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Abstract. Some issues of the use of unmanned aircraft and space vehicles in monitoring the consequences of
technical and environmental events and precision farming are considered. The proposed technology is aimed at
improving the recognition accuracy of infrastructure objects with obtaining the numerical values of their 3D
coordinates. The aim of the research is to improve the quality of monitoring using neural network identification and
classification of objects in multi-zone satellite images obtained from unmanned aerial vehicles (UAV). Research
includes both theoretical research and applied problem solving. The mathematical basis of image processing is the
image recognition computer. Practical research is based on experimentation, software implementation, testing of
algorithms and technology. An effective method of video surveillance of the territory has been improved. The task of
the authors' research is to improve the accuracy of objects recognition on the earth's surface (specific infrastructure
objects, the sky, the state of vegetation of agricultural land). The authors have experience in this area. The solution to
this problem occurs simultaneously in two directions. The first direction: the technical result is ensured by the fact that
the technology offers the use of a UAV equipped with two video cameras. The second direction is the use of scientific
idea consisting in the development of a method for joint computer processing of digital and analog images obtained
from UAVS, as well as quasi-simultaneous and reusable multi-zone satellite images. A new result of the research is the
developed data structure for storing the model of the recognition process, which allows to jointly save dissimilar
characteristics and membership functions of different types in the same tables.

Keywords: techno-ecological events, robotic, pattern recognition, UAV.
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Amnoranis.Po3risHyTo neski nuTaHHS BUKOPUCTAHHS OE3MIOTHOI aBiallil, KOCMIiYHHUX anapaTiB 3 MOHITOPUH-
I'y HaCJIi/IKiB TEXHIKO-€KOJIOTIYHHX MOJIH Ta TOYHOTO 3eMJIepOOCTBa. Y IOCKOHAIEHHS HAayKOBHUX MiIXO/AIB JO CTBO-
PEHHS IPOrPaMHO-TEXHIYHUX 3aC001B BUKOPUCTaHHS 0e3MioTHUX nitasbHuX anapatiB (BITJIA) i kocmiuHuX amapaTiB
JUIl MOHITOPHMHTY 3 MOBITPSl TEPUTOPiIH — CydacHa akTyaibHa npoOiema. [IporoHoBaHa TEXHOJIOTISI CHpsSMOBaHa Ha
MiABUIICHHS TOYHOCTI PO3Ii3HABAaHHA 00'€KTIB iHPPACTPYKTypH 3 OTPUMAHHSIM UYHCIOBHX 3HAYCHH iX TPUBUMIPHUX
KoopAnHAT. MeToro € MiABHUIIEHHS IKOCTI MOHITOPHHTY JOBKULIS 3 BUKOPHCTAHHAM HelpoMepexeBol ineHTudikamii ta
knacugikamii 00'ekTiB Ha 0araTo30HAFHUX KOCMIYHUX 3HIMKax Ta 0araTo30HaJBHHUX 300pa)KeHHSX, oaepkaHmx bBII-
JIA. locnimKkeHHs BKIFOYAIOTh TEOPETHYHI JOCIIDKSHHS Ta PIlCHHS NMPHKIaIHUX 3aBAaHb. [[pakTUYHI TOCTIIKESHHS
3aCHOBAaHI Ha MPOBEACHHI EKCIIEPUMEHTIB, IPOTPaMHOI pealri3alii i TeCTyBaHHI aJTOPUTMIB Ta TEXHOJOTIi. Y JO0CKOHA-
JICHO e(peKTHBHUN METOJ BiIEOCIIOCTEPEKECHHS 32 TEPUTOPi€t0. 3aBIaHHAM JOCHTIHKEHB € TiIBUIICHHS TOYHOCTI PO3IIi-
3HaBaHHS 00'€KTIB Ha MOBEPXHi 3eMJIl (KOHKPETHHUX 00'€KTIB iHPPACTPYKTYpHU, CTaHY POCIMHHOCTI CLIBCHKOTOCIOap-
CBKHX Yrinb). BupinieHHs uiei npodieMu BiOyBaeThCs 0OJHOYACHO 3a JBOMA HamnpsiMKamu. [lepiimii HanpsMOK: TeXHi-
YHUI pe3ynbTaT 3a0e3NnedyeThCcs THM, 0 TEXHOJIOTisS npornonye Bukopucranns BIIJIA, obnaaHaHoro aBoma Bineoka-
MepamH. [Ipyruii HanpsIMOK — 1ie BUKOPHCTAHHS HAYKOBOI 171€1, 110 MoJisirae y po3po01ii METOLy CIiJIbHOT KOMIT'TOTepHOT
00pOoOKH IU(PPOBUX Ta aHAIOTOBUX 300paxkeHb, oTpuManux 3 BITJIA, a Takok KBa3ioJHOYACHHX Ta OaraTopa3oBUX
0araTo30HHUX KOCMIYHHMX 300paxkeHb. HOBUM pe3ynbTaToM JOCIIKEHHS € po3po0iieHa CTPYKTypa NaHuX AJsl 30epi-
TaHHS MOJEJI MPOoIleCcy PO3Ii3HaBaHHS, IO MO3BOJIIE CIIUTFHO 30epiraTu pi3sHOPiIHI XapaKTEepUCTHKH Ta (QYHKIIi IpH-
HAaJIe)KHOCTI Pi3HUX THIIB B THX CAMHX TaOJIHIIX.

KurouoBi ciioBa: TexXHO-eKOJIOTIUHI Moii, poOOTOTeXHiKa, po3Ii3HaBaHHS 00pa3i, BITJIA.

Beryn Malii Mpo CTaH POCIMHHOCTI Ta TIPYHTY.

VY 10CKOHaNEHHsI HAYKOBUX MIAXOJIIB JI0 OtpumanHa TOA10HOT 1HGOpPMAIli MOXKIMBE
CTBOPEHHSl IPOrPaMHO-TEXHIYHUX 3aco0iB JIMILE 332 YMOBU BUKOPUCTAHHS AMCTaHILIHHO-
BUKOPHUCTAHHS OE3MIJIOTHUX JIITaJIbHUX ara- ro 30HJYBAaHHS CUIBCHKOIOCHOJAPCHKUX IO-
patiB (BIIJIA) Ta xocMmiuHMX amapartiB ams 7B, IO J]a€ MOXIJIUBICTh OMEPATUBHO BUSBH-
JUCTAHLIIMHOTO MOHITOPUHTY 3 TOBITPS T€pU- TH YpaK€H1 XBOPOOOIO AUISHKH POCIMHHOCTI.
TOpif (HampuKIaA, y MICISX JIIKBiAAil Tex- BusiBneHHs 3aXBOPIOBAHHS Ha PaHHIX CTaisX
Ho-ekojoriyaux noxaii (TEII), cinscpkoroc- PO3BUTKY J03BOJII€ 3 MIHIMaJIbHUMH BUTpA-
MOJIAPChKUX YTib TOLIO) — Cy4yacHa aKTyallb- TaMU Ta OMEpPaTHBHO JIOKalli3yBaTW Ta BUIIi-
Ha npobiiema. KyBaTH 3aXBOPIOBAHHS.

Kommrekcua ominka 360urtkis Bix TEII €
HAJ3BUYAITHO BaXXJIMBOIO, 0O TUIBKH IICHS IIocranoBka nmpodaemu
[[LOTO MOKHA IJIaHYBAaTHU BIJHOBJICHHS 1H- 3aBaaHHs JIOCITIKEHb aBTOPIB IOJIATAE
dbpacTpykTypu. Y X0Aal mbOro, KpiM I1HIIOTO, y TIJBUIIEHHI SKOCTI MOHITOPHHTY HaBKOJIH-
HEOOXITHO BHPIMIUTUA TPOOIeMy pO3Mi3Ha- IIHBOTO CepeIOBUIIA 3 BUKOPUCTAHHSIM HEH-
BaHHA JIOKAJIbHUX OO0'€KTIB, OTPUMAaHHS TpH- poMepexeBoi 1neHTHdiKalli Ta Ki1acudikamii
BUMIPHUX KOOpAWHAT BUOpanux 00'ekTiB. 1o 00'ekTiB Ha 0araTo30HaJbHUX KOCMIYHUX
CTOCY€ETbCS TOYHOTO 3eMJIepOOCTBa, TO PO3- 3HIMKax Ta 0araTo30HaIBHUX 300pakKeHHSX,
BUTOK LIbOTO HampsMy nepeadadae HassBHICTh orpumanux 3 BIUIA.

TOYHOI Ta OMEpPAaTHBHO OHOBIIIOBAHOI 1H(OP-
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AHaJIi3 OCTaHHIX J0CHiIXKeHb Ta My0-

Jikanin

Takum 4MHOM, 3aBIAHHAM JOCIHIKEHb
aBTOPIB € MIJBUIICHHS TOYHOCTI pO3Ii3HAa-
BaHHS 00'€KTiB Ha MoBepxHiI 3emii (00'€KTiB
1HPPACTPYKTYpH YU CTaHy POCIMHHOCTI CiJlb-
CBKOTOCIIOJIapChKUX yrizap). Lle Takox mos's-
3aHO 3 MPOOJIEMOIO TOLIYKY, BHUSABICHHS Ta
imenTudikaiii 00'eKTiB y 3alaHOMy paloHi, 3
BHU3HAYECHHSM KOOPAMHAT IIMX OO'€KTIB, a Ta-
KO BIJICTEKEHHS HOBUX BHUSBIECHUX O0'€KTIB
3 TOJIANIBINOK0 Mepeaaueio Goro- ado BiAeoi-
Hpopmartii B peanpsHOMy 4aci [1, 2, 3, 4]. As-
TOPY MAaIOTh HANpAIfOBaHHS y LIl Tamy3i.
30KkpemMa, OAHMM 13 AaKTyaJlbHUX HalpsMiB
nocmimkens Jlenapramenty Ne 265 Tacturyry
kibepHetuku imeni B. M. I'mymkoBa Hario-
HaJIBHOI akajzeMii HayK YKpaiHU € CTBOPEHHS
TeXHOJIOTiH Ta cucteM po3Bigku micis TEI,
AKl HalyacTille CYNpOBOKYIOTbCS PYyHHY-
BaHHAM 1H(pacTpykTypu. [lenmaprament Ne
265 Iucrutyty kiOepHeTnku imeHi B. M.
I'mymkoBa HarionanpHoi akangemii HayK Yk-
paiHM JaBHO NPAIIOE HAJ YAOCKOHAJCHHSM
OC3MUIOTHUX JIITATBHUX alapaTiB Ta aJjarnTa-
€0 X MOKJIMBOCTEN JUII BUKOHAHHS Oara-
ThOX BaXJIMBUX Ta aKTyaJbHUX [Vl IIPOMHC-
JIOBOCTI Ta CIJILCHKOTO TOCIOAAPCTBAa YKpai-
HU 3aB/1aHb.

Tak, y 2017 poui cniiBpobiTHuk [lemap-
tameHTy Ne 265 Ilpokomuyk B. B. O6paB yu-
acTb Y BUTOTOBJICHHI Ta BUIPOOYBAHHSX IUX
mozenen BIUJIA, a 25 cepnua 2017 p. npen-
CTaBUB BaHTAXHUN Oe3miyioTHHK (puc. 1),
KU BCTAaHOBMB pEKOpA YKpaiHW, MIIHSIB Y
MOBITPsI TUPIO Macoro 16 kr. 3 Toro yacy bII-
JIA 3Haiiun cBO€ 3acTocyBaHHS y Oaratbox
rajxyssix mpomucioBocti, 1 JlemaprameHnt Ne
265 npoJOBXKUB POOOTY 111010 BAOCKOHAJIEH-
HSl TEXHOJIOT1H 3 BuKopuctaHHsM BITJIA. As-
Topu 3 Jlep>kaBHOI HayKoBOi ycTaHOBHU “O0'e-
THAHUM 1HCTUTYT TpobOsieM 1H(QOPMATUKHU
Hamionansnoi akagemii Hayk bimopyci” ma-
I0Th 3HAYHI HAINpAaIlOBaHHS B Tajy3l Mmomnepe-
nHBOI 00poOKHM Ta Kiacudikarii 00'ekTiB Ha
300pakeHHSIX PI3HOI MOJATBHOCTI Ta KOJbO-
POBOCTI, aHaii3y 300pa’keHb 13 3aCTOCYBaH-
HSAM HEHPOHHHX MEpek, MU(PPOBOi 0OpOOKH
CUTHAJIIB Ta 300pa’keHb, pO3Mi3HABaHHS 00pa-
3iB.
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Meta gocainkenHs

3aBnaHHsSM JOCHTIKEHb aBTOPIB € MiA-
BHIIICHHSI TOYHOCTI pPO3MI3HaBaHHS O0'€KTiB
Ha 3emJi (00'ekTiB iHOPACTPYKTYpPH UM CTaHY
POCIIMHHOCTI CLTbCHKOTOCTIOIAPCHKHUX YTi/b).
JlocnipkeHHsT BKIIIOYAIOTH  SIK  TEOPETUYHI
JOCIIIJDKEHHS, TaK 1 PIMICHHS MPUKIATHAX
3aBlaHb. MaTeMaTHYHOK OCHOBOIO OOpOOKHU
300pakeHb € OOUHCITIOBAIBHUI arapaT po3Ii-
3HaBaHHS 00pasiB. [IpakTu4ni HOCHTIIKEHHS
0a3yloThCs Ha TPOBEACHHI EKCIIEPUMEHTIB,
IporpamMHoOi peasizaiii Ta TECTyBaHHI airo-
PUTMIB Ta TEXHOJIOTI.

IIpononoBanuii miaxix

[TpormoHOBaHA TEXHOJIOTiSI CHPSIMOBaHA
Ha IIiJIBUIICHHS TOYHOCTI PO3ITi3HABaHHS 00'-
€KTIB 1HQPACTPYKTYpH NpPU OTPUMAHHI YHC-
JIOBUX 3HAY€Hb iX TPUBHUMIPHHUX KOOPIMHAT.
OcCoONMBICTh MIAXOMY IMOJSTAE B TOMY, IO
BUpIIICHHS 1i€1 MpoOIeMH BiiOyBaeTbCs O
HOYACHO 3a JIBOMa HANPSMKaAMHU.

Puc. 1. [ToBigoMIICHHS PO BCTAHOBJICHHS PEKOPLY
Ykpaiau: 6e3MUIOTHIH KBaIpOKONTEp MiAHAB 16 KT
TECTOBOTO BaHTaXy Ha BHCOTY 36 MeTpiB. MOHITOpHHT
ykpaincekoro BITJIA mMonerni BynkaHa,
mo mie B lemanmii

[Nepmuii HaNMPsAMOK: TEXHIYHUI pe3yIib-
TaT 3a0e3MeuyyeTbcss THM, IO TEXHOJIOTis
npornonye BuUkopucTtaHHa BIIIA, axuit mae
nBi Bigeokamepu. BIIJIA cunxpoHHO 3axom-
JII0€ JBOBUMIpPHI 300pakeHHs 00'€KTIB MicIe-
BOCTI, a MOTIM 00po0JIsie iX cTepeornporpama-
MH, BUKOPHCTOBYIOUM KaJpHU 300pakeHHS 3
000X KamMep 1 MOCIITOBHI KaJpu 3 KOXKHOI 3
HUX.

TakuM 4MHOM, KOPUCTYBau€Bl HAJA€Th-
cs iHpopMallis B pealbHOMY 4Yaci mpo 00'ex-
TH, 110 CIIOCTEPIraroThCs, Ta iX TPUBHMIpHI
KoopauHaTH. Ilicns 11bOro BUKOHYETHCS Bij-
MOBIJJHE KOPUTYBaHHS KapTH pailoHy Jocii-
JDKEHHS. SIKI0 HeoOXiHO YTOUHHUTH TPHUBH-
MIpHI KOOpJMHATH O00'€KTIB, IXHE MOBTOpPHE
BiJICOCIIOCTEPEKECHHSI MPOBOJUTHCS Ha HOBO-
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My MapHipyTi 3 yTOYHEHHMHU IIBHIKICTIO Ta
BHCOTOIO O€3MMIJIOTHOTO JIITAJILHOTO anapary.
JlaHuii TPUHIMI BiACOCIIOCTEPSIKCHHS

TEPUTOPIN 3aKIaJE€HO B CYTHOCTI BHHAXOIY

i Ha3Boro “CriociO BiIEOCTIOCTEPEKEHHS 3a

TEPUTOPIEr0 3 00'€eKTaMU Ha HIN”, HA KU B

2020 pomi orpumano mareHt Ne 122736 Bin

28.12.2020 p.

Buipm  goKiIagHO ITOCHIMOBHICTH  IiHd

010 BUPIIIICHHS MPOOJIEMH BHUTJISIIAE TAK:

- BUKOHYBAaTH BiJIEOCIIOCTEPEKEHHS 3a Te-
puTOpi€io 3 00'eKTaMU Ha HiH, IO Tepea-
Oadae iHppadepBOHY a00 MYJIBTHUCIEKTpA-
JbHY 3HOMKY MICIIEBOCTi 3 JBOMa BiJl€03-
HOMKaMU;

- KaMmepH, BCTAHOBJICHI Ha OOpTy Oe3miioT-
HOTO PO3BIAYBaJbHOTO JiTaKa, OJTHOYACHO
3MIHCHIOIOTh OaraTOKaHAIbHY PEECTPAIlio
JTUHAMIYHOI CIICHH MICIIEBOCTI B peayibHO-
My Yaci, CHHXPOHHO 3 JBOMa OOpPTOBHMH
BiJleOKaMepaMu, PO3MIIIEHUMU Ha OOpTy
BIUITA;

- KaMmepH po3TailoBaHi Ha (iKCOBaHIN Bijc-
TaHi OJHA BiJ OJHOI B IUIOMIWMHI, TIEPIICH-
TUKYISpHIN HApSIMKY pyxy. Biactanb Bu-
3HAYA€ThCS 3 YypaxyBaHHIM HEOOXiTHOI
TOYHOCTI PO3PaxyHKY MOTOYHUX TPUBUMI-
PHHX KOOpIUHAT OO'€KTIB, IO PEECTPY-
I0ThCH;

- 1 iHGopmarlis nepenacTbcs Ha Ha3eMHUM
MYHKT YIPaBJiHHS Ta 1HIIUM BiJJIaJI€eHUM
CIIO’KMBayaM IiJ 4yac poObOTH B MaciuTadi
qacy, OJM3bKOMY JI0 PEabHOTO;

- JIBOMIOTOKOBE BiJIe0 ab0 CymyTHI 300pa-
KEHHSI MICIIEBOCTi, OTPHMaHi TaKkuM 4YH-
HOM 3 OOpTOBHUX BlJI€OKaMep, ONEepaTUBHO
00pOOIAIOTHCS B peabHOMY 4Yaci B HazeM-
HOMY IYHKTI YIpPaBJIIHHS 3 BUKOPHUCTaH-
HSM KOMI'IOTEPHUX MpOorpaM sl 00poOKu
cTepeoaepoPpoTO3HIMKIB;

- TaKkUM YUHOM, KOPHCTYBad OTPUMYE B pe-
QIbHOMY Yacl TPUBUMIPHI KOOpJAMHATH
00'€KTIB BiJI€OCTIOCTEPEIKEHHS,

- Ha 3alWT HA3eMHOr0 MYHKTY YIPaBIIiHHS
BIIJIA moBTOpPHO MPOXOJIUTH 32 3MiHEHUM
MapHipyToM pO3BIIKM 3 HOBOI Ha3eMHOI
KOHTPOJBHOI TOYKH, 3 PEKOMEHIOBAHOIO
HOBOIO IIBUIKICTIO Ta BHCOTOK) IOJBOTY
PO3BITyBALHOTO JIITAKA;

- BHOCHUTH 3MIHH J0 KapTH MICIIEBOCTI B
HA3eMHI KOHTPOJBHIN Toull, imeHTH]I-
KYIOUHM 3MiHEH1 Ha3eMH1 MPUPOJAHI Ta IITY-
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YH1 00'€KTH, BHOCUTH JI0 KapTH BiJIMOBIIHI
BUIIPABJICHHS.

Hpyruii HanpsIMOK — BUKOPUCTAHHSI Ha-
YKOBO1 i/1€1, 110 moJiArae y po3poOIii MeToay
CHIJIBHOT KOMIT'FOTEpHOT OOpOOKH HHU(PPOBUX
Ta aHAJIOTOBUX 300paXeHb, OTPUMAHUX 3
BITIJIA, a TakoX KBa3iogHOYAaCHUX Ta Oararo-
pa3oBuX 0araro30HHUX KOCMIUYHUX 300pa-
*eHb. HuHl 1ell HampsMOK pO3BUBAETHCS
Hemapramentom Ne 265 Tuctutyry KibepHe-
taku iMeHi B. M. I'mymkoBa HarionanpHOT
akazeMii Hayk YKpainu crijbHO i3 Jlepkas-
HOI0O HAYKOBOK YyCTaHOBOW “O0'emHaHMit
iHCTUTYT TIpoONeM iHpopmaTuku HarmioHans-
HOI akazeMii Hayk binopyci”.

Po3p0o01eHO KOHIIEMIIiI0 Ta MPOEKT Me-
TOJly KOMIUIEKCHOI HEHpOMepeKeBOoi 00poOKHU
PI3HOYACOBUX JUCTAHLIHHUX 300pakeHb Iie-
BHOI JUISHKHA 36MHOI IIOBEPXHi, OTPUMaHUX 3
pi3HUX HOCIiB: 3 KOCMIYHOTO KopaOis Ta 3
oOjanHaHHs, BcTaHOBIIEHOTO Ha O6opTy BITJIA
(puc. 2).

VY cmiBnpari 3 JlepkaBHOIO HayKOBOIO
ycTaHoBowo “O0'enHaHuil 1HCTUTYT NpPoOIEM
iHdpopmatuku HamioHanbHOT akajemii Hayk
Binopyci” y 2020 poui no HamionamsHOTO
bonny byHmamMeHTaIbHUX JOCHTIKEHb YKpa-
iHM TOAaHO 3asBKy Ha (piHAHCYBaHHS CITiIb-
HOTO JOCHIAHHUIIBKOTO TPOEKTy “Metoau
KOMIUICKCHOI HeHpoMepe:keBoi 00poOKHu pi3-
HOYAaCHUX TPOCTOPOBUX CYNYTHHUKOBHUX 30-
OpaxkeHb 3€MHOI MOBEpxH1, oTpumani 3 BII-
JIA”. 3asBKa NpOEKTY MIATPUMAaHA, CHUIbHA
CHiBIIpalls 3 1€l TEMU MPOTOBKYETHCS.

VY rnobansHOMY MacmTabi METOIO 11bO-
ro CHUIBHOTO  YKpaiHChKO-O1IOPYCHKOTO
MPOEKTY € MiJBUIICHHS SIKOCTI MOHITOPUHTY
JOBKIJUI 32 JIONIOMOTOI0 HEHpoMepekeBol
imenTudikamii Ta kimacudikamii 00'€KTIB y
0araTo30HHOMY TPOCTOPi CYIMYTHUKOBUX Ta
6araTo30HHUX 300pa)KeHb, OTPUMAHUX 13 0O-
pty BIUIA.

Tum camMuM BUpIIyeThCS (pyHIAMEHTA-
JbHA 1 BOJHOYAC TPUKIAIHA HAYKOBa IIPO-
Ormema posmi3HaBaHHS 00pa3iB A 3aBAaHb
ONTHMAJIBLHOTO 3EMJICKOPHCTYBaHHS, IO €
OIHUM 13 HaWBaXKJIUBIIINX 3aBJAaHb IHTEIEK-
TyaJbHUX CHUCTEM HIATPUMKHU PaIliOHAIBLHOTO
pecypco36epiraloyoro MpupoaOKOPUCTYBaAH-
Hi. YKpaiHChbKa Ta OUIOpYChbKa CTOPOHH
BKJIAJIAIOTh CBil 0araTtopiyHUil JOCBIJ y IO
chepy BIPOBAKEHHS 1HHOBAIIHHUX METO/IIB
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po3Ii3HaBaHHs 00pa3iB.

CYIYTHHK 3eMmi "BenKA" (i
JUIA BiJIEHOTO

MOHITOPHHTY
TepHTOPii
TIPHPOJOKOPHCTABAHHS

BILTA niTakoBOTo
THITY ( YKpaina)

d—
)
A

A
=
BILIA KOIITEPHOTO ifdi i

THITy (YRpaiHa)

Cimerocmyrigs

Puc. 2. InrocTtpariis 06’€HAHOTO HAYKOBOT'O YKpaiHO-
01JI0pPYCHKOTO POEKTY

3aBaaHHs po3Mi3HaBaHHSA O0'€KTIB 1 CH-
Tyalill akTyaJlbHE B TaKHX O00JIACTSX, SK BH-
3HAYE€HHS THIIIB O0'€KTIB, IO 3HAXOIATHCI B
MOBITPi, 32 JAHUMH 3 PI3HUX JKepen iH)op-
Marlii, JiarHOCTHKa CTaHy MAaIli€HTIB 3a pe-
3yJIbTaTaMy 1HTEPB'IO Ta aHaNi3iB, M1arHOCTH-
Ka CTaHy 00JaiHaHHs JUId PI3HUX L.

ITig po3mizHaBaHHAM PO3yMIETHCS MPO-
1eC OTpUMaHHs BHUXIJHOI 1H(OpMalii Mpo
HAJIEKHICTh KOXHOTO JOCIIIPKYBaHOTO eJle-
MEHTY JI0 TIEBHOTO KJacy Ha OCHOBI aHaJI3y
iH(popMallii, 0 HATXOJUTh PO AOCTIIKYBa-
Hi €JIEMEHTH CepeIOBHUIIA, 3aCTOCYBAHHS Me-
TOJIIB TEPETBOPEHHs BXITHOI iH(opmauii y
BUXAHY 1H(GOpMaIIiO.

VY MpoeKTi TOCHiIKY€ETHCSI MOJIENb TPO-
IeCy pPO3Ii3HABaHHs, XapaKkTepHa pHca Kol —
peaizallisi po3i3HaBaHHS Ha OCHOBI aHAII3y
HaboOpy KUIBKICHUX Ta SIKICHUX 1H(opMarii-
HUX O3HAK 13 pI3HUX JDKEpe.

dopmanbHa TEOPETHKO-MHOXHHHA MO-
JIeNb TIPOLIECY pO3Mi3HaBaHHs MepedyBae y
cTaaii po3poOku. 3TiHO 3 MOACIUI0, 00
BilHECTH 00'ekT a00 cHTyalifo A0 MEBHOTO
KJIacy, He0OX1JJHO BU3HAUUTU HaOip Tpym ar-
puOYTIB Pi3HUX THUIMIB, IO JO3BOJSAIOTH 1/1€H-
Tu(dikyBaTu 00'eKTH (CHUTYyallli) MEBHOTO KJa-
cy. s mpoBeJeHHs pO3Mi3HAaBaHHs EKCIep-
TH Ha TMIiJICTaBl JOCBiAY a00 CTaTUCTUYHUX
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JAHUX BHU3HA4YaTh HEYITKY (PYHKIIIIO HaJexK-
HOCTI 00'€KTa, IO CHOCTEPIraeThCs, A0 KOX-
HOTO KJ1acy 3 HabopoM 3HaueHs [0, 1].

[IpoekT — 1e BUBYEHHS MOJAHHS TaKOi
GbyHKIIT 1 KITbKICHUX O3HAK Yy BHUTJISAII Tic-
Torpamu. Jlnisi 3HaYCHb SKICHUX XapaKTepHC-
TUK KOXKHOTO 3HAUYEHHS BU3HAYAETHCS KOHK-
perHe 3Ha4yeHHsA. HoBUM pe3ynbTraToM HocCii-
JDKEHHS € po3po0sieHa CTPYKTypa JaHUX IS
30epiraHHs MOJeNi MPOLEeCy pO3Mi3HaBaHHA,
sIKa JIO3BOJISIE CHUIBHO 30epiraTv pi3HOPiAHI
XapaKTePUCTHKH Ta (YHKIII MPHUHATIEKHOCTI
PI3HUX THITIB B TUX CAMHX TAOJHIISIX.

3amponoHOBaHa CTPYKTypa MOxe OyTH
BHKOPHCTAaHA B OJHIN TabmuI 111 oOyI0BH
MIPOrPaMHOTO 3a0€3MeUYeHHS ATl CUCTEM PO3-
mizHaBaHHs. CHij 3a3HAYUTH, IO peai3aiis
TAaKOTO pilIeHHS 3a0e3nedye IiABUIICHHS
HafliiHOCTI 30epiraHHs [NaHUX 3a PaxXyHOK
3MEHIICHHS KOMIIOHEHTIB CTPYKTypu O0a3u
JaHUX, ajie 30UIbIIY€e CKIAAHICTh aJrOpPUTMIB
30epiraHHs Ta OTPUMAHHS JaHUX.

[TapTHepu mnpoekTy MmiIaHywTh (3a pa-
XYHOK BHUKOPHUCTaHHS pO3POOOK IPOEKTY)
3HAYHO MIJIBUIIUTH HAAINHICTH PO3Mi3HABaH-
HSl OOCTEXKEHHX TEPHUTOpiH, CITLCHKOTOCIIO-
JTapChKUX YTi/lb Ta MPOMHCIOBUX OO0'€KTIB 3
METOI0 MOHITOPUHTY TEPUTOPIN ITiABUIIEHOTO
pU3HUKY BHMHHUKHEHHS HAJ3BUYAMHUX CHUTya-
if, 30KpeMa JEeSKUX MOKJIMBHX TEXHOTCH-
HUX KaTacTpod.

3HIMKM 3€MHOi MOBEPXHI OTPUMaHI 3a
JIONIOMOT 010 BiJIIIOBITHOI OOPTOBOI amaparypu
nucTaHIiiHOro 30HAayBaHHsA 3emui  ([33),
PO3MIIIEHOT HAa KOCMIYHMX amapartax (MOX-
JIMBE HAJaHHS 3HIMKIB OLTOPYCHKOIO CTOPO-
HOIO, a came 3 Ou1opycbkoro cynmytHuka "be-
nKA"), Tak 1 Ha BIIMOBIIHUX OE3MIJIOTHUX
TMTANBbHUX amapaTax 3 MOJalbIIOK CIUIBHOIO
KOMITIOTEPHOIO 00poOKoro 1H(dopMmartii, oje-
pKaHOi 3a JI0MOMOTOI0 AMCTaHIIMHOTO 30H-
nyBaHHS (puc. 3).

VY npoekTi mependayeHo po3poOKy ai-
TOPUTMY TONepeaHbOi 00poOKH 300pakeHb 3
ypaxyBaHHSIM OCOOJIMBOCTEH IUPPOBUX 30-
OpaxxeHb 3 KocMiuHOTO Kopabis ta BITJIA.

300pakeHHs,, OTPUMaHiI 3 KOCMIYHOI'O
KopalJysi, MaloTh PO3ODKHICTH KOJBOPIB, IO
Ha/aji moripiurye crnijibHy o0poOky. Ha erarmi
nonepeaHboi 0OpOOKH MPOMOHYETHCSI BUKO-
PUCTOBYBaTH alTOPUTM YCYHEHHS HEY3To-
JOKEHOCT1 KOJMIPHUX KaHATIB 300pakKeHb JIHC-
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TaHIIIMHOTO 30HAYBAaHHS 3€MJIi, 3aCHOBAHHI
Ha TOIIYKY KJIIOYOBUX TOYOK, SKUW BiIpi3HS-
€THCS X JOJATKOBOIO MEPEBIPKOI0 HA KOXKEH
KaHaJl

AJTOpUTM CKJIQJIA€ThCS 3 HACTYIHUX

KPOKIB:

- Kpok | - BuOip MeTOAy MOIIYKY KIFOYOBHX
TOYOK;

- KpOK 2 - MO 300payKeHHs Ha KaHAJIH,

- KPOK 3 - TOIIYK KIFOYOBUX TOYOK KOKHOTO
KaHaiy;

- KpOK 4 - OOYMCIICHHS JECKPHUIITOPIB KIIIO-
YOBHX TOYOK JIJIs1 KOKHOTO KaHAIYy;

- Kpok 5 - BHOIp OJHOrO 3 KaHaJiB gK 06a30-
BOTO;

- KpoK 6 - BHOIp KaHaTy EPETBOPEHHS;

- KpPOK 7 - TOLIyK BiAMOBIAHOCTI MDX [e-
CKPUNTOPAaMH, BUKOPHCTOBYIOUH  QJIr0-
put™ FLANN mis mapu kanamiB. FLANN
(Fast Library for Approximate Nearest
Neighbors) — e 6i0mioreka IIBHIKOTO
MOIIYKY TPHOTU3HUX HAHOIMKYUX CyCi-
JiB;

- Kpok 8 - ¢impTpamis map, mo 30iratoThcs,
10 BIJICTAHI MIDXK iX JIECKPHUIITOPAMU;

- KpOK 9 - MOIIyKk MaTpHIli MEePCIIeKTUBHOTO

MIEPETBOPEHHS 3 YpaxXyBaHHIM 3HAJICHUX
map TOYOK 3a JIOTIOMOTOI0 POOAaCTHOTO Me-
Tony 3 ypaxyBaHHsiM RANSAC.
RANSAC (RANdom SAmple Consensus)
— 11e CTabUIbHUI METOJ| OLIHKHM MapameT-
pIB MOeJli Ha OCHOBI BUNAJKOBUX BHOI-
POK;

- Kpok 10 - mepeTBOpeHHs 00paHOTO KaHAITY
B 00J1aCTh OCHOBHOT'O KaHaly 3 BHKOPHC-
TaHHSM MaTPUIll TEPCIEKTHBHOTO TEPeT-

BOPCHHS;
- Kpok 11 - momyk KOpJOHY KaHaliB, IO
KaJIpYIOThCS;

- Kpok 12 - 0OpizaHHs 000X KaHAJIB;

- Kpok 13 - mepexia a0 Kpoky 5 (SKIIO Ka-
HaJH €);

- Kpok 14 - o0'eqHaHHS KaHAJIB 300pakeH-
HSI.

[Ipuknaa Toro, SIK aJIrOPUTM IPALOE,
nokazanuil Ha puc. 3. Ha puc. 3 a) Ta 6) mo-
Ka3aHi KaHaJM YepBOHOTO Ta OJMKHBOTO 1H-
(bpadepBOHOTO KOJIHOPIB 300pakKeHHS JUCTA-
HI[IITHOTO 30HAYBaHHA. SIK BUIHO 3 MaJIlOHKA,
Il KOJIPHI KaHaJdd 3HAYHO BIJIPIZHIIOTHCS
OIUH BIJl OJHOTO, TOMYy 0araTo KJIIOUOBHX
TOYOK MEPIIOro KaHaiy BIICYTHI Ha JIPYyroMy
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1 HaBmaku. [licist KUTbKOX iTeparliid MmouryKy
Ta TIEPEBIPKH BY3JIOBHX TOYOK CTHUKY OYyIo
BUKOHAHO BUPIBHIOBAaHHS, IIOKa3aHEe Ha puUC. 3
B). Jpyruii eran mpoeKTy — po3poOKa airo-
PUTMIB MOOYIOBU JCCKPHUIITOPIB OO'€KTIB 3
ypaxyBaHHSIM OCOOJMBOCTEH  300paKeHb,
orpumanux 3 BIIJIA Ta 3 KocmiuHMX amapa-
TiB.

BukopuctanHs ~ MyJIbTHCIIEKTPAILHUX
300paxeHnsb, orpumannx 3 BITJIA Ta 3 kocMiu-
HUX arfapariB, y 3aBIaHHAX pPO3Ii3HABAHHS
CTaHy CUIBCHKOTOCIIOAPCHKOI POCIMHHOCTI
Ma€ MIMPOKI TMEePCIEKTHBU 332 PAXyHOK MOXK-
JMBOCTI 3aJydeHHsS J0JATKOBOi iH(popmarlii,
Ky HE MOXKHa OTpUMATH JIMIIC 3 JIaHUX BH-
JMIMOTO CIIEKTPY.

Puc. 3. Ipuknan konipHux KaHamiB 300paxenns /133
Ta pe3ynabTaT IX CyMIIICHHS: a) YePBOHUI; 0) OJIMKHIN
iH(ppaYepBOHMUIL; B) CyMIilICHUN

Pi3H1 1HAEKCH POCTUHHOCTI € Ba)KIUBH-
MU 1H(OPMATUBHUMH IHIAMKATOpPaMHU CTaHy
POCIIMHHOCTI, IO BUKOPUCTOBYIOTHCS ISt
OLIHKM Ha OCHOBI MYJbTHCIEKTPAJIbHUX 30-
Opa’keHb.

[Hpexkc Moske MpuiiMaTH 3HAYEHHS BiJ
-1 no 1. Jna pocnunHOCTI iHIekc NDVI
(Normalized Difference Vegetation Index)
npuiiMae MO3UTHBHI 3HAYEHHS, IO OlIbLIE
¢diTomaca oOcsTy, TO BHUIllE 3HAUYEHHS 1HJIEK-
cy.

Ha 3HaueHHs iHJEKCY BIUIMBAIOTH BH-
JOBUM CKJIaJ POCIMHHOCTI, ii 3aKpUTICTH,
CTaH, OCBITJICHICTh CXWJIIB Ta KYyT HaXuiy
MOBEPXHi, KOJIIP IPYHTY M1l YOOTOH POCITHH-
HICTIO. SIKIIO T'yCTOTa POCIMHHOTO MOKPHUBY
noHan 70%, 1HAEKC TOMIPHO YYTJIMBUH [0
3MiHH IPYHTOBOTO (hOoHY. SIKIIO I'yCTHHA poc-
JUHHOCTI cTaHOBUTH MeHue 30% 1 Ouiblue
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80%, BukopucroByBatu NDVI ne cmin.

HaykoBa HoBH3HA. 3aCTOCYBAaHHS Ta

BHCHOBKH

HaykxoBa HOBH3Ha mossirae y po3pooii
Ta iHTerpamii HaCTYyITHUX METOIB Ta aIrOpH-
TMIB:

- yIOCKOHaNeHUN e(eKTUBHUI METON Bi-
JICOCTIOCTEPEIKEHHS 3a TEPUTOPIEr0 3 00'e-
KTaMHd Ha Hid, 3aCHOBaHWI HAa BHUKOPHC-
TaHHI MIHIMaJbHOI KUIBKOCTI BiJeokamep,
Ha BIIMIHY BiJl KOHKYPYIOUMX CYyYacCHHX
pIlICHB,

- METOJHU Ta AITOPUTMHU MOOYJOBU KBa3ioJl-
HOYAaCHUX Ta PI3HOYACOBUX 300paKeHb,
OTPUMAaHUX 3a JIOTIOMOTOI0 0araTO30HHHUX
nM(pPOBUX Ta aHAIOTOBUX MPUCTPOIB (o-
pMyBaHHS 300pakeHb, PO3MIIIEHUX Ha
BIUIA Ta uudpoBux 3acobiB ¢popmyBaHHS
300pakeHb OpOiTaTBEHOT 0a3u;

- aJIrOpUTMHU TIONEpPeaHLOI 00pOOKH 300pa-
KEHb Ta BUAJICHHS 1HQOPMAaTHBHUX O3HAK
3 ypaxyBaHHSIM ocoOnuBocTed nudpoBoi
¢boTo3iioMKH 3 GOPTY KOCMIYHOTO KOpaOIst
Ta BITJIA;

- METOJH Ta AITOPUTMHU MOOYJOBU JECKPHUII-
TOpiB O0'€KTiB MalJaHUYMKa HAa MYJIbTH-
30HHHUX 300pakK€HHSIX Pi3HOI MOJATBHOCTI
Ta KOJIbOPY;

- HeilipoMepexeBl Moxaeni imeHTHdikamii Ta
kinacudikaii o0'exTiB 3a 300pakeHHIMH,
oTpuMaHuMHu 3a aonomororo BITJIA Tta op-
0ITaIbHOI OCHOBH;

- METOJ] KOMIUIEKCHOI HeHpoMepexeBoi 00-
pPOOKM TPOCTOPOBO-Y4ACOBHUX 300paKEeHb
36MHOI TIOBEpPXHI Ta TOB'SI3aHUX JHUCTaH-
HIHHUX 300pa)KeHb OJIHIET 1 Ti€T XK MOBEPX-
H1, orpuManux 3 BIUTA.

IIpu po3podui TexXHONOTii CHiUIbHOI
KOMITIOTEPHOI ~ TapMOHI3aIiitHOT  0OpoOKH
KBa310/IHOYACHUX Ta Oaratopa3oBux Oararto-
30HHUX 300pa’k€Hb, OTPUMAHMX 3 KOCMIYHOTO
Kopabyii Ta IUQPOBOi, AaHAJIOTOBOi AaHTEHU
BIUIA, ¢ortorpadiii mianyerbcs TBOPUO BH-
KOPUCTaTH JIOCBiJ| y Tally3l METOJIB pPO3Ii-
3HaBaHHS 300paxeHb (axiBUiB [HCTUTYTY
kibepuetuku iMeHi B. M. I'mymkoBa Harrio-
HaJBHOI akazeMii HayK YKpaiHu Ta O110pycCh-
KHUX TapTHepiB — Jlep»kaBHOi HayKOBOi ycTa-
HOBU “O0'enHaHuil 1HCTUTYT mpolbieM iHdo-
pmatuku HamionanpHOi akagemii Hayk bino-
pyci”.
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e HEOOXiAHO ISt KOpENSIii KocMid-
HUX 300paXeHb 3 JaHUMHU CYIMYTHHUKOBOTO
MOHITOPHHTY, TOIAIbII0I T0OyI0BH 0a30BUX
O3HAaK Ha 300pa)XEHHSAX PI3HOI MOAAIBHOCTI
Ta KOJBOPY Ta X BHKOPHUCTAHHS JUIS 1IEHTH-
¢ikarii Ta kmacudikamii 00'eKTiB 3 BUKOpPHUC-
TaHHSM, HaNpUKIAJ, anapaTy ONOPHHX BEK-
TOpIB Ta HEUPOHHUX Mepex [5, 6, 7, 8].

Po3pobiieni aBTopaMu METOIM 1HTEICK-
Tyanizaiii 00poOKH JaHUX TaKOXK aJIalTOBaH1
UL TIAOPUEMCTB  JOPOKHBO-OYMiBEIBHOT
rajgy3i Ta IHOIMX 3eMJIEBIOPSIHUX YCTaHOB,
SIK1 3@ CBOEIO CIICIIAIBHICTIO MAIOTh PO3POOH-
TH BIAMOBIIHI TPOMO3UIIT MO0 3HMKCHHS
OYIKyBaHUX PU3UKIB 3aTOIJICHHS CIIbCHKOTO-
CHOJIAPCHKUX  YTi/b, BHUCOKOi HMOBIpHOCTI
pYHHYBaHHSI CTpaTEriuHUX 3ali3HHYHUX Ta
ABTOMOOUTBHHX HUIIXOMPOBOIIB [6, 7]. ToOTO
TEXHOJIOT1s, IO PO3POOJIAETHCS, 3HATOOUTHCS
HE TUIBKH U1 MOHITOPHHTY CTaHy TEPHUTOPIi,
ypaxenoi TEIl, ame i mis mporHo3yBaHHS
MOXJIMBUX HEOC3ICUHHMX SKOJIOTIYHUX SIBUII.
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