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Cepeiu Kpsauox
MOHITOPHUHI MICHHEBOCTI TA IEPEIIIKOJ] Y PAMOHAX AEPOIIOPTY

Axmyanouicme memu docnioncennsn. Ha cbo200mi 6 Yipaini 6sedeno nosi agiayiiini npaguia, siki cmocylomscsi 06ciy-
208ys8anHs aeponagieayitinoro ingpopmayiero. Ilpasuna epaxogyroms 3axonodascmego €sponeticokozo Coio3y, dokymenmu €6-
pokxoumponio, Cmanoapmu ICAO cmocoeno mounocmi, onpaylo8ants ma GUKOPUCMAHHS AePOHABI2AYIUHUX OAHUX, CKI1A00-
BUMU SIKUX € OAHI PO MicYesicmb i nepeuKkoou 8 patioHax aeponopmie.

ITocmanoexa npoonemu. OOnum i3 YUHHUKIS, WO BNAUBAIOMYb HA De3neK)y NONbOMmie YusinbHoi asiayii, € 8paxysanis ne-
PeuKoo Ha mpacax nepeibomie y eueasoi niosuwerb pervedyy ma sucomuux 0o 'ckmis. Ilpo ye céiouams asapii ma kamacm-
POodu nogimpaHUX cyoeH, cnpuyuHeHi 3imKHeHHAM i3 eucomuumu nepewxooamu. Tomy neobXiono npoeooumu MoHimopume
HA3eMHO20 NPOCMOPY 6 PAOHAX AepOnopmy 05t CBOEYACHO20 BUABIEHHA NEPEeWKOO O aKmyanizayii enekmpornoi basu oa-
HUX U000 MICYeBOCmi ma nepeuroo.

Ananiz ocmannix docnioxcens i nyénikayiii. bynu posenanymi ocmanni nyonikayii y 6i0Kpumomy 0ocmyni, siKi npucesyeti
icHyI0uUM MEMOOam 30UPAHHS 2e0NPOCIMOPOBUX OAHUX W00 BUSHAYEHHS PENbEDY MICYesoCmi ma nepewiKoo y patioHax aeponopmy.

Buoinenus nedocnioxncenux uacmun 3a2anvHoi npoonemu. Ananiz nasedenux oxcepen 00360A€ 3p0OUMU BUCHOBOK, U0
cmocoeHo pationy 1 aeponopmy, AKUM € MEPUMOPIs 0epICcAsU, Ha8eOeHa Cynepeynusa ingopmayis ujooo UKOPUCTNAHHS MO20
4y [HUWO20 MEMOOy BUSHAYEHHA PENbEQY MICYe8OCHi Ma NePeutKoo.

Mema cmammi. ['01061010 Memolo cmammi € aHaiiz Memooie MOHIMOPUHEY RPOCMOopo8oi ingopmayii ujooo micyegocmi
ma nepewkoo y pationi 1 aeponopmy 3 GUKOPUCIMANHAM PAOIOIOKAYITHUX CUCEM KOCMIYH020 6a3y6antsl, Ki 6 3a00801bHsIU
sumoeu IKAO 6 yvomy paiioHi w000 eedenns enekmponHoi 6a3 OaHux npo Micyegicms ma nepeuKoou.

Buknao ocnoenozo mamepiany. Hageoeno xinvkichi éumoeu IKAO wo0o danux npo micyesicmos ma nepemxoou 8 patoni
1 aeponopmy. Poszenanymo noxubku pe3yibmamie CYRyMHUKO8020 padionokayitinoeo monozpagiynoeo 3nimanus (Shuttle
radar topographic mission (SRTM), sixke 0o3onunu ompumamu yugpogy modensv penvehy 3emni. Iloxubxu ons mepumopii
€spasii— de snaxooumucs Yrpaina, ckaaoanu 8,8 m'y nnani ma 6,2 no eucomi ma manu po30inbHy 30amHiCMb Y 6ePMUKANbHIl
nnowuni 1 m, a'y copuzonmanvuiv niowuni — 30 m. Memoo Permanent Scatterer SAR Interferometry PSInSAR) — inmepgepo-
Mempii cmilikux 8i00U6a4ie i3 GUKOPUCMANHAM PAOIOIOKAMOPIE i3 CUHME308AHOI0 ANEPMYPOI0 KOCMIYHO20 6A3Y8aAHHS 00360~
JISIE OMPUMamu MOYHICMb CMILIKUX 8i00UBAYIE (MPUPOOHUX MA MEXHO2EHHUX 06 '€KMiB) y 6epMUKAIbHIL NAOWUHI O1u3bKo 1 m
ma noxubra eusHayenuss sucom iHuwux oo ’ckmie micyegocmi cknadae 14 m. Huni memoouxy PSInSAR 3acmocosyioms 05
MOHIMOPUHZY OCIOaHHsL 3eMHOI NOGEPXHI 8 Micmax, wjo 003680J5€ susHavamu oeghopmayii 3eMHOI NOGEPXHI 3 MOYHICTIO OO0
minimempis. Yepynyeanns cynymuuxie [J33: TerraSAR-X i TanDEM-X 3abe3neuuno enobanvhe nokpumms 3eMHOi HO8epXHi
yugposoio modennio pervedhy 3 moynicmio 3a sucomoio He metuie nisc 2 m. Ilpocmopoge po3pisnenns cmanosuno 6au3svko 1
M. Y 2020 poyi byno susedeno na Hagkonozemmy opoimy Cynymnux i3 CUHMe308aHOI0 ANepmypoio padionoKayiiHo20 3HIMAHHS
Capella-2. I]eit ynixanonuii mixpo cynymuux mae macy 107 ke. Hozo snimanvua anapamypa mae napasi nadsucoxy npocmo-
posy po30invry 30amuicms 50%50 cm.

Bucnoeku 6ionogiono 0o cmammi. Cyuacni memoou CynymHuko8020 paodiolokayiiiHo2o 3HIMAHHA 0038010Mb GU3HA-
UMy NAAHO8e Ma 6UCONHe NOA0JHCeHHA 00 ckmie micyesocmi 6 paiioni aeponopmy 1 (mepumopis deparcasu) 3 moynicmio ma
Ppo30invHoto 30amuicmio, axa ionosioac sumozam IKAO wo0o eedenns enekmponHoi 6azu 0anux npo micyesicms ma nepeui-
xoou. Ilpononyemocs suxonysamu neputy @asy mMowimopunzy ob’ckmie micyesocmi na mepumopii depoicasu 3a 00ROMO20I0
CYNYmHUKO8020 pAdioNOKAYIUHO20 3HIMAHHA, A HA OpY2ill (a3i MOHIMOPUHEY 3ANYHAMU HA3eMHe 0OCMedCeH s — Ol YIMoy-
HeHHsl ampuOymugHoi inghopmayii oo 00 'exmis, sussieHux Ha nepuliti Qasi.

Kntouogi cnosa: aeponopmu; sumozu IKAO; micyegicmo, nepewikoou; padionokayitini CynymHuKko8i Memoou 3HiMaHHs.

Tabn.: 1. Puc.: 5. bién.: 15.

AKTYyaJIbHiCcTh TeMU JocTigxennsa. Huni B Ykpaini BBeIeHO HOBI aBialliiiHi paBuia, sKi
CTOCYIOThCSl 00CITYyTOBYBaHHS aepoHaBiramiiaorw iHdopmariieto [1]. [IpaBuna BpaxoByroTh 3a-
KOHOJIaBCTB €Bporneiickkoro Corosy, nokymeHTH €Bpokontpodto, Crangaptu ICAO (MixHa-
poaHOi opraHi3allii IMBUIBHOI aBiallii) CTOCOBHO TOYHOCTI, IIIJTICHOCTI, OMPAIIOBaHHS Ta BUKO-
pUCTaHHS aepOoHaBIraliiHUX, CKIAJ0BUMHU SKUX € JaHI CTOCOBHO MICIIEBOCTI Ta MEPEUIKOJ Y
palioHax aepoIopTiB.

IMocTanoBka npodjemu. OTHUM 13 YHHHHUKIB O€3IEKH MOIHOTIB IUBUILHOI aBiallii € Bpa-
XyBaHHS Ha Tpacax MepebOoTiB IMiIBUILEHD pelbedy Ta BUCOTHUX 00’ €KTiB. Tak, 9 rpyaus 2007
poky nobnm3y aeponopty XKynsuu (Ykpaina) pozouscs nitak Beecheraft King Air C90B. Ipu-
YUHOIO KaTacTpo(u CcTajo 31TKHEHHS CIPABHOTO JIiTaKa 3 BACOTHOIO MEPEIIKO/I00, a B T10/1a-
JBIIOMY — 13 3€MHOIO MoBepxHero. [lacaxkupu Ta uiaeHu ekinmaxy 3aruHynu [2]. 24 Oepesss
2015 poky mitak A320 aBiakomnanii Germanwings, 1o JeTiB MapmpyToM bapcemnona — J{ro-
ccenbaop(, 3a3HaB aBapii B pailoHI BKpail BaXKKOJIOCTYITHOTO ripchkoro MacuBy Tpya-EBesiue
B Aneriax Bepxuaworo I[IpoBancy (®paniis) [3].
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3 1 ciunsa 2020 poky B Ykpaini Habpaau YyuHHOCTI HOBI OyzaiBenbHI HOpMH [4]. Lleit Hop-
MaTUBHUHN JOKYMEHT 3aCTOCOBYIOTH ISl IPOEKTYBAHHS Ta OYJIBHULITBA BUCOTHUX >KUTIOBUX
BHUCOTOIO /10 100 M BKJIIOYHO Ta TPOMAJICHKHUX OyaiBeIbh BUCOTOIO /10 150 M BKJIIOYHO Ta € J10-
3BUTBHIM HOPMATUBHUM JOKYMEHTOM JUISI BACOTHOTO Oy IIBHUIITBA.

V Takux ymMoBax HEOOX1OHO IMPOBOIUTH MOHITOPHMHI Ha3eMHOI'O IIPOCTOPY B paiioHax ae-
POTIOPTY /JIsi CBOEYACHOTO BUSBIICHHS MIEPEIIKO]] Ta aKTyasi3allii eleKTpOHHOT 0a3u JaHUX CTO-
COBHO MICIIEBOCTI Ta MEPEIIKO V palioHax aeporopry [5].

AHaJi3 ocTaHHix aocaikensb i myoaikaniii. Y noxymenti [6] ICAO nHaBeneHo metoau
BU3HAYCHHS pPelibepy MICIIEBOCTI Ta MEpENIKo y OMKHIX paiioHax aepornopTy. [{o HUX Hase-
JKaTh Ha3eMHI T€0JIE3MYHI METOH: MPsAMI KYTOBI 3aCiUKH, MPOKIATAHHS TEOJAOTITHUX XOIIB,
TPUKYTHUKIB TPIaHTYJIALIT — AJ11 BA3HAYEHHS TUIAaHOBOTO TIOJIO’KEHHS MEPEIIKO/I; TEOMETPUYHE
Ta TPUTOHOMETPUYHE HIBEIIOBAHHS — JUIsl BA3HAYEHHSI BUCOT TOYOK MICIIEBOCTI Ta MEPELIKO/.
3aCTOCOBYETBCSI TAKOXK HazeMHe (hOTOrpaMMETpUYHE 3HIMAaHHS Ta aepodoTo3HiMaHHI. Kpim
TOro, 100YBaTH HEOOXAHY 1H(POPMALIII0 MOXKHA 3 ICHYIOUUX TOMOrpadiyHuX KapT MIiCIIEBOCTI
y macmrabax: 1:2500, 1:5000, 1:10000. Kaprorpadiunuii marepiaia HOBUHEH KOPUTYBATHCH 1
NEePIOMYHO OHOBIIIOBATHCH.

VY nocnimkenHi [7] pekomennoBaHo BukoHyBaTu TexHojorito IFSAR (Interferometry
Syntheticaperture radar) pamionokamiiHux iHTEpHEPOMETPUYHUX CUCTEM 13 CHHTE30BAHOIO
anepTyporo MOBITPSHOTO 0a3yBaHHS JUIsl CTBOPEHHS MU(PPOBOi MOAECII MICIIEBOCTI Ta Ha3eM-
HOT'0 3HIMaHHS — JUIsl BUSIBJICHHSI IEPELIKO Y pailoHi 1 aeponopry, IKUM € TEPUTOPIS JepKaBU.
Sk HOCIT 3HIMANIBHOT anapaTypu BUKOPUCTOBYIOTHCS JIiTaku abo reiikontepr. CTOCOBHO 3a-
CTOCYBaHHS paJl0JIOKAI[IHHUX 3HIMAJILHUX CUCTEM KOCMIYHOTO Oa3yBaHHS Ha Yac MPOBEICHHS
JOCJTIJDKEHHS He 0yJI0 BUSBJICHO JOCTOBIpHOI 1H(MOpMaItii y BIAKpUTUX JpKepenax [7].

VY po6ori [8] neranpHO BUKIAIEHO iH()OPMAIIII0 CTOCOBHO BIIOMHX METOMIB 30MpaHHS re-
OMPOCTOPOBUX JaHUX. Y paifoHi 1 JaHi mpo MEepemKoIu HaJaloThCS 100 MEePEIIKO]] 3aBBU-
ik 6ineie 100 M Ha moBepxHEro 3emii [5; 9].

BujineHns HelociAKeHUX YACTHH 3arajibHol MpodjaeMu. AHaJi3 HaBEJCHUX JHKEepe
JI03BOJISIE€ 3pOOUTH BUCHOBOK, III0 CTOCOBHO paiioHy | aepornopry, SKUM € TePUTOPis Iep:KaBH,
HaBEJICHO CynepewinBa iH(opMaIllis 010 BUKOPUCTAHHS TOTO UM 1HIIIOTO METOAY BUSHAUYCHHS
penbedy MICIIEBOCTI Ta MEPEIIKO/I.

Merta cTaTTi. ['0710BHOIO METOIO CTATTI € aHAJI13 METO1B MOHITOPHUHTY ITPOCTOPOBOT 1H(O-
pMartii o/10 MiCIIeBOCTI1 Ta MEPEIIKOT y paiioHi 1 aepormopTy 3 BUKOPUCTAHHSIM PaIiofIOKaIlii-
HUX CHUCTEM KOCMIYHOTO 0a3yBaHHS, sKi 0 3a0BobHsM BUMoTH IKAO B paiioni 1 aeporopry.

BukJjaa ocHoBHOro MmartepiaJy. 3riHo 3 HopMaTuBHUM JoKymMeHTOM IKAO [5] kinbkicHi
BUMOTH CTOCOBHO JJaHHMX IPO MICLEBICTh Ta MEPEUIKOIU B paiioHi 1 aepornopTy MaroTh Xapak-
TEPUCTHKH, HAaBE/ICH] B TAOJIUII.

Tabmums
Kinvkicni gumozcu w000 oanux npo micyesicms ma nepeuxkoou 6 pauoui 1
[HTeDBAN MiK TOCTAMMA TToxnOxa Po3mainbHa 3qaTHICTE IToxubOka Tosipua
p . . Y BEPTHKAJBHIH IU10- | Y BEpTUKAJIBHIHN 110~ | y TOPU3OHTANBHIN | ., B1p*
(st MTaHWX PO MICIIEBICTD) . . . HMOBIpHICTB
HIHHI IUHI TUTOTIHMHI
3 ¢ oyru (90 m) 30 m 1M 50 m 90 %

ITlpumimka. Tlepionx OHOBIIEHHS TaHWUX — 33 HEOOX1THOCTI.

[Tix micieBiCTIO pO3YMIIOTh «IOBEPXHIO 3eMJIl 3 TAaKUMHU MPUPOJTHUMH €IEMEHTaMH, SK
ropu, Topom, XpeOTH, TOJWHU, BOIAH, BIYHHUH JI1JI, CHIT, 32 BUKJIIFOYCHHSIM TIEpemKo1» [5].

[Tepemkogamu BBaXKatoThCs BC1 HEPYXoMi (ITOCTIHHI a00 TUMYACOBI) 1 pyXxoMi 00’ €KTH abo
YacTHHA X, I110: PO3TaIIOBaHi B 30H1, sIKa MIPU3HAYEHA JUIsl pyXY MOBITPSHUX CYACH IO MOBEP-
XH1; a00 IMTHIMAIOTHCS HaJl BU3HAYEHOIO MTOBEPXHEIO, 1110 TTPU3HAUEHAa 1)1 3a0e3eueHHs 0e3-
NIEKH MOBITPSHUX CYJEH B MOJIbOTI; 00 nepe0yBaroTh 32 MEXaMHU IIUX BU3HAUEHUX TTOBEPXOHb
1 pO3LIHIOIOTHCS, SIK TaKi, 110 HeOe3MeyHi I NOBITPsHOI HaBirawii [5; 9].
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Kopucryrournch JaHuMu TaOIHIN 1010 TOYHOCTI Ta PO3ALIBHOI 3IaTHOCTI, MOYXKHA BHKO-
HaTH MA01p METOIB 3HIMAaHHS MICIICBOCTI Ta MEPENIKO] y pailoHi 1 aepomopty.

Huni pagionokaniiiHi 3HIMaHHS BUKOHYIOTb 13 HOCIiB 32 JIOIIOMOT'OI0 Pa/ii0JIOKALIHHUX CUC-
TEM 13 CHHTE30BaHOI0 anepTyporo (Synthetic Aperture Radar) 3 BukopucTaHHsSIM METOYy 1HTEP-
dbepomeTpii, 10 JO3BOJISIE OTPUMATHU AaHi PO Perbed MICIIEBOCTI HA BENUKUX TepuTopisx. [le-
peBaramMu paJioJIOKaIiifHOTO 3HIMAHHS € MOXKJIUBICTh OTPUMaHHS 300pakeHbh B YMOBaX, KOJIU
00’€KTH 3aKpUTI XMapamu, TYMaHOM, TUMOBHUMHU 3aBiCaMH TOIIO Ta B OyIb-sIKUi yac 106w [8].

Tak, Oyn0 BUKOHaHE pajiiojoKalliiae TonorpadiyHe 3HIMaHHS OUTBIITOT YACTHHU TEPUTOPIT
3eMHOI KyJli, 32 BUHSATKOM CaMUX MMIBHIYHUX, HAUOUIBII MIBACHHUX IIHUPOT, a TAKOX OKEaHIB

(puc. 1) [10].

BETAA COWERAGE A

-
el -]

Ano AEa .20 . Ba _ 1E0 180
weofils aail B LONGITUGE waten| o)1 uE

Puc. 1. Cxema noxpumms snimanuam SRTM nosepxnui 3emni (nosnavenns: Land 0-1-2-3-4;
Water 0-1-2-3-4 cnosiwaroms npo KilbKicms 3HIMAHb OLIAHOK 3eMHOI YU 800HOT NOGEPXHI)

3uimanns tpuano 11 guiB B moromy 2000 p. Ta 3acTOCOBYBajach CHelialibHa pajapHa
cucreMa, sika 0azyBajlach Ha KOCMIYHOMY Kopabii Space Shuttle. /[Boma pamionmokaniiHuMU
cerncopamu SIR-C(Space borne Imaging Radar) i X-SAR (Synthetic Aperture Radar) - pana-
paMu 13 CHHTE30BaHOIO alepTypOr0 KOCMIYHOTO 0a3yBaHHs, SIK1 MPAIIOOTh Y Jliama3oHax pa-
nioxBuib 15-7,5 cMm (C) ta 7,5-3,8 cm (X) [10], Oyno 3i0pano monan 12 TepabaiiT JaHUX PO
penved 3emiti. Micis mictaia Ha3By CYIMyTHHKOBOTO PaIiojOKaIlIMHOTO TOMOrpadgiyHOro 3Hi-
manHHs (Shuttle radar topographic mission (SRTM)) ¥V miacymky Oyna orpumMana nudpoBa Mo-
nenb penbedy 3emuti. TouHICTH 111€T MOJIETT1 KOJIMBAJIach 3aJIeKHO BiJl TEpUTOPIi 3HIMaHHS. Tak,
HaliMeHIa abcotoTHA MOXMOKa B MJIaHI CTaHOBHUIIA 7,2 M — Ui TepUTOpii ABCTpatii, a Mak-
cuMajbHa abconoTHa nmoxubka 12,6 M — s teputopii [liBHIuHOT AMepuku. MakcuManbHa
abcomoTHa TOXMOKa 10 BUCOTI AopiBHIOBaNa 9 M uig tepuropii [liBHIYHOT AMepukH, a MiHi-
MaibpHa 5,6 M — st Teputopii Adpuku. s tepuTtopii €Bpasii — e 3HaXO0AUThCS YKpaiHa,
TaKi MOXuOKH CTAaHOBHIIM 8,8 M y miiaHi Ta 6,2M 1Mo BUCOTI. Po3/iIbHA 3IaTHICTH Y BEPTHUKAIIb-
HI{ TJIOMIMHI cTaHOBWIIA | M, a po3AiIbHA 3aTHICTh Y TOPU3OHTAIBHIN rutommHI — 30 M [10].

PizHoBumOM pagionokauiiftHoi iHTepdepomeTpii € MeTos inTepdhepomeTpii cTilikux BiaOH-
BauiB 3 BUKOPUCTAHHSM pajJapiB 3 CHHTE30BAHOI arepTypol0 KOCMIYHOTO Oa3yBaHHS
(Permanent Scatterer SAR Interferometry — PSInSAR). ¥V oMy MeTo/1i Ik TOYKOBI CTiHKI Bif-
OuBadi (pointwise permanent scatterers) BUKOPUCTOBYIOTBCS CIIOPYIH, Oy IiBIIi, METANIEBI TIpe-
JIMETH, TIJIOHH, aHTCHH, BIIKPUTI TipChKi IOpoau (puc. 2), siIKi MaroTh BUCOKY BiJIOMBHY 311aT-
HICTh /IO PAaTiOXBHIb 1 CIYTYIOTh CTIMKUMHU BigOMBauaMu paIioIOKAI[iIiHOTO CUTHAITY
BIIPOJIOBXK CEAHCIB CIIOCTEPEKEHbD, SIKi IEPIOIUIHO MTOBTOPIOIOTHCS [ 11].
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Puc. 2. Bioobpasicenns npupoOHux i mexHo2eHHUX NOCMitiHux 8ioousayis
y 8u2ns0i NPAMOKYMHUKIE I HA padionokayiiHoMy 3HIMKY

VY pe3ynbTaTi BAKOPUCTOBYIOTH 0arato 300pakeHb, MiHiMyM 20—25 3HIMKIB, 1110 OXOILTIO-
I0Th Ty CaMy TepUTOPIIO, IO ITiIBHUIILYE TOYHICTh BU3HAYCHb. [[0XMOKHM B 300paskeHH] 00’ €KTIB
MICIIEBOCTI 3a paxyHOK Jii arMocepu Ta opOiTanbHI MOXUOKK MpakTUuyHO ycyHeHi [10]. Bka-
3aHUM METOJIOM JOCSTAETHCS TOUHICTh CTIMKMX BiAOMBAYiB y BEPTUKAIbHIH IIIOMMHI OJIM3BKO
1 M [11], a moxnOka BU3HAYEHHS BUCOT IHIIHMX 00’ €KTIB MICIICBOCTI 3TiAHO 3 JOCTIHKCHHSIMU,
HaBeneHuMH y jokeperni [12], cranoButh 14 M. Huni meroauky PSInSAR 3actocoByroTh mist
MOHITOPUHTY OCiJJTaHHS 3eMHOI IOBEPXHI B MiCTaX, 110 I03BOJIsI€ BU3HAYaTH AedopMmariii nose-
pXHi 3 TOUHICTIO 70 MiTiMeTpiB [11,12].

Binome BUKOpHCTaHHS yrpyIyBaHHS CYIyTHUKIB AUCTAHIIMHOTO 30H1yBaHHA 3emiti (/133)
(puc. 3).

Puc. 3. Yepynysanua cynymnuxis /[33: TerraSAR-X i TanDEM-X

Tak, cymicHe Bukopuctanus cynyTHuka TerraSAR-X 3 pagapamu 31 CHHTE30BaHOIO arep-
Typoto, 3amyiieHoro 15 gepBus 2007 poky, Ta cynmytHuka TanDEM-X, 3anymenoro 21 yepBHs
2010 poky, 103BOJIsIE BAKOHYBAaTH BUCOKOTOUHY 1HTEPPEPOMETPit0 CAHTUMETPOBOIO TOUHICTIO
— JUTsl BU3HAUEHHS OCiJJaHb Ta PO3JIOMiB 3¢MHOI TOBEPXHi Ta 3a0€3MeUnTH III00aTbHE MTOKPUTTS
3eMHO{ TIOBEPXHI BUCOKOTOYHOIO IU(PPOBOIO MOJEIIIO pelbedy 3 TOUHICTIO 32 BUCOTOIO HE
menie 2 M. [IpoctopoBe po3pisHeHHs cranoBmiIo 6au3bko 1 M [13; 14].
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¥ 2020 pouii 6ys10 BUBEZICHO HAa HABKOJIO3EMHY OpOITY CYITyTHHUK 13 CHHTE30BaHOIO allepTy-
poto paaionokaniiHoro crioctepesxkenns Capella-2 (puc. 4) [15].

Puc. 4. Cynymnux 3 cunmesosanoro anepmyporo Capella-2 na naexonozemniii opoimi

Ie#i yHikampHUM MIKpO cynyTHUK Mae macy 107 kr. Kpim Toro, iioro 3HiMasibHa araparypa
Ma€ HaJIBUCOKY MPOCTOPOBY pO3AUIbHY 3AaTHICTE 50%50 cm. Lle mocsiraeTbes eIeKTPOHHUM
YIPABIIHHSAM aHTEHOIO 3 METOIO 3aTPUMKH €KCIO3HIIIi MiCIIeBOCTi 10 60 CeKyH/I, y TOH Yac K
noTepeHi Bepcii CyMyTHUKIB MOTJIM MaTH €KCIIO3UIIII0 TOTO K CaMOT0 palilOHy MOBEPXHi 3eMIIi
Ha TPOTA31 KUTBKOX CEKYHJ. 3a paxyHOK TPUBAJIOl B Yaci BUTPUMKH MiABUIIYETHCS TOYHICTh
iHTepIpeTalii Ta aHaiily AaHuX. Takuil peKUM 3HIMAHHS HOCUTH Ha3BaHY «IIPOKEKTOP»
(Spotlight). Cmyra nponyckanus 300paxkeHHs 301abieHa 10 500 MI'11, y mOpiBHSAHHI 3 aHAJIO-
ramu, siki MaroTh oomexxenss 10 300 MI' [15].

Ha puc. 5 mokazano po3sramryBanus jiTakiB B LlenTpi aBiarii Po3yena B Hero-Mekcini, sike
oTpumMano Bix cymyTtHuka Capella-2. BugHo mitaku Ta iXHi TiHi, SKi pO3KpUBaIOTh TaKi HE3Ha-
YH1 JIeTall, K PO3MipH KaOiHU eKimaxy, ABUTyHH [ 15].

Puc. 5. Paoionokayiiine 300pasicenns Llenmpa asiayii Po3yena ¢ Hvto-Mexciyi

3 HaBEICHMX JKEPEN CTa€ 3pO3yMIUINM, IO SKICTh TEXHOJIOT1 PaaioIOKaIIHOTO 3HIMAHHS
HEBIIMHHO MOKPAIYETHCSI B HANPSAMKY IMiABUIIEHHS TOYHOCTI Ta PO3AUIBHOI 34aTHOCTI 300pa-
JKEHb, SIK1 BIATIOBIAI0Th Hapa3l TOYHOCTI Ta PO3IIILHIN 3JaTHOCTI, SIKi BUCYBAIOTHCSI BAMOTaMHU
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IKAO cTocoBHO BeJeHHS €IEKTPOHHOI 0a3u JaHUX MICHEBOCTI Ta MEPELIKO B MEXax BCiei
JepkaBu — paiony 1 aeporopTy. Taki 0coOJIUBOCTI PalioIOKAIIHHOTO 3HIMAHHS, SIK MOYKJIH-
BICTh OTPUMAaHHA 300pa’KeHb B YMOBAX, KOJIM 00’ €KTH 3aKPUTI XMapaMu, TyMaHOM, TMMOBUMU
3aBicaMu TOIIO B OyAb-SIKUM Yac 100U poOJIsATh HOTO BAXJIMBUM 1HCTPYMEHTOM MOHITOPHHTY
MICIIEBOCTI Ta IEPELITKO/I.

Hemonikom pamiosiokamiifHOTo 3HIMaHHS € 3aTIHEHHS 300pa)KeHb HMKYHUX €JIEMEHTIB MiC-
[[EBOCT1 BUILMMHU.

Kpim Toro, mist BeneHHsI €1eKTPOHHOI 0a3u JTaHWX MICIIEBOCTI Ta MEPENIKO]] HEOOXiaHO
MaTH 1 aTpuOyTHBHY iH(pOopMalito npo HuX [5]. YacTuHy Takoi iHpopMaLii MOXKHA OTpUMATH
TIJIbKA Ha3€MHUMU OOCTEKEHHSIMHU.

Tomy npononyeTbest PO3IUTUTA MOHITOPUHT paiioHy 1 aeponopTy Ha JBi CKJIa10BI1: IEPBUHHHNA
Ta BTOpUHHUH. [IepBUHHUI MOHITOPUHT BECTH 3 BUKOPHCTAHHSIM CYITYTHHKOBHX PaIiOJIOKaITii-
HHUX METOJIB, SIKi 3a0€3MeUyI0Th BIIIOBIIHY TOYHICTH 1 PO3IUIbHY 3[aTHICTh Ta IOIOMAaraloTh BH-
SIBUTH HEOE3MEeYH1 JIJIsl aBialiiHOro PyXy 00’€KTH MICIIEBOCTI Ta BTOPMHHHM, 3 BUKOPHUCTAHHAM
HAa3eMHUX METOJIB OOCTEKEHHSI — JIIsl yTOYHEHHS aTpUOYTHBHUX JTAHUX TIPO 111 00’ €KTH.

BucnoBku BigmoBiaHo g0 crarrti. CyyacHi METOJHM CYMyTHHKOBOTO PaJli0IOKAI[IHHOTO
3HIMaHHS JO3BOJSIOTH BU3HAYUTH IJIAHOBE Ta BUCOTHE MOJIOKEHHS 00’ €KTIB MICIICBOCTI B paii-
OHi1 aeporopty 1 (TepuTopis AepKaBH) 3 TOYHICTIO Ta PO3ILIILHOIO 3[aTHICTIO, sIKa BIMOBIIAE
BuMoraMm IKAO o0 BeAIeHHS €1eKTPOHHOT 0a3u TaHUX PO MICIEBICTh Ta nepemkoan. [Ipo-
MOHYEThCS BUKOHYBATH Mepiny a3y MOHITOPUHTY 00’ €KTIB MICIIEBOCTI Ha TEPUTOPIi eprKaBr
3a JONOMOTOI0 CYITYTHUKOBOT'O PaJli0JIOKAIIHOr0 3HIMaHHs, a Ha ApYrii (a3l MOHITOPUHTY
3a]ly9aTd Ha3eMHE OOCTEXEHHS — ISl YTOUHEHHS aTpuOyTHBHOI 1HGOpMaIlii moa0 00’ €KTIB,
BUSIBJICHUX Ha Mepiuii ¢asi.
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UDC 528.4
Serhiy Kryachok
MONITORING TERRAIN AND OBSTACLES IN THE AIRPORT AREAS

The urgency of the research. At present, new aviation rules concerning the provision of air navigation information
have been introduced in Ukraine. The rules take into account the legislation of the European Union, Eurocontrol documents,
ICAO Standards on the accuracy, processing and use of aeronautical data, which include data on terrain and obstacles in
the areas of airports.

Target setting. One of the factors influencing the safety of civil aviation is the consideration of obstacles on the routes
in the form of elevations and high-altitude objects. This is evidenced by accidents and catastrophes of aircraft caused by col-
lisions with high-altitude obstacles. Therefore, it is necessary to monitor the ground space in the areas of an airport for the
timely detection of obstacles to the updating of the electronic database on terrain and obstacles.

Actual scientific researches and issues analysis. Recent open access publications on existing methods of collecting geo-
spatial data to determine terrain and obstacles in areas of the airport were reviewed.

Uninvestigated parts of general matters defining. The analysis of the given sources allows to draw a conclusion that
concerning area 1 of the airport which is the territory of the state, the contradictory information on use of this or that method
of definition of a relief of district and obstacles is resulted.

The research objective. The main purpose of the article is to analyze the methods of monitoring spatial information on
terrain and obstacles in area 1 of the airport using space-based radar systems that would meet the requirements of ICAQO in
this area for the maintenance of electronic databases of terrain and obstacles.

The statement of basic materials. The quantitative requirements of ICAO for data on terrain and obstacles in area I of
the airport are given. The errors of the results of the satellite radar topographic survey (SRTM), which allowed to obtain a
digital model of the Earth's topography, were resolution in the vertical plane 1 m, and in the horizontal plane - 30 m. The
method of Permanent Scatterer SAR Interferometry PSInSAR - interferometry of stable reflectors using radars with synthe-
sized space-based aperture allows to obtain the accuracy of stable reflectors (natural and man-made objects) in the vertical
plane of about 1 m and the error in determining the heights of other objects is 14 m. Currently, the PSInSAR method is used
to monitor the subsidence of the earth's surface in cities, which allows to determine the deformation of the earth's surface to
the nearest millimeter. The grouping of remote sensing satellites TerraSAR-X and TanDEM-X provided global coverage of
the earth's surface with a digital terrain model with an accuracy of at least 2 m in height. The spatial resolution was about 1
m. In 2020, a satellite with a synthesized aperture of the Capella-2 radar survey was launched into Earth orbit. This unique
micro satellite weighs 107 kg. Its camera equipment currently has an ultra-high spatial resolution of 50 x 50 cm.

Conclusions. Modern methods of satellite radar can determine the planned and altitude position of objects in the area
of airport 1 (territory of the state) with accuracy and resolution that meets the requirements of ICAO for the maintenance of
an electronic database of terrain and obstacles. It is proposed to perform the first phase of monitoring objects in the country
with the help of satellite radar, and in the second phase of monitoring to involve a ground survey - to clarify the attributive
information about the objects detected in the first phase.

Keywords: airports, ICAO requirements, terrain, obstacles, radar satellite imaging methods.
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