBCTBA SK OJHOTO 13 MPiOPUTETHUX
3aBJIaHb CBITOBOTO CITIBTOBAPUCTBA, PO3B A3aHHSA
AKOrO 3a0e31eYuTh MOXKJIUBICTh e€(peKTUBHOTO
BUKODHUCTAaHHSA 1HTEJEKTyaJIbHUX PecypcCiB Juis
CTIIKOTO PO3BUTKY IMBLII3aIii. Bece 1e crpuse
3MiHI BUMOT /10 PiBHsA MpodecioHami3My i KOM-
MeTeHTHOCTI MaibyTHIX yuuretiB reorpadii, mo
oTpebye yZI0CKOHATIEHHA Ipoliecy iX mpodeciii-
HOI IMITOTOBKMU.

Buxsiag ocHOBHOro marepiaiy. Y 3akoHi
Ykpainu «IIpo BuIy OCBITY», IO yXBaJIeHHUU
rmapjaMeHTOM 1 JIUITHA 2014 poky (N2 1556-VII),
y posnum XI «HaykoBa, HayKOBO-TE€XHIUHa Ta
iHHOBAIlIiHA JisUTbHICTD y BUINUX HABYAJTbHHUX
3aK1a7ax» cPOPMYIHOBAHO OCHOBHI ITOJIOKEHHSA
3paificHeHHs iHopmaTusanii B ocsiti [5]. «CyTb
indopmarusanii BUIIOI OCBITH IOJIATAE Y CTBO-
PEHHI /I Te/IaroriB 1 CTYZEHTIB CIIPUATIUBUX
YMOB JiJIsl BUIBHOTO JIOCTYILY /10 KYJIbTYPHOI, Ha-
BUJIBHOI 1 HAyKOBOI iHdopMamii» [11, c. 29], are-
Hepatizaris ingopmartlii po3rya/1aeTbCs K BMiH-
HS I[IJIECIPSAMOBAHO IPAIIOBATH 3 iHQOpMAITIE0
(mmomyk, 06pobKa, BUKOPUCTAaHHSA U Iepeayda) 3
BUKODHCTAaHHAM KOMII IOTEDHUX TEXHOJIOTIN Ta
Cy4JacHUX TeXHIYHHUX 3ac00iB. ToOTO, O/THE 3 UisTh-
HUX MicIp 3aiiMae mpobsiema iHGOpPMAIIHOTO
3abe3IeueHHs] OCBITH, 30KpeMa IIeJarorivyHoi,
fKa € JIOCUTh aKTYaJIbHOIO Ta BUMAarae BUpIIIeH-
HA [UIOI HU3KU 3aB/aaHb. lle, 30kpema, MOIIyK
HOBOTO 3MiCTy, METO/[iB, GOPM HaBYaHHSA 1 YMOB
peastizarii ux 3MiH i yac miaAroToBKU MaroyT-
HIX y4quTesiB reorpadii, 3 BiIIOBiHUM piBHEM
npodeciitHoi kommereHTHOCcTi. Ile cnpuarume
MOTHBAIIil BUNTEJIA HA HABUAHHSA YIHIB BUKODU-
cTaHHIO iHGoOpMAaIlii 3 pi3HUX Kepes, Gopmy-
BAHHIO B HUX YMiHb CAMOCTIHO Bi/IIIIyKOBYBaTH
U iHTepmperyBaTtu reorpadiuHy iHdopMariiio,
MIPOBOJIUTH 1HJIUBiZyasbHy POOOTY, 3/IIMCHIOBA-
TU MOPIBHAJIBHUN 4aCOBO-IIPOCTOPOBHUI aHAJI3,
BUIPHO BHKOPHCTOBYBATH iH(MOPMAIiNiHI TEXHO-
JIoTii, KpeaTUBHO MUCJIUTH, PO3BUBATH JIOIUT-
JIUBICTD Ta iHIIIaTUBY y 30UpaHHI Pi3HOPIAHUX
reorpadiuaux ganux. Came 1e i 3yMOBJIIO€E I10-
Tpeby B morinbsaeHHi npodeciiiHOl MiIrOTOBKU
ManOyTHIX yuuTesaiB reorpadii y kKoHTeKeTi pop-
MyBaHH:A iHGOPMAIITHOI KOMIIETEHTHOCTI U BU-
KOpUCTaHHI HaBYAJIbHUX iH(POpMAIiHHUX TEXHO-
Jioritd. /11 boT0, HA HAIITY TyMKY, HEOOXITHUM €
cTBOpeHHs iH(opmariiiitHoro cepenosuia BH3,
MIOKpAIlleHHs CTaHy TeXHIYHOro 3abe3nedyeHHs
HaBYAJIbHO-BUXOBHOTO TIporiecy (KOMITIOTEpHA
6aza, BUIBHICTH JOCTYIly /10 IHTepHeTY TOIIO);
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MiZIBUIIIEHHA PIiBHA MpPOoQdeciiiHOl MiATOTOBKU
HAYKOBO-TIEIATOTIYHUX IMPAaIliBHUKIB, BiATOBiI-
HicTh 3MicTy (axoBUX AUCIUIUIIH, IpPOrpaM
IIPAaKTUK MeTi U 3aBAaHHAM HOpMyBaHHA iHGOD-
MAaIifHOl KOMIIETEHTHOCTI MalbOyTHIX yJHUTeJIiB
reorpadii. [Ifogo mornubiierHs iHGOpMAITIHHOL
MiZITOTOBKM BUKIazadie. BH3 mMum BpaxoByemo
MIO3UI[i10, BUCJIOBJIEHY Y METOJIUYHUX PEKOMEH-
namisix OHECKO «IndopmariiiHi Ta KoMyHiKa-
IIFHI TEXHOJIOTII y MATOTOBII BUKJIAIadiB», €
3a3HauveHo, 1o «IHdopmariiini Ta KoOMyHika-
IiHI TEXHOJIOTii HAJAIOTh y PO3MOPA/KEHHSA
CYCITUTBCTBA MOTY>KHI 3aC00U /1711 IEPETBOPEHHA
iCHYI0UYO] KJIACHO-YPOUYHOI MO/IeJI1 OCBITH, Y AKIN
IIPOBiIHA POJIb HAJIEXKUTH BUKJIA/IA4Y€B] 1 OCHOB-
HOIO € poboTa 3 TeKCTaMH, y 6arare, Opi€HTOBaHe
Ha y4YHS IHTepaKTHUBHE CepeJIOBUILE /IS poOOoTU
3l BHAaHHAMU» [6, €. 19]; «CTYyZ€HTH MAaIOTh I10-
CTIHO BiJ{4yBaTH JIONUIHHICTD 1 HEOOXiTHICTD 3a-
CTOCyBaHHA iH(pOpPMAIiMHUX 1 KOMyHIKaIlIMHUX
TEXHOJIOTI! y IIPAKTHUIIl CBOTO HABYAHHS, & TAKOXK
OyTH BIIEBHEHHMH Yy TOMYy, IO IXHI BHKJIQ/Iadi
ymitoTh nosiciuTy MoxkuBocTi IKT i epekTrBHO
3aCTOCOBYBATH IX HA MPAKTHUII» [TaM ke, C. 41].

BesymoBHO, peasizarnis mporecy ¢dbopMyBaH-
HA 1H(OpMaLifiHOI KOMIIETEHTHOCTI MauOyT-
HIX y4uTesniB reorpadii 3yMOBIIOETbCA piBHEM
CIIeIriaJIbHOI MITOTOBKY HAYKOBO-TIEAarOTIUHUX
MIPAIiBHUKIB, SIKi 3/IIICHIOIOTD YIIPABJIIHHA IIPO-
1ecoM MpodeCiHOI MATOTOBKU CTY/IEHTIB, 30K-
pemMa OBOJIOZIHHS BUKJIaJladaMy TEXHOJIOTIEI0 11
(dopmyBaHHA Ha OCHOBiI €JMHOTO METO/IOJIOTIY-
HOTO IiJIXO/TY, AKUU 1epezibauae 3acBOEHHS 0C00-
JBoCcTed iHQOpMAIiiHOI AiAIBHOCTI, 3HAHHA
OCHOBHUX 3aKOHIB (PYHKI[IOHYBaHHS ITpodeciii-
HO BaXXINBOI iHdoOpMariii, BMiHb 1 edeKTUBHO-
rO IOIIYKY, OBOJIOJIIHHA IpHUiioMamMu 00poOKU
indopmarii, aHaTizy ¥ cuHTe3y Ta PoOOTH 3 iH-
dopmaritHumMu TexHOIOTiIAMU. ['0JI0BHOIO yMO-
BOIO /IJIs1 BUKOHAHHSA [IMX 3aBJIaHb € CTBOPEHHA
BI/INIOBIZTHOI CIIPAMOBAHOCTI HaBYAJIBLHOTO IIPO-
necy v BH3, nHasiexkHe HaBYaJIbHO-METOUYHE
3a0e3neyeHHs, IpOBeZleHH:A 1HMOpMAIinHUX
TPEHIHTIB, CeMiHapiB, HAyKOBO-IPAKTUYHUX
KOH(EPEHITIN /151 BUKJIA/IaviB.

TakuMm YUHOM, aHAJIi3 HAYKOBUX JIOCITI/PKEHD
JI03BOJISIE KOHCTaTyBaTH, IO 3 OJHOTO OOKY,
HeOOXI/THICTh 1 aKTyasbHiICTh (OpMyBaHHA iH-
dopmariiitHoi KOMIETEHTHOCTI MalOyTHIX y4u-
TeJIiB reorpadii CyMHIBY He BUKJIUKAE, 3 1HIIO-
ro — icHye meBHa PO30KHICTh B OKpeCJIEHHI ii
3Mmicty. TeopeTuuHe BU3HAUYEHHS 3MICTy /IaHO-
TO MOHATTA IHTEPIIPETYEThCA CYTHICTIO 6a30BOi
kareropii «indopmarisa». Ilomo iHdopmarii,

TO BOHA cTajia 00’€KTOM IIUPOKUX JOCTIKEHD
sute 3 cepequau XX cT. [8]. OxHiero 3 mepmmx
Oysna cupoba I'. BopobiioBa pO3KpPUTHU MUTAHHSA
npupoau indopmarnii, iHbopMaIiiHIX ITOTOKIB.
ABTOp PO3KpUB BUMOTHU JI0 iH(popMmariii, BKasy-
I0Yd HAa 3MIHHICTh XapaKTepy BUKOPHCTAaHHSA
indopmarii Ta HEOOXiHICTh J0/Iep>KAHHSA TIEB-
HUX €TUYHHUX HOPM iH(OpManiiiHOl MOBeIiHKU
[2]. ¥V cioBHUKY yKpaiHChKOI MOBU iH(popma-
I1if0 ITOZJAHO fAK: 1) BIJIOMOCTI PO HABKOJIUIIIHIN
CBIT 1 mporiecH, M0 B HbOMY BiJIOYyBaIOThCA, 110
IepeslaloThCs JIIOJIbMU yYCHUM, IMHCBMOBUM YU
IHITUM crocoOoM; 2) TOBIIOMJIEHHS PO CTaH
cmpas, Ipo crad Oyab-uoro [4]. C. ToHuapeHKo
BU3HAYa€ iHGOpMAII0 AK «OJHE 3 3arajibHUX
MOHATH HAYKU; B IIMPOKOMY PO3yMiHHI — HOBI
BiZIOMOCTI PO HABKOJIMIIHIM CBIT, 0/lep>KyBaHi
B pe3ysbTari B3aemMozii 3 HuM. OcTaHHIM YacoMm
IIMPOKO BUKOPUCTOBYETHCA B YCIX TasIy3sX Hay-
KU, 30kpeMa disocodii, mcuxosorii, negarorii,
coIioJIorii, JIIHTBIiCTUIN. Y Mearoriii i Icuxoso-
ril — 3MicT Oyb-SKOTO MOBiZIOMJIEHHS, JIaH1 ITPO
IIIOCh, SIKI PO3IVIAZIAIOTHCS B ACIIEKTI Iepeaadi ix
y uaci i1 mpocropi» [3, . 150]. «Indopmaris, ogHa
3 OCHOBHHX yHIBEPCAJIBHUX BJIACTUBOCTEH Ipes-
METIB, SIBHII, IMPOIECiB 00’€KTUBHOI JIIFCHOCTI,
JIIOJIUHU ¥ CTBOPEHUX Hero Kepywounx EOM, mo
MIOJIATAE B 37IaTHOCTI CIIPUIIMATH BHYTPIIIHIN
CTaH 1 BIUIMBU HABKOJIMIITHHOTO CEPENOBUINA K
30epiraTtu MeBHUH Yac pe3ysIbTaTH, IIEPETBOPIO-
BaTH OTPUMAaHi BiJIOMOCTI 1 Ilepe/iaBaTu pe3yJib-
TaTu 00pOOKY (IIEpeTBOPEHHS) IHIIUM IIpeJiMe-
TaM, fABHUINAM, IIpoIlecaM, MalIWHAM, JIFO/ISAM>»
[4, c. 15 ]. LTe miATBEpAKYETHCA TyMKOIO HAYKOB-
I[iB, AKI BU3HAUYAIOTh iHQoOpMaIlliiiHe 3abesie-
YeHHs JIIOJICHKOI JisIbHOCTI SIK TOCATHYTI PiBHI
oprasizarii iHQopMaIilHUX IPOIIECIB, CTYIiHb
3a/I0BOJIEHOCTI JIIO/IEN y CIJIKYyBaHHI, PiBEHb
e(eKTUBHOCTI CTBOpPEeHHs, 30MpaHHs, 30epiran-
Hf, ONPAIIOBAaHH:A, Iepe/laBaHHA, IOJIAHHA Ta
BUKOpHCTaHHA iHpopmamii [9].

OTke, 3acTocoBylouu iH(OpPMaIilo B OCBIT-
HbOMY IIporieci, B ii OCHOBY BapTO 3akjIajjaTu
dinocodcbke, NCUXOJIOTIYHE, COIiaJIBHO-TIE-
JlaroriyHe OOI'PYHTYBAaHHS IIOCTABJIE€HOI METH
npodeciiiHol MATOTOBKM MalOyTHIX y4IUTEIiB
reorpadii. Kpim Toro, imdopmarusamia mo-
BUHHA OXOIUTIOBAaTH KpiM HaBYAJIbHO-BUXOB-
HOl TM03aHABUAIbHY Ta T'POMAJICHKY JisIJIBHICTH
cTyzieHTiB-reorpadiB, mnepenbdavat CUCTEMY
CTHUMYJIIB iHGOPMAaIiNHOI AifAIBHOCTI B iX mpo-
deciitniit migrorosui. O. KpacHoBa oxpeciuia
3HA4YEeHHsA iHOpMaIlil B JKUTTEMISITTBPHOCTI KOXK-
HO1 ocobucTocTi: epeKTUBHUN iHDOpMAIIUHUN
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obMiH, mo 3abe3meuyeTbcsd CHPOPMOBAHICTIO
pany iHdopMamiiHUX yMiHb: OLIHKH KOPHC-
HOCTI ¥ iCTMHHOCTI O/iep:KyBaHOi iHdopMariii;
no0bopy ocobucricHO 3HaUMMOI1 iH(OpMartii, mo-
HIyKy HeoOximHoi1 iHdopMariii, y TOMy 4HCJIi PO
MeToAu il IepepoOKU; KOMYHIKATUBHUX 1 MOB-
HUX YMiHb (CIpUHHATTA 1 nepenayi); iHpopma-
IHHO-TICXOJIOTIYHOTO CaMO3aXUCTy; ITOCTIHHO
BUCOKUU piBeHb iHMOpMaIiiHOI moTpebu; BU-
poOsieHHA ¥ yIOCKOHAJIEHHS iHIWBiIyasibHO-€e-
(exTuBHUX cr0cO0iB 30epe:KeHHs 1 3aCBOEHHSA
indopmarmii; inbopmariiiHa ncuxoririena (exo-
JIOTisI) — caMoperysiALis Ta Bidip iHdopmarini-
HUX IPOIECIB BiJIMOBIHO /10 iX aKTyaJIbHOCTI 1
KOpPUCHOCTI; iHdopMamiiiHa MOPaJIBHICTD, IO
Perysioe MUTAHHA JOCTYILy 10 4yKoi iHdopMma-
1ii, BUKOpHUCTaHHA iHbOpMAITLil /1711 KOPUCTHUBUX
[JIel YU 1ijied TUCKY Ha 0COOUCTICTh, 0OMeKeH-
H JIOCTYILY 1HIITUX 10 KOpUCHOI iHdopmartii [7].

V3arajipHIOIOUM ~ pe3yJbTaTd  HAYKOBOTO
aHaT3y Iiel kareropii, copudMaTUMeMO ii K

BiIoOpaskeHHsA JIUCHOCTI, 10 € HEOAHOPITHOIO,
BUCTYIIA€ IIPEIMETOM B3A€EMO/IIl MIXK JIIOJbMHU,
37100yBa€ETHCA y MPOIIEC] isITTBHOCTI, CIPUAIOYN
0COOMCTICHOMY DPO3BHUTKY KOXKHOTO YJIE€HA CyC-
MibCTBA. [i KOHKpETHe TIyMaueHHs 3aJIeXKHTh
BiJl Ipe/iMeTa BUBUEHHA KOHKPETHOI HayKu abo
MeTH JJOCJTiJPKeHHS.

BucHoBku. Iloromxyouuck 3 JIyMKo0 0Oa-
raTbOX HAYKOBI[iB, iH(opmaTu3amiio cydacHOi
OCBITH BBa)KaTHMEMO OJHUM i3 MPIOPUTETHUX
HanpsAMKIB ii pedopmyBaHH:A. [lepcieKTUBHUM
BEKTOPOM HayKOBUX JIOCJII/[P)KEHDb € BU3HAUEHHS
opraHizaIriiHo-1eIarorivHuX yMoB (OpMyBaH-
HeA iHQOpMAIIHHOI KOMIIETEHTHOCTI MalOyTHIX
yumnTeniB reorpadii y mpoueci ix mpodeciiiHoi
MiITOTOBKU.
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AAHALWASPTHE KAPTOTPAPYBAHHA
HINM « CAOBOXAHCBKNN)Y SACOBAMN MOBIABHUX,
HACTIABHNX TA BEB-AOAATKIB ARCGIS

B craTTi BUKJIa/IeHO METOJIMKY Ta JIOCBi/ KapTorpadyBaHHs JaHAIIADTIB HAIIIOHAJTBLHOTO IPUPOAHOTO MapKy «Ciio-
00’KaHCHKHI» Ta BUCBITJIEHO OCOOJIMBOCTI BUKOPUCTAHHS IIPOTPAMHUX MPOAYKTIB ciMelicTBa ArcGIS Ha Bcix eTamax
JIOCTTi/PKeHHsL. 30KpeMa, PO3KPUTO MOXKINBOCTI BiuKopuctaHHs ArcGIS for Windows Mobile y monboBux gocsipxeH-
Hsax; ArcGIS Online, sik cepezoBuina 711 36epirants Ta 06MiHy JaHUMU MizK GaxiBIAMHU Pi3HUX TaTy3ei, a TAKOXK
IIpe/ICTaBJIEHHs Pe3yJIbTaTiB KapTorpadyBaHHA Y BUIJIAI MyJIbTHMACIITAOHOI TaHAIIadTHOI KapTh. PO3KPUTO 0CO-
GJIMBOCTI 3aCTOCYBaHHs iHCTPYMeHTIB ArcMap B X071 YK/IaJaHHA JIAaHAMA(PTHOI KAaPTH B KAMePaJIbHUX YMOBAX.
KirrouoBi ciroBa: stanmadrHe kaprorpadyBaHHs, HAI[IOHAJBHUM TpUpOAHUE apk, [IC-TexHoI0Tii, MyIbTHMAC-
mrabHe kapTorpadyBaHHs, OBEPJIEHHNNA aHAITI3.

OkcaHa boaHs, EAeHa CeHHas, OaetHMKOB UBaH, OB4ApeHKo AAUHA

AAHALIASTHOE KAPTOTPA®UPOBAHUE HMM «CAOBOXAHCKUM» C MOMOLLLLIO MOBUAbHbIX,
HACTOAbHbBIX U BEB-NMPUAOXEHUN ARCGIS

B craTbe u3J103keHa MeTOUKA U OIIBIT KapTorpadupoBaHus JIaH/[11adTOB HAIIMOHAJIBHOTO IPUPOHOTO napka «Cio-
60’KaHCKUI» U OCBEIeHBI 0COOEHHOCTH HCIIOJIb30BAaHUA IIPOrPAMMHBIX IIPOAYKTOB ceMelicTBa ArcGIS Ha Beex sTa-
max UccaeIoBaHusA. B 4acTHOCTH, pacKpbhIThI BO3MOXKHOCTH Hcoab3oBanus ArcGIS for Windows Mobile B mosieBbix
uccaenosanuax; ArcGIS Online, kak cpezpl 11 XpaHeHUA U 0OMeHAa JAaHHBIMU MEXK/Ty CIIEIMaINCTaMU PAa3THYHbIX
oTpacyiei, a TakKe IIpeJiCTaBJIeHNE Pe3yIbTaTOB KapTorpadUpoBaHusA B BUZE MyJIBTHMACIITAOHOM aHmadTHOH
KapThl. PaCKpBITHI 0COOEHHOCTH IPUMEHEHUA HHCTPYMEHTOB ArcMap B mpoliecce co3/iaHus JaHAMAa(THON KapThl
B KaMepaJIbHBIX YCIOBUAX.

KiroueBsle cioBa: jaHqmadTHoe KapTorpadupoBaHue, HAIlMOHAJIBHBIN NpupoAHbli napk, I'IC-TexHoorny,
MyJIBTHMACIITa0HOEe KapTorpadupoBaHue, OBEPIIEHHBIN aHATH3.

Oksana Bodnia, Olena Sinna, lvan Oliinykov, Alina Ovcharenko

LANDSCAPE MAPPING OF NATIONAL PARK «SLOBOZHANSKY» USING MOBILE, DESKTOP AND WEB APPLICATIONS
ARCGIS

In the article we describe a theoretical and practical method of mapping the landscape of the national park
«Slobozhansky» and reveal different features using ArcGIS software products at all stages of the study. Specifically,
the resources of ArcGIS for Windows Mobile in the field of research have been disclosed. In the course of fieldwork and
practical work the students found out that, in addition to the territorial reference points, the software can completely
replace paper blank sheets describing landscapes, substantially save the time of field work. The ArcMap tools are used
in the conclusion of the landscape maps in laboratory conditions. Method of stacking map is based on the consistent
use of Overlay analysis tools: Intersect (for edge detection facies) and Disolve (for the combination of the same type
facies) and Field Calculator tool, which allows to combine the attribution information lithogenic base, forms of relief,
vegetation and soil in one column (which contains the names of these facies). It is possible to use ArcGIS Online as
a platform to store and share data among the experts in various branches of knowledge, and present the results in a
landscape multi-scale map. The landscape structure of the area was shown in a major series of scale: the first map
shows the project on the scale of 1: 300 000 and 1: 150 000, map of the second level - 1: 150 000 to 1:50 000, and the
third level of map - more 1: 50 000.

Thus, in the process of research, which included a very significant list of tasks (from multipurpose field research - to
dissemination and implementation of the results), new methodological approaches to integrated implementation
of GIS tools of various types: mobile, desktop and web application of ArcGIS software were implemented in the
landscapes of the National park «Slobozhansky».

Keywords: landscape mapping, national park, GIS technology, multi-scale mapping, overlay analysis.
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Beryn. JlappmadTHa 3HOMKa TEpPUTOPIl
YKpaiHu Ha /eTaIbHOMY PiBHI B OCTaHHI Jiecs-
TIIITTS 3iACHIOETHCS JIUIIE HA OKPEMUX JIUISH-
Kax. /Iy HAIilOHAJIPHUX MPUPOJHUX TAPKiB
(HIIIT) nmasmmadTHI JOCTIKEHHS € HEBIiJ €M-
HOIO CKJIQZIOBOIO JUIA 3abe3reueHHs e(eKTUB-
HOl JiSUIPHOCTI, IPU IIHOMY BUKOHAHHS TaKHX
po0iT daxiBIsAMU 32 3aMOBJIEHHAM € IIPAKTUYHO
HEMOXKJIMBUM 32 PaXyHOK BKpPail HeZI0OCTaTHbOTO
¢inaHCyBaHHA 3amOBiAHOI crpaBU. Y CHUTYaIlil,
0 CKJIajiacs, OJHUM i3 BapiaHTIB BUPIIIEHHs
MPO0OJIEMH CTA€ HAIATOKEHHsI B3a€EMOBHUTI/THOI
CHiBITpani Mi’k HAI[lOHAJIBHUM IIPUPOAHUM IIap-
KOM Ta BHIIIUM HAaBUIBHUM 3aKJIa/I0M, IKUU TO-
Tye daxiBiiB-reorpadiB Ta Ma€ y CKJIaJi HAyKO-
BO-TIE€/IaTOTIYHUX IPAI[iBHUKIB — CIIEI[iaJIiCTiB,
KOMIIETEHTHUX JIJIs IIPOBeJIeHH:A JIaHAmadTHIX
nociipkeHb. Came Takuil BapiaHT peayli3oBaHO
B pamkax cmiBrpari mixk HIIIT «Cio6osxaHch-
Kuii» Ta XapKiBCbKUM HAI[lOHAJIBHUM YHiBep-
cutetom imeni B.H. Kapasina. JlangmadTtai
JIOCJII/PKEHHSI TEPUTOpii MapKy 3AiHCHIOITHCSA
IIUIIXOM IIPOBEJIEHHS HAaBUIBHUX T4 BUPOOHU-
YUX MPAKTUK CTYyJIeHTiB-reorpadis, a 3romom —
CTAIOTh YACTHUHOIO JHUIUIOMHUX JOCJI/’KEHb Ta
BKJIIOUEHI Y HAyKOBY pOOOTY BUKJIaZaviB. ¥ Ipo-
reci slagAmadTHOrO KaprorpadyBaHHA Ha BCiX
HOro eTamax KOMILIEKCHO BIIPOBA/KYIOTBCA Cy-
yacHi 3acobu reoiHopMaIinHuX cUCcTeM, 30Kpe-
Ma MOOiJIbHI, HACTLJIBHI Ta BeO-IOJaTKUA CiMel-
CTBA MPOTPaMHUX MPOAYKTiB ArcGIS.

Buxinni nmepexymoBu. KaprorpadyBaHHs
sasamadTiB, AK OJIUH i3 IPIOPUTETHUX HATIPSAMIB
HayKOBUX JIOCTi/KeHb B YKpaiHi, Ha0ys1o0 Baru i3
IIOYATKOM HAI[IOHAJIBHOTO IIPOEKTY, METOI0 KO-
ro € YKJIaJJaHHA Cy4dacHOl JIaHAma@THOI KapTu
Ykpainu B Macmtabi 1: 200000 [1]. ¥V pamkax
IIPOEKTY BeZIeThCA pPOOOTa MO YKJIAJAHHIO KapT
Ha pi3Hi perionu YKpainu.

Hamionanpauii mnpupoanuit mapk (HIIIT)
«C1060KaHChbKUN» — HEIIOAABHO CTBOPE-
HUN OO’€KT IPUPOJHOTO 3amoBiHOTO GOHAY
Ykpainu, Ha TepuTopii KpacHOKyTChKOTO paii-
OoHy XapKiBChKOI 00JIaCcTi AK KJIIOYOBA JIIAHKA
€KOJIOTIYHO1 Mepeski XapkiBmuHu Ta [ayuih-
K0-Cy1000KaHCHKOTO €KOKOPH/IOPY HAI[iOHAJIb-
HO1 ekoMepeki [2]. OCHOBHOIO METOIO CTBOPEHHST
€ MPOBEIEHHs HAYKOBUX JOCTI/KEHb 3 METOI0
30epekeHHsI I[IHHUX IPUPOJHUX TEPUTOPIH,
a caMe yHIKQJIBHUX 03€p Ta MePeXiTHUX HeBeTu-
KX OOJIIT, CTBOPEHHS YMOB 71 BI/ITIOYNHKY.

Teputopisa MapKy € yHIKaJIbHUM OCEPEIKOM,
0 noesHye B cobi nmpupoxy Ilosices ta Jlico-
CTelly, PI3HOMAHITTA yJaHAadTIB Ta 6araTrcTBo

POCJIMHHOTO 1 TBapuHHOTO cBiTy. Ha mpaBomy,
KOpiHHOMY Oepesi p. Mepsa, JOMIHYIOTh Kjle-
HOBO-JIUTIOBI JIIOPOBU NPHUPOJHOTO IMOXO/KEH-
Hf, Ha JIIBOMy — COCHOBI 6opu. Jlo piakicHmX
JIaHa(THIX YTBOPEHDb TEPUTOPIi TOCITI/I?KeHHA
MOJKHA BifiHECTH Me30TpodHi 6010Ta, OKpeMi 3a-
0o0JI0Y€eH] JIJITHKH, a TaK0oXK 3a00J104eH] BijIbIlla-
HUKU Ta 03epa y 3HWKeHil 4acTHHI O0pOBoOi Tepa-
CcH, 110 TOTPEOYIOTh /IeTAIbHOTO BUBUEHHS, aJ[Ke
BOHU XapaKTePU3YIOThCA BiJIHOCHOIO HECTIHKICTIO,
YYTJIMBO PearyioTh Ha 3MiHU IIPUPOJHUX YMOB Ta
AQHTPOIIOTeHHE HAaBAaHTAYKEHHS.

IIporpamue 3abe3neuenHs ArcGIS Hanmane
Ui 3amad BopoBapkeHHs [IC-TexHOsOTIH HA
IIPUPOZIOOXOPOHHUX TEPUTOPIAX XapKiBChKOI 00-
sacri3a migrpumka mporpamu ESRI Conservation.

Mera crarTi — BUCBIT/IUTH IOCBIZI KOMILJIEKC-
HOTO BITPOBA/I?)KEHH 3ac00iB reoiH(opManiiHmx
cucreM (MOOLIbHUX, HACTLIBHUX Ta BEO-I0aTKiB
ArcGIS) pna 3agmau sjaHmamagTHOTO KapTorpa-
dyBaHHA TepuTOpii HAIIOHAJIBHOTO IIPUPO/IHOTO
MIapKy, a TAKOXK MOKJIMBOCTI 3aJTyYeHH CTYZIEHTIB
J10 TIporiecy JIaHAMA(GTHUX JOCTIPKEHD Y pAMKaXx
HaBYaJIbHOI IIPAKTUKHU.

BukJiag OCHOBHOTO MaTepiay.

Yxnadanna aandwagmuoi kapmu-einome-
3u mepumopii docaiOxceHHs. B ymoBax, Koiu
3MIHCHEHHS TTOJIbOBUX JIOC/I/IKEHD BiZIOYBAETHCS
B Me’Kax O/IHI€] i3 YaCTUH HABYAJIbHOI MMPAKTUKHU
CTYJIEHTIB, HEOOXITHO BPaxXOBYyBaTH, IO JIOCJIi/I-
>KeHHs — CyTT€EBO JIIMITOBaHI 3a 4acoM Ta ¢iHaH-
COBO, 2 TOMy MalOTh OyTH MaKCHUMAaJIbHO OpTraHi-
30BaHi IIle Ha KaMepaJIbHOMY eTalli. BpaxoByroun
po3BUTOK cyyacHUX ['IC-TeXHOIOTii, MOXKJIUBOCTI
3ay4yeHHA AaHux /133, a B HAIlIOMy BUIIQ/IKy —
1 IOCTaTHHO BUCOKHY PiBEHD IOMEPETHHOTO BUB-
YeHHA TEPUTOPIi JOCTITHUKAMHU Pi3HUX MPODLIIB,
OyJI0 BU3HAYEHO JIOLUIBHOI HEOOXI/THICTh YKJIa-
naaHsA taaamadTHol kaptu-rinoresn HITIT «Cito-
00’KaHCHKUI» y KaMepaJIbHUX YMOBAX, /10 0e310-
CepeIHbOTO BUI3/Ly CTY/IEHTIB HA MiCIEBICTb.

s ykiaiaHHsa KapTU-TinoTe3u JaHAmadTiB
HIIIT 6ysno BuKopucTaHo Tomorpadiunai kap-
TH (IIepeBaXHO JUUIA OTPUMAHHA JAHUX IO
penbedy MICIIEBOCTI), KAPTY Te0JIOTIYHY 1 YeTBep-
TUHHUX BiZIKJIaZiB, KapTy IpyHTIiB. B ArcGIS for
Desktop 3zilicHeHa reorpadiuHa mpuB’sa3ka Ma-
TepialiB Ta BEKTOpU3allis HeOOXiTHUX eJIeMEeHTIiB
3micTy Kapt. [na OCTiPKeHHs CTaHy Cy4JacHOI
POCIIMHHOCTI TepuTOopii mapkKy OyJI0 BUKOPHCTa-
HO KOCMIiUHI 3HIMKH, 32 pe3yJIbTaTaMu 0O0pOOKH
SAKUX OTPUMAHO JIeTaJIbHUN BEKTOPHUU IIap poc-
JINHHOTO TOKPUBY JOCJII/I?)KYBaHO1 TEPUTOPIi (as1-
TOPUTMHU Ta pe3y/IbTaTU Peasli3allil bOTo MiIXOy
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nisa HITIT «CioboxkaHChKUiT» Oyl PO3KPUTI Jie-
TaJIbHO y IyOstikanii pasimre [3]).

3acobamu ArcGIS for Desktop 3a ropusonTa-
JIIMM Ta TOYKaMH BHUCOT i3 TomorpadivHoi Kap-
TH 100YZI0BaHO (P POBY MO/IEJb pesIbedy, Micysa
YOTr0 OUIBIII JIeTaIbHO BUBYEHO reoMOpP(OIoTiuHi
XapaKTEPUCTUKU OKPEMHX JUIAHOK JOCI/IKY-
BaHOI TepuTopii. /s ykiaagaHHA JaHAIadTHOL
KapTH TPOBEJEHO OBEPJEHUU aHATI3 BEKTOp-
HUX IIapiB pesbedy, YeTBEPTHHHUX BiIKJIA/IB,
IPYHTIB Ta POCJIMHHOCTI. 3a JIOIIOMOT'OI0 1HCTPY-
MeHTy Intersect 371ilicHeHO TeOMETPUYHUH TIEpe-
THH BXiJTHUX 00 €KTIB i3 4 TOJITOHAJIPHUX IIAPIB,
i3 ypaxyBaHHAM HOpAAKY IIapiB, IO HAKJIAJa-
I0TbCA. [HCTPYMEHT 103BOJIsI€ BUBHAUUTH 00’ €KTH
a60 yacTuHU 00’ €KTIB, IKI IEPEKPHUBAIOTHCA Y BCIX
mapax, y pesysabrari 4yoro Oysio copMoBaHO
BUXI/THUH IIap i3 «CyMapHUMH» Kj1acaMu 00 €K-
TiB, B aTpUOYTUBHOMY OITHCI IKUX IIpeJICTaBJIeH]
BCl 4 BXi/THI XapaKTEPUCTUKHU.

PesynpraTom 3iilicHeHHs omeparnii Intersect
CTaB €IUHUU IIEUT-(pais1, 10 MICTUTh KOHTYPH
(sAKi ciBIIa/1at0Th 3 KOHTYPAaMHU POCJIMHHUX YTPY-
[IOBaHb), a4 TAKOXK B OKPEMUX CTOBITUMKAX aTPHU-
OyTuBHOI TabauIi — iHdOpMaLio Mpo mMe30- Ta
Mikpogopmu pesnbedy, TUIIU IPYHTIB, YeTBep-
TUHHI Bigkmagu. [{ina ¢popMyBaHHA y3araJapbHEHOI
Ha3BU KOXKHOI JIAaHJIIA(THOI OAMHUII B OKpe-
MOMY CTOBIYMKY aTpuOyTUBHOI Tabiuii OyJsio
3acrocoBano Field Calculator. BigmoBigHuii pe-
3YJBTYIOUHH IIeNT-(Paiia MiCTHB 7991 KOHTYP Ta
aTpuOyTUBHY iHGOPMAIIIIO /10 KOKHOTO KOHTYPY
3 «pobouoro» Ha3BOW JaHamadTy. Hanmpukian:
«3HIDKEHHs Ha MOBEPXHi IepIoi Ha/13aIIaBHOl
Tepacy, JaBHbOAIIOBIAJIbHI BIIKJIA/IA, JIEPHOBI
OTJIEEH] 3B’A3HO-MINIAHI I'PYHTH, COCHA 3 JIIU-
HOIO y Mi/UTicKy». 3BUYalHO, cepeJ] OTPUMaHHX
7991 KOHTYPY € TaKi, 1110 MalOTh OTHAKOBUH aTpH-
OytuBHUU omuc. /[y o6’emHaHHA 00 €KTIB, AKI
MAalOTh CHIIBHUM aTpulyT, ajie € TOIOJIOTIYHO
po3pisHeHUMH, OyJI0 BUKOPHUCTAHO 1HCTPYMEHT
Dissolve (3nutTss 3a atpubyrom), y pe3yJsbTaTi
yoro Oysi0 oTpuMaHo JaHAmadTy KapTy piBHA
¢ariii, mo micTuTh 193 pisHOBHAM onrciB. ToOTO,
Ha OCHOBI BHUXiHMX MarepiariB, 3acobamu I'IC
OyJI0O CTBOPEHO JIOCHUTH JETIbHY JIaHAIA(THY
kapty-rinoredy HIIIT «C1060:kaHCHKUAM ».

ITonvosi  docaidxcenHus aavowagmis 3a-
cobamu TIC.JInsa 1mepeBipKHA IOCTOBIPHOCTI
JasAmadTHOI KapTU-TINoTe3u Oys0 37iHCHEHO
os1boBi tocstipkeHHs Teputopili HIIIT «Cio6o-
JKQHCHKUU », Y TIPOIIeCi AKUX 3aCTOCOBAHO HACTYTI-
HI METOIU:

— MeTo/1 ortucy damiil y KJII0YOBUX TOUKAX;

— MapuIpyTHe 3HIMaHHA 3 MeTOI0 YTOUHEHHS
MesK darrii;

— yaHmadTHe TpodiTIOBaHHA.

Jlo ToYaTKy IpPAaKTUKH, 3/IMCHIOETHCA O03-
HAWOMYUU BUIi3JT Ha MiCIEBICTh, OOUPAIOTHCS
MapIIPyTH MalOyTHHOI IOJILOBOI 3HOMKU, B Me-
’)KaX AKUX MOIePeIHbO BU3HAYAIOTHCA JINIAHKU,
10 BiAINOBiZIal0Th 32 KAPTOIO-TIMOTE3010 PI3HUM
taunam (ari. TpaguiiiiHa mpoieaypa Omucy
(dariit nepegbavae 3aIIOBHEHHS JJOCUTD JI€TAITb-
HOT0 Ta TpoMizzikoro 6sianky. CydacHi MOOUIBHI
I'IC-3acobu 103BOIAIOTH CYTTEBO ONTUMIi3yBaTH
Iel mpoIec, 30KpeMa y HallluX JOCITi/IKEHHAX
6ys0 3acrocoBano ArcGIS for Windows Mobile.
Ha ocHOBi po3p06JieHO] KapTU-TIOTE3H Ta iCHY-
10401 NTOCTiI0OBHOCTI onucy ytanzAmadTHOI dariii,
po3pobJieHo cTPYKTYpy 6a3u ganux s ArcGIS
for Windows Mobile. ®ynkiiis «36ip maHuX»
(Create Inspection Report) no3Bossie ikcyBatu
KOOPZWHATH TOYOK ITOJIBOBUX JIOCJII/IKEHbD, & Ta-
KO 3aHOCUTH iH(OpMAII0 70 aTpUOyTUBHOI
tabsuri. /1o cTpykTypu 6a3u JJaHUX MOJIBOBOTO
onucy darii BKIIOUYEHO TaKi CKJIa/OBi: Micie-
MI0JI0’KEHHS TOUKU oIucy ¢arriii; JaHi Ipo aBTo-
pa; yac Ta fjaTy cuocTepekeHb; iHdbopMariis npo
POCTTMHHUY TOKPUB (A€pEeBHUM CKJIA/I, IMi/JTiCOK,
YarapHUKU, TPAaBSIHUCTUU Ta MOXOBO-JIMIIAU-
HUKOBUU MOKPUB); JIaHI IIPO YETBEPTUHHI Bif-
KJIaau; peabed TepUuTopii; IPYHTOBUI IIOKPUB,;
THII 3BOJIO’KEHHS; Ha3Ba JIOCII/PKyBaHOI (arrii.
[Tpu npoMy, 32 KOKHUM IIyHKTOM Iepezabade-
HO MOXJIMBICTh BUOOpY aTpuOyTy i3 BUIIQ/Iai0-
YOro CIMCKY BapiaHTIB, AKi 3a3/1aJIeTi/ib 3a/1aHi
y BIIIOBITHOCTI 710 JIET€HIW KapTHU-TIlIOTE3H.
HesBaxkarouu Ha Te, 10 BUKopucrtanHa ArcGIS
for Windows Mobile 3HauHO mosieriye mporec
II0JIBOBOTO 300pY AaHUX (MOXKJIUBICTH BUKOPH-
cranHs GPS 114 BU3HaYeHHS TOYHOIO MiCLIeo-
JIOKEHHsI, EKOHOMIsI Yacy, aBTOMAaTH3allis I0-
JIJIBIIIOTO IIPOIIECY BUBAHTAKEHHS Pe3yJIbTATIiB
1moJ1b0BOTO omucy y I'IC To1o), MosKHa BUIITUTH
1 mesKi HemOJTIKU, 30KpeMa: TPUBAJIUU IIPOIIEC
MIOIIepe/IHOTO CTBOPEHH 0a3U IaHUX; YHIKAIb-
HiCcTh 623U JJaHUX, KA BiJIMOBiZla€ IEBHIA TepH-
TOpil JOCTi/ZKEHHA. AHAJIOTOM IIPOTPAMHOTO
npoaykry ArcGIS for Windows Mobile € ArcGIS
Collector, 1o mpamnroe Ha oneparniiHii cucremi
Andriod.

ITix gyac 3ailicCHEHHS MOJIBOBUX JOCJIIIKEHb
nauamadtie HIIIT «CnoboskaHChbKUM», CIIO-
cTeperkeHHsA Oysiu 3aHeCceHi /10 MOJIBOBOTO Ta-
nepoBoro OsylaHky Ta 70 6a3m ganmx ArcGIS
for Windows Mobile. Beanocepenupo st 360-
Py ZlaHUX y TOJI BUKOPHUCTAHO KHUIIEHBKOBI
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nepcoHasbHI Komirtorepu (KIIK), ocHamieni
GPS-HasiraTopamu, i3 oneparmiifHOI CHCTEMOIO
Windows Mobile. Ciix Bim3HauuTH, IO 0CO0-
JIMBICTIO /IAHOTO METO/Yy € TOYHA IIPOCTOPOBA
i yacoBa (ikcarrisi, MO 7@€ 3MOTY IEepPEBipUTH
MaTepiayiu crocrepekeHb, IOBTOPUTH X B iHIITI
CE30HU Ta POKHU. Y MEPCHEKTHUBI Iie /1a€ 3MOTY
3IIICHEHHSI CIIOCTEPEXKEHb CE30HHOI Ta Oara-
TOPIYHOI IMHAMIKH JIaHAIIa(TiB.

Jlnsa nepeBipku faHux Oysim oOpaHi TUIAHKH
COCHOBOTO JIICY 3 JIOMIIIKAMHY JIUCTSTHUX TTOPI/T
y MiJUTiCKy, Oepe3HAKHU, BUIBIIAHUKY Ta cydopU
B IIiB/IEHHIH YacTUHI MapKy Ta AibpoBH, Ai6poBU
3 ZIOMIIIIKAMUY JIMIIY Ta SICEHIO B HiBHIYHIA 4ac-
TUHI mapKy. JloCiiJi>KeHHA TPOBE/IEHO B BECHS-
HUH, JIITHIN Ta OCIHHIN nepioan 2014—2015 pp.
Yy paMKax HayKOBHX II0JIOBUX BHUi3/[iB Ta MpaK-
THUK CTy/I€HTiB-reorpadis.

I[Tiyy vac MapuIPyTHOI 3HOMKH BUKOPUCTOBY-
BaINCh Takoxk mpuctpoi Trimble, ski Tex oc-
HameHi GPS-HaBiratopammu, i3 BCTaHOBJIEHOIO
nporpamoto ArcPad. Ha Bigminy Big ArcGIS for
Windows Mobile, sikuii mpamioe 3 iCHy04YO0I0

CTPYKTYpPOIO 0a3W JaHUX Ta 3PYYHHUU JJIS1 BUKO-
PpUCTaHHA IiJT yac onucy ¢ariil y KII040BUX TOU-
kax, ArcPad yo3Bosisie cTBoproBaru mien-gar-
s 6e3mocepeIHBO B I0JIi, peflaryBaTH iCHYIOYi.
¥ Mekax yKjIaZieHol KapTu-rinore3u 0ysio obpa-
HO MapuUIPYT, I/l 9Yac MPOXO/»KEeHH AKOT0 Bif-
Mivasucs TOUKHU, B AKUX 3MIHIOBAJIUCA YMOBH U
MoxkHa Oys10 dikcyBaTu Mexi darfii.

JlangmadTHe 1pPOdIMIOBAaHHA IPOBEJEHO
B MeXax Iorop0OOBaHOI MepIIoi Ha/A3aIlIaBHOI
tTepacu. JIiHito mpodiso 3aKIazieHo Mo IPOCiIri
MiK KBapTajlaMU JIiCTOCIy, 110 OyB BJIACHUKOM
3€eMeJIb /10 CTBOPEHHS HAI[lOHAJIBHOTO MapKYy.
¥ mporeci ykyiasanHa JaHAMAGTHOTO IPOdisTio
OyJ10 31iliCHEHO 3HIMAHHS y 12 TOYKax, IO BiJI-
MOBilayTM MeaM pi3Hux darii. /[na KoxKHOI
TOYKH Oys10 3aiKCOBAaHO Ta 3aHECEHO JI0 aTPHU-
OyruBHOI Tabiuii B ArcPad kxoopaumuaru, ab-
COJIIOTHY BHICOTY; OIHC Ta XapaKTep Iepexoiy
daniii. Orpumani 1aHi B mogaapmoMy 0yiu BU-
KOPHUCTAaHI /I YKIaJJaHHSA B KAMePaJIbHUX YMO-
Bax JjaHAMAGTHOrO MPOoGLII0 32 MapUIPYyTOM
JIOCJTi/TKEHbD.

MACLITAB 1 : 10 000

YMOBHI NO3Ha4YeHHA
HACENEHI NYHKTK
A7 cena
riAPOrPA®IA
~N—piYKn

NAHAOLWA®TU HMMN "CNOBOXAHCBLKUA"

NAHOWA®THI YTPYNOBAHHA GALIANBHOIO PIBHA

IERER RN R AR RN R
RN AR RN

(macLuTab 3mMeHLLEHO)

Puc. 1. Kapta aaHaLuagotie HIM «CAOBOXKAHCEKMEY HQ GOALLIAABHOMY PIBHI
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cocHa zpina Gea nignicky Ha zHWxeHIi NoBepXHi NepLUol Hag3annaeHol TEPacH 3 YOPHO3eMaMK
onif30NeHHMn CyNiLaHUMK Ha NiljaHUX eoMoBKX Biknagax

COCHa MONOAa Ha ApiGHoropducTUX piBHMHAaX NepLIo HaA3annasHol Tepack 3 4ePHOBUMK
ONifz0NeHHMN 38'AIHO-NILAHNMU | CYNILLAHUMIA FPYHTAMU HA NiLLIAHKX @0NOBKX BigKNafax

BiNbLUIaHHUKK Ha ApiGHOropEUCTHX piBHUHAX NepLUIol HAJI3annNaBHoT Tepacy 3 AEPHOBUMU
ONiA30NEHUMI 38'A3HO-NILLEAHWMN | CYNILLAHUMIA PPYHTaMU Ha NilLiaHUX eonoBWX Biginagax

Bepeaopo-ocurosi GonoTa B NNockux Tankeerax Ganok iz ONA0NEHUMN HAMUTHMI
CYIMMHACTHMAN Ta MAHWCTHMK FPYHTAMM Ha anioBianbHUX Bigknagax

Rl EOn

BupyDin, nopocni NMCTARMM nicom Ha ApibHoropbucTx piBHMHax NepLucT Haa3annasHoI
TepacH 3 4epHOBMMM OMIAI0NEHUMK 3B AZHO-MILAHUMK | CyNiLaHMK IPYHTaMK Ha NilaHnx
EONOBMX BigKnagax

y6 3BMUaIHKIA HA KPYTUX CXUnax Ganok i ApIE 3 TEMHo-CIPUMK ONIAIONEHUMH CYTTIMHMCTHMK
Ta IMMHUCTHMA IPYHTAMK Ha NPOMISBIANsHUX Ta anksiankHo-AenieiansHUX Biknagax

aKaljiA 8 CydacHuX Apax i NPOMOTHaX 3 OMIAI0NEHUMU HAMUTUAMK CYFMHUCTUMK Ta
FIMHACTUMK FPYHTaMK Ha anoBiankHuX Bigknagax

KNeH NOMe0BMA Ha NONOMMX CXMNax Banok 3 TEMHO-CIPMMM ONIL30NEHMIMK CYTIIMHUCTHMK Ta
FMHHMCTUMK FPYHTaMKM Ha JentoBiansHux Bignanax

OCHKa Ha KpyTUX cxunax Ganok | Apie iz TeMHo-cipiMi ONiA30NEHAMM CYTMHHUCTUMK Ta
FMMHACTHMA FPYHTAMK Ha JeMioBiansHKUX Bigknagax

Puc. 2. PparmeHT aAereHAM KapTh AQHALLQCDTIB
HIM «CAOBOXKAHCHKMM)Y HQ GOALLIAABHOMY PIBHI

Micuesocri Hauionaassoro npup o napky "Chaodomancsrnii"
Macwrad 1:250 000

é- i Vuosni nouauenns

Rl

| l:fu!—'.\
f
L
i ¥

Puc. 3. AaHALLQdpTHI micuesocTi HIM
(«(CAODOXKAHCHKMIMY

¥pounma Hauionaasnoro npup o napky " Cuod Kuii"
Macmrad 1: 50 000

Yuonni noznauennn
Sl L

Puc 4. Ypouura HIM «CAOBOXKAHCHKME

Ymounenna aandwagmuoi kapmu-2inome3su
HA 0CHOB1 NOAbLOBUX OAHUX, Y3A2ANbHEeHHS OMpuU-
MAHUX pe3yavmamis.

Yeci pmaHl TONBOBUX  JOCHKEHb, 3i0paHi
MobinpHuME I'IC-3aco6amu, y MoAaIbIIoMy OIIpa-
LBOBYIOTBCA y IIPOEKTiI ArcMap, yTOUHIOETBCS TI0-
repe/iHsA Kapra-Tirores3a. YKIa/ieHa JlaHamadpT-
Ha KapTa fBJIAETHCA PE3YIbTATOM KOMILIEKCHHX
reorpadivHUX AOCTI/KEHDb (pUc. 1, 2). 3aBASAKU
3acrocyBanHIo I'IC, BoHa npezicTaBisie reoingop-
MamiiiHy 0asy, sfka Moxe OyTH BJOCKOHAJIeHa
y MOAIBIIOMY Ta BUKOPUCTaHA /ISl BUPIIIEHH:A
MIPUKJIQ/THUX 33/1a4.

Po3pobka mysnpTHMacITabHOI JaHAIAGTHOL
KapTU. 3aBJaHHAM MYJIBTUMACIITA0HOTO KapTO-
rpadyBaHH: € CTBOPEHHS Ta BUKOPUCTAHHS eJIeK-
TPOHHUX KapT, 110 3a0e31e4yI0Th IPe/CTaBIeHH
0o0’ekTiB y Oe3siui mMacmTabiB. 3MicT MOIIOHMX
KapT 3MIHIOETbCA B 3aJIEXKHOCTI Bijy MaciiTady,
BCTAaHOBJIEHOTO KOPHCTYBa4YeM B IHTEPAKTHBHOMY
cepenoBuii neperyaay. Ilepexia mixk macirrad-
HUMU PiBHAMHU 3aCHOBAHHUU Ha IPUHITUIIAX Kap-
TorpadivHOI reHepasTi3allil i IPOABIAETHCA y 3MiH1
CKJIQJy IIApiB, CTYHEHA iX /EeTaJbHOCTI Ta THUILY
JIOKauTi3arii, crocobiB 300pakeHHA Ta 0GOpM-
JIEHHsI, TOIIOJIOTIYHUX, MEPEKEBUX BI/THOCHH MizK
o0’ekramu TOIIO. My sIbTHUMACIITAOHICTD 3 IMi3Ha-
BJIBHOI TOUKU 30Dy ZI03BOJISIE BapiloBaTH Ta 00H-
paTy ONTHUMAJIBHY JeTaTi3allii0 KapTH, IIBUJIKO Ta
3PYYHO IEPEXOJTUTH 3 OJTHOTO PiBHS JIOCITI/PKEHHST
Ha IHIIWH, aHaTi3yBaTu KapTorpadiuny iHdopma-
miro [4].

TpaauriiiHo, KIacuyHe JaHAIIaQTHE KapTo-
rpadyBaHHA BKJIIOUAE YKJIQJIAaHHA KapT PI3HHUX
PIBHIB Ta JeTaJIbHOCTI, a caMe — KapTH JIaH/-
madTiB, MicrieBoCcTeN (SKIMO TaKi BUAUIAIOTHCA),
ypouwil Ta arriii.

Kapty piBH#A MicrieBocTel 610 YKJIaJIeHO Ha OC-
HOBI MaTepiasiB rmpoekty crBopenHs HIIIT «Cio-
60xxaHChKMI». [10THOBI MOCITIKEHHA Ta OLIBII
peTesibHe BUBUEHHS TEPUTOPil BKA3aJI0 Ha HETOU-
HiCTh KapTH, ToMy B cepenoButii I'TC 6ys1o Bisiko-
peroBaHo paimie cTBopeHy Kapry. /laHa kapra
Oys1a moOyzoBaHa y Macirrabi 1:250 000 (puc. 3).

CTBOpeHHS KapTU PiBHA YPOUMIIL IIPOBEJIEHO 3
BUKOPUCTAaHHAM MOJIMBOCTEH UM POBOTO MOjIe-
JII0OBaHHA pesibedy. BuieHHA Mex ypouulIll mpo-
BeZIEHO Ha OCHOBI aHasti3y nmobyzoBaHoi TIN-mo-
zeni mociimpkyBaHol Teputopil. Kapry ypounirg
CTBOPEHO y MacITabi 1:75000 (puc. 4).

Meroiuka CTBOPEHHHS KapTU piBHA damii
OTIMICAaHA BUIIE.

YkiasaHaHsa MysIbTUMAcCIITAaOHOI KapTu Bifi0y-
BA€ETHCA Y 3 eTalu:




MPOBAEMW BE3MEPEPBHOI TEOTPAPIMHOI OCBITU | KAPTOTPADII

1. CTBopeHHA 0a3u JlaHUX, Y AKiM Oyze Bifo-
Opa’keHO CeMaHTHUYHI XapaKTePUCTHKU 00 €KTIB
Ta MacITabHi psAax BijoOpakeHH.

2. CTBOpeHHs IIPOEKTY y cepenoBulii ArcMap,
y AskoMy Oy/ie HaJIallITOBaHO ITapaMeTpH Biiobpa-
>KEeHHS JIJIS1 KOJKHOTO 3 MacIITabiB Ta ceMaHTHYHI
XapaKTEePUCTUKH JIJIs1 KO3KHOTO 3 00’€KTIB.

3. CTBOpeHHsI 1HTErpOBaHOI JiereHAW (Taka
JIeTeH/1a JI03BOJISAE /Ty’Ke IIBUKO OTPUMYBATHU iH-
dopmartito po saummadpTH came Ti€l TUTAHKH,
sIKa € He0OXITHOIO JTOCITITHUKY ).

Jna pociijizkyBaHol Teputopii 6ysio obpa-
HO HACTYIIHUU MacIITaOHUU pAJA: KapTa piBHA
daniit BimobpakaeTbca y mpoekTi B macutabi
Bi/1 1:300 000 10 1:150 000, KapTa piBHA ypo-
YHII] — BiJT 1:150 000 710 1:50 000, a KapTa piBHA
damit — geranpHimre 1: 50 000 (puc. 5).

Beb-nybaikayin pesyavmamis aanowagm-
Ho20 KapmozpadyeaHnHs. Pe3ynpTaT MyJIbTHU-
MacmtTabHoro kaprorpadysansasa (anamadTHi
KapTu 3 PiBHIB y BiJiMOBiAHUX MacmTabax Bi-
3yasizariii), JaHi MOJbOBUX JIOCTIKEHb Ta BCl
CYIIpOBi/iHI MaTepiasu y mporieci pobotu 6yJsio
ony6ikoBaHo B cepenoBuini ArcGIS Online.
Bukopucranus I'IC-3aco6iB BeO-101aTKIB Biji-
KPUBA€E HOBI MOXKJIUBOCTI JIJI1 PO3BUTKY JIAH/I-
madTHUX JIOCTi/PKEeHb, MepII 32 Bce, TOMY IIIO

JlaHi MOXKyTb OyTH BUKOPHUCTAaHI Ta JIOIIOBHEHI
daxiBusgsMu pizHOTO NpOdiNI0, AKI MPANIOTh
Ha Ttepurtopii HIIII «CioboKaHCHKUN», IS
pi3HHUX 3aBJaHb Ta HAMPAMIB JisIJIBHOCTI Ha-
[[IOHAJIBHOTO TIApKy: HAyKOBO-JIOCJTiZIHOI, pe-
KpealiiiHoi, €eKO0JIOro-OCBiTHKOI. JlocToBipHA
nanamadTHA KapTa MOoXke OyTh edeKTHBHO
BUKOPHUCTAaHA JUIS 3IMCHEHHS JIaHAIIAadTHOTO
IUIAaHYBaHHS PO3BUTKY IMapPKY.

BucHOBKHM Ta nepCcrneKTUBU. TakuMm 4u-
HOM, y TIpOIleci 3/IiiCHEHHs JIaHAma(@THUX
mocaizkenb HIIII  «CiioboxkaHChKUN», AKi
BKJIIOUAJIA JIOCUTHh 3HAUHUM TEPEeiK 3aB/laHb
(Bl KOMIIEKCHHUX IIOJIBOBUX [OCJIIKEHb —
JI0O PO3MOBCIOJIXKEHHSI Ta BIPOBA/KEHHS pe-
3yJIbTATiB), Oy/10 peasri3oBaHO HOBI METOMYHI
MiIXOAU 00 KOMILIEKCHOTO BIPOBA/?KEHHS
I'IC-3aco6iB pi3HOTO TUILY: MOOLIPHUX, HACTIIb-
HUX Ta BeO-J0JATKIB CiMeWcTBA IPOTPAMHUX
npoxaykrtiB ArcGIS (puc. 6).

[TepCrIeKTUBHUMH HAIMPSIMaMH  JTIOCTIKEHD
€ BJIOCKOHAJIEHHs METOJUKUA BIIPOBA/KEHHS
I'IC-3aco6iB y manamadTHi TOCTIPKEHHA Ha OC-
HOBI OUIBIII UiTKOI iHTerpartii pe3ysIbTaTiB JOCITi/I-
’KeHb Ha PI3HUX eTarax, arpo0arlis 3ampornoHo-
BaHUX MiAXOMIB HA IHIIMX TEPUTOPIAX, aHAII3
MoxutnBocTer Bigkputux I'IC pg1a 3aBAaHb

@ Mynorimacuatng capra - Arcl P - e e
File Edit View Bookmarks [nset Selection Geoprocessing Custormize Windows Help
DadsS X% | b+ | 1:150000 RO ey o 8B
Editag= TIM to Raster... = Georeferencing = ) 5
QAF|@ e -0 K@ 7B IO Napckomy ~] ) B I Dravingr k O A~/ | Gaa *10 v B LU ArDe L.y
Table Of Contents 7 x Ty ey 2 " ﬂ
S| [FEeR W] Koxiea A :r‘
| & & Layers e g
= B Mapx Kowryp r
= aly -
1 [F] Micugsocri ¥ !;
<all cther values> 1
Hazea 5
a

Top6ucTi npocrops 3 gepue
Maocxi sanagpein 3 Topdoes
Maocxi ra chaboxsunset np
Moxunoomnesi cnabo pomg
Maxwni ynorosses cToKy 3 7
S B Ypounup Crenavin
<all other values>
Hasea
Piernna gpifHaropiucra Ha
B gruus Banox Ha gemoBiane »
FDUIHK 1 JENIOEIANHI |
piesna gpibHoropiucra Ha|
pinnmsa gpiGHoropGucra na
piBnana NAGCKS, NilBHG-1A KpacHoKyTCEK
COUIN HA AEMIOBIANLIIE BED
B Api ma ecnoBMY, ARNOSIAND
% [7] Dauinigniuna uscTians it
3 [Z] Dauil_nisgenna wactrma L gL
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F OpenStresthlap
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1) Table | BB Table OF._ |7 Create F. [@e| 2

(ypoumiua y mactabi 1:150 000)

Yehmbia n Nepaposse

Mo

LUSposes it

Mupme

Puc. 5. PparmeHT myabtumacLuTabHoi kapti HIM «CAOBOXKAHCHKMM

20




30ipHMK HOYKOBMX MpALLb. — Xapkis, 2016 . — Bunyck 23

1.1, NyGnikavia BEKTOPHNX SaHHX

Big pizsux gaxieyis npo pensed,

reanoriyHy Gynosy | YETEEDTHHHI leran
BiAKNAN, FPYHTH, POCAMHHICTE

1.2, Osepnefiui aHanis BuxigHux
wapis ANA YKNAAAHHA RaHgwadTHo!
KApTU-TINOTEIN

1.3 Poapobka crpykTypin Bazi panux ana
NONbLOBOD ONWCY NaHAWadTie

2.2, YTOuHEHHA RaHWahTHOT
Kapm-rlnme:m 3 BUKOPUCTaHHAX
AAHUX NONLOBWX AOCNIAHEHE

2.1 Nonsosmi 361p faHnx 2.4, Pospofika mynsTumacwTabnoi

(ORME NaKAWAGTHIX AMHHLE naHawadTHO! web-KapTh Il eTan
¥ KMIOYOBMX TOUKAX)
2.3, YKNAAaHHA NaHQWaGTHIX KapT
pizHONS CTYNEeHA AeTansHoCTi
....... .
....... .
ARAnTauin Ta 3acTocyBaHHA Ga3n faHux AHanis QUHaMIKA T POIBHTKY E:ﬁn|i:BL‘I.-lﬂnpia)ln::aTiBip,:cglpx(erilh
ANA ONMCy NaHAWadTIE iHwMX TepUTOPIit naQWadTie, MOHITOPHHI NakawadTia rriim i e o
Ta web-kapr
I Bazn gaHux anaA n i i noenip; CRifbHe BUKOPVCTAHHA FeOQaHKE
NONEOBOTO ONKCY EKONOTYHOTS CTAHY (MaHuadTHE NNEHYBAHHA, EKONOTIYHA 32 PIIHAMI HANPAMAMK JOCNIIKEHD Ill etan

drie Ta iMwmx THK

ouiHka, ouitka NprBatnueocTi) Ha EQNHIA naHgWwadTHIR ocHoRi

Odopmnennn kapTorpadiunux Teopia
(oKpemMx KapT, cepli kapT, aTnacis)

Puc. 6. BUKOpHCTaHHS NPOrPAMHMX NPOAYKTIB ArcGIS HQ pi3HMX eTanax AQHALLAGDTHOIO
AOCAIAKEHHS

JaHAmadTHUX JO0CTiKeHb. be3ymoBHO, ILIa-
HY€ETbCA TPOJIOBKUTH JIAaHAIA(THI JOCITiIKEH-
Ha HIIIT «CioboskaHChKUi», 30KpeMa 3a Ha-

HaJIATO/IPKEHHS TMOCTiHHOI poboTH i cucrema 00-
MiHy reOTaHUMHU MiK (paxiBIISIMH, SIKi ITPAITIOIOTh
Ha Tteputopii HIIII, 30kpema 3acobamu ArcGIS

MpsSIMaMU MOHITOPUHTY JIMHAMiku Ta po3BUTKy  Online.
saHamadTiB, aHAJI3Y €KOJIOTIYHOTO CTaHy JIaH/-
madTiB, ONTUMI3aIlil peKpeariiHol AiSIHHOCTI

To1110. IToTpebye moIaTbIIIOTo BJIOCKOHAIEHHS T

Peyenzenm: 0okmop mexHiuHUX HAYK,
npogecop I.I'. Yepsarvos.
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2[OCYyAQPCTBEHHbIM MPUPOAHBIM 3AMOBEAHMK «KYPUABCKMEN

AELLINPPUPOBAHME N KAPTOTPAPUPOBAHUE
M3MEHEHWSA MOAOXEHMS BEPEFTOBOU AUHNU
IOXHOWM YACTM OCTPOBA KYHALLWNP

MO KOCMUHECKM CHUMKAM OYEHb BBICOKOIO
N CBEPXBLICOKOTO NMPOCTPAHCTBEHHOTO
PA3PELLUEHNA

Kocmuueckuie CHUMKU OY€Hb BBICOKOTO U CBEPXBBICOKOTO IIPOCTPAHCTBEHHOTO pa3pelIeHus JOCTATOYHO TaBHO UC-
IIOJIB3YIOTCSA B Pa3JIMIHBIX reorpaduuecKkux HCC/IeOBAHUAX. B Hamed pabore mpoBeneHO JemudpupOBaHUe W3-
MeHEeHUs I0JIOXKeHHsI 6eperoBOy JIMHUU 110 Pa3HOBPEMEHHBIM CHUMKAM C YY€TOM BJIUSHUS IIPUJINBHO-OTIMBHBIX
KosiebaHui. Vcroib30BaHbl CHUMKH cO cIyTHUKOB cepunt KeyHole u co crryrHuka WorldView-2. BiusiHue mpuinBoB
Ha 0TOOpa’keHUe OJI0KeHNs OeperoBoy JIMHUY Ha CHUMKAX YCTPAHSIOCh IIOCPEZCTBOM BBeJI€HUSI IIONIPABKY HA OT-
KJIOHEHUE YPOBHS BOJIBI OT CPeJHETO MHOTOJIETHETO. B pe3ysprare ObIa COCTaBIeHA KApTa, HA KOTOPOH BBIZIEJIEHBI
aKTUBHO U3MEHAIOIINEeCS YIACTKH Oepera. BpIsABI€HO, YTO HA M3y4aeMOH TEPPUTOPUU IIPUPOCT Oepera coCTaBIsgeT
OKOJIO 5 M B TOJI.

KirroueBrble ciioBa: reorpaduyeckoe JiemudprupoBaHie, KOCMUIYECKIE CHUMKHU CBEPXBBICOKOTO IIPOCTPAHCTBEH-
HOTO paspelienus, beperosas juHusA, Kynamup, I0xxable Kypuisr.

Muxamnao I'puuLeHko, AHreAiHa lHeaAeHko

AELUNPPYBAHHS TA KAPTOTPAPYBAHHS 3MIHU MOAOXXEHHS BEPEFTOBOI AIHIT MIBAEHHOI YACTUHMU
OCTPOBA KYHALLUP 3A KOCMIYHUMU 3HIMKAMU AYXXE BACOKOI TA HAABUCOKOT PO3AIAbHOIT
3AATHOCTI

KocMmiuHi 3HIMKH /1y:Ke BHCOKOI Ta HA/JIBUCOKOI PO3JIJIBHOI 3aTHOCTI IOCUTH IaBHO BUKOPUCTOBYIOTHCH Y Pi3HO-
MaHITHUX reorpadivHuX AOCTI/IKeHHAX. B Hamii poboTi mpoBesieHo emndpyBaHHA 3MiHU MTOJIOKEHHS OeperoBoi
JTiHIT 32 pi3HOYACOBUMU 3HIMKAMU 3 YPaXyBaHHSAM BIUIMBY NPWIMBHO-BIVIMBHUX KOJIUBaHb. BUKOpUCTaHI 3HIMKHI
3 cymyTHUKIB cepii KeyHole Ta cymytauka WorldView-2. BiinB mpuinBiB Ha BimoGpajkeHHS OJI0KEeHHs 6eperoBoi
JTiHIT Ha 3HIMKAaX yCyBaBCsA 32 JIOIIOMOTOI0 BBEZIEHHS IIONPABKY Ha Bi/IXMJIEHHS PiBHSA BOJIH Bi/I cepeHbOTO HGaraTopiu-
HOTrOo. B pesysbrari Oys10 CKJIa/IeHO KapTy, Ha AKiH BUJIIJIEHO IUIAHKHU Oepera, 110 aKTUBHO 3MiHIOIOThCA. BUsABIIEHO,
1[0 Ha IOCJTI/IPKyBaHil TepUTOPil mpupicT 6epera cTaHOBUTH OJIMBHKO 5 M HA PiK.

KirrouoBi ciioBa: reorpadiune gemndpyBaHHa, KOCMiYHI 3HIMKH HaJIBUCOKOI TPOCTOPOBOI PO3AiIbHOI 3aTHOCTI,
6eperosa JiHis, Kynamup, [liBnenni Kypuim.

Mikhail Grishchenko, Angelina Gnedenko

REVEALING AND MAPPING THE SOUTHERN PART OF THE KUNASHIR ISLAND COASTLINE CHANGES USING SPACE
IMAGES OF VERY HIGH SPATIAL RESOLUTION

In the paper the authors carry out the changes of the coastline position by interpretation of the multi-temporal images
taking into account the influence of tidal fluctuations. Images from satellites KeyHole and satellite WorldView-2 were
used. Keyhole images were acquired from 1964 to 1975; WorldView-2 image was acquired in 2013. Thus, the study
period was 48 years. Georeferencing for KeyHole images was made using WorldView-2 image. The impact of tides on
the displaying position of the coastline on the satellite images was eliminated by the introduction of a correction for
the deviation of the water level from the long-term average one. The result is a map that represents the areas of the coast
that are actively changing. Veslovsky peninsula changes are stable, a constant coast increase in its southern part can
clearly be seen. Increases for the year can vary in different parts of the coast, gain values are from 3 to 8 m. Cape Paltusov
has a complex shape, it represents three alternating sand bars that have a common base and southwest-northeast direc-
tion. Increase of the youngest bar began in between 1968 and 1975. During the period from 1960 to 2013, the increase
of the shoreline of the study area was about 350 m. It has been revealed that the study area is increasing for about 5
meters per year.

Keywords: geographical images interpretation, space images of the very high spatial resolution, coastline, Kunashir
island, Southern Kurils.

Berymienue. ®opvupoBanHue OeperoBoii — (akTOpbl, KaK: XapakTep TeudeHHH, IpeobJia-
JINHUU SIBJISIETCA CJIOKHBIM U PAa3HOOOPa3HbIM  JAIONIUX BETPOB, HAJIMYME HMCTOUHUKOB Mare-
mporeccoM. Ero pasButue ompefesnsoT TaKue ~— pHaja g HAMbIBAa, XapaKTep aHTPOIIOTeHHOU

22




36ipHMK HAYKOBMX MpaLllb. — Xapkis, 2016 . — Bunyck 23

neATesbHOCTU. [l m3yyeHUs U3MEeHUYHBOCTU
OeperoBoil JINHUU HCIOJIB3YIOTCA KaK IOJIeBbIE
JIaHHbBIE, TAK U MOJyYeHHbIE IyTEM JIUCTAHIIOH-
HOTO 30H/INPOBAaHUSA — T. €. a3P0- U KOCMHUYECKUe
(asporocmuueckue) cHUMKH. [I[puMeHeHue auc-
TAQHIIMOHHBIX JJAHHBIX 0COOEHHO y/I00HO TeM, YTO
mporeccel  GOPMUPOBAaHUA OeperoB 3a4acTyio
OXBaTBIBAIOT JIOBOJIbHO OOJIBIIIKE IO IUIOMIAIU
TEPPUTOPUHU, KOTOPbIE MOTYT OBITh 3aIle4aT/IeHbl
Ha OZTHOM CHUMKE; KDOMe TOT0, OeperoBas JUHUSA
ABJIAETCA 00'BEKTOM, XOPOIIIO PACIO3HAIINMCS
MIPAKTHYECKH Ha JIF0OBIX CHUMKAX.

Hcxonnbie nmpeanocbLiku. I0xHas yactb
ocrpoBa Kynamup (IOxuble Kypusibckue ocTpo-
Ba) BbIOpaHa /1 U3y4YeHUs U3MeHEeHUs MT0JI0XKe-
HUsA OeperoBoi JINHUY B CBA3U C PACIIOIOKEHUEM
Ha 3TOH TEPPUTOPUHU /IBYX KPYIHBIX aKKyMYyJIfA-
TUBHBIX ¢opM — MbIca [lanTycoB (B 3amajHOM
YaCcTH UCCIIe/lyeMO TEPPUTOPUHN) U ITOJIyOCTPOBA
BecsioBckuii (B BOCTOYHOU YAaCTH HCCIIETyEMOM
TEPPUTOPUU); TOCTETHUN ABIAETCA KPYIHEU-
el akKymysATUBHOU dopmoit Ha Kypribckux
ocrpoBax. @opmupoBaHue 3TUX OOBEKTOB Ha-
YaJIoCh OKOJIO 2000 JIET Ha3a/l U MPOJ0JIKAETCS
B HaCTOfAIIee BpeMs; OHO CBSI3AHO C IIEPEOTIO-
JKEHHEM MaTepuajioB OOpPBIBUCTHIX OeperoBbIX
YCTYIIOB, PAaCIIOJIOXKEHHBIX ceBepHee. Tak, mpu
[IOCTEIIEHHOM pa3MbIBe ['OJIOBHUHCKOTO KJIU-
¢a, pacrosokeHHOrO K ceBepy OT IOJIyOCTpOBa
BecsioBCKUU U CIJIOKEHHOTO ITPEUMYIIECTBEHHO
PBIXJIBIMU ITIECYaHBIMU MIOPOJIaMH, B BO/IBI THX0-
ro OKeaHa IOCTyHaeT OOJIBIIIOe KOJIMYECTBO Ma-
Tepuasa, BIOCJIEACTBUH aKKyMYJIUPYIOIIErocs
B I0KHOH YaCTH IIOJIyOCTPOBA.

N3yuenve wusMeHeHUs OeperoBoyl JIMHUU
YacTO IPOU3BOAUTCA C HCIOJIb30BAaHUEM CHUM-
KOB BBICOKOTO (JIECAATKA METPOB) IMPOCTPAHCTBEH-
HOTO paspelieHus1. ITO O0BSACHAETCA HE TOJIBKO
TE€M, YTO OHU MMEIOT OOJIBIIUH IIPOCTPAHCTBEH-
HBIU OXBAT U MO OOJIBIIEN YaCcTH HAXOAATCA B OT-
KPBITOM JIOCTyIle, HO W OOJIBIIIUM BpPEMEHHBIM
oxBaTtoM (oH/AA 3TUX CHUMKOB. OJIHAKO B HEKO-
TOPBIX CJIy4asX HUX JIeTAJIBHOCTH OKAa3bIBAETCH
HEZI0CTAaTOYHO. VIcnosib30BaHNEe CHUMKOB OY€Hb
BBICOKOTO (METPBI) W CBEPXBBICOKOTO (JECATKHU
CAaHTUMETPOB) IPOCTPAHCTBEHHOTO pa3pelieHus
B Hamreil pabore 00yCJIOBJIEHO BBICOKHUMHU TEM-
IaMu U3MeHEeHUs II0JI0KeHusA Oepera u Heob-
XOZIMMOCTBI0 YCTAaHOBUTHb 3HAYEHUs IPUPOCTA
AKKyMyJIATUBHBIX (popM. CIyTHUKOBBIE CHUMKU
CBEPXBBICOKOTO IIPOCTPAHCTBEHHOTO pajspelie-
HUSA CTJIN OTKPBITHI /IS HIUPOKOTO KPyTa MOJIb-
30BaTesiel OTHOCUTEJBbHO HEZJaBHO, paHee OHHU
HCIIOJIb30BAJIUCH MTPAKTHYECKU HCKJIIOUUTEIIBHO

B BOEHHOU oTpaciyiu. BrocsencTBuu HeKoTOpble
13 apXUBOB OBUIM pacceKpeueHbl B paMKax IIpo-
rpaMM KOHBEPCUU U CTIH JIOCTYITHBI B KQUecTBe
MAaTEPUAJIOB JJII HAYYHBIX HCCJIEIOBAHUMA [1].
K HUM OTHOCATCA CHUMKH CO CI[yTHUKOB CEpUU
KeyHole, xoTopble U CTaJI OCHOBHBIM MAaTepH-
aJIoM Ui el pUpoBaHusa OeperoBo JMHUU
B HACTOSAIIEHN paborTe.

[TpenBapuTesIbHO  IMPOBEAEHO  CPaBHEHUE
A3POCHUMKOB 1960-X IT. HA TEPPUTOPHIO IOJIYy-
ocTpoBa BecsioBCKOro ¢ cOBpeMeHHBIMH KOCMU-
YeCKUMHU CHUMKaMH. BBIABIEHO, YTO MPUPOCT
3TOU (POPMBI COCTABJIAET OKOJIO HECKOJIBKUX Me-
TPOB B TO/I.

IMesb uccre0BAHUA — BBIABUTH U3MEHYH-
BOCTb 0€peroBOy JIMHUU I0KHOM YacTHU OCTPOBA
KyHamup u mpeicTaBUTh pe3yJsibTaT HCCIe0Ba-
HUA B Kaprorpadudeckoit hpopme, a TakKe ycra-
HOBUTH 3HAUEHHE IpUpocTa OeperoBoy JIUHUHU
3a BECh HCCJIEAYEMBIN IepUo/ U 32 OTHEeIbHBIN
rof.

N3s10:xeHne OCHOBHOTO MaTepHuaJia.

Mamepuanst u memoodvt. J{Jisi BBISBIEHUS
U3MEHUYNBOCTH OEperoBoy JIMHUHM B HACTOAIIEH
paboTre HCIIOIB30BaHBI CHUMKH, IIOJIyYeHHbIE
cuyraukamu cepun KeyHole u WorldView-2.
CuuMok co ciuytHrka WorldView-2 3aperucrpu-
poBaH 30.06.2013 T., IPOCTPAHCTBEHHOE pa3pe-
[IeHUe B MaHXPOMATHYECKOM KaHaJe COCTaBJIA-
eT 0,46 M, B CHEKTPO30HAJIBbHBIX — 1,84 M [2].
Cuumku co cuyTHUKOB cepuu KeyHole mosyue-
HBI 20.12.1964 T., 30.04.1965 T., 20.12.1968 T.
U 25.12.1975 T., IPOCTPAHCTBEHHOE pa3pelleHue
COCTaBJISIET OKOJIO 1—2 METPOB [1], cHUMEKH o-
Torpaduyeckye, MOIyIeHbl U3 APXUBOB CIIYKOBI
United States Geological Survey.

B nameii paboTe mpuMeHEHO BU3YaJIbHOE Jie-
g pupoBaHue 6eperoBou JMHUY C OTPHCOBKOMN
KOHTypa bepera Bpy4YHYI0, [IOCKOJIbKY OHO JIydIlle
BCETO IMOAXOAUT /I CHUMKOB IIPE/ICTAaBJIEHHOTO
IIPOCTPAHCTBEHHOTO pa3peleHus. 13o0pakeHue
Ha TaKUX CHHUMKAaX BechbMa JIeTaJIbHOE, YTO IIPHU-
BO/IUT K BO3HUKHOBEHUIO OOJIBIIIOrO KOJIMYECTBA
HEBEPHO KJIACCU(DUIIMPOBAHHBIX ITHKCEJIOB IIPHU
aBTOMATU3UPOBAaHHOU 00paboTke. B pesysbraTe
Ha KOPPEKTHPOBKY IOJIyYHBIIErocs u3obpake-
HUSA MOXKET YUTH ropaszio 60JIblile BpeMeH!, YeM
Ha Bu3yasbHOe JemmdpupoBanue. OrpaHude-
HUSA Ha IPUMEHeHHe aBTOMaTU3UPOBAHHOTO Jie-
g prupoBaHUA HAKJIA/IBIBAET U UCIIOJIb30BaHUE
dororpadpuueckux carnmkoB (KeyHole). Ocoben-
HOCTBIO Bcex poTorpapuuecKknx MaTepuaioB sB-
JIsIeTCA MX 3€PHUCTOCTh, KOTOpas BO3HUKAET W3-
3a UCII0JIb30BAHUA (POTOIMYITBCHUH.
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[Tpu mOATOTOBKE CHUMKOB K paboTe IpoBezie-
HO UX IIPUBeJIeHNE K 00111ell crucreMe KOOpANHAT
u npoekruu. CUCTEMON KOOPAWHAT UCIIOJIb3Y-
eMOoro cHuUMKa co cmyTHuka WorldView-2 sB-
asietcss WGS-84, cucrema KOOp/IMHAT CHUMKOB
co ciytHuKOoB cepun KeyHole nensBectHa. bruia
OCyIIleCTBJIEHA TIPUBA3KA CHUMKOB CO CIIyT-
HuKoB cepun KeyHole k CHHUMKy cO CIIyTHU-
ka WorldView-2. CraHmapTHBIH KaJp CHHMEKA
co ciytHuka KeyHole numeer BeiTsiHyTYIO hopMmy,
IO JIJTUHE OH HAMHOTO OO0JIbIIIe, YeM I10 IIIHPUHE.
[Inénka moMmemianach Ha G6apabaH U mpoBopa-
YUBaJIach 110 Mepe MPOXOXK/eHUsA CIIyTHUKA HA/l
CHUMaeMoU Tepputopueii [1]. B pesynpraTe uc-
Ka)KeHUS B PA3HBIX YACTAX KaJIpa CUJIbHO Pa3JIv-
yaTed. [ToaToMy 7719 3TUX CHUMKOB IIPUMeEHe-
HBI IOJINHOMHUAJIbHBIEe TPe00pa30BaHus.

BpemeHHOU HHTepBaJl CHUMKOB COCTaBJISET
48 71eT, 4TO MO3BOJIsIET IPOCJIEIUTh U3MEHUHU-
BOCTb OEpEroBO¥ JIMHUM 3a STOT MEPHUOJ, a Ha-
JINYMe CHUMKOB C UHTEPBAJIOM B OJWH IO/l IO-
3BOJISIET OIIEHUTH €€ Cpe/IHNe 3HAUeHUs 3a TO/.
OnHako Ha MoJioKeHHe OeperoBoy JIMHUM OKa-
3bIBAET BJIMSHUE NIPUINBHO-OT/INBHASA /IeSATEIIb-
HOCTb, TaK KaK B 3aBUCHMOCTH OT BBICOTHI IIPHU-
JINBA TOJIOKeHUe OeperoBoyl JIMHUM Ha CHUMKE
MOXKET HU3MEHATbCA B IIpe/iesiaX HECKOJIbKUX
MEeTPOB, YTO MOKeT UCKA3UTh Pe3yJIbTaT Jlemud-
pupoBaHusa 6eperoBoii IMHUM. B 11e710M ypoBeHb
MIPUJINBA JUUIS JAHHOU TEPPUTOPUM KoJieOseTcs
B IIpeJiesiaXx OTHOTO MeTpa [3].

I Toro 4To0Obl OIpeieIUTh YPOBEHb MOPA
Ha Ka)K/IOM CHHMKe, HeOOXOZMMO 3HATh BpeMs
CHEMKHU JIJIS1 KOK/IOTO U3 HUX; Takas uHdopMma-
U 7/ CHUMKOB co ciyTHUKOB cepuu KeyHole
orcyTcTByeT. OnpesieIuTh BpeMs ChbeMKHU C TOU-
HOCTBIO 2—3 Y. [TI03BOJISET MOJIOXKEHHe U ¢popma
TeHel OOBEeKTOB Ha CHHUMKAX — OHH JOBOJIb-
HO KODOTKHE W HallpaBJIeHbl HA CeBep, UTO IO-
3BOJISIET C/IeJIaTh BBIBOJ, YTO CHUMKU CZI€JIaHbI
B OKOJIOTIOJIyZIEHHOE BpeMsH.

Nudopmanua o0 MNOpWINBAX IIPAKTUYECKH
3a BeChb MHTEPECYIOIIUU HAC IIPOMEXKYTOK Bpe-
MEHU HAXOJUTCA B OTKPBITOM JOCTyme [4].
[To manHBIM 00 YpOBHE IPUJIMBA MOKHO OIIpe-
JleJINTh, KaKWe CHUMKU OBUIH C/ieJIaHbI BO Bpe-
M IIOJIOKEHUS MOpS Ha CpelHEM YPOBHeE
U HACKOJIBKO CHJIBHO MOXKET OBITh MU3MEHEHO
oTOOpakeHUe II0JIOKEHUsI OeperoBod JIMHHUU
Ha JIPYyTUX CHUMKaX.

Pesyavmamot u ux aHaau3. Itorom paboTsl
ABJIIETCSA KapTa M3MeHEeHUs IOJIOKeHus Oepe-
TOBOU JIMHUU I0KHOUM 4acTu octpoBa Kynarup

(puc. 1).

Ha mpezcraBiieHHOH KapTe 3aMETHO, YTO Hau-
OospIIFie M3MEHEHUs IIPOUCXOMAT Ha IOXKHOU
OKOHEYHOCTU TIOJIyocTpoBa BecsioBckuii (MbIC
Bec10), a Tak>ke Ha Mbice [TanTycoB. Xapakrep us-
MEeHEHHU 3TUX aKKYMYJIATUBHBIX (DOPM OTINYAET-
Cs1 IPYT OT APYTa, XOTS BBIJIeJIAeTCs HallpaBJleHne
VX IIPO/IBMIKEHUS BIVIyOb IposinBa 13MeHbl.

V3MeHeHHs TOJIyoCTpoBa BecsioBcKuil HOCAT
CTaOMJIBHBIA XapaKTep, YETKO IIPOC/IEKUBAETCS
MIOCTOSTHHBIN IIPUPOCT Oepera B ero I0>KHON YaCTHU.
[Tpupoct 3a ro/i MOKET BApbUPOBATh HA PA3JINY-
HBIX yJacTKax Oepera, pa3dpoc 3HaYeHUU JIOCTU-
raer ot 3 710 8 M. B cpe/iHeM B roj; OH COCTaBJIsAET
5 M. Beero 3a mepuoy ¢ 1960 T. 110 2013 T. IPUPOCT
0OeperoBoy IMHUU COCTaBUJI OKOJIO 350 M. CTOHUT
OTMETUTb, YTO, HECMOTPSI Ha OBICTPOE M3MeHe-
HUe, popMa OKOHEUHOCTH II0JIyOCTPOBA B II€JIOM
coxpansetcsa. OcoOeHHO 3TO 3aMETHO IO Xapak-
TEPHOU «CIUTIOCHYTOH ¢ 1ora» popme mbica Becsio
U ero HeOospIIOMy U3ruby Ha [oro-3amaj. Hau-
6OJIBIIIM U3MEHEHHUAM IO/[BEPIJIUCH caMast F0K-
Has 4acTb BecsoBCKOro, a Takke IpUJIeraroas
K HEMY YaCTb I0TO-BOCTOYHOTO ITOOEPEKBA.

Takoe TOCTOAHCTBO B mpHpocTe Oepera,
a TakKe B COXpAaHEHHH OYEPTAaHUN, MOKeT
O0BACHATHCA IOCTOSHCTBOM HAIIPABJIEHUS Teve-
HUA HA JaHHOM ydactke [5]. [ToMmumo TeueHwms
Ha GOpPMUPOBAHUE IIOJIyOCTPOBA OKA3bIBAET BIIU-
sHUe U MOPCKOe BOJIHeHHe. BOJHBI MOTyT cIio-
coOCTBOBATh IEPEMEIEHUI0 TTOPO/, CJIAraloIuX
mmosryoctpoB BecoBckuii [6]. Mbic Becsto citokeH
CaMbIMU MOJIO/IBIMH ITeCUAHBIMU OTJIOKEHUSAMH,
KOTOpBIE JIETKO TIPHUBOJATCA B JIBIKEHUE IIPU-
6oeMm [5]. C yueToM CHJILHOTO 3WUMHETO MPUOOS
Y 3aI1aJTHOU U I0TO-3al1a/THOU HAIPaBJIEHHOCTHIO
BeTpa [3] MOXKHO MPEJIIIOJIOKUTD, YTO BOJTHEHUE
MOPsI TaK)Ke yuacTByeT B GOPMUPOBAHUH I10JIYO-
CTPOBAa, XOTs M HE B TAKOU OOJIBITION CTENIEHH, KaK
IpUOPEKHOE TeUeHNE.

B ceBepHOIl yactu mosyoctpoBa BecsioBckuit
COXPAHWJINCH CJIE/IbI PAHHUX 3TAIIOB 00pa30BaHUA
9TON aKKyMyJIATHBHOUN GopMbl. OHU BBIPA’KEHBI
B BUJIE YepeyIOIINXCH BBITAHYTHIX BJIOB U BIIa-
JIMH, 3allOJTHEHHBIX BOJIOH. 3aMeTHa pa3HUIA
MeXxy JaHAIadTOM, XapaKTEPHBIM /IS F03KHON
yactu KyHammpa, v TeppuTOpuY, Ipujerarmen
K BecsoBckomy.

Jpyroil ygacrok Oepera, mOABEPTIINNCA 3HA-
YUTEJbHBIM M3MEHEHHSAM 3a HCCJIelyeMbId Iie-
puox — wmbic IlantycoB. Ha kapre BHUZHO, 4TO
M3MEeHEHUs 32 pa3Hble TOf[bl 3HAYUTEJIBHO OTJIN-
YaloTCA APYT OT Apyra. MbIc NMeeT CJIOKHYIO0 hop-
My, OH IIpe/ICTaBJIsAeT cODOM TpU UepeyIOTuXCs
IecuyaHble KOChI, MMEIIIUX OO0Ilee OCHOBaHUE
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N3meHeHne 6eperoBor MMHWN B OXXHOW YaCTy OCTPoBa KyHawwup
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Y HaIPaBJIEHHOCTD IOT0-3aI1a]] — CEBEPO-BOCTOK.
MOKHO 3aMeTUTh, YTO IPHUPOCT TPeTbel KOChI
HayaJsics B IepUO] Mexxay 1968 r. u 1975 T., To-
CKOJIBKY B 1968 T. oHa He 0OOHapy»keHa. Ha cHuMKe
1975 T. 3aMeTHO, YTO HA OKOHEYHOCTU MbICa pa3-
BUBAeTCsA aKKyMyJIATUBHAsA HopMa, HO 10 pazMme-
Py OHA He IIPEBBIIIAET /IBe MPeAbIIyIuX. B 2013 T.
OHA CyII[eCTBEHHO 0OJIBIIIE B pa3Mepe, UMeeT BbI-
PaKEHHYI0 3aKpyIjleHHylo ¢opMy, 3armbaercs
B CTOPOHY TTOOEpEKbS.

BbIBOABI.

1. Haubosiee akTUBHO HU3MEHSIOIIUMUCH aK-
KyMYJIATUBHBIMU (opMaMH B I0OKHOU YaCTH
ocrpoBa Kynamwup asnarorca mbic llanTycos
U ToxyocTpoB BecnoBckuii. B Haumbospiiein
cTeneHu npupocT Oepera HampaByieH BIJIyOb
nposiuBa 3MeHbl, TP 3TOM OCOOEHHO CHJIBHO
9TO IPOUCXOJUT B IOKHOU YaCTU IOJIyOCTPOBA
BecnoBckuii (Mbic Becsio). 3HaueHus mpupocra
Oepera B roj| 3/leCh COCTABJIAIOT IOPAAKA 5 M,
a 3a MepHo/i B 53 roJia OH COCTABJIAET 350 M.

2. @opMa U HaNpPaBJIEHHOCTb PAa3BUTUA aAK-
KyMYJIATUBHBIX (DOPM MOJKET CJIY:KUTb HCTOY-
HUKOM WHpoOpManum o xapakTepe Haubosee
CTAaOWIBbHBIX IPUOPEIKHBIX Te€YEHUH, TOCKOIbKY
MMEHHO OHH CJIY’KaT IePeHOCYUKAMHU aKKyMy-
JINPYIOIIUXCA MAaTEPUAJIOB.

BiaromapHocTH. ABTOPBI BBIpaXKaroT OJia-
TOZJaDHOCTh 3a IIPEIOCTaBJIEHHbIE MaTepHUasIbl
coTpyaHUKaM MHCTUTYyTa MOPCKON T€0JIOTUH
u reodpusuku JIBO PAH (r. FOxHO0-CaxanmHCK):
3aBeJlyolIeMy Jabopatopuedl BYJIKAHOJOTUH
U ByJKaHoomacHocTd A.B. Ppibuny u 3aBemyio-
meMy Jaboparopueit myHamu I B. IlleBueHKo;
3a IIeHHbIe COBETHI NP 00CYK/IeHNU paboThl —
JloneHTy Kadenpsl kaprorpaduu u reonH@op-
MaTUKU reorpaduueckoro axyapreta MIY
uM. M. B. Jlomonocosa A. Y. IIpacosoBoii.

Peyenzenm: kandudam 2eo2paguueckux HayK,
douenm, A.H. I[Ipaconosa
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AELLUNPPUPOBAHME NMOBEPXHOCTHOIO
OCTPOBA TENAA MOCKBbI MO TENAOBBIM
KOCMUNHECKUM CHUMKAM C PECYPCHbIX CINYTHMUKOB

Topozckoll OCTPOB Teria — sIBJIEHUE, OKa3bIBAIOIIEe CYIIIECTBEHHOE BJIMAHUE HA JKU3Hb B COBPEMEHHBIX I'OPO/IAX.
B Hacrosimeli paboTe INpeNCTaBJeH aHAJIN3 CE30HHOH H3MEHYHMBOCTH OCTPOBA Telia MOCKBBI MO JIaHHBIM
MHCTPYMEHTAJILHBIX HAOJIIOIEHUH Ha MeTeOCTaHIWX (MpOoaHAIM3UPOBAHBI JaHHble MeTeoctaHmit MIY, Bamuyr,
BIHX, a Taxke psja MeTeoCTaHIME B MOCKOBCKON U COCEHUX O0JIACTAX) U IO KOCMUYECKUM CHUMKAM B TEIIOBOM
nHppaKpacHOM JuarnaszoHe (HCII0Ib30BaHbl CHUMKH ChéMOUHOU cricteMbl TIRS, ciytHuk Landsat 8). B xozme paGoTsr
YCTAHOBJIEHBI KJIMMaTH4eCcKue IIPUYMHBI YCWIEHUs OCTpOBa TelIa MOCKBBI; BBIABJIEHBI MAKCHUMAJIbHble 3HAUEHUS
OCTpPOBA TeILIa, er0 BHYTPEHHAA CTPYKTYPA U €€ IIPOCTPAHCTBEHHO-BPEMEHHAA N3MEHYHBOCTD; OIleHeHA IIPUMEHNMOCTD
cHUMKOB cucteMbl TIRS 771 n3ydeHus ropozickoro ocrposa Teria MoCKBBI.

KirioueBsble cj10Ba: TOPOJICKOM OCTPOB TEIUIA, TEIIOBbIE KOCMUUYeCKHe CHUMKH, MockBa, Landsat.

Muxamao FpuueHko, MaBao KOHCTAHTIHOB

AELLINPPYBAHHSA MOBEPXHEBOIO OCTPOBY TENMAA MOCKBU 3A TENAOBUMU KOCMIYHUMU 3HIMKAMU

3 PECYPCHUX CYNYTHUKIB

MichKH# OCTpIB TellIa — SIBUIIIE, 110 MA€ iCTOTHUH BIUIUB HA »KUTTS B Cy4acHHX MicTax. B maHiit poboTi mpezicTaBieHo
aHaJTi3 Ce30HHOI MIHJIMBOCTI OCTpOBa Teruia MOCKBY 32 IAHUMH iHCTPYMEHTAJIbHUX CIIOCTEPEIKEHD HA METEOCTAHITISIX
(mpoanasizoBani fgani mereocrannin MJIY, Bamruayr, BIHT, a Takox 3 iHIIUX MeTeoCTaHIii B MOCKOBCHKIH Ta cycia-
HiX 00J1aCTsIX), & TAKOK 32 KOCMIYHIMU 3HIMKaMH B TEIJIOBOMY iH(ppauepBOHOMY /iaria30Hi (BUKOPUCTAHO 3HIMKH 3Hi-
MmaspHOI ammapatypu TIRS, cymytauk Landsat 8). B xozi po60TH BCTaHOBJIEHO KJIIMATHYHI IPUYWHY IOCHJIEHHST OCTPOBA
Teria MOCKBY; BUSIBJIEHO MAKCUMAJIbHI 3HAUEHHS OCTPOBA TEIUIA, HOTO BHYTPIIITHSA CTPYKTYPA 1 il IPOCTOPOBO-UacoBa
MiHJIUBICTb; OIIIHEHO MOXKJTUBICTD 32CTOCYBaHHS 3HIMKIB cricteMu TIRS 717151 BUBYEHHS MiCHKOTO OCTPOBA Teria MOCKBH.
KirrouoBi croBa: MiChbKHUI OCTPIB TeIIa, TEIUIOBI KocMiuHi 3HiMKH, MockBa, Landsat.

Mikhail Grishchenko, Pavel Konstantinov

REVEALING MOSCOW SURFACE URBAN HEAT ISLAND USING THERMAL INFRARED IMAGES ACQUIRED

BY RESOURCE SATELLITES

In this paper we present the analysis of the seasonal variability of the Moscow urban heat island according to instru-
mental observations at meteorological stations (data of meteorological stations MSU, Balchug, VDNH, and a number
of stations in Moscow oblast and its neighborhoods were analyzed) and thermal infrared satellite images (images ac-
quired by TIRS system, satellite Landsat 8 were used). The digital number values of the thermal images are translated
into values of land surface temperature. A comparison of the land surface temperature values obtained by thermal
satellite images and the values of the atmospheric air temperature and the surface measured according to standard
procedures at meteorological stations has been made. The authors revealed the climatic reasons that strengthen Mos-
cow urban heat island: this is due primarily to the positive anomalies of atmospheric pressure, and anomalies of the
thermal regime have no effect on the intensity of the phenomenon. Maximum Moscow urban heat island magnitude
(slightly more than 3°C for the air temperature and about 15°C for surface temperature), its internal structure and its
spatial and temporal variability were estimated - during the analyzed period, the maximum surface urban heat island
identified on thermal satellite images was observed in winter, and the maximum urban heat island — in summer.
The applicability of the TIRS images for the Moscow urban heat island study was also examined.

Keywords: urban heat island, thermal infrared satellite images, Moscow, Landsat.

Berymiienue. OcTpoB Temia — sIBJIeHUe, 3a-
KJIIOYAIOIIleecss B TOBBIIIEHUN TEMIIEPATYPHI aT-
MochepHOro BO3/yxa KM 3€MHOH IOBEPXHOCTHU
B IIp€ZieJiaX TOpPO/A M0 CPABHEHHIO C €r0 OKPECT-
HOCTSIMU. PazyinyaroT ocTpOB TeIUia, CBSA3aHHBII
C TIOBBIIIIEHUEM TEMITIEPATYPhI BO3/Tyxa (COOCTBEH-
HO OCTpPOB TeIIa) M OCTPOB TeIUIa, CBA3aHHBIN
C MIOBBIIIIEHHEM TEMIIEPATyPhI 3€MHOM ITOBEPXHO-
cté (ITOBEPXHOCTHBIN OCTPOB TeIuta). [l usyde-
HUA cOOCTBEHHO OCTPOBA TeILIa IIPUMEHSIOTCS Me-
TEOPOJIOTUYECKHE MOJIETN, OPTaHU3YIOTCS CEeTH

oJIeBBIX HaOIoneHu. KocMuueckre CHUMKH I10-
3BOJISIIOT BBIABJIATD U HICCJIEIOBATD TAKOE SIBJIEHHE,
KaK IOBEPXHOCTHBIM TEIUIOBOM OCTPOB TOpPO/ia
(surface urban heat island). C ¢eBpass 2011 roga
HavaJl CHEMKY HOBBIM KOCMHYECKHH armapar
Landsat-8, Ha KOTOpOM yCTaHOBJIEHA aIaparypa
TIRS, Bemymas CbEMKY B ABYX YIACTKAX TETLJIOBO-
ro nHGPaAKPACHOTO JUATIa30HA C IPOCTPAHCTBEH-
HBIM paspenieHreM 100 M. IIpoctpaHcTBeHHOE
paspelieHue 100 MeTPOB IO3BOJIAET Aemudpu-
pPOBaTh BHYTPEHHIOKO CTPYKTYPY IOBEPXHOCTHOTO
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TEIIOBOTO OCTPOBA TOpo/ia ¢ TOYHOCTHIO /IO TO-
POZICKUX KBapTayioB. Vcmosib3ysi pa3HOBpPEMEH-
HbIE€ TEIJIOBbIE CHUMKH, MBI MOXXEM ITOJYIUTD
MHDOPMAITUIO O IPOCTPAHCTBEHHO-BPEMEHHOM
JIMTHAMHUKE TTOBEPXHOCTHOTO OCTPOBa TeIIa TO-
poma. C mOMOIBI0O HA3eMHBIX METEOPOJIOTHYE-
CKUX HaOJI0IeHNH MOXKHO (PUKCHUPOBATh MHTEH-
CUBHOCTb M BHYTPEHHIOIO CTPYKTYPY COOCTBEHHO
octpoBa Tervia. ComocraBjieHre METEOPOJIOTHYE-
CKHUX JJAHHBIX U KOCMHUYECKUX CHUMKOB II03BOJIA-
€T IOJIyYHTh JIeTaJIbHbIE JaHHBIE 00 OCTPOBE TeTI-
J1a MOCKBBI.

HcxomaHple mpeamnmochbLIKU. B MupoBou
MpAaKTUKe IIPUMEHEHHE CHUMKOB B TeEIUIO-
BOM WH(pPaAKpacHOM auara3oHe Ui H3yde-
HHs TIOBEPXHOCTHOTO OCTPOBA TeIJIa Pa3BUTO
JIOCTAaTOYHO INMHPOKO. B OOJIBIITMHCTBE TaKUX
HCCJIEIOBAaHUN HE BBIJESIOT MPobJieMy II0-
BEPXHOCTHOTO ocTpoBa Tema (surface urban
heat island), a roBopsT 06 ocTpOBe TeIIa B Iie-
som (urban heat island).

3HAUUTEIPHYI0 YacTh HAyYHBIX PaboT
[0 TeMe HCCIAeNOBAHUSA TOPOICKOTO OCTPOBA
TeIlJIa 3aHUMAIOT Pa3JINYHble BADHAHTHI MOJIe-
JIMPOBAHUSA TEIUIOBBIX XapPaKTEPUCTHK IOBEPX-
HOCTU W W3BJIEUEHHS IIapaMETPOB TEIJIOBOTO
nsnydenus. OmpHa u3 Hambosiee 4acTo IOHU-
MAaeMbIX IMPOOJIEM — IMOJIyYEHHE MO TEIJIOBHIM
CHUMKaM 3HaYeHUU TeMIepaTypbl 3eMHOU I0-
BepxHoctu — land surface temperatures (LST)
[12—15]. OHAKO pemuTh €€ He TaK IMPOCTO —
CBA3h MEXK/Iy TeMIIepaTypoll 0O0beKTOB 3€MHOM
IIOBEPXHOCTH U SPKOCTHIO HA TEIJIOBBIX CHUM-
Kax Jlajieka oT psiMoH [1, 11].

MHoOecTBO pabOT MOCBAIIEHBI pa3paboTKe
METO/IOB HCCJIEIOBAaHUS TPOCTPAHCTBEHHO-BPE-
MEHHOUW JUHAMHUKH TOPOJICKOTO OCTPOBA TeIIa
[2], kak ce30HHOM, TaK W CyTOUYHOH [5—7, 14].
Hcnonb3yr0Tesl TaHHBIE TaKUX CEHCOPOB, Kak
AVHRR, MODIS, TM, ETM+, a Taxkxe aBua-
IIMOHHBIX W Ha3eMHBIX almapaToB. V3yueHue
CYTOYHOU JIMHAMWKHU II03BOJISIET JIOCTATOYHO
IIOJIHO OIEHUTHh TEeIUIOBbIE XapaKTEPUCTUKHU
Pa3JIMYHBIX TOPOJACKHX OOBEKTOB, M3MEHEHUE
aMIUIUTY/IBl TEMIIEPATypPbl B IpPeesax ropoza
B TE€YEHUE CYTOK, BBIIBUTH OOBEKTBHI, (POPMU-
PYIOIIIE TEIJIOBbIE aHOMAJIMU B Pa3HOE BpPEMsI
CYTOK, OTIPEJIEJIUTh BPEMs CYTOK, JIy4IllE€ BCETO
TIOZXOISATIEE /7T TPOBEIEHUS TETJIOBON ChEMKHU
JUISL TEX WV UHBIX 1eJied [5]. VI3yueHue ce30H-
HOU AWHAMHKU IO3BOJISIET BBIABUTH OCOOEHHO-
CTY U3MEHEHHUS CTPYKTYPBI TOPOJICKOTO OCTPOBA
TeIyIa, 0COOEHHOCTH JIMHAMUKH JIOKAJIbHBIX Te-
IJIOBBIX aHOMAJIUU, TEIJIOBBIX XapaKTEPUCTUK

AQHTPOIIOTEHHBIX U IPUPOJIHBIX OOBEKTOB B Te-
yeHue Bcero rozga [14].

HNmeroT MecTo M KOMIUIEKCHBIE HCCJIe/I0Ba-
HUA, B KOTOPBIX COYETAIOTCA IIOCTPOEHHE H30-
Oopaxkennii LST, nsyduenue ce30HHON U CyTOYHOHN
JIMHAMUKHU B TOPOJIaX C Pa3JIMYHBIMU KJIMMAaTHU-
YECKUMH YCJIOBHUSAMH, CTAaTUCTUYECKUM aHAIIN3,
n3ydyeHre CBA3U Mexay uzobpakeHusamu LST,
NDVI u kapramu land cover/land use, uzyuenue
TEIJIOBBIX ITOTOKOB [7]. B Takux paborax uCrosib-
3YIOTCH KaK CHUMKH HU3KOTO IIPOCTPAHCTBEHHO-
'O paspelieHus 1 60JIBIIIOTO OXBaTa, TAK U CHUM-
KH CO CIyTHUKOB cepun Landsat. VccreoBanust
TaKOTO THUIIA JAIOT MHOTOCTOPOHHIOIO OII€HKY
TOPO/ICKOTO OCTPOBA TeIJIa U BHOCAT CYI[eCTBEH-
HBI BKJIQJ] B MCCJIEIOBAHHUA KJIUMaTa TOpoja
Y BO3JIEUCTBUSA ypOAaHM3aNMU HA OKPYKAIOIIYIO
cpeny.

Ilesb uccaegoBaHUA — U3YYUTD IPOCTPAH-
CTBEHHO-BPEMEHHYIO /MHAMHUKy BHYTPEHHEH
CTPYKTYPBI IOBEPXHOCTHOTO TEIJIOBOTO OCTPOBA
MOCKBBI IO KOCMUYECKUM CHUMKAM B TEIUIOBOM
MH(PPAKPACHOM Jiana3oHe.

HN3ao0xeHne OCHOBHOIO MaTepuajia

Mamepuanst u memoodvt. I10BEPXHOCTHBIN
ocTpoB Teryia MOCKBBI IPOAHAJIM3UPOBAH HA OC-
HOBE TEIUIOBBIX KOCMUYECKUX CHUMKOB CUCTEMBI
TIRS, ycranoBieHHO# Ha cryTHHKe Landsat 8.
[TpocTpaHCTBEHHOE pa3pelleHrue TaKUX CHHUM-
KOB COCTaBJIsIeT 100 MeTPOB, OHU PerucTpupy-
IOTCA B /IBYX CHEKTPAJIbHBIX JMANa30HAX: 10,3—
11,3 MxM (10 kaHa1) U 11,5—12,5 MKM (11 KaHas),
CBEMOYHAs CUCTEMA IPOBOJIUT CHEMKY TEPPUTO-
pyut MOCKBBI IPUMEPHO B 11:30 110 MOCKOBCKOMY
BpeMeHH. Takue CHUMKH BII€pBbIE UCIIOJIb30Ba-
HBI KaK UCTOYHUKU UHGOPMALINH O IIOBEPXHOCT-
HOM ocTpoBe Temna MockBbl. HcIosib30BaHO
10 PpAa3HOCE30HHBIX TEIUIOBBIX KOCMHYECKUX
CHUMKOB 2014—2015 TO/IOB.

VcxonHble 3HAUEHUs SPKOCTEN TEIJIOBBIX
CHUMKOB II€PeCYUTaHbl B 3HAUYEHUS TeMIlepaTy-
PbI 3eMHOU MOBepXHOCTHU. Vcrosp30BaHa MeTO-
JIUKa, IPUBEZIEHHAsA, K IPUMEDY, 371ech [9]. Jra
MeTO/IUKA BIIEPBBIE UCIIOJIb30BAHA JIJIA U3YUEHUS
OCTpOBa Teria MOCKBHI.

Ha mepBoMm sTame mpoBejieHa pajiOMeTpH-
yeckasg KOPPEKLIMsA CHUMKOB, T.€. IIOJIyYeHbI
3HAYEHUS CIIEKTPAJIIbHOU IJIOTHOCTU U3JIyYeHUS
B BT/Mm?:

CVRI _ (Rmax - Rmin)
(Qcal,,. —Qcal,, )
re: CVy, — CHeKTpaJbHas IUIOTHOCTh U3JIY-
yeHHsA 0e3 y4uérta BaUAHUA aTMocdepshl; R, —

(1)

* (DN —Qcal ., ) +R,.,
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MaKCHUMaJIbHOE 3HaueHHUe HHTEHCHUBHOCTH Te-
IJIOBOTO U3JIy4eHHud; R . ~— MHHMMaJbHOE
3HaUeHWe WHTEHCUBHOCTH TEIJIOBOTO H3JIyue-
mudA; Qcal  —— MakcHMMalbHOE 3HaYEHUe APKO-
CTH ITMKCEJIOB CHUMKA; Qcal . — MUHHMasbHOE
3Ha4YeHUe APKOCTU MUKCEJIOB CHUMKA; DN — mc-
XO/THOE 3HaUEHHeE SIPKOCTU ITHUKCeIa.

Jlasiee mpoBesieHa aTtMocdepHass KOPPEKITUs
CHUMKOB, T.€. TI0JIy4Y€eHbI 3HAUEHU TOM JKe Pu3u-
YeCKOW BEJIMYUHBI, YTO U B YpaBHEHUH (1), HO C
YYETOM BJIMSAHUA aTMOCQEpPHI:

v, (CVy =LY (U —¢) 1l @
7€ &

rae: CVi, — CHeKTpasbHas IUIOTHOCTh U3JIYy-
yeHUdA C y4yeéTtoM BiusAHuA atmocdepsl; CVi, —
CHEeKTpaJIbHAsA IUIOTHOCTh M3JIydeHus 6e3 yuéra
BaustHUA atMocdepsr; LT — crexkTpasibHast ior-
HOCTb YHEPreTHYEeCKOU SIPKOCTH BOCXOAIIETO
u3JIyyeHus atMocdepbl B HAIIpaBJIEHUH CEHCOPA;
Ll — crexTpasibHast IVIOTHOCTh SHEPreTHIECKOM
SAPKOCTU HUCXOJAIIETO U3JIydeHUs aTMocdepsl
B HaIlpaBJIEHUU 3€MHOU IOBEPXHOCTHU; T — 30-
HaJIBHBIA K03 duIireHT nporyckanus armocde-
Pbl; € — M3JIydaTesibHasA CIOCOOHOCTh OOBEKTOB
3€MHOH IIOBEPXHOCTH.

Koadppumuments: LT, Li, T osydens! ¢ momo-
IIBI0 KAJIBKYJIATOpPA MapaMeTpoB aTtMocdepHOn
Koppekuuu [4]. [l mosiydeHus: 3HAUEHUU W3-
JlyJaTeJIbHON CHOCOOHOCTU IIPOBeZieHa KOHTPO-
jupyeMas KiaaccudUKanusas MHOTO30HAIBHOTO
KocMuueckoro cHuMKa cucrembl OLI (cmyTHHK
Landsat 8), cocraBjieHHOrO M3 CHHMKOB, 3ape-
TUCTPUPOBAHHBIX B O/MKHEM WHQPAKPACHOM,
KPAaCHOM U 3eJIEHOM Juarnas3oHax. [lojyueHHble
THUIIBI IOBEPXHOCTU U COOTBETCTBYIOIIVIE UM 3HA-
YeHUs U3JIy4aTeJIbHON CIIOCOOHOCTHU MPUBE/IEHBI
B Tabs. 1. 3HaUeHUs H3JIy4aTeJbHOU CIIOCOOHO-
CTH U3BECTHBI U3 CIIPABOYHUKOB.

[Tocte mpoBeeHNA TPOLEAYPhI aTMOChHEPHOM
KOPPEKIINH IOJIyYeHHble 3HAUYEHUS CIEKTPaJIb-
HOU IVIOTHOCTH U3JIy4YeHUs [lepeBe/ieHbl B 3HaUe-
HUSA TEeMIIEPATYyPhI:

KZ
Iy = K, (3)
CVy,+ 1

rae: Ty — 3HAUYEHUs TeMIIEpaTypbl 3€MHOU
noBepxHoctu B KesnpBunax; CVyi, — 3HAYEHUA
CHEKTPAJIbHON IUIOTHOCTU H3JIyYeHUS C YIETOM
BynsAHUA atMocdepsl; K, u K, — kanbpoBoYHbIE
KOHCTAaHTBI.

Tabamua 1.
3Ha4YeHns U3AY4ATEeAbHOU CNOCOBHOCTH
AASl YYTEHHbIX B paboTe TUNoB

NnoBepPXHOCTH
Tunbl NOBEPXHOCTHU €
AECHOS 1 MAPKOBAS 0.99
PACTUTEABHOCTb ’
AYTOBQAS M PA3PEXEHHAS
APEBECHQOS 0,989
PACTUTEABHOCTb
YYOACTKM OTKPBITOTO 0.92
rpyHTQ ’
BOAHbIE ODObEKTbI 0,93
TEXHOTrE€HHbIE OOBbEKTDI 0,94

IToce mpoBeneHUs 3TUX PACYETOB 3HAUEHUSA
TeMIIepaTypbl 3€MHOI ITOBEPXHOCTH, IOJIyYeH-
HBbIe 71 KaHAJIOB 10 | 11, ObLIN yCpeTHEHBI. 3Ha-
YeHUs TEMIIEPATyPhl 3eMHOU ITOBEPXHOCTH IIepe-
BeJleHbl B Ipajtychl Llenbcus:

T.=T,— 273,15 (@)

rae: T — 3HaYeHUs TeEMIIEPATyPbl 3EMHOHU I10-
BepXHOCTHU B rpaaycax llenbcus; Ty — 3HaUeHUA
TeMIepaTypbl 3eMHOU IMoBepxHOCTH B KebBu-
Hax.

AHasin3 M3MEHYHUBOCTU TOPOJCKOTO OCTPOBA
TeIUIa 110 KJIMMaTUYEeCKUM ITapaMeTpaM IpOu3Be-
JIeH TI0 MeTo/iuKe, orrpoboBanHo B [8]. Corac-
HO e¥, ”HTEHCUBHOCTb TOPOJICKOTO OCTPOBA TelI-
Jta MOCKBBI CUMTAETCS KaK Pa3HOCTh 3HAYEHUU
TeMIIepaTypbl MEK/Ty TOPOJCKOIN MeTeoCTaHIuen
(Paymuyr) u cpesHuM u3 8 POHOBBIX METEOCTAH-
nuii (Hapo-®omunck, HoBo-Uepycanum, Kius,
Anexcanzpos, IlaBnoBckuit Ilocam, KosiomHa,
CepnyxoB, Masnosipociiaserr). /laHHass MeToAMKa
ABJISIETCS HanboJ1ee HamesKHOM 17151 MOCKOBCKOTO
PpEerruoHa, OCBEIEHHOTO IJIOTHOH CETHIO0 METEOPO-
JIOTUYECKHUX CTAHIIUH.

Pesyavmamst u ux aHaau3. PaccmarpuBast
XapaKTEPUCTHUKH TOPOJICKOTO OCTPOBa TeILIa
MoOCKBHI B 2014 TO/y, CTOUT BCIIOMHHUTD, KAKOBA
ObL/Ia ero MecssyHasi U3MEHUYHUBOCTH B 2000-2012
rT. (puc. 1).

CpaBHHBasi C HUM HHTEHCHUBHOCTh OCTpPOBA
Teruta MOCKBBI B 2014 roay (puc. 2), Mbl MOKEM
BH/IETh, YTO B OOIMMX YEPTaxX CHUTyaIlUsl CXOXKa
¢ KJIMMaTU4YeCKOU (MaKCUMyM B JIETHHE MECSIIbI
— HUIOJTb-aBTYCT, OTHOCUTEJIPHO HU3KHE 3HAYEHUS
B OKTsI0Ope), HO uUMeloTes U paziauuusd. Tak, or-
HOCHTEJIbHO BBICOKHE 3HAUEHUSI MHTEHCUBHOCTH
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TOPOJICKOTO OCTPOBA TeIlIa HAbOJIIOZAl0TCA B SIH-
Bape U HOSIOpe — B OTVIMYHE OT CPEJHUX KJIMMa-
TUYEeCKUX 3HaueHWU. [lompobyem paszobparbcs,
B UeM MPUYHHA, IPOAHAIU3UPOBAB Ir'OZIOBOU XO7]
TeMIIepaTypbl U BJIAXKHOCTH Ha craHmuu MIY,
Kak HanboJiee perpe3eHTaTuBHON B MOCKOBCKOM
peruose.

B nepBoii M0s10BUHE TOZIa CAMBIM IPKUM COOBI-
THEeM SIBIJIACh 3aMeTHasI I0JIOKUTEIbHAS aHOMAa-
s heBpaIs-MapTa — MECAIbl OKa3aJINCh TEILIee
HOPMBI Ha 5,7 U 5,2 Tpajiyca COOTBETCTBEHHO —
B (peBpasie —2,1 rpajyca IPOTUB KJIMMATHUUECKIX
-7,8. B cienytonieM Mecslie IPUpPoZia ofapuia
MOCKBHUYEU HCKJIIOUUTEIBHO TEILJIBIM MapTOM —

2,5

AHBapb
despans
mMapT
anpens
Mal
WIOHb

Niob
aBryct
ceHTAbpb
OKTAGpb
HoABpPbL
AeKabpb

Puc.1. FOAOBOM XOA TOPOACKOroO OCTPOBA TENAa Mockssl 8 2000-2012 rr.
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Puc. 2. ToAOBOM XOA FOPOACKOro OCTPOBA TenAa Mocksbl B 2014 roay
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B TPEThEH JIeKazle Mecslia TeMIlepaTypa MOAHU-
MaJiach JI0 +20 TPajycoB. AMpesib ObLT TAaKIKe Te-
IJIee HOpMBI — Ha 1,6 Tpasyca, 1a 1 Mal OKa3ascs
JKaPKUM — aHOMAJIHS CO 3HAKOM «ILTIOC» COCTa-
BHWJIa 3 rpajayca. M Juiinb HI0Hb OKa3aJICs XOJI0T-
Hee OOBIYHOTO — OTpHUIlATEIbHAS AHOMAJIHSA
cocraBmiaa —0,6 rpagyca. OTO HaIJIAIHBIN IPU-
MEpP TOTO, KaK HAJIOXKEHHE aHOMAaJIUH Pa3HOTO
3HaKa IIPUBOJIUT K NX HUBEJIUPOBAHUIO Ha OoJstee
KPYITHBIX BPEMEHHBIX OTpe3Kax. V3 jeTHuX me-
cAIEeB HanboJIee TEITBIM OTHOCUTETBHO HOPMBI
oKasaJics HioJib (aHOMAasuA +3,1), /Ia U BCe JIETO
OBLII0O YMEPEHHO KapKUM — BbIIIe +33,8 rpazy-
COB CTOJIOMKH TEPMOMETPOB HE ITOJHUMAJIUCH.
CeHTA0OpPh TaK)Ke OKAa3aJICA JOBOJBHO TEILIBIM
OTHOCUTEJIPHO KJIMMATUUYECKOTO YPOBHS, & BOT
OKTAOPH OBLI Ha 1,1 TPajiyca XoJIoAHee OOBIYHO-
ro. ®UHAJIBPHBIA aKKOPA 2014 Trofa — JeKabpb
cTajl Termiee OOBIYHOTO cpasdy Ha 4,3 rpazyca.
B wutore, B cpeHEM TO/ HE TOJBKO OKa3aJiCs
0oJjiee TEIJIBIM, YeM OOBIYHO (I10JIOXKHUTEIbHAS
aHOMAaJIUA cocCTaBuiaa +2,05 °C — 3a cueT Hc-
KJIIOUUTEIPHO TEIUThIX (heBpasisd, MapTa U JleKa-
Ops1), HO M CTaJI CAaMbIM TEIUIBIM 3a IOCJIETHUE
ATh Jiet. OHAKO, B UHTEPECYIOIINE HAC MeCs-
bl (HOsIOPB-AHBAPH) BUTHO, YTO OCOOBIX OTKJIO-
HEHUH OT HOPMbI He HaOJTI0/1aeTcs.
OTHOCHUTEIBHAS BJIAXKHOCTD B 2014 TOTy ObLIIa
3aMEeTHO HUKe KJIMMaTHYeCKUX 3HaueHuu [3] —
CpeHETO/IOBOE 3HAUEHWE IapaMeTpa Ha 7%
MeHbIIle KIMMaTH4Yeckoi HopMmbl. Hauboitee cy-
XUM MECSIEM C TOYKU 3PEHHUsI OTHOCUTETHLHOTO
BJIATOCOZIEPKAHUSA CTaJl UI0JIb (39%), Hanbosee
BJIQ’KHBIM — J1eKa0pb (85%). B mecs1ip ¢ mosto-
JKUTEJIPHON aHOMAaJIMEd 3HAYEHUH TOPOJCKOTO
octpoBa Tersia MockBbI (IHBapb U HOSAOPB) OT-
MedJaeTcsi OTPUIATeTbHAS aHOMAaJIUs 3HAYEHUH
OTHOCUTEJIPHON BJIQKHOCTH, KOTOpAasi, OJHAKO,
HE JIOCTUTAET SKCTPEMAILHBIX 3HAUEHU .
PaccmoTpum atmocdepHoe naBierue. OObru-
HO JIOKaJIbHbIE MUHUMYMBbI JIJaBJI€HU S ITPUXO/IAT-
cs1 Ha UI0JIb (CaMbIH BJIQKHBIA MECHAL, B MOCKOB-
CKOM KJIUMare) u Jiekabpb. OHaKO B 2014 TOXY
pacmpeziesieHue JaBJIeHUsA CHJIBHO OTIMYAJIOChH
OT KJIMMaTHU4YeCcKOT0. MakcuMyM ObLI JOCTUTHYT
B HOAOpe (JOCTUTHYTO 3KCTPEMATIBHOE Cpel-
Hee 3HAUYEHHUeE JIJIA DTOr0 Mecsdana 1005,3 rlla).
Boeicokux oTMeTOK 995 rlla U BbIIIEe JOCTUTATHA
cpeHeMecsYHble 3HAUEeHUs B siHBape, deBpa-
Jie, WI0JIe, CEHTSA0pe, OKTA0pe 1 HosA0pe. Camoe
HU3KOe 3HaueHWe OBbLJI0 JIOCTUTHYTO B HIOHE
(koTOpBIN, HAIIOMHHUM, CTaJl OTHOCUTEJHHO
MPOXJIaIHBIM). VcKTtounTE IbHAS aHOMAJIUS aT-
MocgepHOro J1aBieHus B HOsI0pe ObLyia BhI3BaHA

OJIOKMPYIOIIMM aHTUIIMKJIOHOM a30PCKOTO IIPO-
UCXOKJIEHUS.

BuiHO, 9TO BBICOKAas KOPPEJAINA 3HAYEHUH
WHTEHCUBHOCTH FOPOJICKOTO OCcTpoBa Teria Mo-
CKBBI JIOCTUTAETCS N3 METEOPOJIOTUYECKUX ITapa-
METPOB UMEHHO ¢ aTMOCGEPHbIM /IaBJIEHUEM —
9TO U MTOHSITHO, COTJIACHO KJIACCUYECKON TEOPHH,
UMEHHO B aHTUITUKJIOHAIIbHBIX YCJIOBUSIX OCTPOB
TeIla JIOCTUTaeT MAaKCUMAaJIbHOTO Pa3BUTHUS
[10].

[IpoBezieHO cOIIOCTaBJIEHNE 3HAYEHUH TEM-
repaTrypbl 3€MHOW TIOBEPXHOCTH, ITOJyYeHHBIX
10 TEIUIOBBIM KOCMUYECKUM CHUMKAM, U 3Ha-
YeHUU TeMIlepaTypbl MPU3EMHOTO CJIOS aTMOC-
¢depHOTO BO3/lyXa M MOBEPXHOCTH, U3MEPEHHBIX
10 CTAHZIAPTHBIM METO/IUKaM HAa METEOCTAHIIHSX.

[Ipu u3ydyeHUU CBA3U 3HAYEHHU TEMIIEpaTy-
PBl, TIOJTy4YeHHBIX TI0 HAa3eMHBIM U KOCMHUYECKHUM
JTAaHHBIM, BBISBJIEHO, YTO 3HAUYEHUS TEMIIEPATY-
Pbl, paCCUUTAaHHBIE MO TEIJIOBBIM KOCMHYECKHUM
CHHUMKAM, HAXOJATCS B WHTEpBaJie MEXKy 3Ha-
YEeHUSIMU TEMIIEPATYPbhl BO3/IyXa U TeMIIepaTyPhl
3€MHOU TOBEPXHOCTH, IIOJTyY€HHBIMH T10 IAHHBIM
MPAMBIX HW3MepPEHUU, MPUYE€M B OOJIBIINHCTBE
CJIyyaeB JIaHHbIE KOCMUYECKUX CHHUMKOB OJIHKe
K 3HAUEHUsAM TeMIIepaTyphbl Bo3ayxa. HammeHb-
mas pa3HUIlA MEXAY AAHHBIMH KOCMUYECKHUX
CHUMKOB W JJAaHHBIMU NPSIMBIX U3MEDEHHUIN TeM-
mepaTyphl BO3/lyxa cocTaBiisieT 0,9 °C 1 oTMeueHa
Ha Mmerteoctannuu BJIHX 26 mas 2015 T., Ipas/a,
B 3TOT JIeHb TEMIIEPATYPa, PACCYUTAHHASA TI0 KOC-
MHUYECKOMY CHUMKY HI)Ke, YeM TeMIleparypa
BO3/IyXa, YTO BHIOMBAETCA U3 00IIEed 3aKOHOMEp-
HocTH. HanmeHbInass pa3HuIa MeXxy JaHHBIMU
KOCMHYECKUX CHIMKOB U TEMIIEPATYPOI ITOBEPX-
HocTu cocrasiasder 1,1 °C, oHA oTMedeHa Ha Me-
teoctanruu MI'Y 16 mapra 2015 r. B aToT /ieHp
OTJIMYUS TEMITEPATYPBI BO3/IyXa OT PACCUNTAaHHOM
M0 KOCMUYECKOMY CHUMKY TaK:Ke HEBEJIMKU —
Beero 1,7 °C. Cienyomue B IOps/Ke BO3PACTaHUA
3HAUYEHHE Pa3HUIbI U3MEPEHHOW W PaCCYUTaH-
HOH TeMIlepaTypbl 3eMHOU ITIOBEPXHOCTU COCTaB-
nser 2,3 °C, 3arem 3,9 °C, 3arem 7,6 °C. IIpakTu-
YeCKU BO BCe aHAJIM3UPYEMbIe aThl 110 JIAHHBIM
MPSIMBIX U3MEPEHUH TTOBEPXHOCTH TETLJIEE BO3/IY-
Xa; UCKJTIOUEHHUEM SIBJIIOTCS JIaThI 16 Masi 2015 T.
U 31 IHBaps 2014 T. PaccunTanHbIE 110 TEILJIOBBIM
CHUMKAM 3HAYeHHs TEMIIEPATYPhI, KaK ITPaBHUJIO,
HIDKE TEMIIEPATYPbI 3EMHOU ITOBEPXHOCTH U BBIIIIE
TeMIIepaTyPhl BO3/IyXa; UCKJIIOUEHNE COCTABJISIOT
JlaThl: 31 sSTHBaps 2014 T., 21 CeHTA0ps 2014 T.,
23 MapTa 2015 T., 7 aBrycra 2015 I'.— BO Bcex ue-
THIPEX CJIyJasiX pACCYUTAHHAS 10 CHUMKY TeMIIe-
parypa — camas HU3Kas U3 TPEX.
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[IpoBen€n aHaM3 CE30HHOU W3MEHUYHBOCTU
IIOBEPXHOCTHOTO OCTpOBa Tersla MOCKBBI, OC-
HOBAaHHBI HA TEIUIOBBIX KOCMHYECKHX CHHM-
Kax cpeémMouHOU cucremsbl TIRS, ycranoBieHHOM
Ha crytHuKe Landsat 8. BeisiBiensl ciemyromue
3aKOHOMEpPHOCTH.

J171 3UMHero 1oBepxXHOCTHOTO OCTPOBA TeIia
(manpumep, 31 AHBaAps 2014 T.) XapaKTePHBI OT-
puLaTeIbHblEe TEMIIEPATYPbl IPAKTUYECKU I
BceX O0BEKTOB. VICKIIIOUEHUSA COCTABJIAIOT TOJIb-
KO IIO/IBep;KeHHble HHTEHCHUBHOMY TeILJIOBOMY
3arpsA3HEHUI0 BOZbpI P. MOCKBa, TeMniepaTypa Ko-
TOPBIX TToTHUMAaeTcs 10 2 °C u Bbimre. Haubostee
HU3KHUe 3HAUeHUs TEMIIEPATyPhl XapaKTePHBI /I
MIOHMKEHHBIX YIACTKOB, HAIIPUMED, /I JI0JTUHBI
p- Mockssi Boitie Py6s1€Bo — Hike —25 °C. Bpiie
—22 °C He OAHMMAETCA TeMIlepaTypa Ha Teppu-
TOPUU MOCKOBCKUX ITapKoB. TeMiiepaTypa 3eMHOI
MIOBEPXHOCTH B IIpe/iesiax KPYIHBIX KUJIbIX pafio-
HOB Haxoures B mpefienax —18 ... —20 °C. Hako-
Hell, /IS I[eHTPa TOpo/ia XapaKTePHbI 3HAYEHUS
TEeMIIEPATypbl OKOJIO —10 ... —15 °C. Oburyto nH-
TEHCHBHOCTb IIOBEPXHOCTHOI'O OCTpOBAa TeIlIa
(pasHuIly MeXJy MaKCHUMaJbHBIM 3HAUYEHHUSIM
TeMIIepaTypbl 3€MHOU ITOBEPXHOCTH B IIpeZiesiax
ropozia ¥ MUHUMAJIbHBIM 3HAaYe€HUEM TeMIlepa-
TYPBI 3eMHOU IIOBEPXHOCTHU B IIPUTOPO/IE) MOKHO
oneHuTsb B 15 °C. ITHTepecHO OTMETUTB, UTO LIEHTP
IIOBEPXHOCTHOTO OCTPOBA TeIIa CJIeTKa CMeIEH
Ha BOCTOK.

BecHoil (aHA/M3UpPYyeMBId CHUMOK IIOJIy4eH
21 ampesiag 2014 T.) Haubosee TEIJIBIMH OOBEK-
TaMHU SBJISAIOTCSA IIPOMBIIILIEHHbIE 30HBI, YYAaCTKU
OTKDBITBIX TPYHTOB, a TaK)Ke KPYIIHbIE 3/IaHMHS.
Nx Temneparypa gocruraet 30 °C u 60s1ee 3a CUET
MHTEHCUBHOTO HarpeBa Moy JeHCTBUEM IIPSMOTO
COJTHEYHOTO u3iydeHus. JKusble palioHBI B Iie-
JIoM He HarpesatoTcsa Bble 25 °C. Temneparypa
IIAPKOB COCTaBJIAET OKOJIO 20 °C, IpHYeéM 4em
60JIBIIIe TUIOIIA/Ih JIECHOTO WJIM MapKOBOTO Mac-
CHBA U 4YeM Jajblile OH PACIOJIOKeH OT IeHTpa
MockBbl, TEM €ero TeMiiepatypa Hike. Haunbosee
HU3KOU Temmeparypou (Hmxke —15 °C) xapakre-
PpHUBYIOTCA BO/IHBIE OOBEKTHI, TAKKE KaK p. MockBa
U TH/IpocrcTeMa KaHayia uMeHu MockBbl. Ob1as
MHTEHCUBHOCTH ITIOBEPXHOCTHOT'O OCTpOBA TeILIa
cocrasyisieT 5—10 °C.

JleTHUII TOBEPXHOCTHHIA OCTPOB TeEIUIA IIPO-
aHAJIM3UPOBAH HA IPUMepe CHUMKa 3a 26 Mmas
2015 T., T.K. 3a JiBa roja JIETHUX 0e300/IauHbIX
cHuMKOB cucreMbl TIRS Ha Teppuropuio MockBbl
B apxuBe USGS Her, a B kOHIle MasA B MockBe ycTa-
HaBJINBAETCA TOrO/la, OOBIYHASA /IS MOCKOBCKO-
ro jiera. Bripouem, Ha aHAIU3UPYEMOM CHUMKE

IIPUCYTCTBYIOT O0JIaKa B IIEHTPAJIBHON YacTU TO-
pona. Taxk ke, Kak ¥ BECHOM, HanbOO0JIee TETUIBIMU
00BEKTaMU ABJIAIOTCA IPOMBIIIUIEHHBIE 30HBI
Y KpYIIHBIE 371aHUA (B TOM YHCJIe, KPYITHbIE TOPTO-
BbI€ I[EHTPBI), OJTHAKO TeMIIEPAaTyPHBIH KOHTPACT
MEXJy TOPOACKHUMHU OOBEKTaMH 3HAUYUTEIBHO
yBesmmuuBaetcs. Tak, Hanbosiee TEMIbE 0ObEKTHI
nporpesaTes 710 35—50 °C, B TO BpeMs KaK TeM-
repaTypa JIECHBIX U MapKOBBIX MaCCHUBOB, a TaK-
’Ke KPYIHBIX BOJHBIX OO'BEKTOB JIOCTUTAET BCETO
stk 15 °C. JI714 )KIIbIX paliOHOB OOBIYHA TEMITe-
patypa okosio 25 °C. O0mias UHTEHCUBHOCTD I10-
BEPXHOCTHOT'O OCTPOBA Tellia cocrasiiser 10 °C.

Jns ocenu (Hampumep, 21 ceHTAOpPA 2014 T.),
TaK >Ke KaK U J|JI1 BECHbI, XapaKTePHA YMEHbIIIeH-
Hasg, 10 CPAaBHEHUIO C JIETOM U 3UMOMH, obIas
MHTEHCUBHOCTb ITOBEPXHOCTHOTO OCTPOBA TEILIA.
Tak, Ha NPUBEJEHHOM CHHUMKE OHA COCTABJISAET
okosio 5 °C. Temnepartypa Hanbosee TEIUIBIX TO-
pozickux o6bekToB mpeBbimaer 25 °C. g xu-
JIBIX PalOHOB B II€JIOM XapaKTepHA TeMIepaTypa
B paiioHe 17—20 °C.Jleca u mapku — Haubosee
XOJIOZIHbIE OOBEKTHI — HMX TEMIIEpATypa He IIpe-
Boimmaer 17 °C. I[Ipu 5ToM BOJIHBIE OOBEKTHI YKe
He OTHOCATCA K HanboJiee X0JI0{HbIM — UX TeMIIe-
patypa cocrasiser 18—20 °C u bosiee, T. K. OHU Ha-
T'PeJINCh 32 JIETO U €I1I€ He OTePSIN HAKOILIEHHOE
TEeIUTO O1aroAaps BHICOKOU TEILJIOEMKOCTH BOJIBI.

BbIBOABI.

1. I3MeHYMBOCTh TOPO/ICKOTO OCTPOBA TeIlia
MOCKBBI B 2014 TO/ly B OCHOBHOM COOTBETCTBYET
CTaHJIAPTHOMY CE30HHOMY XO/Yy, BBIABJIEHHOMY
II0 JJaHHBIM 2000—2012 IT. YcuieHue addexra
OCTPOBA TeIIa CBA3AHO, IIPEXK/IE BCETO, C ITOJIOKHU-
TeJIbHPIMU AHOMAIMSAMH aTMOC(EPHOTO /IaBJie-
HUS, 2 AaHOMAJIMH TEPMUYECKOTO PeKUMa IIPAKTU-
YeCKHU He OKa3bIBAIOT BJINAHUSA HA UHTEHCUBHOCTD
paccMaTprUBaeMoro sBJIEHHUs.

2. 3HaUeHUsA TeMIIepaTyphl, pacCUUTAHHbBIE
[0 TEIJIOBBIM KOCMHUYECKUM CHHUMKaM, B 0OJIb-
IIMHCTBE CJIyJaeB HIDKe JIAHHBIX ITPSAMBIX U3Mepe-
HUU TeMIlepaTypbl 3eMHOM ITOBEPXHOCTHU U BBIIIE
JIAHHBIX MPAMBIX U3MEPEeHUU TeMIlepaTypbl BO3-
JlyXa, MPUYEM JaHHBIE TEIUIOBBIX KOCMUYECKUX
CHUMKOB JIy4Ille COIVIACYIOTCS C JIAHHBIMH IIPS-
MBIX U3MEPEHUN TeMIIEPATypPhl BO3/yXa, a He I0-
BEPXHOCTH.

3. 32 2014—15 IT. MAKCUMAJIBHBIN IIOBEPXHOCT-
HBIN OCTPOB TeIUIA, BBIABJIEHHBIA IO TEIUIOBBIM
KOCMHMYECKUM CHHUMKAaM, HaOJofaicss 3HMOMH,
U €ro MaKCUMaJIbHAas HMHTEHCUBHOCTh COCTABU-
aa 15 °C. B mepexosHble Ce30HBI ITOBEPXHOCT-
HBIN OCTPOB TeIUIAa BhIPAKeH cyiabee, YeM 3UMOM
u sietoM. HanboJtee Téripie TopoicKue 00BEKTHI
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B TEIUIOE BpeMs T'0/la — IIPOMBIIIIEHHbIE 30HbI
U KpymHble 3/1anus1. HauboJstee X0I0aHbIE TOPO/T-
cKre OOBEKThI B TEIIOE BpeMsl rofla — JIECHbIE Peuyenzenm: kanoudam 2eoepaguueckux
U IaPKOBbIE MACCUBBIL. Hayx, douenm, H.A. AnexceeHko
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YMAHCBKMIN AEPXKABHUIA NEAQTOTiYHMI YHIBEPCUTET iMEHI MNABAC TUYMHMK

3ACTOCYBAHHA TC MNP NAAHYBAHHI HABHAABHUNX
TYPUCTCBbKO-KPAC3HABYMX MAPLLUPYTIB HA NMPUKAAAI
MICTA YMAHb YEPKACLKOI OBAACTI

V cTarTi pO3IJISTHYTO MOXKJIMBOCTI PO3BUTKY reorpadivuHoi OCBiTH Ta TYpPHCTChKO-KpAa€3HABUYOI pOOOTH B yMOBAX 3a-
crocyBanHs I'IC-TexHoJioriit. ITpoaHanizoBaHo cydacHUi craH po3BUTKy I'IC Ta TYypHCTCHKO-Kpa€3HaBUOl pobOTH
3i cryaentamu-reorpadamu neparoriuanx BH3. Onucano 3acrocyBants I'IC y TypUCTChKO-Kpa€3HaBYiil poOOTi K
edexTuBHOTO 3ac00y iHBeHTapu3allii pecypcis ta 3ayuenns I'IC s aHastisy i Mo/ieTIOBaHHs HasiBHUX JaHux. Oxa-
pakrepusoBaHo nporpamy Mapinfo, sik reoindopmariliny mporpamy, 3a JOITOMOTOIO SIKO1 BBe/IeHHI 1aHi BimoOpaxka-
IOThCS B UTIOCTPOBAaHOMY BUTJISA/II.

Kiarouogi ciioBa: I'IC, TyprcTchKO-Kpae3HaBya poboTa, MapuipyT, reorpagidHa ocita.

WHHa Poxu, OkcaHa bpacaasckas

MPUMEHEHUE TMC NPU NAAHUPOBAHWUN YHEBHbIX TYPUCTUHECKO-KPAEBEAHYECKUX MAPLLUPYTOB HA MPU-
MEPE TOPOAA YMAHb YEPKACCKOW OBAACTHU

B crarpe paccMOTPEHBI BO3MOKHOCTH Pa3BUTHS reorpaduaeckoro o0pasoBaHusA U TyPUCTUIECKO-KPaeBeTIecKOH pa-
60ThI B yotoBusx npuMmeHeHust ['MIC-texnosoruii. [IpoaHasn3npoBaHO coBpeMeHHOe cocTostHue pa3surtus I'VIC u Ty-
PHUCTHYECKO-KpaeBeTJeckoll paboThl co CTyZeHTaMu-Teorpadamu meparorndeckux BY3os. OmmcanHo npumMeHeHUe
T'VIC B TypucTHUECKO-KpaeBequeckol pabore, Kak 5O(PEKTUBHOTO CpPeNCTBA MHBEHTAPU3AINK PECYPCOB U IIPUBJIEYe-
Hust TYIC fy1s1 aHA/IM3a U MOZIETTUPOBAHUS NMEIONUXCs JaHHbIX. OXapakTepr3oBaHo nmporpammy Mapinfo, kak reons-
opmanroHHy0 IPOrpaMMy, ¢ HIOMOIIBIO KOTOPOH BBE/IEHHBIE JAHHBIE OTOOPAKAIOTCSA B WUIIOCTPIPOBAHHOM BHJIE.
KirroueBsle ciioBa: I'VIC, Typuctudecko-KpaeBenueckas pabora, MapuIpyT, reorpadudeckoe o6pasoBaHue.

Inna Rozhi, Oksana Braslavska

GIS APPLICATION IN TOURIST AND LOCAL LORE ROUTES PLANNING ON THE EXAMPLE OF UMAN, CHERKASY
REGION

The article discusses the possibility to develop geographical education and tourism and local lore work under condition
of GIS technology application. The current state of GIS and tourism and local lore work with students-geographers of ped-
agogical universities has been analyzed. GIS application in tourism and local lore work as an effective means of inventory
resources and involvement of GIS analysis and modeling of available data has been described. Mapinfo program, the GIS
program, which shows data in an illustrated form, has been characterized. GIS technologies identifying priority areas that
require upgrading of the content and methods of planning, preparation and implementation of educational tourism and
naturalistic routes, have been described. When applying GIS in tourism and local lore work the following processes take
place: different programs mapping; local lore tourist routes modeling; creation of data banks of various local lore objects
according to the main directions of regional researches. It has been determined that GIS is practical work that provides
avirtual area formation, a computer model for a strong knowledge system, positive motivation to training and learning.
Keywords: GIS, tourism and local history work, route, geographical education.

Beryn. Po3Butok reorpadivHoi OCBITH B Cy-  3aKJIaZla€ OCHOBH IIPOCTOPOBOTO MUCJIEHHS,
YaCHOMY CYCIILJIBCTBI PO3IIMPIOE MOXKJIMBOCTI  cHpusA€ (POPMYBAHHIO IM3HABAJIBHOI aKTHBHOC-
171 popMyBaHHSA OCOOHCTOCTI, a/)Ke caMe BOHA ~ Ti Ta CaAMOCTIMHOCTI CTy/IeHTiB. I3 po3BUTKOM
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reoiHdOpMAIiHHUX CHUCTEM 3POCTAE POJIb aB-
TOMAaTH30BAHOTO IIOIIYKY B3a€EMO3B’A3KIB MiXK
TYPUCTCHKO-KPA€3HABYMMHU 00 €KTaMH Pi3HO-
rO XapakTepy, OCKIJIbKA BCi KOMIIOHEHTH TeOo-
rpadiuHOrO cepezOBUINA B3AaEMOIIOB’SI3aHI Ta
B3aeMmo3anexHi. L[ikaBum ¢axrom reoiHdOp-
MaIliiiHOI cucTeMU € 3a0e3levYeHHs T OKPIM ITpo-
CTOpPOBOTO aHasi3y me ¥ yacoBuil. Tox B I'IC
MOXKJINBO HE TUIBKM BiIOOpaKeHHA TYpPUCT-
ChKO-Kpa€3HABUYUX 00 €KTIB Ha Pi3HIA TepUTOPi-
aJIbHIN TUIOIIMHI, a ¥ BiZIoOpa’keHHs 3MiH B Yaci.

Buxigni mnepeaymoBu. Heo0bxijHicTh
3actocyBaHHsA ['IC mpu I1wiaHyBaHHI TypHUCT-
CHKO-KPA€3HABYMX MAPIIPYTIB € O0COOJIMBOIO
IIepelyMOBOIO, aJ[Ke 3aBJAKU MOXKJIUBOCTAM
I'IC Ha ixHi/ OCHOBi IHTEHCHBHO PO3BUBAETHCS
TeMaTU4YHe KapTorpadyBaHHs, MOXKHA CIIiBBiJI-
HECTHU TeKCTOBHH Ta 1JIIOCTPATUBHUU MaTepias
3 BianoBigauMu o6’ektamu. 'IC — 1e mpo-
rpamMHe 3a0e3neueHHs, 1[0 J03BOJISE 3B A3aTU
TYPUCTCHKO-KpPa€E3HaBUY iHMOpPMAILiI0 3 OIIUCOM
iHdopMariiHuX pecypciB.

Mera crarri — I0Ka3aTH BUKOPHUCTAHHS
reoiHdOpMAaIifHUX CUCTEM IIpU IIJIAHYBAaHHI Ha-
BUIBHUX TYPUCTCHKO-KPA€3HABUMX MAPIIPYTiB
Ha MIPUKJI/Ii MicTa YMaHb YepKachKoi 001acTi.

Buxsiax ocHoBHOrO Marepiaxy. Cboroasi
reorpadiuna iHdopmariiiHa cucreMa BU3HAYA-
€TBCA SIK CUCTEMA, 10 3a0€e311euye BBe/IeHHS, Ma-
HIIyJIIOBAaHHA ¥ aHAJII3 BUBHAUEHUX reorpadiu-
HUX JIAaHUX JJIs JOTIOMOTH B IPUMHSATTI PillleHb,
peasizoBaHUX 3a JIOIIOMOTOI0 aBTOMAaTU30BAHOI
CHUCTEMU 3HAHb INPO TEPUTOPIAIbHUIN aCIIEKT
B3a€EMO3B’AI3KY IPUPOAM 1 cycrmisberBa. Takoxk
I'IC 3abe3reuyioTh MOJIeTIOBAaHHA (DYHKITII IT0-
IIYKy Ta BBeJeHHA iHdopMmamili ¥ nmpu3HaveHi
ZU1s1 po0OTH 3 MPOCTOPOBUMU YU reorpadiyxu-
MU KoopauHaTamu. 3acrocyBanH: I'IC y Typucrt-
CHKO-Kpa€3HaBYill poOOTI MOJIATaE y BBEJEHHI
Ta 00poOIIi JAHUX, 32 JOIIOMOTOI0 SIKUX Bifi0yBa-
€TbCSA MOJIEJIIOBAHHA KPA€3HABUUX 00 €KTIB IPHU
po3po0Ili BiANOBIIHOTO MapUIPYTy. YUWTEIb,
SIKAUH BOJIOZI€ METOIUKOI0 POOOTH 3 CydaCHUMHU
TEXHOJIOTISIMU, 37JaTHUH CTBOPUTH BCi Iepey-
MOBH /Il KpaI[oro CIPUHHATTA iHdopMarrii
3 MeTOI0 3/100yTTs 3HaHb, YMiHb, 30JIMIKEHHS
KJIACHOTO KOJIEKTUBY, (POPMYBAHHS Mi3HABaJIb-
HOl CaMOCTIHHOCTI y Ipolieci BUBYEHHS PiJIHO-
ro Kpaw, TUM CaMUM 3a0e31eUyoun YMOBU IS
MIPOAYKTUBHOI POOOTH.

Typucrcpbko-Kpae3HaBua poboTa  poO3IJIA-
Jlajlach y Tpanfdx BiJIOMHUX yYeHUX Ta IieJia-
roriB  (O.B. BpacnaBceka, M. 0. Kocrpuns,
B.B. O603nuii, H. P. Pynauneka, B. C. Cepebpii,

O.M. Tomy30B Ta iHIII) K €JIEMEHT OCBITH, BaXK-
JIMBUM YMHHUK Ii3HAHHA MUHYJIOTO W cydac-
HOTO B /JepiKaBi, Halii, Hapoji, ¢opmyBaHHA
MaTpioTU3My, HaIIOHAJIBHOI CaMOCBiZIOMOCTI,
OepeXJIMBOTO CTaBJIEHHS JI0 MpUpoAu [2, 5-7,
9, 12]. XapaKTepuay4uu MOKJIUBOCTI Cy4aCHUX
IMiIX0/1iB 10 HaBYaHH:A reorpadii, O. M. Tomy30B
MHCaB: «... [0 Yy 3MiCTi iHHOBAITIMHUX II€Iaro-
riYHUX TEeXHOJIOTIH 3aKJIaJIeHO aKTHUBHI METOIH
HaBYaHHA, /Ie yYeHb BUCTYIIA€ PIBHOIPABHUM
MMAapPTHEPOM IIij] Yac BUBYEHHS HOBOTO HaBYaJIb-
Horo Mmarepiamy» [12]. M.IO. Kocrpuns omu-
CyBaB BIITOYMHOK i OpraHi3oBaHe KOJIEKTUBHE
JTO3BULIA JIiTEH, SIK MPOTYJAHKY. [1i yac Takoro
BIINOYMHKY YYHI OZIEPKyBaJIM BiJIITOBi/Ii HA CBOI
3aMHUTaHHSA, CJIyXaJId PO3IOBI/Ii CTapIINX HACTAB-
HUKIB PO Pi3HI I[iKaBi 00’€KTH Ta ABUINA, OTPU-
MyBaJIU IepIIi BiJoMOCTI Ipo pigHM Kpau [5].
KpaesnaBcTBO nepezibauae BUBUEHHS IIPUPOJIH,
HaceJIeHHs, TOCIO/IapCTBa, iCTOPil 1 KyJbTypH,
HAayKH ¥ peJIriiHUX BipyBaHb PiJIHOTO Kpalo,
TOMY € IHTETPOBAHOKI (KOMIJIEKCHOIO) HAYKOIO.
Kpae3naBua mifiroToBKa BUMTENA — Ii€ CKJIAJ-
HUH 1 6araToacrnekTHUH IPOIEC, IO OXOILIIE
BCIO CYKYIIHICTb CYCITLIbHO-TIEATOTIYHOI JTiflb-
HOCTI.

Tak, M.IO. Kocrpuns, B.B.O603Huii kpa-
€3HAaBYO-TYPUCTUYHY POOOTY PO3IVIAZAIOTH SK
00’ekTUBHY TOTpPeOy CyCIILIbCTBA IIOB’SI3yBaTU
HaBYAJIbHO-BUXOBHHUH IIPOIEC 3 AKTyaJIbHUMH
MUTAaHHAMH COI[iaJIbHO-EKOHOMIUHOTO Oy/iB-
HUIITBA, KYyJIBTYPHO-/[yXOBHOTO BiJIPO/IKEHHSHA
HapoAay YKpaiHu, 3 MiITOTOBKOIO YUYHIB JI0 CyC-
MJIBHO KOPHUCHOI pOOOTH 1 TPYAOBOIL JisI7IBHO-
cti [6]. OcobsMBO aKTyasIbHO BHUCBITJIIOETHCS
MUTAaHHA  TYPHUCTChKO-KPAaE€3HaBYOI  poboTH,
OCKiJIbKM ManOyTHiI BuuTesi reorpadii moBUHHI
AKTUBHO BKJIIOUATHUCA B IIPOIEC HAIIOHAIBHO-
TO BIJIpO/IKEHHS, KyJIbTYPHOTO PO3BUTKY HAIlil,
CTBOPEHHA 1HTEJIEKTYaJIbHO-MOPAJIBHOTO cepe-
JIOBUIIA, B IKOMY KOKeH Oy/ie OTPUMYBaTHU J10C-
Bi/I ITi3HAHHS CBITY.

B.C. Cepebpiti 3a3Havae, mo MauOyTHIN
BUMTENH reorpadii, BiZIOBi/Iae 3a JyXOBHE 3/10-
pOB’sl IUTHHU, 332 MPIOPUTETHICTH HOTO IiHHIC-
HO-KYJIbTYPDHUX OpI€HTAIid, 3a PO3BUTOK IH-
nuBizyanbHOCcTi [11]. Kpae3HaBumii MpPUHITHUII,
Ha naymky P.H.Pyaaunpkoi, coiBBiTHOCHTBCS
31 CTPYKTYpOIO 3MiCTy HaBYaJIbHOI'O MaTepiay,
sKa J]Ja€ 3MOTY 3iCTaBUTH TeOPETUYHI 3HAHHA y4-
HIB 3 pe3yJIbTaTaMU JOCIi/PKEHHS PITHOTO Kpaio
[7, c. 232] BU3HAYAETHCA AK HOPMATHUBHE I10OJIO-
JKeHHsI, fKe XapaKTepU3y€e 3arajIbHy CTPATETiI0
BUPIIIIEHHs 3aB/IaHb OCBITH.
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I'C — ue indopmariiina cucrema, TOOTO
«... cucTeMa 0OpoOKHU JJaHUX, 110 Ma€ 3aco0M Ha-
KONINYeHHs, 30epeKeHHs, Bi[HOBJIEHHS, IOIIY-
Ky ¥ Buzaui iHdopmarii» [3, c. 242]. Takox ix
TPAKTYIOTh IK HAYKOBO-TEXHIYHI KOMIIJIEKCH aB-
TOMAaTU30BAHOTO 300py, cUCTeMaTHU3aIllii, mepe-
pobku i ipescTaBiieHHsA (Buayi) reoingopmarii
B HOBIH IKOCTI 3 YMOBOIO O/iep:KaHHSA 3HAHb IIPO
MPOCTOPOBI CHUCTEMH, IO JIOCTI/KYIOTbCs [8].
Y reorpagii I'IC mepepobiasioTs reorpadiusi
oToKHU iHdopMariii, AKi GOpMyIOThCA B MeKax
reorpadiuHoi 000JIOHKY i € iHpopMaLiTHUM Bi-
JIoOpaskeHHAM cucTeMu 00 €KTIB reorpadivyHoro
BUBYEHHS» [11, ¢. 19]. OCHOBHUMH eTallaMH BH-
kopucranHs ['IC € oTpuMaHHSs JaHUX, BBEJIEHHS
Ta 1ornepeiHsA 00poOKa, KepyBaHH:A IaHUMU, Ma-
HIIMyJTIOBaHHA ¥ aHasi3 iHdopmarii. /[>xepeamu
JlaHUX € KaprorpadiuHi MaTepiaan, CTaTUCTUYHI
JlaHl, aepOKOCMIiYHI 3HIMKU, pe3y/IbTaTH HATyp-
HUX BUMIpIOBaHb 1 3HIOMOK, (DOH/IOBI ¥ TEKCTOBI
Marepiatu. BaxxuBuM eseMeHTOM, 0e3 SKOTO
HEMOXKJINBO PO3POOUTH MapIIPyT, € KapTa. Po3-
poObJIAI0YN TYPUCTCHKO-KPAE3HABUUU MapIIPYT,
BUKOPHCTOBYIOTb Pi3HI BUAU KapT: Tonorpadiu-
Hi, TeMaTHU4Hi, €KOJIOTiYHi, eKOHOMIYHi, JIeMO-
rpadiusi, icropuyHi ToIo. Takoxk ogHUM 13 BU-
ZliB kaprorpadivuHoi iHpopmariii € fucTaHITiHE
30H/IyBaHHSA 3 KOCMOCY II€BHOI TEPUTOPII.

I'IC BUKOPHCTOBYIOTBCA Yy KPAE3HABUUX [10-
CJTIKEHHAX fIK IHCTpYMeHTapid /idA: 1) iHBEH-
Tapu3allii Kpae3HAaBYUX PeCypCiB JIOCIIIKY-
BAaHOI TepUTOpii, BKJIIOYAIOUM: &) BeJleHHA 0a3
JIAaHUX OKPEMHX BUJIB ITUX pecypciB; 0) cTBO-
penss I'IC-mipoekTiB, AKI MICTATh CUCTEMHY Xa-
PaKTEPUCTUKY HAasIBHUX KPA€3HABUUX PECYPCiB;
2) MpOBEeZIeHHS aHai3y, MOJIeJIIOBAaHHSA iCHYIO-
YOT0 HPUPOJHOTO Ta KYJIBTYPHO-iCTOPUYHOTO
JaHAmadTy Kpaw; JIOCTIKEHHS 1CTOPUYHOI
cuTyanii MOro pO3BUTKY INUIAXOM BHABJIEHHS
ICTOpUYHUX, apXeoJIOTIYHUX, eTHOrpadiuyHux
0CcOOJIMBOCTEH, NMPUTAMAaHHUX Kpal y MEeBHHUUI
mpoMiXkOK 4acy [1, c. 92]. T'eoindopmaniiiai
TEXHOJIOTil BU3HAYAIOTh MPIOPUTETHI HAIIPAMH,
110 IlepeZ10avaoTh MO/IEPHI3aIii0 3MiCTy 1 MeTO-
JIiB IUIaHYBaHHS, IMATOTOBKU Ta peasisarlii Ha-
BUIBHUX TYPUCTCHKO-KPAE3HABYUX MAPIIPYTIiB.
BaxyiuBe 3HaUeHHA MAa€ IPOIIEC I/ITOTOBKU Ta
PO3pOOKH MapHIPYTiB, B IKUX BiIOOpaKa€ThCA
He TUTbKHU po0oTa Iejiarora, ajie i poboTa CTyeH-
Ta. 3acTOCyBaHHA reoiH(OpPMAIIHUX CHUCTEM
B TYPHUCTCHhKO-KpPa€3HaBYid poOOTI — Iie CTBO-
PEeHHS KapT B PI3HUX IPOrpaMax; MO/IeJIIOBAaHHSA
TYPUCTCHKO-KPa€E3HABYMX MapIUIPYTiB (BiATIOBIA-
HO JI0 MeTH, 3aB/IaHb, Yacy IPOXO/>KEHHs, CKJIa-

Jly TPyTIH, PiBHSA Mi/ITOTOBKU); CTBOPEHH: OAHKIB
i 0a3 aHUX PI3HUX Kpa€3HABUYMX 00 EKTIB Bij-
MIOBIZTHO 70 OCHOBHUX HAIPAMIB KPa€3HaBUUX
nociiyikersb. I'IC — 1e mpakThyHa poOoTa, AKa
3abe3neuye CTBOPEHHS BipTyaJbHOI TEPUTOPII,
KOMII IOTEPHOI Mo/iesti 11 GOpMyBaHHSA MillHOI
CUCTEMU 3HaHb, TO3UTUBHUX MOTHBIB HaBYAJIb-
HO-III3HABaJIbHOI i/ IBHOCTI.

ITporpama MapInfo 6ysa Bukopucrana s
pPO3POOKH TYPUCTCHKO-KPAE3HABUOTO MapIll-
pyTy mo micty Ymanp Yepkacbkoi obsacTti. Bei
nani B mporpami MapInfo moxyTs Oyt mpes-
craBieni y Burysaai Kapr, Crouckis, Jlerenn,
Ipagikie i 3siti. IIpamowoun 3 Maplnfo,
MOkHa chOpMyBaTH i PO3/IPYKOBYBaTHU 3BiTHU
3 ¢dparMeHTaMu KapT, CIMcKamu, rpadikamu i
mignucamu. [Ipu BuBesenHi Ha npyk Maplnfo
BUKODHUCTOBY€E CTAHJIAPTHI JipaliBepu olepa-
IIHHOI CUCTEMU.

Y Maplnfo Professional mixrpumyerscs 38°s1-
30K 3 Bimasienumu 6aszamu ganux Oracle 8.0.x,
DB2, Informix. MapInfo Professional 3a6e3me-
yye: kaprorpadiuHuil iHTepdeiic, CTBOPEHHA
Ta penaryBaHHA KapT BHUCOKOI AKOCTi, IIpoO-
CTOPOBI J1aHi, IO MOCTaBJIAITHCA 3 IIPOTPAM-
HUM 3abe3neueHHAM. BinOyBaeTbcss poboTa
3 3D-ganumu, K poboTa 3 MOOYIOBU 130JTiHIN
Ta TPUBUMIPHOI Bizyasizaumii.

Cnouatrky moTpi6bHO mifibpatu  Biamo-
BiiHy TomorpadiyHy OCHOBYy — Il TOIOrpa-
¢diuna kapra Ymani i Biguudpysartu ii y pe-
npeHYy KapTy, Ha AKi OyayTh mDoKasaHi
BiATIOBiZIHI 00’€kTH. /IpyruM eTamoMm € Oe3Io-
cepenHsa poborta B mporpami. [Iys toro, 1mo6
3aBaHTAXXUTU TONOTpadivyHy OCHOBY y IIporpa-
My HOTPiGHO BHKOHATH Taki kpoku: ®ANJI —
BIAKPUTU TABJINIIIO. Obupaetrscsa dopmar
daitny PACTP — BIJKPUTU — PEECTPY-
BAHHA. Jlani 3amaTé TPOEKIII0 PacTPOBOTO
300pakeHHs, HaTUCHYBIIM KHOHKy I[IPOEK-
1A, i Bubpatu IIJIAH-CXEMY. BeranoButu
onmaunio Bumipy KIJIOMETPU i mHatucHyTH
OK. IToTtim ctBOprOETHCsT Tabiuiss PEJIBED
(puc 1). 17151 mporo oOupaeThest ®ANJI — HOBA
TABJINIIA. [Iporpama BUKHZAae HOBe poboue
BikHO HOBA TABJIUII, ne noTpi6bHO 0OpaTu
dyskmito JJOJATU KAPTU, i mana Tabyiuns
JIOZIAETHCA /10 3aPEECTPOBAHOTO IIiC/IA YOTO MO~
TpibHo HaTtucHyTu CTBOPUTU. BinkpuBaers-
s TiaJIoTOBE BIKHO CTBOPEHHS CTPYKTYPHOI
TABJIUIII, sike nmepenbavyae BU3HAUEHHS KiJlb-
KOCT1 KOJIOHOK 1 BUOIp THITy JaHUX, IO OYAYThH
30epiraTucs B Tabsuii (puc. 2).

[Ticna nporo obupaerbesas ¢yHkiia TOJA-
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Puc. 1. BikoHLLEe CTBOPEHHS TABAULI PeAbECD Puc. 2. BiaumgbpoBKa KQpTH
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Puc. 4. CTBOPEHHS CTPYKTYpPM

Puc. 3. HoBa Tabamus

Puc. 5. BiaobpakeHHsS OCHOBHOIO CoparmeHTy
KapTH

Puc. 6. BianobparkeHHs aopir

S7
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TH IIOJIE i samaernbea im’sa moaa — HA3BA
OB’€KTY, ne mosne mae OyTH I1HJEKCOBAHUM.
TobTO, cTaBUTHCS rajiouka Ha MO3HAYIll IHAEKC.
Hatuckyemo kuHonky CTBOPUTHU. ITotim Bin-
KpuBaeThed Agiasnorose Bikuo CTBOPUTH HOBY
TABJINIIIO (puc. 4). 36epiraemo HOBY TA-
BJINIO, i mignucyemo PEJIBE®. Hactynaum
KPOKOM € CTBODEHHSI KapTH TYyPHCTChKO-Kpae-
3HABUYOTO MAapIIPYyTy, a caMe: MaJIIOBAaHHS BCiX
CTPYKTYPHHX KOMIIOHEHTIB KapTH IIO IIIapax
(puc. 5-10).

Puc. 7. BiaAobpaxxeHHs AOPIr Ta piYoK

Bapto mam’sitaTH, 1110 pob0Ta 3 eJIeMeHTaMu
MIPOCTOPOBUX OO’EKTIB MOMINSIETHCA HA TOYKO-
Bi 00’ekTH, JiHIWHI 00’€KTH, KOHTYpHU (apea-
JIv, TIOJIITOHW), TOBEPXHI Ta mikcesmi. Takoxk,
pO3pOo0JIAI0YN HAaBYAIBHUN TYPUCTCHKO-Kpae-
3HABUMU MapHIPYT, BUKOPHUCTOBYIOTHCA IIPO-
CTOPOBI /JaHi 13 3acTOCyBaHHSAM BEKTOPHOI
Ta PacTpoBOi MoOjiesi Kpae3HaBUMX OO EKTIB.
Po6GoTta BUKOHYyeTbCA B PpI3HHX IIapax, IIic-
JIsl YOTO BOHHU HAKJIAAAIOTHCSA OAUH Ha iHIIHH,
3a JJOIIOMOT0I0 YOTO ¥ CTBOPIOIOTHCSA KaPTH.

it alsusia) ol Loty wimd el als) 20|

Puc. 8. BiAOBPOXKEHHS PIHOK, AOPIr, CAAIB,
napKiB

Tabamus 1
Onuc ob6’ekTiB

YMQHbY

Hasea 06’ekTa Aapeca Tun KopoTkui onuc
3AMOBIAHMK PO3TALLOBAHMI HA TepuTopii 80 ra
3anoBiAHMK «CTAPA ICTOPUYHOT YOCTUHM Y MAHI, AO HbOTO BXOAMTH
P BYA. A€HiHQ, 1 ApPXITEKTYPHMM 156 06’ €KTiB KyABTYPHOTrO HALLLOAKY. Onmncye

OCOBAMBOCTI reorpadiYHOro PO3TALLYBAHHS
KpQe3HABYMX 00’ €KTIB.

BYA. POAdHCBKQ,

MNMo®yaosaHuiy 1901 p. y CTUAI PAHHBOTO
MOAEPHY K MPUBYTKOBMIA OYAMHOK. BAQCHMKOM

[oTeAb «BpICTOAbY 10 ApPXITEKTYPHMM rotreAto 6yBs Mocun MOAFHCBKMM. 30 PAAFHCbKMX
4OCIB HAO | MOBEPCI 3HAXOAMBCH KIHOTEATP
«XPOHIKaN.
. . ByA. CaaOBQ, . -
MNapk imeHi 2é A Caaoso- MNapkK HoOCUTb IM'g ABIMI Tepos PaadHcbkoro Cotosy
[. A. YEPHIXOBCHKOrO NApPKOBMM IBAHO Y€ PHIXOBCHKOrO.
«CodoiiBkO» - NIAPK, HAYKOBO-AOCAIAHUI IHCTUTYT
. . HaLuioHaAbHOI akaaemiil Hayk YKpdiHW. Ha CbOroaHi
HauioHaAbHMM - . . _ s
L ByA. COAOBQ, LLe — MICLLE BIAMOYMHKY. LLLOPIMHO MOTO BiABIAYIOTb
AEHAPOAOTIHYHMIA CaaoBO- o
- 52 . ©Am3bko 500 Tmesay atoaen. MNaowa — 179,2 ra.
MApK (COogilBkan napkosmi «CodiiBKO» € MAM'ITKOIO AQALLIACOTHOTO TMM
HAH YkpaiHu Y

CBITOBOrO COAOBO-MAPKOBOTO MMCTELLTBA KiHLA
XVIII — nepLuoi ToOAOBKMHM XIX CTOAITb.
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Puc. 9. MprukAGA MapLUPYTY MO APXITEKTYPHMM
o6’'ekTam M. YMQaHI

melm@a] ] ] ] e el =

Loini=

T 3

Puc. 10. MNporkAGA MAPLUPYTY MO
APXITEKTYPHUM 0B’ EKTAM M. YMQAHI HQ OCHOBI
KapTH

BucuoBku. Orxe, ['IC — 1e KoM roTepHa
cHhCTEMa, IO J03BOJIAE 00’€qHATH 3MOEIHO-
BaHe 300pa’keHHs TEPUTOPIi (eJIeKTPOHHE Bizl0-
OpasKeHHs KapT, CXeM, KOCMO- i aep0300pakeHb
3eMHOI MTOBepxHi) 3 iH(opMaIiero TabJIUIHOTO
Tumy (pi3HOMAHITHI CTAaTHUCTHUYHI [aHi, CIIHC-
KU, €KOHOMIUHI ITOKa3HHKHU TOINO). Omucyro-
Yu po3po0seHUl MapuIpyT MU oOpajiu IeBHi
Kpa€3HaBuUl 00 '€KTH, SIKi MAlOTh BaKJIMBE Ha-
BUaJIbHE 3HAUEHHS Ta PO3IINPIOIOTH CBITOTJIA,
BIZIKPMBAIOTh MOKJIMBICTh Kpallle Mi3HATH iCTO-
piro i reorpadiro pigHOTO Kparto. ITig yac poboTu
Ha/i MapIIPyTOM i3 3aCTOCyBaHHSM IIPOTPaMH

Mapinfo cTyieHTH MaIOTh MOXKJIUBICTD BijoOpa-
3UTH UTIOCTPOBaHi, kaprorpadiuni Ta o6’eMmHi
00’€KTU TYPUCTCHKO-KPAE3HABYOTO HAIPAMKY.
Bukopucranusa reoiH@OpMAaIifHUX CUCTEM IIif
Yyac BUBYEHHSA HABUAIBHUX IIporpaM i Bifo-
OpakeHHs IX B IUIAaHYBaHHI TYPHUCTCHKO-KDA€-
3HABYMX MAapIIPYTiB, PO3IIUPIOE KPYTo3ip, Ja€
MOXJIMBICTD CTy/IEHTaM Kpallle Mi3HATH iCTOPito
1 reorpadiio piTHOTO Kpalo, BITUM3HU, IHIINX
JleprKaB.

Peuenszenm: kanoudam 2eo2padiuHux HayK,
douenum I. B. Kpasuosa
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HALIOHAABHMI YHIBEPCHUTET BOAHOTO TOCMNOACPCTBA TA MPUPOAOKOPUCTYBAHHS, M. PiBHE

3ACTOCYBAHHA METOAY BINOPAAKYBAHRHA OB’'E€KTIB
3rNAHO 3 HABOPOM O3HAK NPU NMPOBEAEHHI
EKOHOMIKO-MAAHYBAABHOTO 30OHYBAHHS TEPUTOPII
HACEAEHOIO NYHKTY

P03po6sieHO aIrOpUTM €KOHOMIKO-IUIAHYBJIBHOTO 30HYBAHHS 13 3aCTOCYBAHHAM METO/Y BIIODSIKYBaHHS 00 €KTIB
3ri/IHO 3 HAOOPOM O3HAK, SIKMH /I03BOJISIE ABTOMATU3YBaTH TaKUH mpoIiec. JIoCTiKeHO TOIIbHICTD 3aCTOCyBaHHS /1a-
HOTO aJITOPUTMY Ha IIPUKJIa/Ii TepuTopii cMT 3apiune PiBHEHCHKOI 06J1acTi.

KiriouoBi c;1oBa: HOpMaTHBHA IPOIIOBA OI[IHKA, EKOHOMIKO-IUIAHyBaJIbHE 30HYBAHHS, METO]] BIIOPS/IKYBAHHS 00 €K-
TiB 3TiIHO 3 HAGOPOM O3HAK.

PomaH LUyAbraH, AaekcaHAp AH4YK, KOAMs PomaHoBckas

NPUMEHEHUE METOAA BAATOYCTPONUCTBA OBBEKTOB B COOTBETCTBUU C HABOPOM NPU3HAKOB

NPU NPOBEAEHNN 3KOHOMUKO-NAAHUPOBOYHOIO 3OHUPOBAHUA TEPPUTOPUU HACEAEHHDbIX MYHKTOB
Pa3pa60TaH AJITOPUTM 3KOHOMUHKO-IIVIAHMPOBOYHOI'O 30HUPOBAHUA C IDUMEHEHUEM METO4a YIIOPAAOYEHUA 00BEeK-
TOB COIJIaCHO Ha6opa IIPpU3HAKOB, KOTOprfI II03BOJIAET aBTOMATU3UPOBATh 3TOT IIPOIECC. I/ICC)'Ie,Z[OBaHa eJy1ecoo-
Opa3HOCTH MPUMEHEHUS JJAHHOTO aJITOPUTMA Ha IIPUMeEpPE TeEPPUTOpUH II'T 3apeuyHoe PoBeHCKoOU 006J1aCTH.
KirouesBsble cjioBa: HOpMaTHUBHaA JECHEXHasA OII€HKAa, 9KOHOMUKO-IIVIAHUPOBOYHOE 30HUPOBaHUE, METO YIIOPAAO-
YyeHHsA 00HEKTOB COTJIACHO Ha6opa IIPU3HAKOB

Roman Shulgan, Oleksandr Yanchuk, Yulia Romanovska

APPLICATION OF ARRANGING OBJECTS METHOD IN ECONOMIC AND PLANNING ZONING OF RESIDENTIAL
AREA

The authors have developed an algorithm for automated economic-planning zoning based on the method of objects
ordering according to a set of characteristics. This approach gives the possibility to use the actual values of the
pricing factors. This allows you to automate the discovery process and combine similar value units. The proposed
algorithm is tested on the example of the village Zarichne, Rivne region. To check it, a selected number of pricing
factors are selected, which are typical for this object. The indicators scales to assess the influence of these factors have
been developed. Real values of distances, inverse distance values, quantitative indicators, groundwater levels, points
of growth class and others were taken as indicators.

The method of pairwise comparison determined the value of pricing factors. Furthermore, using the method
of objects sequencing in accordance with the set of features we calculated weight factors of evaluation areas. Based
on the existing method a transition to the indexes of the area value has been done.

Consolidation of the estimated districts into economic planning areas were performed using the GIS programs
MaplInfo on the calculated index values using the natural groups method.

To confirm the effectiveness of the algorithm application, economic-planning zoning is performed by the expert
method. When we compared the results obtained in the territory zoning according to the developed algorithm, it was
obvious that a greater number of economic-planning zones had been created as compared to an expert method that
needs a more detailed account of the pricing factors.

Keywords: normative monetary evaluation, economic planning zoning, a method of arranging objects in accordance
with a set of features.

Beryn. T'pomoBa orfiHka 3eMesib € €KO-
HOMIUHMM MEXaHi3MOM 3eMeJIbHUX BiJHOCHUH,
MpuBaTU3aIlii 3eMeJbHUX JIUITHOK, 3€eMeb-
HO-IIIOTEYHOTO KPEeAUTYBaHHsS, OMO/IaTKyBaHHS
Ta CTAHOBJIEHHsI PUHKY 3€MJIi, TOMYy aKTyaJlb-
HICTb il OCTAaHHIM YacoM 3pOCTaE, a chepu 3acTo-
CYBaHHS POBIIUPIOIOTHhCS. BaKJIMBO MaTH TOY-
Hi 3HaYeHHs HOPMATHBHOI T'POIIOBOI OIiHKH,

OCKIJIBKY HA 11 OCHOBI CIIPaBJISIETHCA 3€MeTbHUI
moZlaTok abo opeHHa IiaTa [1, 2].

FosIOBHUM B 3€MeJIbHO-OI[IHOYHIA CTPYK-
TypH3allii € BCTAaHOBJIEHHSI OHOPITHOCTI Te-
puUTOpil 3a PEHTOYTBOpIOIOUNMU (PaKTOpaMHU,
KOTpI BIUTUBAIOTh HA MMOTEHIIHHY MPUOYTKOBICTH
Ta iHIII COIiaIbHO-eKOHOMIYHI ITlepeBaru BiJi BU-
KOPUCTaHHS 3€MeJIb HACEeJIEHUX ITYHKTIB.
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[Tporeaypa €KOHOMIKO-IJIAHYBAJIBHOTO 30-
HyBaHH Ilepefi0avaE: 1) aHAII3 IPUPOJIHO-TIIJIA-
HyBaJIbHUX OCOOJIMBOCTEH TepHUTOpii HaceseHo-
rO MHKTY AK IIPOCTOPOBOI 06a3u; 2) BUIIEHHSA
3eMeJIbHO-OI[IHOYHUX OJIMHUIIb, 1110 XapaKTepU-
3YIOTbCA BITHOCHO OJIHOPITHUMHU CIOKHUBUUMU
BJIACTUBOCTAMH; 3) MO(AKTOPHY Ta IHTErpasib-
Hy OI[IHKY CTYIIE€HIO IIIHHOCTel TepuTOpii Hace-
JIEHOTO IIYHKTY B PO3pi3i 3eMeIbHO-OI[IHOUYHUX
ONUHUIB, 4) O00’€mHAHHS 3eMeJIbHO-OIIHOY-
HUX OJWHUIL B €KOHOMIKO-IIAHYBaJIbHI 30HU
3a CTyIIeHeM LIIHHOCTeH TepuTopii Ta ii pyHKIio-
HQIBHUM NIPU3HAYEHHSAM.

VY mporieci EKOHOMIYHOI Ta TPOIIOBOI OIIHKHU
3eMeJIb HaceJIeHUX IyHKTIB OCHOBHOIO BHU3Ha-
YaJIPHOI0 OJIMHUIIEI0 IX TEepUTOpii BHUCTYyIIAE
€KOHOMIKO-IIJIaHyBaJIbHA 30HA, K YaCTHHA Te-
puUTOpil HaceJIeHOTO IMYHKTY, 110 Ma€ O/THOPi/HI
CITO’KUBYI SIKOCTi, TT€pEBA’KHO OJTHOTUITHUH Xa-
paKTep BUKOPHUCTAHHSA 1 OOMEKYETHCA UITKUMU
IUIAaHYBAIPHUMU MeXXaMH (MaricTpasbHi ByJIU-
I1i, 3aJIi3HUIA, BOJHI pybexxi, KaTeropii 3eMeib
(yrimzs) Tomo) [1].

HeoOxinHiCTh  €KOHOMIKO-IIJIAHYBaJIBHOTO
30HYBaHHA a00 3eMeJIbHO-OLIHOYHOI CTPYK-
Typu3allil TepuTopil HaceJIeHUX IYHKTIB 00y-
MOBJIIOETHCS CKJIAQJHUM IOEJHAHHAM IIPUPO/I-
HUX 1 aHTPONOreHHUX JaHAMAQTIB, PI3HUIEIO
B (QYHKI[IOHAJbHO-IUIAHYBAIBHUX  AKOCTHX,
a BIIMOBIHO 1 pi3HUM piBHEM NPHUOYTKOBOCTI
BiJl BUKODHCTAaHHSA 3€MeJjib, IO IIPU3BOJUTH
710 HEOZTHOPIHOCTI MPOSBY PEHTOYTBOPIOIOUUX
dakTopis.

I'pomioBa o1iHKa 3eMeJib HaceJIeHUX IyHKTIB
BU3HAYAETHCS BIZMIOBIAHO /10 «MeToguKm rpo-
IIIOBOI OI[IHKH 3€MeJIb CLIBCHhKOTOCIIOIAPCHKOTO
IIpU3HAYEHHS Ta HACeJIEHUX IyHKTIB» [1, 4].

Buxigni nepexymoBu. Baromuii BHe-
COK Y HAYKOBY TE€OPil0 OI[IHKU 3eMeJb 3PO0OUIIH
ITaunteneiimonoB A.1. [3], Kimouko B.M. [3],
[Manok JI.I. [3], IIponbkoJI.M. [5], Cambop-
cpka 0.10. [5]. ¥V ix poboTax BHUCBITIIEHO Hay-
KOBO-TIPAKTUYHI acleKTU MPOBEJIEHHsS HOpMa-
THUBHOI TPOIIIOBOI OITIHKW 3eMeJIb HaceJIeHUX
IIyHKTiB. 3aIIPOIIOHOBAHO BiIIOBiIHI METO/10J10-
TIYHI MAX0AM, KpUTEPIii Ta MOKA3HUKH OIiHKH.
BusHaueHO CyTHICTb Ta HEOOXITHICTh 3/[iiCHEH-
HsI TPOIIIOBOI OITiIHKY 3€MeJIbHUX JIUITHOK.

OpHak, Ha JJaHUH Yac, P MPOBEJEHHI TPO-
IIIOBOI OITIHKU He B ITOBHIiH Mipi 3aCTOCOBYIOThCA
MOXKJIMBOCTI Cy4acHOTO IporpaMHoro 3abesrie-
YeHHs 110/10 aBTOMaTu3aIlii pobit. Hemae ogHo-
3HAYHOI BIANOBi/I 110/10 cI0COOIB BU3HAYEHHS
MTOKA3HUKIB [[IHOYTBOPIOIOUNX (HAKTOPIB.

Mera aOCTIA:KEHHS II0JIATAaE B PO3POOITi
AJITOPUTMY €KOHOMIKO-ILIAaHYBaJIbHOTO 30HYBaH-
Hf, AKUH JI03BOJIAE 32 3HAUEHHAMU MTOKA3HUKIB
aBTOMATH30BAaHO BUJUIATH OJHOPIJIHI 3€eMeJTb-
HO-OIIHOYHI OINHUIII Ha IU(POBiH KapTi Ta po3-
PaxoByBaTH BiJITOBI/IHI 30HAJIbHI KOEMIITIEHTH.

Buxsan ocHoBHOro wmarepiaxy. s
po3paxyHKy koedimieHTa KM2, KUl BpaxoBYyeE
30HAIBHI (DAKTOPU MICIEIIOIOKEHHS 3eMeIbHOI
JIIAHKY, TIPOIOHYETHCA 3aCTOCYBAaTH MaTeMa-
TUYHE MOJIEJIIOBAHHA 32 YMOB HEBU3HAYEHOCTI.
Tak sIK el MeTOJ JO3BOJISIE POOUTH BiTHOCHY
OIiHKYy O0’e€KTiB 32 HaOOpOM INEeBHUX (AKTOPIB,
AKI XapaKTePU3YIOThCSA BiTIOBIIHUMU MTOKA3HU-
KaMHu.

B Hamomy Bunazky Takumu hakTopaMHu €:

1. HeonHopiaHicTh  QYHKITIOHATBHO-IJIAHY-
BJIBHUX SIKOCTEH TEPUTOPIi, OCTYIHICTH (00ep-
HEeHa BiJICTaHb, 1/M) /I0: IIEHTPY CEJIMIIA; KOH-
[IEHTPOBAHUX MICITh ITPUKJIQJIAHHS TIPalli; MicIlb
BIZITTIOYMHKY; 710 TACAXKUPCHKOTO TPAHCIIOPTY;

2. PiBeHb 4MCTOTH HOBITPA Ta 3alIyMJIEHICTh
(3a 3-0a/IbHOIO IIIKAJIONO0, «3» DaIi O3HAYA€E Hali-
Kpalllui yMOBH, «1» — HAUTIpIi);

3. PiBeHb im>xeHepHOTO 320€e3neueHHs Ta OJ1a-
TOYCTPOIO TepuTopii (3a 2-0aJBPHOIO IMIKAJIOIH,
«2» — HAfABHICTh IH)KEHEPHUX KOMYHIKaIlil,
«1» — BiZICYyTHICTB);

4. ®akTOpHM MiATOIUIEHHSA I'DYHTOBUMU BOJIa-
MH Ta SIKOCTI I'PYHTIB (OITiHeHi BiZITOBiTHO TyTHOM-
HOIO B METPAaX Ta CepeIHhO3BAKEHUH Oast OOHiTe-
TY KO3KHOTO PalioHY);

5. PiBeHb po3BUTKY cdepu 0OCIyroByBaHHS
HaceJieHHs (3a 2-0aJIbHOIO IIIKAJIO0I0, «2»— HasAB-
HICTb, «1»— BiJICYTHICTB);

6. 3abe3neuenHsa MarazuHaMy (KUIbKICTD);

7. [IpecTr:KHICTh paliOHy /Il MPOXKUBAHHSA
(3a 3-6ayIBHOIO MIKAJIOK, «3» — HAMKPAIIUHA yMO-
BH, «1»— HaUTIpIIIi).

3a3Buyall eKOHOMIKO-IUIaHYBaJIbHE 30HYBaH-
HS IIPOBOJIUTHCA €KCIIEPTHUM METO/IOM, /i€ eKC-
MIEPTU BUCTABJIAIOTH 0ay JjIg KOKHOTO (pakKTo-
Py, aJie Taka OLiHKA € JI0BOJIi Cy0 €KTUBHOIO, TOMY
3aIIPOTIOHOBAHO HACTYIHUN aJTOPUTM €KOHOMi-
KO-IIJIAHYyBaJIbHOTO 30HYBaHHS Ha OCHOBI MeTO/ly
BIIOPAJIKYBAHHA O0’€KTIB 3TiIHO 3 HaOOpOM 03-
HaK, KU IMOKa3aHO Ha pHUC. 1.

JlaHuii MeToy| J03BOJISIE 3aCTOCYBATU 3HAUEH-
Hf TOKAa3HUKIB B PI3HUX CCTEMaxX BUMIDIOBAHHS.

[Tpu TakoMy miIX0/1i EKOHOMIKO-ILJITAHyBaJIbHE
30HYBaHHS BUKOHYETHCA 3 3aCTOCYBAaHHAM Ma-
TEMAaTUYHOTO MOJIEJIIOBAHHA 32 YMOB HEBHU3HA-
YyeHOCTi 32 (popMyJsIaMu METOZY BHOPSA/IKYBAHHSA
00’eXTiB 3Ti/THO 3 HAOOPOM O3HaK [6].
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PesynpTaTil mOMapHOTrO MOPIiBHAHHA 3HAYEHb
ITOKA3HUKIB MOKHA II0JIaTU y BUIVIA/I HACTYIIHOI

KBaJ[paTHOI MaTPHILi MOPAJKY n [6]:

J1 3HAXOM»KeHHA BEKTOpAa @ 3a MaTPUILIEIO
BiJIHOCHHX Bar A JIOCTaTHbO PO3B’S3aTH PiBHSIIH-

(A—nlw=0 (2)

A A ... A
e I— OAWHUYHA MaTPpULA; W — BEKTOD Bi,Z[HO-
4 (O O] O] CHUX Bar (aKTOPIB, AKI PO3IJIAAAIOTHC.
1 I - . —
(O Q) (OB
(O} - -
AZ E— E— . E— (1) I[e )‘max — MaKCHMaJIbHE BJIaCHE YU CJIO MaTpH-
a)n 602 a)n 1.
BeKTOp Bi,I[HOCHI/IX Bar CKJIaZa€TbCA TaK H.IO6
. e e oo e BHUKOHYBaJIaCb BUMOra:
A a)n a)n C()n n
n . . —
® o @, Y o=l @)
i=l
| HOPMETWBHO-TEX HiYHa METOZ, NONEPHOM AT ] 7 PR METOA, NPHPOHIX
XapaKTepHETHKa AOKYMEHTALIR NOPIBHAHHA anapat MeToay | anapat niMiAHo! | HopMaTMBHO- rpyn (Mapinfo)
i ol ' agfnnmnya_aﬂm amrebpu rpowwoaok oK
O EXTIB 3rHO 3
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MorpeGa
Jomeaam i AD
e
Pl A o Bubpamu daxropn
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A
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noKa3HuKIB
Moty i
OUHOMHIX
pafokis
A
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AB
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Puc. 1. AAropTm eKOHOMIKO-NMAQHYBAABHOIO 30HYBAHHS HO OCHOBI METOAY BIOPSAKYBAHHS 06’ EKTIB

3rAHO 3 HOGOPOM O3HAK
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Jna amnpobarii po3pobJsIeHOro aJIrOPUTMY
BUKOHAHO 30HYBaHHA TEPUTOpil cMT 3apiuHe
PiBHeHCBHKOI Obsacti. 3riIHO 3 HaBeJEHUM Iie-
peJtikoM (pakTopiB 3a HM(PPOBOIO KAPTOIO BU3HA-
YeHO 3Ha4YeHHA I[IHOYTBOPIOIOUHMX ITOKA3HUKIB
y KOKHOMY 3 31-TO OLIIHOYHOTO PaliOHY.

Y pocitiiKeHH] Bifam BUMIiPIOBAIUCH JBO-
Ma crocobaMH: o IPAMIH JIiHil MiXK JBOMA TOY-
kaMu 0e3 BpaxXyBaHH: IEPEIIKO/] Ta 32 HalKO-
POTIIMM MapIIPYyTOM NpoKJIasieHuM B Google
Earth no icHyrouux noporax i B pisHUX BUIIQJIKaxX
1le IPUBOJUTH /10 PI3HUX Pe3yJIbTaTIB.

3a HabOpOM BUMIpAHUX 3HAYEHb OTPUMAHO
Baru pauoHis. /1A 0O6UMCIEHHS KOMILJIEKCHOTO
1HJIEeKCY IIHHOCTI 3aCTOCOBAHO (OPMYJIY:

L=w/w, 5)

ne I, — KOMIUIEKCHMI IHJEKC IIIHHOCTI OIii-
HOYHOTO paiOHy; W — Bara OI[IHOYHOTO PaloHY;
W, — Cepe/HE 3HAYEHHs Bar IO HACEJIEHOMY
MyHKTY.

ExoHOMIKO-TIJTaHYBaJIbHE 30HYBAaHHS  BU-
KOHAHO JIBOMa CIIOCO0AaMU: €KCIIEPTHUM METO-

JIOM Ta Ha OCHOBI 3aIIPOIIOHOBAHOTO AJITOPUTMY
(pu pi3HUX BapiaHTax BUMipIOBaHHA Bijijiaein).
VY pesysbrati OTpUMaJIN TPU BapiaHTH iH/IEKCIB
mi"HocTi (Tabut. 1). Ak 6aynMo aiana3oH 3HaAYEHD
IH/IEKCIB I[IHHOCTI 3HAYHO poO3IUpuBcsA. Take
PO3IINPEHHS 3yMOBJIEHO OLIBII JIeTaJIBHUM Bpa-
XyBaHHSAM 0COOJIMBOCTEH TEPUTOPIi, Ta GOPMOIO
teputopil. Ha Hamry [yMKy 11e mOsICHIOETbCS BU-
TATHYTOI0O (DOPMOIO TEpUTOpii, a/iKe BUMIpAHi
Biziytasti GisIbIII TOYHO XapaKTEPU3YIOTh I[IHHICTD
OI[IHOYHUX OJUHUIIL, HI?K OaJiu, 10 3aCTOCOBY-
IOTbCA B €KCIIEPTHOMY METOZ].

PosriiiHeMO pe3ysbTaT €KOHOMIiKO-IIJIaHY-
BAJIbHOTO 30HYBAaHHS 32 TPAAUIIITHUM METOZIOM,
SIKUM BUKOHYETBHCS OLIBIIICTh TEXHIYHUX 3BITIB
Ta HOpMaTHBHA I'POIIOBA OLiHKA (puc. 2, a). IIpu
o0’elHAHHI OI[IHOYHUX PAalOHIB y 30HU Bpaxo-
ByBajlach [il TPhOX (AKTOPiB: 1) CYMIXKHICTH
palioHiB; 2) mepeBa)kHO OJHOpPiAHEe GYHKINO-
HaJIbHE BUKODHCTAHHSA; 3) OJIM3bKICTh 3HAUEHDb
KOMILIEKCHOTO iHZIEKCY ITIHHOCTI TepuTopii (Be-
JIMYUHU 1HEKCIB OKPEMUX OIIHOYHUX PAHOHIB
He IMOBUHHI 3HAYHO BiIPIBHATUCH MiK CO0010).

Tabamus 1
KomnaekcHi iHAeKcH LiHHOCTi OLLIHOYHUX PAMOHIB
Ha ocHoBi meTOoAY Ha ocHoBi meToAYy
EKCepTHUM BMOPSAAKYBAHHS 06'ekTiB BMOPAAKYBAHHS 06'ekTiB
Ne METOAOM 3riAHO 3 |-|060p9M O3HAK 3riAHO 3 |;|q6op0M O3HaK
3 BUMIPSHUMMU BIAACGAIMHU 30 HAUKOPOTLUMMHU
6e3 BpaXyBAHHS NEpPELLKOA MapLIPYTAMH

1 0.83 0.75 0.7
2 0.85 0.89 0.85
3 0.86 0.87 0.84
4 0.86 0.84 0.79
5 0.89 0.85 0.8
6 0.9 0.84 0.8
7 0.92 0.86 0.84
8 0.95 0.83 0.82
9 0.98 0.95 0.94
10 0.97 0.98 0.98
11 0.98 0.92 0.93
12 1.1 1.03 1.04
13 1.1 1.21 1.25
14 1.14 1.36 1.42
31 0.95 0.81 0.82

Cyma 30.61 30.22 30.11
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Kapra ekoHOMiKO-IUTaHYBaJIbHUX 30H HA OC-
HOBI MeTO/y BIOPSAAKYBaHHSA OO €KTIB B3TiJTHO
3 HAOOPOM O03HAK YTBOPEHA IIUIIXOM 00 €/THAaHHS
OI[IHOYHUX ParOHIB 32 PO3paxXOBaHUMHU iH/IEKCa-
MU I[iHHOCTi METO/IOM IPHUPOJHUX I'PYI B MPO-
rpami MapInfo.

[Tpu BuMiproBaHHi BificTaHel 6e3 BpaxyBaH-
Hs nepenikoy (puc. 2, 6) Ta M0 HAUKOPOTIIIOMY

Puc. 2. Kaptu-cxemm eKOHOMIKO-
MAQHYBAABHOIO 30HYBAHHS

MapupyTy (puc. 2, B) 306LIbIINIACH KUIBKICTH
€KOHOMIKO-IIJIAHYBaJIbHUX 30H MOPIBHAHO 3 €KC-
MIEPTHUM METOJIOM.

BucHoBKM. BOCKOHAJIEHO ajTOpPUTM €KO-
HOMIKO-IIJIAHYBaJIbBHOTO 30HYBAaHHSA i3 3aCTOCY-
BaHHSM METO/Iy BIOPSAKYBaHHs 00 €KTIB 3Ti/THO
3 Ha0OpoM O3HaK. BUKOHAHO TpU BapiaHTH €KO-
HOMIKO-IIJIAHyBaJIbHOTO 30HYBaHHSA, Pe3yJIbTaTH
SIKAX CBiIYaTh PO JOIJIBHICTH 3aCTOCYBaHHS
naHoro meroxay. I[Ipu BUKOpHUCTaHHI 3amporo-
HOBAHOTO MiX0Ay 301IbIINIaCh KUIBKICTh €KO-
HOMIKO-IJITaHyBUIBHUX 30H (0 10 Ta 12), IO
Zla€ 3MOTry OLIBII JIeTaTbHO BPaxXyBaTU 30HAJIbHI
axTopu i 36ibIITYE PO3XOKEHHS B OIIHIT Pi3-
HUX 3€MeJib, TOOTO POOUTH OILIIHKY OUIBIN 06 €K-
THUBHOK. Kpim TOTO, JTAaHWH aJITOPUTM JTI03BOJISIE,
IIpU HAABHOCTI BiZIIOBiTHOTO KapTorpadiuyHoro
3abe3neyeHHs, aBTOMAaTU3yBaTU JJaHUU eTan
TPOIIOBOI OITIHKH. B momasbmimx AOCITiIzKeH-
HAX IUIAHYETHCA NEPEBIPUTH JAHUM aJITOPUTM
Ha HaceJIEHUX IYHKTaX Pi3HOoi (popmH, 110 JacTh
MOKJIUBICTh BPaXOBYBAaTH TaKi 0COOJIMBOCTI IpU
MPOBE/IEHHI TPOIIIOBOI OIIHKU 3€MEJTh.

Peyensenm: xaHoudam mexHiMHUX HAYK,
doyenm C.M. Ocmanuyx

45




MPOBAEMW BE3MEPEPBHOI TEOTPAPIMHOI OCBITU | KAPTOTPADII

Jlireparypa:

1. IpamikoBcrkuii O. I. Oninka 3emensHux autsHok / O. 1. IpanikoBebkui, . b. Ianosa. — K.: «IIPIHT-EK-
CIIPEC», 2004. — 296 c.

2. 3emenbHUN KoieKe YKpainu [Esnexktporuuii pecype] — Peskum gocrymy: http://zakong.rada.gov.ua/laws/
show/2768.

3. [TanTesneiimonoB A. 1. Hanpsimu BIOCKOHAIEHHST HOPMATHBHOI IPOIIIOBOI OI[IHKHY 3eMeJIh HACEIEHUX IIYHKTIB
(ma mpuwstazi Yepkacbkoi obsacti) : HayuHoe usganue / A. 1. [Tanreneiimonos, B. M. Kinouko, JI. 1. ITanok //
3emJteycTpiti i KajiacTp : HAyKOBO - BUPOOHUYNH KypHAJIL. - 2011. — Bu. 1.

4. ITpo MeToauKy HOPMaTUBHOI TPOIIIOBOI OI[iIHKHU 3eMeJIh CLIbCHKOTOCIIOIAPCHKOTO MTPHU3HAYEHHS Ta Hace-
JeHux myHKTiB: ITocranoBa KMY Big 23 GepesHst 1995 p. Ne 213 — [Enextpounuii pecype] / 3a pen. A. C. Jlauu-
snenka, I0. [I. Binuka, O. O. [Torpi6uoro, B. B. Kysiniua. — Pesxxum goctymy: http://zakon.rada.gov.ua/cgi-bin/
laws/main.cgi?nreg=213-95-%EF.

5. ITponwko JI. M. MeTo/inka BU3HAUYeHHsST 6a30BO1 BAPTOCTI 3eMeJIb HACEIEHOTO MyHKTY [ EJIeKTpOHHUM pe-
cypce] / JI. M. IIponsko, O. FO. Cambopcbka // HaykoBuii BicHUK XepCOHCHKOTO JIEP:KAaBHOTO YHIBEPCUTETY.
Cep. : ExoHomiuni Hayku. - 2014. - Bum. 5(2). — C. 257-260. — Pexxum gocrymy: http://nbuv.gov.ua/UJRN/
Nvkhdu_en_2014_5(2)__ 69.

6. CasaBko M. C. MaTeMaTHuHe MO/IeJTIOBaHHs 3a yMOB HeBuszHaueHocTi / M. C. CaBasko, O. M. Pubinpka. —
JI.: YKp. TexHoJIOTIi, 2000. — 319 C.

References:

1. Drapikovs ‘kyj, O. L., Ivanova, I. B. (2004). Ocinka zemel ‘'ny'x dilyanok [Estimation of land]. Ky “yiv:
«PRINT-EKSPRES», 296.

2. Zemel 'ny'j kodeks Ukrayiny' [Land Code of Ukraine]. Available at: http://zakong.rada.gov.ua/laws/
show/2768.

3. Pantelejmonov, A. 1., Kilochko, V. M., Panok, L. I. (2011). Napryamy" vdoskonalennya normaty vnoyi
groshovoyi ocinky" zemel' naseleny'x punktiv (na pry kladi Cherkas koyi oblasti) [Areas of improvement of
normative monetary value of land settlements (for example Cherkasy region)]. Land Management and Cadastre:
scientific and production journal, 1.

4. Danylenko, A. S., Bily'k, Yu. D., Pogribnyj, O. O., Kulinich, V. V. ed. Pro Metody "ku normaty ' vnoyi
groshovoyi ocinky " zemel" sil s "kogospodars "kogo pry ‘znachennya ta naseleny 'x punktiv: Postanova KMU vid
23 bereznya 1995r. # 213 [About the Methodology regulatory monetary value of agricultural land and settlements:
Resolution of the Cabinet of Ministers, March 23, 1995. Number 213]. Available at: http://zakon.rada.gov.ua/
cgi-bin/laws/main.cgi?nreg=213-95-%EF.

5. Pron‘ko, L. M., Sambors'ka, O. Yu. (2014). Metody 'ka vy znachennya bazovoyi vartosti zemel"
naselenogo punktu [The method for setting the reference value of land settlement]. Scientific herald of Kherson
State University. Series: Economic sciences, 5(2), 257-260. Available at: http://nbuv.gov.ua/UJRN/Nvkhdu_
en_2014_5(2)__ 69.

6. Syavavko, M. S., Ry ‘biczka, O. M. (2000). Matematy 'chne modelyuvannya za umov nevyznachenosti.
[Mathematical modeling in conditions of uncertainty]. L viv, Ukraine: Ukr. texnologiyi, 319.

46




30ipHMK HOYKOBMX MpALLb. — Xapkis, 2016 . — Bunyck 23

YAK 528.942:551.577.21

Alexander Mkrtchian, PhD, docent
e-mail: alemkrt@gmail.com

Ivan Franko National University of Lviv

PROCCESSING AND GEOSTATISTICAL INTERPOLATION
OF DATA ON ANNUAL PRECIPITATION
FOR THE METEOSTATIONS OF WESTERN UKRAINE

There is a significant demand for accurate and reliable spatially distributed precipitation data. Modeling and mapping
of precipitation fields are best achieved by geostatistical interpolation procedures that also consider explanatory var-
iables like the terrain morphometric parameters that influence the precipitation distribution. The purpose of this re-
search was to create an accurate regional precipitation map by interpolating data on average annual precipitation
sums gained through summarizing records of 50 meteorological stations located in Western Ukraine. Daily data have
been downloaded from open GHCN database, then preprocessed and summarized in R to obtain average annual pre-
cipitation sums for each station. Auxiliary data on terrain morphometric parameters have been gathered by preproc-
essing of SRTM Version 4.1 DEM. Data were then interpolated in gstat R package using two methods: the ordinary
kriging and the multiple regression model that uses a set of terrain morphometric parameter as explanatory varia-
bles. Both methods produced an estimated precipitation map accompanied by a map of estimation error quantified
with RMSE. The estimation by leave-one-out cross validation revealed that the multiple regression method produced
much better accuracy, accounting for more than 90% of initial variance, compared with 63% for an ordinary kriging
method. Combining and synthesizing both of these interpolation methods is possible with regression-kriging (being
considered the best linear unbiased prediction model for spatial data). However, in this case it is not justified, as one
of the methods performed considerably better than the other.

Keywords: climate modeling, precipitation, geostatistics, multiple regression, R.

OaekcaHAp MKpPTHSIH

OBPOBKA TA TEOCTATUCTUYHA IHTEPMOASLLIS AAHUX LWLOAO KIABKOCTI ONAAIB METEOCTAHLLIV
3AXOAY YKPAIHH

MeToto 10CITi/IPKeHHS Oys1a iHTEPIIOJIALSA JaHUX OO CEPEAHBOPIUYHIX CYM OIaJ[iB, 00paXOBaHUX IIUISIXOM 00pOoOKU
JIaHUX 50 METEOPOJIOTIYHUX CTaHIIH B 3aXifHil yacTtuHi Ykpainu. [lloxenHi nani 6ysim orpuMai 3 Bigkpuroi 6a3u
narux GHCN. [Inaxom ixHbOI 00poOKHU Ta cyMyBaHHs OyJid BUBEZIEH] CEpeHBOPIUHI CyMH OIa/IiB /IS KOXKHOI Me-
teocraHiii. Omicsis i cymu OyJii IpOiHTepIIOIbOBaHi B makeTi R gstat 3 BUKOPHUCTaHHAM JIBOX METO/[iB: 3BUYAHOTO
KPIr'iHI'y Ta MO/iesi MHOXKUHHOI perpecii, y AKiil B IKOCTI MOSICHIOBAJIBHUX 3MiHHUX BUKOPHCTAHO MOP(OMETPUYHI
napaMmerpu pesibedy. OIiHKa METOZOM IIEPEXPECHOI MTEPEBIPKHU BUSABHIIA, 1110 IPYTUUA METOJ, IPUHIC CYTTEBO OLIBII
TOYHUU Pe3yJIbTAT, IKUHU OMKCYE IOHA 90% BapiabeIbHOCTI BUXIZTHUX JaHUX.

KirouoBi cj1oBa: Mo/iesII0BaHH:A KJIIMaTy, OIIa/id, Fe0CTaTUCTHKA, MHOJKUHHA perpecis, R.

AaekcaHAp MKpTUsH

OBPABOTKA U TEOCTATUCTUMECKAS UHTEPNOAALUA AAHHbIX O KOAUMECTBE OCAAKOB METEOCTAHLLUM
3ANAAA YKPAUHbI

HeJ'II)IO ucciaeg0BanuA ObLIa UHTEPIIOIANUA JAaHHBIX O CPpEAHETOJOBBIX CyMMaX OCAaAKOB, PACCUUTAHHBIX IIyTE€M
06pabOTKH JAaHHBIX 50 METEOPOJIOTUYECKUX CTAaHIMUA B 3alaJHONM dYacTh YKpauHbl. EiKeHEBHbIE aHHbBIE
ObUTH TIOJTyueHBbl U3 OTKpBITOH 6asbl AaHHbIX GHCN. IlyreM ux 0OpabOTKHM U CyMMHPOBAHUS ObUIM BBIBEIEHBI
CpeaHerogoBble CyMMbI OCAIKOB IJIA Ka)K].'[Oﬁ METEeOCTaHIIH. At CYMMBI 3aTE€EM OBLIN IIPOUHTEPIIOJINPOBAHDBI B IIAKETE
R gstat ¢ ucnop30BaHKEM JIBYX METOMOB: OOBIYHOTO KPUTHHTA U MOJIETH MHOKECTBEHHOH PErpeccru, B KOTOPOH B
KauyecTBe 00bACHUTEIBHBIX II€PEMEHHBIX NCII0JIb30OBAHBI MOp(l)OMeTpI/I‘-IECI{I/Ie ImapamMmeTphbl peﬂbeqoa. OHEHKa MEeTOoJ0M
HepereCTHOfI IIPOBEPKU BbIABUWJIA, YTO BTOpOfI METO/[ NpUHEC CyIIEeCTBEHHO 0oJs1ee TOYHBIN pe3yJibTar, KOTOprfI
omuchIBaeT 60siee 90% BapuabeTbHOCTHA UCXOAHBIX TAHHBIX.

KinoueBble cj10Ba: MOJIe/INPOBAHUE KIMMATA, OCa/IKH, TeOCTaTUCTUKA, MHOXKeCTBeHHas perpeccus, R.

Introduction. Precipitation amount is one of
the most practically meaningful climatic elements
that directly influences on the water resources
and hydrologic processes, the conditions for agri-
culture and a number of other activities. There is
a significant demand for accurate and reliable
spatially distributed precipitation data. While
precipitation maps are a customary component of
thematic atlases, the scales of such maps are usu-
ally rather small (e.g. 1:8000000 for the maps in

the National atlas of Ukraine [11]), and the meth-
ods of their creation are often vague and not for-
mally defined, thus the accuracy and reliability
of their information is unknown.

Modern tools for geospatial and statistical
data analyses coupled with the availability of dig-
ital data sources make it possible to develop
and apply formal and objective methods of map-
ping the climatic characteristics. As the primary
source of climatic data the measurement data

47




MPOBAEMW BE3MEPEPBHOI TEOTPAPIMHOI OCBITU | KAPTOTPADII

are collected on weather stations, the primary
formal task connected with the creation of cli-
matic maps is the one of the spatial interpolation
of point data. Modeling of spatial fields through
data interpolation is a common task of geosta-
tistics. Simple geostatistical interpolation proce-
dures like ordinary kriging based on the analysis
of the spatial autocorrelation structure of the var-
iable can be refined by considering the rela-
tionships of the variable of interest with other
exhaustively-sampled explanatory variables
available in the area of interest. In the case of cli-
matic characteristics, these variables may corre-
spond to the terrain morphometric parameters
that influence the climate through their impact
on energy balance and air masses movements.

The analysis of recent research. It is only
quite recently that the geostatistical methods be-
came commonly applied for the interpolation of cli-
matic and specifically precipitation data. Phillips et
al., performing interpolation of precipitation val-
ues in mountainous terrain in western Oregon, has
found out that methods which take into account
precipitation-elevation relationships, like detrend-
ed kriging and cokriging, provide better accuracy
and precision compared with ordinary kriging [7].
In another study the mapping of the average pre-
cipitation from rainfall observations in a region of
southern Italy has been performed using several
methods, revealing that linear regression and or-
dinary cokriging has produced better results com-
pared to the inverse distance interpolation while
the best results (indicated by cross-validation)
were produced by the multivariate geostatistical
methods utilizing elevation data as an auxiliary ex-
planatory variable [1]. In the study concerned with
the mapping of monthly precipitation in Great
Britain from sparse point data it was shown that
kriging with an external drift (informed by eleva-
tion data) provided more accurate estimates than
either ordinary kriging or deterministic moving
window regression [6].

P. Goovaerts, comparing the performance of
different interpolation techniques for the inter-
polation of monthly and annual precipitation
data for 36 stations located in Southern Portugal,
revealed that general linear regression of rain-
fall versus elevation gave much better predictions
than methods which ignore elevation information
(like inverse square distance method and ordinary
kriging). However, the best results were obtained
with methods that took into account elevation
data while performing geostatistical interpolation
[2]. The description of the general principles and

theoretical foundations of geostatistical mapping,
and the software tools for its realization together
with some practical examples can be found in [3].

As of regional efforts to create spatially dis-
tributed climatic datasets, CARPATCLIM pro-
ject should be mentioned that has been carried
out by a consortium of institutions from nine
countries with Hungarian Meteorological Ser-
vice as the leading organization. Precipitation
sums were among a set of examined variables
that after quality-checking and homogenization
were interpolated into 10-km resolution grids.
The interpolation was implemented by MISH
software that applies AURELHY method devel-
oped in 1980-th at the French Meteorological
Service [8].

The purpose of this research is to create
an accurate map of annual precipitation distri-
bution with a well-documented and reproducible
methodology using open data sources and soft-
ware.

The main exposition. The area of interest
encompasses the western part of Ukraine with
the total area of ~156 thousand sq. km. Fifty me-
teorological stations where precipitation is regu-
larly measured on standardized gauges are locat-
ed inside the bounds of the study area. The data
source used in the study consists of daily precipi-
tation data from the Global Historical Climatology
Network (GHCN) database [5], downloaded from
the website of the European Climate Assessment
& Dataset project http://www.ecad.eu/. The pre-
processing of data involved several steps aimed
at making data comparable and homogeneous
and at summarizing data for further analyses.
The downloaded data consisted of separate data-
files for every 50 meteorological station. R code
has been written to remove headers and redun-
dant columns, to merge separate data files into
one data frame with columns that correspond
to separate stations, to recode “nodata” values
to “NA” R standard, and to split the DATE col-
umn into separate “year”, “month” and “day”
parts.

The obtained data frame contained 33512 dai-
ly precipitation observations spanning from
1924 to 2011. No station, however, possessed
the uninterrupted observation sequence for this
time span, and periods of present and missing
data values for different stations didn’t match.
To solve the task, the decision was made to in-
clude into analysis only those observation dates
for which the data was available for all 50 loca-
tions. Additionally, the time span was restricted
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to 1960-1990, when global climatic conditions
were changing relatively slowly.

Thus, the total of 3432 daily observations have
been selected. Monthly sums and averages were
calculated taking care of different numbers of
selected observations in different months. The
locations of weather stations were mapped onto
the shapefile that was imported into R spatial
data frame using rgdal package, with the calcu-
lated annual precipitation sums merged into it by
the common name column.

To prepare the data on terrain morphometric
parameters, the 4 SRTM Version 4.1 DEM [4] tiles
were downloaded (tiles 41_02, 41_03, 42_02,
42_03) and then merged into one raster. It has
been then reprojected into UTM 35N coordinate
system and resampled to 720 m resolution (this is
justified by the low density of stations separated by
tens of kilometers). A set of terrain morphometric
parameters has been derived from DEM using fo-
cal (neighborhood) operators. These regard a ter-
rain roughness factor, calculated as a variance of
elevation values inside a circular moving window
and aspect factor, calculated as differences in
mean elevation values inside two opposite cir-
cular sectors. Is was hypothesized that increased
terrain roughness could positively correlate with
precipitation due to increased air flow turbulence
that promotes vapor condensation, while the as-
pect influences precipitation values through well-
known rain shadow and orographic precipitation
effects. Each of these factors can be calculated on
moving windows of different sizes, thus capturing
the effects of different-scaled processes, and for
the aspect factor different values of angles defin-
ing opposite circular sectors and corresponding
cardinal points can be specified.

In our previous studies, different factors and
scales combinations were tested for the strengths
of their relationships with the precipitation sums
for two separate years (1961, 1970) [9,10]. The
terrain roughness factor was thus selected with
7.2 km moving window, while three different ver-
sions of aspect factor appeared to be independent-
ly significant, namely for the 36 km moving win-
dow (the aspect factors NW/SE and W/E), and
for the 50.4 km moving window (the aspect fac-
tor NW/SE). The DEM data preprocessing and
the derivation of morphometric parameters have
been accomplished using appropriate SAGA GIS
modules and gdal tools under QGIS.

The first part of the analysis aimed at the in-
terpolation of data using ordinary kriging, that ig-
nores the terrain morphometric parameters

and interpolates data exploiting only the spatial
distribution of precipitation values at data points.
The R gstat package has been used for the task.
To produce a sample (experimental) semivario-
gram, variogram () function was used. The vgm
() function was used to specify a theoretical vario-
gram, which requires specifying the values of var-
iogram parameters and the selection of model
type. Then fit.variogram () function was used to
adjust the specified variogram parameters to bet-
ter fit the data. Lastly, the theoretical variogram
was used as a parameter to krige () function that
carries out the interpolation, producing a spatial
data frame that can be converted to raster object
of either predicted values or prediction variance
(rasterize function of raster package) and then
to customary raster format like GeoTIFF. Krige.cv
() function was used to perform cross-validation
for kriging.

In our case, a well-pronounced empirical vario-
gram has been produced, with nugget 30000 mm?,
partial sill 66000 mm?, and range 468 km. The
available theoretical variogram models have been
tested by cross-validation, revealing that the best
accuracy has been obtained by exponential model,
following by spherical and Gaussian. The interpo-
lated map visually lacks spatial detail and produc-
es doubtful results for areas remote from nearest
data points.

Another interpolation method applied was
a multiple regression of precipitation values on
terrain attributes mentioned above (fig. 1). To im-
plement it, krige () function has been applied with
the appropriate input formula and parameter
model=NONE. The produced model shows pret-
ty good fit (adjusted R-squared 0.9313, F-statistic
133.9 on 5 and 44 DF, p-value of model < 2.2e-16).
Each of the terrain parameters used as predictors
appeared to be statistically significant with p <
0.01. It appears that the terrain parameter hav-
ing the strongest impact on precipitation is not
the elevation (t = 4.8) but the terrain roughness
(t = 8.3) which is in compliance with our former
findings [9,10].

The precipitation map produced by regression
model is characterized by much better spatial de-
tail. Yet the best test of relative accuracy of two
methods is given by cross-validation (Tab. 1).
It appears that 36,2% of initial variance of values
has been retained after the interpolation by ordi-
nary kriging, while the regression model retains
only 9.65 of initial data variability.

The validity of regression model has been as-
sessed by examining the distribution of residu-
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al values, e.g. their normality being confirmed
by Shapiro-Wilk test (shapiro.test () R function).
Its obtained values (W = 0.986, p-value = 0.8125)
suggest that the distribution of residual values is
undistinguishable from normal. The model could
be further refined by combining and synthesiz-
ing the two interpolation approaches into regres-
sion-kriging model that is considered the best lin-
ear unbiased prediction model for spatial data [3].

Table 1.

The initial and residual variance

of precipitation values after application
of two interpolation methods, estimated
by leave-one-out cross validation
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The gstat R package provides also for this most
general interpolation technique. Yet in our case
regression model residuals are not spatially cor-
related.

Conclusions and further prospects.
The research demonstrates the opportunities that
modern geostatistical methods provide for objec-
tive and reproducible analysis and spatial inter-
polation of point data of weather station records.
Nowadays decent results can be obtained using
open access data and software. The interpolation
of precipitation values for 50 stations located in
the western part of Ukraine showed that multi-
ple regression of precipitation values on terrain
morphometric attributes produced much better
results compared with ordinary kriging. Further,
the residuals of regression model showed no
spatial autocorrelation, rendering unjustified in
this case a more sophisticated regression-kriging
method.
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Fig. 1. Precipitation map produced by regression model
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The spatial detail and accuracy of the inter-
polated result can be significantly increased
by including the records of rain gauges, yet
the problem arises of the their correct and pre-
cise georeferencing. Another commonly ac-
knowledged problem is the undersampling of
high elevation and complex terrain locations,
making them underrepresented in factor space
[7,8].

The resulting map of annual precipitation is
reproducible due to the formal and transparent
method of its creation. It is also accompanied
by the map showing the spatial distribution
of its estimated accuracy (Fig. 2).

The accuracy of interpolated results were
compared with those of CARPATCLIM by

calculating the REP parameter (see [8]) for
a common subset of stations (those locat-
ed in Ukrainian Carpathians) by leave-one-out
cross-validation. The obtained value of 0.69 is
slightly better than 0.66 of CARPACLIM pre-
cipitation prediction grid. While our modeling
result cannot match the latter with its daily
temporal detail and scores of predicted climat-
ic variables, it has finer resolution (1 vs. 10 km)
and no less accuracy, even while ignoring data
records of rain gauges.

Reviewer: PhD in Geography, Associate
Professor I.S. Kruglov
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THREE-DIMENSIONAL MODELING
OF THE TERRITORY AND WATER AREA
OF NATIONAL NATURE PARK «NYZHNOSULSKYI» USING GIS

The article presents the experience in developing digital elevation models (DEMs) of Sulska Cove’s territory and
water area near the national park «Nyzhnosulskyy». General digital models were created using existing topographic
and bathymetric maps. The processing and data visualization were performed with GIS technologies applications.
DEMs present as the basis for a comprehensive study of the national park’s landscape diversity as well as means of
fundamental ways of its functioning and activity optimization.

The required usage of 3D-modeling representation of NNP «Nyzhnosulskyy» is explained by its better visualization
and interpretation of the data. In general, it allows information exchange about the changes of the environmental
objects under research. At the same time, it decreases a list of applied tasks which were not possible to be solved using
two dimensional data. The tasks which can be solved with the help of digital elevation modeling are very different,
especially the following:

- inclination and slope exposure calculation;

- analysis of the runoff area;

- the network of thalwegs and watersheds network generalization, generation of the form a carcass relief system,
special points and lines of the relief, local minima (depression) and local maxima;

- ortho-correction of the images;

- measuring the areas and volumes, received from the surface profiles;

- viewing the data in three dimensions, virtual flights creation and light-and-shadow models;

- precise definition of the space and geographical coordinates of the objects;

- combining thematic layers of the digital map, especially air- and space shots using 3D objects;

- performing the realistic representation of the territory and virtual mobility as to the model;

-the analysis of the visibility zones;

- conducting the extrapolation of the longitude points

DEMs of the surface and the based map are integrated into one map, using the com mon scale for depths and altitudes
which gives a better image of the territory (and water area) of the NNP. The creation of this model permits to define
the flooded area and to predict the changes in landscape structure of the territory. The relative DEM from Sula Cove’s
water area bottom was created based on that data. Using the cartographical composition, the separation of the water
landscapes of different types with the complex analysis of the bottom and special biota distribution will be provided.
Keywords: digital elevation models (DEM), national nature park, landscape diversity.

AHacTacis CnAoAUTEeAb

TPUBUMIPHE MOAEAIOBAHHS TEPUTOPII TA AKBATOPII HALLIOHAABHOTO NPUPOAHOTO MAPKY
«HUXXHbOCYAbCbKUIn 3 BUKOPUCTAHHSAM MC

V¥ crarTi BUKJIaJIeHO 0CBi po3pobku nudpoBux mojesneii penbedy (IIMP) TepuTopii Ta akBatopii Cys1bChbKOi 3aTOKH
y palioHi HAI[IOHAJILHOTO PUPOJIHOTO MapKy « HmKHBbOCYIbChbKUN». OTUIsiIoBi U POBI MO/IEJIi CTBOPEHO i3 BUKO-
pUCTaHHAM icHyOuuX Tomorpadiunux Ta 6aruMerpudHuX Kapt. [Ipu 06pobiii Ta Bidyasizalii JaHUX 3aCTOCOBaHI
reoindopmaningi Texnostorii. IIMP ciryryioTh OCHOBOIO 1711 KOMIIEKCHOTO BUBUEHHS JIAHAIIAGTHOTO PIBHOMAHITTSA
HAI[IOHAJIBHOTO MAPKY Ta OOI'PYHTYBAHHS HUIAXIB ONTUMi3aIlii HOTO JIislJIbHOCTI.

Karouosi ciaoBa: udposi moseni peabedy (IIMP), HanioHabHUE TPUPOAHUNE MapK, JaHAmadTHE Pi3HO-
MaHITTA.

AHacTacus CnAcAUTEAD

TPEXMEPHOE MOAEAUPOBAHUE TEPPUTOPUUN U AKBATOPUUN HALUOHAABHOTO NPUPOAHOTO NAPKA «HUX-
HECYAbCKWI» C UCMOAb3OBAHUEM MMC

B crarbe u3J103keH OMBIT pa3paborku 1udpoBbix Mojenei penbeda (LIMP) Tepputopuu u akBatopuu CyIbCKOTO
3aJIMBa B palioOHe HAIMOHAJIBLHOTO MPUPOAHOTro Hapka « HukHecysnbckuii». O630pHbIe UG POBBIE MOZEIH CO3/IAHbBI
C UCIIOJIb30BaHUEM CYIIECTBYIOIIUX TOMOTpadrUecKnx u OaTuMeTpudyeckux Kaprt. [Ipu o6paboTKe v BU3yaTn3aliun
JIAaHHBIX TPUMEHEHbI reowH@OpMaIoHHble TexHoaoruu. IIMP ciy:kaT OCHOBOH i1 KOMILIEKCHOTO H3YYeHUs
JaHAma@THOrO pazHooOpasus HAITMOHAIBHOTO ITapKa U 060CHOBAHUSI ITyTEH ONTUMHUBAIUH €T0 JIEATETLHOCTH.
KiaroueBblie ciroBa: mudpossie Mojenu penbeda (IIMP), HAIMOHATBHBIN TPUPOHBIN HapK, JaHAIIa(pTHOE pa3HO-
obpaswue.

Introduction. Presentation of the landscape  struction of digital elevation models (DEM). The
researches of national nature parks (NNP) is bet- actuality of the application of three-dimensional
ter to be shown in digital format based on con-  modeling in natural environment researches of
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the NNP is due to the fact that it provides great-
er visibility and data interpretation, as well as it is
the best way to provide the information about
changes in the landscape of the observable area.
It allows to solve a number of applied tasks, im-
possible without using two-dimensional data.

By applying DEMs, there are various prob-
lems which can be solved: inclination and slope
exposure calculation; analysis of the runoff area;
modeling of flooding territories, analysis of vis-
ibility/invisibility; building three-dimension-
al images, including block diagrams, cross-sec-
tional profiles, evaluation forms of slopes created
by the curvature of the cross and longitudinal
section; thalwegs and watersheds network gen-
erates a carcass relief system, special points and
lines of the relief, local minima (depressions)
and local maxima etc. [3,6,8,14,15]. The use of
GIS technologies in the study of the landscape
structure of NNPs can enrich the content and di-
rection of the applied and regional research.

Brief review of publications and re-
searches on the subject. The problem of 3D
reliefs models visualizing is a subject of many sci-
entific papers, in particular, works by the national
scientist I.J. Vasylykha [2] were deeply consid-
ered. Researches on this subject were provided
also by the following scientists: H. V. Burshtynska
[1], A.A. Glotov [3], C. Kuzyk [5], O.R Musin [8],
A. Mkrtchyan [9], J.G. Puzachenko [10] Filatov,
V. [13], Chromih, V. [15] and others. This prob-
lem is considered more widely by V.N. Filatov
and K. Mazur, works of whom are dedicated to the
problems of spatial display areas, by G.Y. Firsov
[14], whose work is devoted to creating DEMs of
the bottom basins. The algorithm of modeling and
digital approximation methods of surface were
developed by Karl Kraus, R. Finstervalder. Theo-
retical description and usage of DEM in GIS sys-
tems were highlighted in the works of B.I. Suho-
virsky [12].

The aim of the article is to analyze the usage
of technical methods and results of creating digi-
tal elevation model (DEM) for the national nature
park (NNP) «Nyzhniosulskyi», to study the possi-
bilities of their usage and optimization, and also
to examine the software, which was used to create
them.

Results and discussion. Digital elevation
models, identified as mathematical interpreta-
tions of the terrain, based on a discrete set of refer-
ence points, allow virtual recreation of the actual
surface and its structure with required accura-
cy. To solve these tasks the DEMs with different

horizontal and vertical accuracy are required. The
sources of information, required to build DEMs
are topographic maps, stereos of aero images
and satellite images. People receive data to create
DEMs from photogrammetric measurements, ge-
odetic photos, horizontal scanning on maps with
results in digital form, materials of distant sound-
ing or using other systems, which give spatial co-
ordinates and high levels of the area points.

Nowadays, quite a large number of software
products have been used for creation and analy-
sis of DEMs. In this study 3D Analyst GIS-pack-
age ArcGIS (ESRI) has been used. This package
contains a lot of advantages because it allows
texturing the surface, putting additional objects,
conducting the scene's calculation in real time
and maintaining map coordinate systems and
projections. In fact, it complements the products
of ArcGIS Desktop (ArcView, ArcEditor, ArcInfo)
with instruments for creation and surface anal-
ysis, and also with two applications for creation
and presentation of three-dimensional models:
ArcScene (local areas of territory) and ArcGlobe
(planetary scale models). As well as the whole line
of ArcGIS, the module of 3D Analyst is developed
based on the COM-model and uses basic compo-
nents of ArcObjects which allows to apply the pre-
pared data with analytical functions and means of
three-dimensional visualization for creation local
and server GIS-applications. 3D Analyst gives
many opportunities for highly accurate modeling
of little areas using TIN models. TIN models are
usually used for accurate modeling of small ar-
eas. For TIN-model creation one or more layers
are needed, which have the date of absolute alti-
tudes in the attributive table.

Construction of the digital elevation
model of the national nature park «Nyzh-
nosulskyi» territory is based on application of
topographic maps with the scale 1:50 000. The sur-
face of the area is generally undulating and slowly
decreases to the southwest. The area along the in-
side part of the floodplain, which has marks of the
absolute altitude — 60—79, lies in the lowest point.
Decrease within the territory of the research is un-
even. Layering of the relief is caused by greater in-
tensity of lifting in north parts. The minimum val-
ue of the altitude in the represented area is 79.3 m,
maximum is 141.7 m. Horizontals on the map are
drawn in 5 m considering additional horizontals.

In this paper the layer of horizontals (linear lay-
er) was used. From the beginning, the downloaded
layers had been exported from the EasyTrace. Lay-
ers include linear objects (thick horizontals, basic,
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additional, landforms such as ravines, rills, pits,
screes, precipices) and polygonal objects (land-
forms). The next step requires horizontals’ combi-
nation in one layer. In this case function “merger”
should be implemented and saved with other lay-
ers. Next part is to fill the table with the required
attribute information: the name, height and hori-
zontal topo-code. To construct the TIN-model
series of commands should be done: Arc Tool-
box — 3D Analyst Tools — Tin Management —
CreateTin. After that the layer and the margin of
the height should be selected, based on which the
future TIN-model will be constructed [7].

In model construction a legend edition is also
required (in layer’s features Symbology should
be chosen). ArcMap gives wide opportunities
for image elevation (color scales) and classifica-
tion (Classify option). Any numbers of gradations
and any intervals between them can be set, colour
scales are also editable. By that part of the work
TIN-model can be modified and refined by add-
ing new layers of any types that have absolute
heights in their attributes. The program Arc Scene,
which is part of a full-featured GIS package Arc
GIS, was created to build three-dimensional mod-
els of computer animations based on Arc GIS data.
The first step is to create three-dimensional mod-
els from downloaded DTM (TIN or GRID) by us-
ing the command Add Data, then to click twice on
the name of the added layer of DEM, and to choose
the style of model displaying [6—7] in Layer At-
tributes panel. Vector layers of the scene must be
added: relief and relief forms. To display an add-
ed vector layer, it is required to open Layer Attrib-
utes panel and to choose the symbols. It should be
mentioned that new data in Arc Scene are loaded
not over the three-dimensional model of relief,
but under it — on the zero plane [7,11].

Construction of the digital elevation
model of the national nature park «Nyzh-
nosulskyi» water area bottom belongs to a
particular group of works, which addresses the in-
terpretation of the relief of the NNP (National
Natural Park) «Nyzhnosulskyi». It was integrat-
ed into the DEM (digital elevation model) of the
studied area surface using a raster calculator,
which is a powerful tool in the Spatial Analyst.
These two models —the surface one and the bot-
tom one are integrated into a single map with
the general scale of the heights and depths, giv-
ing a whole view of the territory (and waters) of
the NNP (Fig. 1).

In perspectives, construction of this model will
allow to define the flooded areas and to predict

changes in the landscape structure of the territo-
ry. This problem is relevant for various reasons,
particularly due to dynamic changes of water in
the Kremenchug reservoir.

The idea of more detailed study of water topog-
raphy near the Sula in the NNP «Nyzhnosulskyi»
area appeared as a result of the previous work or-
ganized during landscape field works (July-Octo-
ber 2015). Paying attention on the fact that about
70% of the park is the water surface, the necessity
of a large research is clear. Landscape conditions
of the NPP are determined by a complex of in-
teractions where biotic and abiotic components
are in a unity. Abiotic components (hydrologi-
cal, hydrophysical, hydrochemical regimes) are
shaped by the river Sula and waters of Kremen-
chug reservoir, creating a unique landscape. The
process of interaction of the system is unstable in-
time because the conditions of the lower land-
scapes of the Sula is characterized by complexity
and dynamics, and requires more detailed study
and regular monitoring.

Data processing of measurements of the riv-
er depth as well as specifying contours had been
made by the data of the waters depths in the stud-
ied area using navigational maps and measure-
ment works conducted by the Institute of Hydro-
biology of the NAS of Ukraine in 2012—2013.

Processing of these data was conducted by
«Topo to Raster» tool in Spatial Analyst [77]. Based
on the data, relatively detailed DEM of the Sulska
Cove bottom waters were developed. Defining dif-
ferent types of water landscapes with the complex
analysis of the bottom and spatial distribution of
biota will be done based on the map.

Conclusions. Digital elevation model of NPP
«Nyzhnosulskyi» is an important instrument that
provides a lot of measurements to solve many sci-
entific problems: efficient organization of natural
resources usage, prediction and evaluation of po-
tential threats, environmental monitoring and im-
proving functional and zoning regime. The usage
of specialized morphometric analysis with basic
geospatial base will permit to build distributed
geographical information systems with analytical
elements. Geoprocessing tools and web-services
will allow us to obtain the information from dif-
ferent spatial processes online and make manage-
ment decisions more effective.

Reviewer: PhD in Geography,
Senior Research Scientist L. Yu. Sorokina
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HALLUI ABTOPU

AramoBa OJieHa JIeoHTiiBHa — acmipadT kKadeapu ¢isuuHoi reorpadii
Ta KapTorpadii paxkysapTeTy reosiorii, reorpadii, pekpeartii i Typusmy XapKiBch-
KOTO HaIlloHaJIbHOTO yHiBepcuTteTy iMmeHi B.H. Kapazina

Boaua Okcana BikTopiBHa — KaHAUIaT reorpadgiyHuX HayK, JOIEeHT Kade-
pu dizuyHol reorpadii Ta kaprorpadii pakyabTeTy reosiorii, reorpadii, pekpea-
1ii 1 TypusmMy XapKiBCbKOT'O HaI[lOHAJILHOTO YHiBepcuTeTy iMmeHi B. H. Kapasina

Bbpacsiascbka Okcana BosrogumupiBHA — JOKTOP MearorivHUX HAYK, IIPO-
decop, 3aBimyBau kadezpu reorpadii Ta METOAUKU 11 HaBUYaHHA YMaHCHKOTO
Jlep>KaBHOTO Te/IaroriyHoro yHiBepcuTety iMeHi [TaBia Tuunnu

I'HexeHKO AHresriHa €BreHiiBHa — MariCTpaHTKA MEPIIOrO POKY HAaBUAHHSA
kadenpu 6ioreorpadii reorpadiunoro dpakynprery MY im. M. B. JlomoHOCOBa.

I'pumnenko Muxaiio IQpiftoBuu — kagauzar reorpadiyHux HayK, HAyKO-
BUH cIiBpoOITHUK Kadeapu kapTorpadil Ta reoindopMaTUKU reorpadidyHOro
daxynprery MIY im. M. B. JlIomoHOCOBa.

KoncranTinos ITaBio IropeBuy — kauauaat reorpadgivHux HayK, CTaPIIAN
BUKJI/Iau KadeZpu MeTeOopoJIorii Ta KJIIMATOI0T1] reorpadiuHoro axkyabTeTy
M1V im. M. B. JlomoHoOcoOBaA.

MaxkapeBuu LlioHa MukoJiaiBHa — aclipaHT YMaHCHKOTO JIeP>KaBHOTO Ie-
JarorivHoro yHiBepcutety imeHi [Tasia Tuuunu

MxkpTtusaH Onexkcasap CepriioBuY — KaHAUIaT reorpadivHUX HAyK, JOIEHT
kade/Ipu KOHCTPYKTUBHOI reorpadii i kaprorpadii JIbBIBCbKOTO HAI[IOHAJIBHO-
ro yHiBepcureTy iMeHi IBana ®panka.

OsBuapenko Asina IQpiiBHa — 6GakanaBp reorpadii ¢dakyapTeTy reoJIorii,
reorpadii, pekpeariii i TypuaMy XapKiBCbKOTO HAIlIOHAJIbHOTO yHIBEPCHUTETY
imeni B. H. Kapazina

OuritHukoB IBaH AHapinioBu4 — GakaysaBp reorpadii ¢axkyabTeTy reoso-
rii, reorpadii, pekpearitii i Typuamy XapKiBChKOT0O HaI[IOHAJIbHOTO YHIBEPCUTETY
imeni B. H. Kapazina

Po:xi Inna I'eopriiBHa — aciripaHT YMaHCHKOTO JIEPKABHOTO MHEearoridyHOTO
yHiBepcuTeTy imeHi [1aBna Tuunnu
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PomanoBchka IQJ1ia IBaHiBHA — CTy/IeHTKa HABYAIbHO-HAYKOBOTO 1HCTHUTY-
Ty arpoeKoJIoTi1 Ta 3eMmyieycTpoio HarioHasibHOTO YHIBEPCUTETY BOTHOT'O TOCIIO-
JlapcTBa Ta IPUPOJOKOPUCTYBaHHA, M. PiBHe

Cimna Ouiena IBaniBHaA — KaHUAT reorpadiyHuX HAyK, JIONEHT Kadeapu
diszugHoi reorpadii Ta kaptorpadii ¢pakyabpTeTy reosorii, reorpadii, pekpeartril
1 TypusmMy XapKiBChbKOT'O HaIllOHAJIbHOTO YHiBepcuTeTy iMeHi B. H. Kapasina

Cmioguress Anacracia OueriBHa — acmipadT IHctutyTy reorpadii HAH
YkpaiHu

IIIyasran Poman BormaHoBuY — KaHAUIAT TEXHIYHUX HAYK, IOIEHT Kade-
JIpU 3eMJIEYCTPOIO0, KaJlaCTPy, MOHITOPHUHTY 3eMeJib Ta reoiHdopMmaTtuku Ha-
I[IOHAJIPHOTO YHIBEPCUTETY BOJHOTIO I'OCIIOAPCTBA Ta IPUPOOKOPUCTYBAHHS,
M.PiBHe

Aruyk OexkcaHap €EBreHOBUY — KaH/IU/IaT TEXHIYHUX HaAYyK, JOIEHT Kade-
npu Teojiesii Ta kapTorpadii HamioHaibHOTO YHIBEPCUTETY BOJIHOTO TOCIIOAAP-
CTBa Ta MPUPOJOKOPUCTYBaHHs, M. PiBHe
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Te3u nmonoBizielt, 30ipHUKU MaTepiajiB Ta 30IpHUKM HAYKOBUX IIpallb, sIKi
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Ha — ONOPHiH Kadeipi (MeTOAUUHOMY IIEHTPI1) 3 JUCITUILIIIH KapTOTrpado-TOIo-
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2. CydyacHHUU CTaH Ta IIepCIEeKTUBYU BUBUEHHS reorpadii piAHOro Kparo y IIKO-
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1994 p.— X.,1994.— 141 C.

3. llIkinbHa Tomorpadisa Ta kaprorpadis: peasii Ta nepcrekTuBu: Te3u A01IL.
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Kadenpa 6epe cBoi BUTOKW Big Kadeapw cratu-
ctukn i reorpadii JepxaBu Pocincbkoi XapKiBCbKOro
iMMepaTopCcbKoro yHiBepcuUTeTy BigMnoBigHO A0 MOro
nepworo Cratyty 1804 poky. B pi3Hi pokn kadpenpy
ovorntoBanu npodecopn A.M. KpacHos, O. A. IBaHOBCb-
Kuia, I.1. Monos, .M. Ay6uHcbkmin, 1. 10. JleBULbKuMiA.

CboropHi kadeppa 34iNCHIOE NiAroToBKy Oa-
KanaBpiB 3a Hanpamom «leorpadis» Ta maricTpis
i cneuianicTiB i maricTpiB 3a Hanpamamu «leorpadisy,
«leorpadisa pekpeauii Ta Typ13my» 3a cnewianisauia-
MU «KagacTp i MOHITOPUHT 3emenb», «Kpa€3HaBCTBO
i Typmam», «leorpadiuHa kaptorpadisa», «DiznuHa
reorpadia Ta reoekonoriay, «®DisnyHa reorpadisa
i rigpomeTeoponoriay, «kMeHegXMeHT OCBITU».

(axoBy NiAroToBKYy 3A4iINCHIOTL 2 Nnpodecopw,
JOKTOPWU Hayk; 2 npodecopn, KaHAMAATA Hayk,
6 [OLEHTIB, KaHAMAATIB HayK; 7 CTaplux BUKNa-
[ayiB Ta HayKOBI CMiBPOBGITHUKMN.

XapKiBCbKMI HaLioHanbHUI YHiBepcuTeT iMmeHi B. H. KapasiHa
MakynbteT reonorii, reorpadii, pekpeadii i Typnsmy

KAOELPA OI3YHOI TEOrPA®II TA KAPTOIPAO®II

BunyckHukn kadbenpu npauiooTb BUKIagavyamm
B OCBITHiX 3aknapgax, cneuianictamm y reorpadiu-
HUX, TiQPOMETEOPONONiYHMX, EKOMOrNYHUX i Npu-
POAOOXOPOHHNX YCTaHOBAX, Y HAayKOBO-AOCNIAHMX
IHCTUTYTaX, Y AeprkaBHUX i NPMBATHUX YCTAaHOBAX
Ta NigNpuemMcTBax KapTtorpadpo-reoiesanyHoro, 3e-
MeJfIbHO-KafacTPOBOro, TYPUCTUYHOTO i KpaE3HaB-
yoro npodinis, y AeprkaBHMX OpraHax Bnagu.

3aBigye kadenpoto a. reorp. H., npodecop lMepe-
cagbko BiniHa AHaToniiBHa.

KoHTakTHa iHpopmauin:

B8 XapkiBcbKWiA HaLioHaNbHWIA
yHiBepcuTeT imeHi B.H. KapasiHa,
marngaH Ceoboau, 4, Xapkis, 61022

4 physgeo@karazin.ua

Q +38-057-707-55-60

@ physgeo.univer.kharkov.ua

64




Hayxkose BuztanHsa

IIPOBJIEMU
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306ipHUK HAyKOBUX ITPAIlh

Bunyck 23

YKpaiHChKOI0, POCIFCHKOIO Ta aHTJIICHKOI MOBaMH

Kowmm’'torepHe BepcranHs K.1O. AkcpoHOB, O.B. BogHs
Maxket ooxknaguaku B.C. ITomos, O.B. Bonkosas

dopmat 60x84/8. YM. n1pykK. apk. 7, 67. Tupax 100 1p.

BuiaBenp i BUTOTOBITIOBAY
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