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Jlesski MeToaANM BUKOPUCTAHHSA MaTepiaiiB KOCMIYHOI
3MIOMKHM [Jisl OIIHKM i IPOTrHO3Yy CTAJIOrO0 PO3BUTKY MiChKHX
tepuTopiii (Ha npukiaagi M. KuiB)

O62pynmosaro MOHCAUBICTND 34CMOCYBAHHA CUCTNEMHUL MEMOJIE BUKOPUCTNAHHA MAMEPIAALE
KOCMIMHOT 3UOMKY OAA OUIHKY | NPORHO3Y CMAHY 00EKIAAL MICOKUT Mepumopil (ha npukriadi
m. Kuig). A came: Pparxmanvrozo ananisy oan iHmMezpasvHol OuTHKY MIHAUBOCTIVE CKAGOIOBUT
MICORUT MEPUMOPIt, modeav cucmemmoi durnamiru pozsumry micma DPoppecmepa—I'perema,
a MaKosc Memody 6a2amokpumepianvhoi onmumMi3ayii 0as MOJEAIO8AHHA MG OUIHKU €KOAO0-
214H020 CMAHY MICHKOL MEPUMODIL.

Crajuit po3BUTOK Cy4YaCHONO MicTa — Il 3POCTAaHHS OJIArOYCTPOIO MIiCBKOI TepuTopil Ta Imij-
BUINEHHSI sIKOCTI YKUTTsI HACEJIEHHsI 13 30€peKEHHSM 1 MATPUMKOI0 HA HAJIEXKHOMY DIiBHI CTaHy
HPUPOHOIO cepeoBrIna [1]. Y 3B’s13Ky 3 nuM jij1st BceGiUHOTO BUBUEHHS, aHAJI3Y Ta OIIHKU MiCh-
KOI TepUTOpil BUKOPUCTOBYIOTLCS BCe OibIT pizHOMAaHITHI MeTomu i mkepesa indopmarii. Tax,
OPsAT, 3 HA3EMHUMHU CIIOCTEPEYKEHHAMU KOCMIYHUI I€OMOHITOPUHT MiCHKUX TEPUTOPIH TO3BOJISIE
HE TIJIbKM OTPUMYBATH OlEpaTWBHY iHMOpPMAINIo, a I HAa OCHOBI KOCMIYHHX 3HIMKIB IIOIIEpE.I-
HIX POKIB OTpUMYyBaTH iH(MOPMAINO IJIsi MOJEJIOBAHHSI [TPOTHO3HOI OIHKHU CTAJIOTO PO3BUTKY
Michkux arjomeparriii. Tomy B cydacHomy iHdOpMaIifHOMY MOTOIN JJIsT KOHTPOJIIO 33 SIKICHUME
i KibKiCHUMEU 3MiHAME Y MICBKHX TE€PUTOPisX poJib KocMmivnol iHdopmaril JI33 e HanzBuvaii-
HO BazkKJIMBOIO. JIJist yCIIMIHOTO BUKOPUCTAHHA MaTepiasiB KOCMIYHOI 3HOMKHM BHHUKAE MOTpeda
B PO3POOIIL CreliajlbHOI METOAUIHOI 6a3u KOCMIYHOIO T€OMOHITOPUHTY [2].

B pesysibrari 30LIBINIEHHST 9HCEIBHOCTI HACETEHHST PO3IIUPIOIOTLCS IIJIONI KUTIOBOI 3a0y-
JIOBU, 301JBIIYEThCA MIJIBHICTE OY/iBe/ b 1 KiMBKICTh TPAHCHOPTY, BUTICHSIOTHCS 3€JI€HI 30HU
i Bomui o6’extu. Ilpu mpoMy cydacHHUil po3BUTOK MICT BiOyBaE€ThCsA 3a PaXyHOK IEPETBOPEH-
Hsl, VIILJIBHEHHS 1 OLJIBIN parfionaJbHOr0 3aCTOCYBAHHS BHYTPIIIHBOI CTPYKTYpH 0€3 PO3IIHPEHHST
MeXK MICBKOI T€pUTOPII, 110 € iEpapXivHOIO CyKYIHICTIO CTPYKTYPHUX YTBOPEHD, sIKi 11epedyBaioTh
Yy B3a€MOODYMOB/IEHOMY 3B’SI3KY 3 COIaJIbHIMU, TEXHITHUMH Ta TpUpOoTHuUMHE Iporecamu. 1le He-
3MIHHO BIUIMBA€ HA CTaH MIChKOro cepemnoBuiiia. OTKe, 3a/UIMAETHCA AKTYaJIbHUM Ha MiIcTaBi
BUKOPHUCTAHHS CTATUCTUYHUX JAHUX KOCMIUHHMX 1 HA3eMHUX CIOCTEPEXKEeHb JIOCJIIXKEHHS JTIMHAaMI-
KU 3MiH CKJIQJIOBUX ypOosanamadTy TepuTopiajbHO-QYHKIIOHAIBHAX 30H MiCTa Ta O HIOBAHHST
IX BILTUBY Ha €KOJIOTiYHHUI cTaH MicbKol TepuTopil. B momambimomy mana indopMariis 103BOIATH
BUKOHYBAaTH MOJIETIOBAHHS 1 TPOTHO3 PO3BUTKY CTAHY MiCHKOTO JOBKIJLIA.

Takum 9MHOM, PO3IVISJIAIOUHN MIiChbKe CEDPEJIOBUIIE SIK CKJIQJHY CHUCTEMY, JOIIIbHO JJIs JO-
CJIJI2KEHHsT 3aCTOCOBYBATU CUCTEMHI METOJIH.

Mera pobGoTu mnossraia B oOrpyHTyBaHHI MeToiiB (dpakTajbHOro aHasizy, GaraTokpu-
TepiaJabHOl ONTHMIZAIil Ta CHCTEMHOI MUHAMIKY) BUKODHCTAHHS MaTepiasiB KOCMIUHOI 3fOMKH
JIJIST OIIHKHU 1 MPOTHO3Y CTAJIOr0 PO3BUTKY MICHKHX TepuTOpiii Ha mpukiaani M. KuiB 3a mepion
1994-2013 pp.
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s mocnimkents OyJjio BUKOpuCTaHO KocMivHi 3uiMKu TepuTopil M. Kuis: QuickBird, Land-
sat 7/ETM, Landsat 5 TM ta Landsat 8 3a mepiog 1994-2013 pp., sKi TOMOBHIOBAJINCH JTAHIMHA
3 renepasibHoro miaany Kuesa (3.

Metoau. /lemmdpyBannsa KOCMiTHIX 3HIMKIB IIPOBOIUIN TPOrPAMHIME KoMILTekcamu Erdas
Imagine ta ArcGIS, sxi MaroTh PO3BUHYTHII iHCTpyMeHTapiit mpocropoBoro anamizy. s xia-
cudikanii ckiagoBux ypboaanmmadTy 6ys obpanuii croci6 “Heitponna mepexxa” (Neural Net
Classification) [4, 5]. Ha kocmiuamxX 3HIMKaX JOCIIKYBaHOI TepuTOpii GyI0 BUJIIIEHO OCHOB-
Hi UM Micbkux JaHamadTie: cesirebHuit (Micbka 3a0yjoBa), ceiTeGHO-TPAHCIOPTHU, Arpo-
TeXHIYHU{, TPOMUCIIOBUIL, peKpeariiiHuii (J1icoBI MacuBu, HapKHU, CKBEpH, 3eJeHI HACa [KeHHsI
3arajbHONO KOPUCTYBaHHsI, 00’€KTH PUPOIOOXOPOHHOIO (BOH/LY, BOIONMUIIA).

OnHUM 13 CHCTEMHUX METOMIB, $IKI BUKOPHCTOBYIOTHCSI IJIs JIOCJIIKEHHsI BapiabesIbHOCTI
(MiHJIUBOCT1) CTPYKTYPHU CKJIaI0BUX ypOosanamadry (BKIIOUHO JesKi eKOJIoro-coriaibhi (hak-
topu), € dpakrajbHuil aHaiz [6], sKuii XapakTepusyeThes K “CTPYKTYpa, IO CKIIAJIAEThCS
3 4JacTHH, momibHux Iijgomy”’. MoxKimBicTh 3acTocyBaHHSI (DPAKTAJILHOTO aHAJI3y JJIsT OIIHKH
BapiabeIbHOCTI CKJIAJMOBUX MiCBKOI TEPUTOPIl BCTAHOBIIOBAJIACS MEPEBIPKOI BUKOHAHHS IBOX
YMOB: IIO-TI€pIIIe, CTEIeHeBOI 3aJIe?KHOCTI 3POCTaHHd KOMIIOHEHTIB CTATHCTUYIHOI CyMH Z, Bij
poamipy Bubipku N, Mo-Apyre, HE 3POCTAIOYNM BHUIVIAAOM (DYHKINI CHEKTpa y3arajJbHEHUX PO3-
mipnocteit Dy, TuHaMiKa 3MiH SIKIX XapaKTePHU3ye 3aKOHOMIDHOCTI POCTy # eBOJIOINil MiChKHX
TEPUTOPIii:

Zq(N,Q):Zp;], p2:#7 ZPZZL
i=1 i=1

D, = 7(q) upu q#1,

e

n
log Z Pl
i=1

7(q) = g N (2)

st oIiHKY TUHAMIKY CKJIAJOBUX ypbosanamadTy, 30KpeMa TeXHOIeHHEe HABAHTAYKEHHS Ta
JIesIKi eKOJIOro-coiatbHi (pbakTOpH, Oy/IM BUKOPUCTAaHI aJrOPUTMHU METOIy OararoKpuTepiaJbHOT
onrumizanii (MBO), mo ckiragaorbest 3 Takux eramis |7]: BBejeHHst DYHKIIT GJIM3bKOCTI TOPIB-
HIOBAHUX BEJUYUH @ i b; 00UMCIIeHHsT OIHKY Jjist pyHKINT 6sm3bKocTi — S, MYHKIHT BiamoBiL-
vocti — F. g dyHKIist onucye cTymninb 36iry 3Ha4YeHb MOPIBHIOBAHWX BejndnH. Hampukia,
MTOPIBHIOIOTHCSI TaKi BEJIMYIUHU, K CKII0BI ypbosanmadTy 3a BCi JOCTIKYBaHI POKH 3a IIe-
piox 1994-2013 BimuocHO ix crany B 1994 p. no piuno. Toxi kiracudikarist mporeci abo 00’ eKTiB
MoKe OyTu popMmasizoBaHa K 3aBJaHHS OaraTOKpUTEPiabHOI ONTUMIBAIN] M KPUTEPIiB, KOXK-
HUM 3 9KUX BUCTYIIAE IK (PYHKINS BiAIOBIIHOCTI XapaKTepUCTUKH b mapaMerpa da.

J1J1sl cuCTEeMHOTO MOJIETIOBAHHS CTaHy JIOBKiIIA MicTa 3a nepion 1994-2013 pp. i mporuosy mo
2025 p. 3aCTOCOBYBAJIACS MOJIEJIb CUCTEMHOI JinHaMiKu po3BuTKy Micta Poppecrepa—I'pexema [8],
sika Oysta MomdikoBaHa MIISTXOM acUMIISIT KocMivnol indopmariil JI33 Ta piBHSHB /115t 0O61mC-
JieHHsT (PYHKIII iHTerpaJibHOI OIHKN ekojorianoro crany F. g momens mojsirae B po3poOIr
KOHIIENITYAJIbHOI 1 (hopMyBaHHI MaTEeMATHIHOI MOJEJIel, STKi CKJIa/Iaf0Th PIBHSIHHSI, IO OMUCYIOTH
faJtaHC BIUIUBIB y CUCTEMi, TPYHTYIOTHCA HA TPUINHHO-HAC/II IKOBUX BiTHOIIEHHSX Y CUCTEMI, 1110
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Puc. 1. 3aneXHiCTh KOMIIOHEHTIB CTATUCTUYHOI CyMH Z, PO3IIOJIIY CKJIAJIOBUX IO TUIAX Bij po3Mipy BubGipku N
y Ginorapudmivniii cucremi koopauaaT Juis 3Hadennit q: 1 —4; 2 — 5,8 —6 (a); 1 —4; 2 —5; 3 — 6 (6)
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Puc. 2. padix byukuii Dy, q € [-7,7]

MozeTIoeThed. MojiesmoBanHs CIIeHAPITB CTAJIOr0 PO3BUTKY MICHKUX arjoMepalliii BUKOHYETHCS
IIPU 33JTAaHUX COITIAIbHO-eKOHOMITHUX KPUTEPISIX, CAHITAPHO-TOMYCTUMUX HOPMAaX CTaHy JOBKiJ-
JisT Ta IHIMHUX OOMEKEHHSIX.

st 3’sacyBaHHSI TPABUIBHOCTI TMOOYIOBA CTPYKTYPU MOE/l Ta yTOYHEHHST B3a€MO3B’sI3KiB
MixK TT mifgcucreMamu OyJI0 MPOBEJIECHO BEPUMIKAII0 MOJIEJI.

PesynbpraTtu Ta ix obroBopenHs. OIliHKa MOXKJIABOCTI BUKOPUCTAHHS (PPAKTAJIBHOIO aHa-
JIBy JIIsT JTOCJTZKEHHST MiHJIUBOCTI CKJIAJIOBUX MiCBKOI TEPUTOPil BUKOHYBAJIACH IIJISIXOM 00YMC-
aenns (1), (2) crarucTuanux cy™m Z, it 15 Bubipok, siki oTpuMaHi METOZOM IIOKPHTTS KBaJl-
paTHUX KJIACTepiB, Ta BU3Ha4YeHHdA posMipHocTeil D,.

3 orysty puc. 11 2 MoxkHA 3poOUTH BUCHOBOK, ITI0 OCHOBHI YMOBU BUKOPUCTAHHS (DPAKTAb-
HOT'O aHaJIi3y JJjIs OIiHKNA Bapiabe/lbHOCTI CKJIaJI0BUX MIChKOI TePUTOPil BUKOHYIOThCA. Tak, 3Ha-
4yeHHd log Z, mo Bcix BubipKax posTalroBaHi MaiiKe 110 TEOPeTHYHiH mpsaMiii 3asexknocTi log Z,
Big log N, a puc. 2 gemoHCTpye He 3pocTaiounii BUNIA GyHKIil dpakTanbaol posMipaocTi Dy.

Hacrymaum eramom Oyiio Bu3HaueHHs (DYHKIINI iHTErpajbHOI OmiHKE F' eKoJIoriaHoro cra-
HY J0BKiss M. KuiB Ha OCHOBI OTpMMAHUX JAHUX KOCMITHHUX I HA3eMHHUX CIIOCTepekeHb. Jljis
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Puc. 3. Pesynbratn MmogemoBanus crany aoBriuig m. Kuis: I — F(momens); 2 — F(BKO); 8 —CO2 (2%); 4 —
3esieHa 30Ha (—2%)

JOC/TIIKyBaHHsI OyJI0 BUKOPUCTAHO maHi JemmpyBaHHsa obOpaHux 18 kocMiuHmX 3HIMKIB KA
Landsat m. Kuis 3a nepiox 1994-2013 pp. [9]. Heobxinno Gysio 3’sicyBatu cTymnidb 38’s3Ky (DyHK-
mii F' 3 kputepiem FE, skuii xapakTepusye eKoJIOridHil ctan M. KuiB 3a Ha3zeMHUMH TPaIUITiii-
auMu BuMiproBansasivu [10]. B pesysbrari obunciens koedirienTa KOpesisitii MizK 3HAYEHHIME
dyukiii F' ta kpurepiem F Oysio orpumano iimosipaicTs R = 0,83, 110 € J0CTaTHBOIO IS ITPaK-
THYIHOI POOOTHU 3 JaHUMM KOCMIYHOI'O MOHITOPHHIY OIIHKU MiCHKHX TEPUTOPIIA.

Ha puc. 3 naBezneno rpabdik dyukuil sianosigsocri F (BKO) mo pokax. Anasisyoun 3mi-
uu 3uadenb F(BKO), Bimgnauumo, mo 3 1994 p. BinOyBaerbesi 1miaBHe 3061IbIIEHHS TOKA3HI-
ki F(BKO). BpaxoBytoun, 1110 HAIPUKIHII MHHYJIONO CTOJITTSI TEXHOI€HHE HABAHTAYKEHHs HA
MICbKY TEpUTODIIO0 3MEHIIIyBaJIoCh, TeHeH o 30iibmenns F(BKO) moxua mosicHuTH, $IK 110-
KpAaIlleHHsI eKOJIOTIIHOIO CTaHy B MICTI B pe3yJibTaTi 3MeHIIeHHsT BupoOHuUITBa. 3 1999 p. 3Ha-
vyennst F'(BKO) nounHamoTh 3MeHIITyBaTUCH.

[Iposeneni wa Momesni cucremuol jguHamiku micta QPoppecrepa—I'pexema ob4auc/oBaIbHI
€KCIIEPUMEHTH MMOKA3a/ Il MOKJINBICTL BUKOPUCTAHHsT 0230BO1 MOJIEJI /IJIsT OIIHKHU CTAHY 1 IIPOTHO-
3y CTAJIOTO PO3BUTKY MicbKux TeputTopiit. [Ipu mnbomy Oys10 BUKOHAHO MOIUMIKAINO 1 J00mIpa-
[IIOBAHHS MOJIEJII MicTa, a caMme, BIIPOBa/?KEHHsI PIBHSIHD I 009nC/IeHHsT (DYHKIIT iHTerpaJbHOT
OIHKYU eKoJioriunoro crany F' (dyHkuil BiamosimHOocTi) Ta acuMiisiis KocMivHol iHMOpMAIT
JI33 nyst mocstizKeHHsI JUHAMIKY 3MiH CTPYKTYPH CKJIAIOBUX ypbOoaaHamadTy MicTa i IporHo-
3y ekojioriunoro crany Kuesa o 2025 p. Byso copmoBano Mosmesib, BiAIoOBiiHI B3aeM03B’ si3aHi
mijcrcreMn (MO ), BUBHAYEHO MPAHUIN MOJIEIHOBAHOI CHCTEME Ta PIBHS JeTasi3aril MOIeIb0-
BaHUX 1porieciB. Ha ocHOBI cTaTucTuanol, aHaiTu4IHOL 1 eKcriepTHOl iHdopMaril 6yiau oTpuMani
IPUIHHHO-HACIIKOBI 3B I3K1 MiK MOJyJIAMHU Ta 30ya10BaHi Biamosinni miarpamu. Pesynbrar mMo-
JIeJTIOBaHHS 1 MPOrHO3 CTaHy AoBKiaasg M. Kuis mo 2015 p. memomcTpye puc. 3.

Ak mpukial, HaBEJIEHO IIPOTHO3HY OIIHKY PO3BUTKY CTaHy JOBKIJIJIS IPHU ITOCTYIOBIM 3MiHI
CKJIQJIOBUX ypOosmanamadTy: 3eIeH0l 30HH Ta TEXHOTeHHOTO HaBaHTaxKeHHA Ha 2% Bix HOMI-
HaJsibHOTO 3Ha4deHHsa 2013 p.

3 puc. 3 BUIHO, 10 MOIENb aJeKBATHO pearye Ha 3MiHy 3HaUeHb CKJIaJI0BUX MiCHKOI TEPUTOPII.
Tax, 301IbIIeHHS IIJIOI 3€JIEHOI 30H! IPUBOIUTH 0 MOKPAIIEHHS €KOJOITYHOIrO CTaHy TePUTOPil
Kuesa, a migsuinenns TeXHOT€HHOTO HABAHTAYKEHHST BUKJIUKAE HMOTIPIIEHHS €KOJJIOTIYHOIO CTaHYy.
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Takum YuHOM, Ha MiJICTaBl MPOBEIEHUX HAMU JOC/IJPKEeHh MOYXKHA 3POOUTHU TaKi BHCHOBKU:
POBIJIHY TUI IPUKJIA BUKOPUCTAHHS 1HIEKCIB Bapiabe/ibHOCTI Ha (PAKTUIHUX JAHUX MICHKOI Te-
puropii Kuesa cBigauTh 1po nparne3aTHicTh (ppakTaJIbHUX METOJIB, IO IATBEPIKYETHCS CTe-
IIEHEBOIO 3aJIEZKHICTIO 3POCTAaHHs KOMIIOHEHTIB MyJIbTH(hpaKTaIbHOl Mipu Z; Bij posmipy Bubip-
ku N (zuB. puc. 1) i He 3pocTaiodnM BHIVISIOM (bYHKIT ClIeKTpa y3araabHeHHX po3miprocreii D,
(muB. puc. 2). Orpumani iHTerpasbHi OIIHKE MIHJINBOCTI CKJIQJI0BUX JTO3BOJIA/IN BUSIBHTH HEBHI
TEHJIEHTTIl PO3BUTKY MICHBKHUX TE€PHUTOPIA.

Meromom GaraTokpurepiajabHol onTuMizanii (Ha npukiaa M. Kuis 3a nepion 1994-2013 pp.),
OTPUMAHO B3aEMO3B 30K CTPYKTYPHU CKJIAJOBUX ypOosaH madTy Ta JeIKUX €KOJIOI0-COIlalib-
HUX (aKTOPIB 31 CTAHOM JOBKi/IsS MiChKOI TepuTopil. BUKOHAHO MONE/TIOBAHHSI, a TAKOXK JIAaHA
i mporuosHa orinka ctany a0BKig M. Kuis mo 2025 p. na mimcrasi MmoandikoBaHol Ta J00mpa-
nboBaHOI Mojiesi cucteMuol aunaMmikun Poppecrepa—I'pexema. llepcrneKTUBHICTL BUKOPUCTAHHS
kocMmiuHOI iHMopmarii /133 y KoMILIeKci 3 pO3TIsTHYy THMEA METOAAMK TIOJISIra€ B MOYKJIUBOCTI iH-
TerpaJibHUX OITIHOK, MOJEJIOBAHHI Ta MPOTHO3i CTAJOr0 PO3BUTKY MICHKUX aryioMepariiii 3 ypa-
XYBAHHAM €KOJIOTIIHUX (PaKTOPIB.
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HekoTopble MeTOABI NCIOIB30BAHUSI MATEPUAJIOB KOCMUYECKON ChbeMKU
JUIsI OLEHKM ¥ IIPOTrHO3a YCTONYMBOIO PA3BUTHS I'OPOJACKUX TEPPUTOPUIL
(ma npumepe r. Kues)

060cH06a1a 803MOANCHOCTND NPUMEHEHUA CUCTNEMHBLT MEMOJO8 UCTLONDI0BAHUSL MATNEPUANOE KOC-
MUYECKOT CBEMKU ONAA OUEHKU U MPOZHO3A COCTMOAHUSL OKPYNHCAIOWeET cpedvl 20p00CKuUT meppu-
moputi (na npumepe 2. Kues). A umenno: Ppaxmasvro2o aHaiu3a 0Af UHMELPAALHOU OUEHKU
UBMEHUUBOCTIU COCTNABAANOWUL 20P00CKUT MEPPUMOPUL, MOJeAU CUCTEMHOT JUHAMUKY Pa36U-
muas 20poda Poppecmopa—I'pazema, a maroce Memoda MHOZOKPUMEPUAALHOT ONTMUMUIAUUY ONA
MOOJCAUPOBAHUSA U OUEHKYU IKOAOLUMECKO20 COCTMOAHUA 20P00CKOT, MEPPUMOPUL.

A.V. Sokolovska, Corresponding Member of the NAS of Ukraine A.D. Fedorovskiy

Some methods for using the satellite imagery for assessing and
forecasting the sustainable development of urban territories (the case of
Kiev)

The possibility of application of system methods using the satellite imagery to assess and to forecast
the state of the environment on urban territories (the Kiev city is used as an example) is substan-
tiated. The following methods are used: fractal analysis for the integral assess of the variability of
components of the urban territories; system dynamics (Forrester—Graham urban dynamics model),
and multiobjective optimization method for the modeling and the estimation of the ecological condi-
tion of urban territories.
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