YKPAIHA o UA 162582 13U

D (l (51) MK (2026.01)
5O GO6V 10/00
\Y GO6K 7/00

HALIOHANBHUA OPIrAH
IHTENEKTYAINbHOI BNACHOCTI
OEPXXABHA OPIAHI3ALIA
"YKPAIHCbKUA HALIOHATIbHUNA
O®IC IHTENEKTYANBHOI
BITACHOCTI TA IHHOBALIA"

(12) ONUC OO NATEHTY HA KOPUCHY MOJEJb

(21) Homep 3asBku: u 2023 01949 (72) BuHaxigHuk(n):

(22) [Lata nopanns 3aseku:  25.04.2023 BinaHn CtenaH Mukonawosuy (UA),

. InapioHoB Oner €sreHoBuy (UA),
@4 ﬁs;:é?;;g:x:;:;:ro? 09.04.2026 BnaceHko OkcaHa OnekcaHgpiBHa (UA),

BMNaCHOCTI: Poiiko €BreHi Bonoaumuposuy (UA)

(46) My6nikauist BinomocTert 08.04.2026, Bron.Ne 14 (73) Bonoaineub (Bonoginbyi):
Mpo AepxaBHy BinaH CtenaH MukonanoBuy,
peecTpaLito: Byn. Jleci YkpaiHku, 72, k. 36, M. BuiHese,

Kuicbka o6n., 08134 (UA)

(54) cnocib BU3HAYEHHA ATMOC®EPHUX CMOTBOPEHb HA AEPOKOCMIYHOMY 3O0BPAXEHHI
ANAHKU 3EMHOI MOBEPXHI

(57) Pedpepar:

Cnocib Bu3Ha4eHHs aTMOC(epHNX CMOTBOPEHb Ha aepOKOCMIYHOMY 300paxeHHi AinsHkn 3emHoi
MOBEPXHi, KWW nonarae B Tomy, WO opmyloTe uudpoBe 3o00paxeHHs Hag MICLEBICTIO
crnocTepexeHHsi, 00pobnsAlTs 300paxeHHs, BMAINAIOTb 30HU BiMbHI Bid XMap, PeecTpyloTb
nocnigoBHICTL B Yaci uudpoBux 3ob6paxeHb Heba 3 3aHeceHHAM B OaHk gaHux. 3a AOMOMOrol
3acobis Bigeodikcauii noBepxHi 3emni opmyoTb pacTpoBe 300paxkeHHs B ACHY 6e3xmapHy noroay,
BMAINAITL 06nactb Ha 300paxeHHi, sSKy HeobxigHO aHanisyBatu, i BM3HayalTb MiKCeni, sKi
YTBOPKOIOTL BUAINEHY 06nacTb Ha 300paeHHi, MKCensaM, siki He BXOOATb Y BHYTPILWHIO YacTUHY
BMAineHoi obnacTi, 3acobamy kofyBaHHSA 3a4alTb KoL, SKWMM BigHOCUTL iX A0 MikceniB oHy, Mo
OTPUMaHMX KOfax BU3HaYalTb CEPeHE 3HAYEHHS OJ1s 3Ha4YeHb KodiB nikcenis BuaineHoi obnacrti, 3a
JOMOMOroK  pi3HMLEBOrO  efneMeHTy BCTaHOBMIOWTb BenuUMHY iHTepBany BiOXUINEHHa BiA
BM3HAYEHOro cepeAHboro 3HadeHHs. [puBOAATbL OO0 OAHIET BENMUYMHKU Kody YCi nikceni, BenUYuMHU
KOAiB SIKMX BiOXMNAKTLCA Bi BU3HAYEHOrO CEpeaHboro He Binblue HiXK Ha BENWYMHY BCTAHOBMEHOIO
iHTepBany BiOXWNeHHsi. 3a AOMOMOroK NOPOroBMX €NEMEHTIB BUAINATb MiKCeni, BEMUYUHU KOAiB
AKUX BIOXUNATLCA Bif BU3HAYEHOro cepedHboro Oinblie BEenMuYMHW BCTAHOBMEHOrO iHTepBany
BiOXmuneHHs. 3a JONOMOrot 3acobiB BUAINEHHS KPaANMOBMX MIKCEnNiB BUMAINSAIOTE KpanoBi nikceni Ha
AaHiv BuaineHiv nnowi 3obpaxeHHs, popmytoTb BiHapHe 306paKeHHsA BULINEHNX KpamoBMX NiKCenis
Ta HagalTb iM kod noriyHol "1", a yci iHWi nikceni npuimaloTe 3Ha4YeHHs noriyHoro "0", y perictpax
NPOEKLiN hopMyOTb NPOEKLIT oTpumaHoro 306paxeHHs y Hanpsmkax 0, 30, 60, 90, 120 Ta 150°.
AHani3yloTb OTpUMaHi Koau MpoeKUin Ta 36epiratoTb iX SK eTarnoHHY NOCMIAOBHICTb YMCEN, a TaKoX
3apatoTh i BignoBigHUIA igeHTUdiIkaTop, WO BignoBigae sicHin 6e3xmMapHin norogi. [ns BU3HAYEHHSs
CMOTBOPEHb B pe3yrnbTaTi aTMocepHUX BNIUBIB 34INCHIONTL (DOPMYBaHHSA pacTPOBOro 300paXeHHs!
BiANOBIgHOT NOBepxHi 3emni y MpsYHy norogy abo nig Yac NpUCYTHOCTI XMap, BUAINSATL 06nacTb Ha
300paxeHHi, AKy HeobxigHO aHanidyBaTu, nikcensam, ski He BXOASATb Y BHYTPILIHIO YaCTUHY BUAINEHOI
obnacTi Ha 300paxeHHi, 3agaloTb KOA, AKMIA BiAHOCUTL iX A0 nikceniB ¢oHy. BusHavatoTb cepegHe
3HaAYEeHHI Ans 3Ha4eHb MiKcerniB BUAineHoi o06nacrti, NpnBoAATb A0 OAHIEI BENUYMHM KOAY, YCi nikceni,
BEMWYMHU KOAIB SKMX BigXMMSOTbCA Bid BU3HAYEHOrO CepeaHboro He OiMblue HiK Ha BENUYMHY
BCTAHOBIIEHOrO iHTepBany BigXWNeHHs. BuainawoTb nikceni BenMYMHM KoAiB SKUX BIOXMNAKTLCA Bif
BM3HAYEHOro cepenHboro Oinblue BenuyuHW, BCTAHOBIEHOro iHTepBany BigXuneHHs. Buginawotb
KpanoBi nikceni Ha AaHin BMAiINeHih nnowi 306paxeHHs, hopMytoTb GiHapHE 300paXKeHHs1 BUAINEHNX
KparoBuX nikcenis Ta HagalTb iM Ko norivHoi "1", a yci iHWi nikceni NpunMaloTb 3HaYEHHS NOriYHoro
"0". Y pericTpax NpoekLi opMyoTb KOAN NPOEKLiA OTPMMaHoro 3obpaxeHHst y Hanpsimkax 0, 30, 60,
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90, 120 Ta 150°. Y Grnoui NOPIBHAHHS MOPIBHIOIOTE OTPMMAaHI MOCHiIQOBHOCTI YMcen 3 eTaNoOHHUMM
NOCniAOBHOCTAMM YMCen Ta BM3HA4YalOTb BiAXUNEHHSA, SKi yKa3yloTb Ha obnacTi 306paxeHHs, Lo
CMOTBOPEHI XMapamu, SAKWO MNOCMIAOBHOCTI Yncen 36iraloTbCA 3 eTarloHHUMK MNOCHi4OBHOCTSMU B
MeXax 3alaHOro BiOXWMEHHS, TO 34IMCHIOITb MOPIBHAHHA BM3HAYEHMX CepefHiX 3HaveHb nikcenis
300paxeHHsa, OTpMMaHOro B SICHY norody Ta 3o06paXeHHsi, OTPUMaHoro y MpsiYHy noroay, no
BIOXVMMNEHHAX CepefHiX 3HayeHb BM3HA4YalTb PiBEHb 3aTEMHEHHSs 3eMHOI AingHKu aTMocdepoto,
BM3HA4YalTb CepeaHe 3Ha4YeHHs nikcenis BuaineHoi obnacTi, aka cnoTBopeHa atmocdepoto. Y bnoui
MOPIBHSIHHS MOPIBHIOTE OTPVMMaHe cepedHE 3HaJYeHHs 3 OTPMMaHMM  €TanoHHUMM  CepenHim
3HaYeHHAM Ha 300paXkeHHi, OTPUMaHMM Y SICHY moroAy, i Mo BENUYMHI BiOXUNEHHS Big €TanoHHOro
cepedHbOro 3Ha4eHHs1 Ha BUXOi PI3HULEBOrO ernemeHTa BM3HA4yaloTb BeENWYUHY 3aTiHeHHst abo
NMOKPUTTSA XMapamu 3eMHOiI NOBEPXHI.
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KopucHa mogenb HanexuTb [0 HayKOBO-TEXHIYHOTO HanpsiMKy UMdpoBoro obpobrieHHs Ta
aHanisy aepoKkoCMiYHMX 300pakeHb i Moxe OyTM BuKOpMCTaHa [Ns aHanidy noBepxHi 3emni,
BM3HAYEHHS CTaHy aTMocdepu Ta 3aXxMapeHHs y 3adaHiv Touui 3eMHoT Kyni.

Binomo cnoci6 (MateHT YkpaiHn Ha kopucHy mogens Ne 115450, BI Ne 21 Big 10.11.2017 p.)
BUSIBMIEHHA aHOManin [OBKINNSA pPIi3HOrO MOXOMKEHHS 3a ChNeKTpanbHUMW  XapakTepucTukamm
AepoKOCMIYHOTO 300paXKeHHs, 3rifHO 3 SAKMM BUKOHYIOTb ChekTpanbHy inbTpadito nikcenis
300pakeHHs i BUSIBNAKOTb Nikceni, Lo 3a CBOIMM CNEKTpanbHUMU XapakTepucTtukamm He 36iralotbes 3
HaBKOIMMLUHIM (DOHOM, HABKOIIO KOXHOMO 3 BUABNEHWUX nikceniB hopMyoTb aneptypy 3 LEHTPOM Yy
TakoMy Mikceni i 3 po3amipamu, WO A03BONAKTbL OXONUTKM Byab-siKy aHOManito 3 4Yucrna Knacie, Lo
po3rnagarTbCcs, An8 aHomanii 3agaHux KnaciB 3asganerigb (popmyloTb eTanoHu aganTUBHUX
cnekTpanbHux iHaekciB (ACI), nicna nokanisauii aHomarii, NoB'A3aHOl 3 MiCLIEBICTIO, BU3HA4aloTb 4J11s
Hel Kfacu Ha OCHOBI BUMIPSHUX CREKTparibHUX XapakTepUCTUK, a BiAMIHHICTb OTPMMaHWX Kracis,
obuMNCIIIOITL K MOAYMb Pi3HULi iX 3 eTanoHHMmu knacamu 3 ACI, noTiM BM3Ha4alTb (PYHKLIIO
Bi4NOBIOHOCTI aHOManii eTanoHam Ans 3agaHux knacis (PyHKUis BigNoBigHOCTI aHomanii) i BigHOCATb
JocnigkysaHy aHoManito 4o Toro abo iHWOoro knacy 3a MiHiManbHMM 3Ha4YeHHAM (OYHKLUiT BignoB.iai
OCTi, OCTaTOYHE pILLEHHSA NPO Knac aHomanii NpunMalTb Ha OCHOBI AaHUX MPO reoMeTpUyHi hopmu,
CTPYKTYPHO-TEKCTYPHI XapakTepuUCTUKM Ta aganTuBHi CNekTpanbHi iHOeKCw.

Heponikom cnocoby € cknagHicTb peanisadii, aka nonsrae y oopMyBaHHi CNekTpy Ta noganbLioi
GinbTpauii, BU3HAYEHHS ONTUMAIbHUX AOBXMWH XBWMb, BUSBMEHHS ONTUMANbHUX AOBXMWH XBWIb,
BUSIBITIEHHS afanTuBHUX crekTpanbHux iHaekciB (ACI), a Takox peanisauii anroputmy BUSIBITIEHHS
onTUmarnbHUX aHoMmanin Ha ocHoBi ACI, akui notpebye [oOaTKOBMX MOCNIAOBHUX OOYMCNEHb.
3acTocyBaHHs MeTodiB OaraTtokpuTepianbHOi ONTUMI3aUil Ta MeTodiB ckanspwusauii notpebye
000aTKOBUX YaCcoBMX BUTPAT, LLO 3HWXKYE LUBUOKOAI0 peanisauii cnocoby.

Bimomnii cnocib6 BuaineHHs xmMap Ha CYNYTHMKOBMX TrinepcnekTpanbHux 3o00paxeHHsx (J1.B.
Oynapb, C.A. Bubukos. AnroputMm BbigeneHus o06MnakoB Ha CMYTHUKOBbLIX TMAEpPCneKTpanbHbIX
nsobpaxeruax. Martepuanel koHdepeHuun "NHGOpPMaLMOHHbIE TEXHOMOrMU W HaHOTEXHOMoruu -
2016", - C. 571-575), kM nondrae B TOMy, LIO BUAINSAITb 300paKeHHS XMap Ha KOXXHOMY KaHani
C3, obG'egHytoTb OTpuMMaHi Wwapu B e€anHe 300paxkeHHA B rpajauisx ciporo Ans HarnsgHoro
NpeacTaBneHHa XMap Pi3HOI CTEMeHi LWiNbHOCTI, BU3Ha4yalTb XMapu Ha 300paKeHHi No SCKpaBoOCTi
nikcenis, cerMeHTauilo NPOBOAATL LUMSXOM NEPEBIPKM KOXHOIO OKPEMOTO MNIiKCeNs Ha MPUHANEXHICTb
A0 noyaTKoBoro ob'ekTy, MpoBoAATb POOOTY 3 OTPMMAHOK B XO0Ai cermeHTtauii GiHapHOK Mackoto,
KOXXHWI NiKCesb SIKOi BU3HA4Yae NpUHANEXHICTb BiAnoBigHOro rinepnikcensi 306payxxeHH0 XMapu.

Heponikom paHoro cnocoby € cknafgHicTb, OCKINbKW AN MOro peanisauii icHye HeoOXigHicTb
pPO30MTTS MOYATKOBOIO 306paXXEHHSI HA OKPEMIi LIapu, KOXHUIA 3 SKUX MICTUTb 3006pakeHHs B OQHOMY
cnekTpanbHomy KaHani. KoxHe 3006paxeHHs 0OpobnseTbca okpemo i3 3actocyBaHHsAM MeTogy OTcy,
WO [O03BONSE BUAINMUTM B KOXHOMY 300paxeHHs xmap. Kpim Toro, cnoci® xapakTepusyeTbcst
HEBUCOKOIK TOYHICTIO, OCKIMIbKM BUKOPUCTOBYETBCS PO3OMTTA Ha wapu, a noTtim o6'egHaHHSA
HaniBTOHOBWX 300paxeHb 3 BMOIMEHUMU XMapaMn 3a paxyHOK NiABULLEHHS SCKpaBOCTi Mmikcenis, LO
HaknagyTb 300paxeHHsM xmap. Takui nigxig npu3BOoAMTL OO MNOSIBU LUYMOBWX MiKCeniB, SKi B
noganbloMy BUOANATLCHA He BCi. 3acTOCyBaHHSA Takoi KinbKOCTI onepauin notpebye [ooaTKOBOro
yacy Ha peanisauito cnocoby.

Bigomo cnocib nikcenbHoro BusiBrieHHs xmap Sentiel Hub (Anze Zupank. Improving Cloud
Detection with Machine Learning. 19.12.2017, https://medium.com/sentinel-hub/improving-cloud-
detection-with-machine-learning-c09dc5d7cf13), akuin npautoe y rmobanbHOMy mMacluTabi i y 3HaYHin
CTerneHi CnMpaeTbcs Ha MEeTOAM MALUUMHHOMO HaBYaHHSA, B SKOMY MPUBIIACHIOTb KOXHOMY MiKCento
300paxeHHs1 MMOBIPHICTb TOTO, WO BiH Oy4e MOKPUTUIA XMapoto, BUKIMOYHO Ha OCHOBI CNEKTParibHOro
BiAryKy CynyTHMKa Anis Uboro nikcens, 6epyTb 00 yBarum TiNbKA Oinbll LUMPOKUIA KOHTEHT, KOMU
OyayloTb Macky Xmapu OaHoi CueHW 3 1i KapTu WMOBIPHOCTI XMapu, BUKOHYKUM MOPMOSOriyHi
onepaduiii, Taki K 3ropTka, BUKOPUCTOBYKTb CEMaHTUYHY CErMeHTaLil0 3 BUKOPUCTAHHAM 3ropTKOBUX
HENPOHHUX MepeX.

Peanisauis gaHoro cnocoby mae BMCOKY 004MCnOBanbHy CKMNagHICTb, WO obmexye horo obnactb
BUKOpuCTaHHs. Kpim Toro, cnocidé notpebye BMKOpUCTaHHSA BenuKkoro ob'emy creujianisoBaHux gaHux
AN HaBYaHHS, a TakoX NoTpebye 3HAYHOI KiNbKOCTI Yacy, Lo BUTPAYaAETbCS HA HABYaHHS.

Ak Hanbnwxynm aHanor BubpaHo cnoci6 (MateHT PP Ne 2678950, bion. Ne 4 Big 04.02.2019 p.)
OLHKM XMapHOCTi HiYHOI aTmocdepw, skuii nonsrae y opmyBaHHi LMAPOBOro 300paXkeHHs BCiel
HebecHoi niBcdhepyn Hag MiICLEBICTIO CNOCTEPEXEHHS, 00pobLi 306paXkeHb, OLiHKW HIYHOT XMapHOCTI i
BUAINEHHI 30H, BINbHUX Bif Xmap, NPoBOAATL MaTemMaTuyHy OOpoOKy uLudpoBOro 300paxeHHs, 3a
JOMOMOroK AKOi BMAINAKTL 30HW Heba, BinbHI Big Xmap i 30HM XMapHOCTi, BUKOPUCTOBYHOUM MpU
LUbOMY LWiNbHICTb 300paxkeHb 3ipok Ha doTonpuiiMadi, NOTiM NPOBOAATL KOPOTKOYACHWA NPOrHo3
3MiHM MOJSIOXEHHS1 Ta PO3MIpiB xMap i 30H Heba, BiNbHMX Big Xmap, NpU SKOMY PEECTPYHTb
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MocCrigoBHICTb B Yaci uncpoBux 3obpaxeHb Heba 3 3aHECEHHAM B OaHK AaHWX, KU MICTUTbLCA B
6roui nam'aTi, Npu UBLOMY MPOrHO3 3MiHW i PO3Mi3HABaHHA TUMY XMAaPHOCTI BUKOHYIOTb aBTOMaTU4YHO
no psigy onTUYHMX 306paxeHb Heb6o3BoAay.

Heponikom paHoro cnocoby € By3bka 00nacTb BUKOPUCTaHHSA, dka nonsrae B TOMY, LUO BiH
BUKOPUCTOBYETLCA AN 300paXeHb, OTPUMAHUX B HIYHMI Yac i HE MOXe OUIHUTU penbed AOinsHKW:
€MHOI NOBEPXHi B Pi3HMX NOrogHMX ymoBax. B cnocobi Takox BUKOPUCTOBYHOTL NOPOrosy o6pobky Ans
BigHIMaHHs TeMHOro (OHYy, ANnsl YOro BMKOPWUCTOBYIOTb PEryNbOBaHE HaKOMWYEHHHA TeneBi3ifHuX
KagpiB Ta Cenekuito nikceniB no MoOporoBOMY 3HAYEHH0, WO NoTpebye Benukuin ob'em nam'ati Ta
A0OaTKOBUX BUTPAT vacy.

B ocHOBY KOpMCHOI Mogeni nocTtaBreHa 3agava po3LMpPEeHHs1 00nacTi 3acToCcyBaHHS i cnocooby,
CMNpPOLLEHHS MOro peanisauii Ta NigBULLEHHS WBMAKOAiT OTpMMaHHsA 3 pe3ynbtaTty. Cnocib gossonse
BUAINATU Oyab-aki OinsHkn 3eMHOi MOBEpXHi Ha 300paXkeHHi Ta BU3HA4YaTU CTENiHb ii CNOTBOPEHb
atMocdepoto. [0na cnpolleHHs peanisauii cnocoby Ta nigBueHHA 0O6pobku 306pakeHHst He
BMKOPUCTOBYETLCA HAaKOMWYEHHs TeneBis3inHMX kagpiB. [pynyBaHHA nikceniB no 3agaHomy
BiOXVMNEHHIO Bif CEPEAHbOro 3Ha4YeHHs1 CKOPOYYE Yac, WO BUTPAYaETbLCA HA OTPUMAHHSA pesynbTarTy.

lMocTtaBneHa 3agaya BUPILLYETLCA TUM, WO Cnocib Bu3HayYeHHst aTMOCdEPHMX CMOTBOPEHb Ha
aepoKOCMIYHOMY 300paXkeHHi AinsHKM 3eMHOI NOBEepXHi, AKUM nondrae B TOMYy, WO (OPMYIOTb
undppoBe 306pakeHHs Hag MICLEBICTIO CMOCTEPEXEHHHA, 06pobNATL 3006paxeHHs, BUAINAITL 30HU
BiNbHi Big XMap, peecTpytoTb NOCNIAOBHICTb B Yaci undposmx 3o06paxeHb Heba 3 3aHeceHHAM B BaHK
AaHWX, 3rigHO 3 KOPWUCHOKW MoAenn, 3a AonoMorok 3acobiB Bigeodikcauii noBepxHi 3emni
dopMyIoTb pacTpoBe 300pakeHHs B SICHY ©e3xmapHy norofy, BUAinsTb 06racTb Ha 306pakeHHi,
SKy HeobXigHO aHanidyBaTu, i BU3Ha4atoTb Mikceni, siki yTBOPIOITb BUAiINEHy obnacTb Ha 306paXeHHi,
nikcensam, siki He BXOASATb Yy BHYTPILIHIO YacTUHY BUAiNeHoi obnacTti 3acobamu KogyBaHHS 3adaloTb
Ko4, SIKM BIOHOCUTB X 4O MiKceniB OHy, MO OTPMMaHUX Kogax BM3Ha4aloTb CepeaHE 3HaYeHHs ansd
3Ha4yeHb KOAiB NikceniB BMAiNeHoi obnacTi, 3a AOMOMOrol pPi3HULIEBOrO €MeMEHTY BCTAHOBIIOKTb
BEMNUYMHY iHTepBany BIAXUNEHHS Bif BM3HAYEHOro CepeaHbOro 3HaYeHHs, MpPUMBOOATH OO0 OfHI€El
BENMMYMHU KoAdy YCi nikceni, BENMWYMHM KOLIB AKMX BiOXMMSIOTHCA Bif BU3HAYEHOrO CepefHbOro He
Oinblue HiK Ha BenWYMHY BCTaAHOBMEHOrO iHTEepBany BiOXMIEHHS, 3a [AONOMOrOK MOPOroBUX
eneMeHTIB BUAINATb NiKCeni, BEMMYUHN KOLIB SKMX BIiOXMNSKTLCA Bi4 BM3HAYEHOrO0 CepeaHbOoro
Oinblue BenUYMHW BCTAHOBMEHOrO IiHTEpBany BIOXWIEHHS, 3a [AONOMOrol 3acobiB BuUAINEHHS
KpanoBUX MikceniB. BUAINAIOTb KpawmoBi Nikceni Ha AgaHii BUAINeHin nnowi 3o0pakeHHs, (opMYyHTb
OiHapHe 300pa)keHHs BUAINEeHNX KpanoBuKX MNikceniB Ta HagatoTb iM kog norivyHoi "1", a yci iHWi nikceni
npuiMaloTb 3HayeHHs roriyHoro "0", y perictpax npoeKUin OopMyOTb MPOEKLIT OTPUMaHOro
300paxeHHst y Hanpsamkax 0, 30, 60, 90, 120 ta 150°, aHani3yloTb OTpUMaHi KOOW MPOEKUiA Ta
30epiraloTb iX SK eTanoHHy NOCNILOBHICTb YMCEN, a TakKoX 3agatoTb i BigNoBigHUNA igeHTudikaTop,
Lo Bignosigae AcHin 6e3xMapHin norofi, ANA BU3HAYEHHS CMOTBOPEHb B pe3yrnbTaTti aTMocepHnX
BMMMBIB 34iMCHIOTL (DOPMYBAHHSA PacTPOBOro 300pakeHHs BiAnoBiAHOI NMOBepxHi 3emni y MpsdHy
norogy abo nig 4ac NpUCYTHOCTI Xmap, BUAINATb 06nacTb Ha 300paxeHHi, sKy HeobXxigHo
aHanisyBaTtu, nikcensaMm, fKi He BXOAATb Y BHYTPILWHIO YacTUHy BuAineHoi obnacti Ha 306pakeHHi
3aJalTb KoA, SKUIA BiAHOCMTB iX A0 nikceniB (YOHY, BU3HAYalOTb CepedHE 3HAYeHHs AN 3Ha4veHb
nikcenis BuaineHoi obnacTi, NpuBOAsATbL OO OOHIEI BENUYMHU KOAY, YCi Nikceni, BENMUYMHU KOAIB SKMX
BiOXMNAOTLCH Bif BU3HAYEHOrO CEPEaHbOro He BinblUe HiXX Ha BENMYMHY BCTAaHOBMEHOrO iHTepBarny
BiAXWIEHHS, BUAINATb NiKCeni BEMMYMHM KOAIB SIKUX BiAXMASTbCA Bif BM3HAYEHOro cepeaHboro
Oinblie BENWYMHU BCTAHOBMEHOrO iHTEpBany BIOXUNEHHS, BUAINAIOTb KpawmoBi nikceni Ha OaHin
BUAINEHIM Nnowi 300paxeHHs, dopMytoTb GiHapHe 300paXKeHHs BUAINEHUX KpanioBWX MiKCeniB Ta
HagalTb iM KoA noridHoi "1", a yci iHWi nikceni npuriMaloTb 3HayeHHs noriyHoro "0", y perictpax
NpoeEKUin hopMyOTb KOOW MPOEKLiA OTpMMaHoro 3obpaxeHHst y Hanpsamkax 0, 30, 60, 90, 120 Ta
150°, y ©Onoui NOpPIBHAHHA MOPIBHIOTE OTPMMaHi  MOCNIAOBHOCTI  4ncen 3  eTanoHHUMM
NocnigoBHOCTAMW YMCen Ta BU3HAYalOTb BiOXMITEHHS, SKi yKa3yloTb Ha obnacTi 300paxeHHs, Lo
CMOTBOPEHi XMapamu, SKLWO MOCAigOBHOCTI Yncen chniBnagatnTb 3 eTanoOHHMMK MOCMiAOBHOCTAMU B
MeXax 3a4aHoro BiAXWUMEHHd, TO 34INCHIOTb MOPIBHAHHA BM3HAYEeHUX CepefHiX 3HayeHb nikcenis
300paXKeHHsl, OTPMMAHOro B SACHY Mnorogy Ta 300paXkeHHs, OTPUMAaHOro y MPpsSiYHY Morogy, no
BIOXMINEHHAM cepefHiX 3HayeHb BM3HA4YalOTb PiBEHb 3aTeMHEHHs 3eMHOi AinsHKM aTmocdepoto,
BM3HA4alOTb CEPEAHE 3HAYEHHS MiKceniB BUAINEHOI obnacrTi, sika cnoTBopeHa aTmocdepoto, y bnoui
NMOPIBHSIHHA MOPIBHIOTE OTPMMaHe cepefHE 3HAyeHHd 3 OTpUMaHuMM eTanoHHUM cepeaHiM
3HA4YeHHAM Ha 300paXKeHHi, OTPUMAHMM Yy AICHY NOrody, i N0 BENUYMHI BiOXUNEHHS Big, eTanoHHOro
cepefHbOro 3HayeHHs Ha BUXOAi Pi3HULIEBOrO efleMeHTa BM3HA4YalTb BENUYMHY 3aTiHEHHS abo
NOKPUTTA XMapamm 3eMHOiI MOBEPXHI.

CyTb KOPWUCHOI MoAeni MOSICHIOTb KpecneHHs, e Ha dir. 1 300paxeHo OTo npouecy
aBTOMAaTUYHOIO BUAINEHHS MiKCeniB, AKi pO3TalloBaHi 3cepeanHu BUAiNeHoi obnacTi Ha 306paxeHHi
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3eMHOi noBepxHi, Ha ir. 2 — OTO MpuUKNagiB BUAINEHHSA rpyn MiKCeniB Ha 300pakeHHi BUAINEeHOI
obnacTi gnsa pisHMX cnoTBopeHb aTMocdepu, Ha gir. 3 — poTo Npuknaais 306paxkeHb 3 BUAINEHUMU
KparoBUMM nikcenamu, Ha qir. 4 - npuknaamn opm LWecTn NPOEKLiA ANst KOXHOrO 300paXxKeHHS.

Cnocib Bn3HayeHHs aTMoCcdEepPHNX CNOTBOPEHb HA aepOKOCMIYHOMY 300pakeHHi OinsHkn 3eMHoT
NOBEPXHi MOMSArae B HACTYNHOMY.

Ha nouaTtkoBoMy eTani, 3a gonomorot 3acobiB Bigeodikcauii noBepxHi 3emni, 3 niTalo4oro
ob'ekta (cynyTHuK, 6e3ninoTHMI niTanbHUM anapaTt TOLWO) 34IMCHIOTL ikcauilo noBepxHi 3emni
(Hanpvknag 3a gonomorok uudpoBoi Bigeokamepu) Ta hOpMyOTb KONTbOPOBE pacTpoBe 300paxeHHs
3adhikcoBaHOi AinsiHKM noBepxHi. Ha dir. 1 npenctaBneHo npuknag KOfbOPOBOrO 300paXkeHHs
BM3HAYEHOI AinsiHKM 3eMHOi MOBEpPXHi, ika Moxe MaTu Oyab-sky OpMYy i OKPECIHETLCS YOPHUM
KOSIbOPOM MO KOHTYPY. Taknii KOHTYP HEe NOBUHEH MaTW PO3PUBIB MiXK MiKCEnaMu, WO HanexaTb AaHin
rpaHuui ginsHkm 3emni. KoxxeH nikcenb, sknii opMye KOHTYP, Ma€ BNacTUBOCTI, SIKi BiAPi3HAOTb MOro
Bij BMacTMBOCTENM iHLWMX MiKCerniB 300paxeHHs. FK npaBuno TakMMy BnacTUMBOCTAMW € KOA, Lo
Bignosigae 0. Koan copmytoTbeca 3acobamu KogyBaHHs (Hanpuknag, perictpoM ABIVKOBOro koay).

HacTynHyM KpOKOM € BUAINEHHS OKPecrneHoi AindHkM 3eMHOi MOoBEepXHi Ha KONbOpPOBOMY
300pakeHHi. MoxnuBi aekinbka BapiaHTiB BUAINEHHSA Takoi NoBepxHi. HanbinbL npocTiw BapiaHTOM
BUAINEHHSA noniroHaneHol obnacTi (4insaHku 3eMHOI NOBEPXHi) nonsdrae B HACTYMHOMY.

KpaiiHi nikceni 306paxeHHs BMAaineHoi obnacTi Ha 306pakeHHi BCTAHOBMIOTLCHA B TAaKUW CTaH,
e iX Kon OAHAKOBWA Ta BIiOgMNOBIJAE KOMbOPY, SKAA MPaKTUYHO HEe 3YCTpiYaeTbCa Yy kopax
300pakeHHs1. Hanpuknag, koau Takux nikcernis MoxXyTb Matu 3HadeHHs 10. Jani kpanHi nikceni BCboro
300pakeHHs1 koaytoTbest Hynem (dir. 1). Hynem kogyeTbcst YHOpHUIA KOip Ha pacTpoBOMY 306paXkeHHi.
Yci iHWi nikceni Ha KOXHOMY Kpoui iHTepauii nepexoadatb B CTaH, skuin kogye 0, sKWwoO oguH i3
YOTMPBLOX CYCiAHIX NikceniB No BepTuKani (BepxHi abo HWXHIA HanBnWXKYi nikceni) Ta No ropuaoHTani
(niBun abo npaBun Habnwxkyi nikceni) Mmae ko Hyns. Ha dir. 1 nogaHo npuknagm 3o6paxeHb nicns
nepLuoro, 4eCcsAToro, ABaAUATOro, N'ATAECATOro Ta BiCiMOECATOro KpokiB iTepadii. Takox Ans KOXHOro
nikcens 306paxeHHs1 BCTAHOBMEHO BMacCTMBICTb, AKa Mondrae B TOMY, WO Mikcenb Yy Oyab-sikomy
BUMAAKy He nepexoanTtb y kogyBaHHsa 0, akwo BiH mae kog 10. Janmn kog 10 Bignosigae nikcensim
rpaHuui BugineHoi obnacti AiNgHKM 3eMHOT NoBepxHi 300paxeHHs. AKWO 3cepeauHu BUAINEHOT
AiNsaHKM 3eMHOI NMOBEepXHi MPUCYTHIN nikcenb, skun kogyetbcst 0, TO NPOBOAUTLCA aHani3 Kofais
nikcenis i BMBMpaETbCA nikcenb, KOA4 SKOr0 He MPUCYTHIN Ha 3o06paxeHHi. B gaHomy Bunagky
NPoOBOAATLCA oOnepadii, Aki onucaHi Bulle, a KoA Hynsa 3aMiHeTbcA o6paHum kogom. [licns
BMUOINeHHs obnacti nikceni 3 BMOpaHMM koOOM nepekoaylTbes Ha kogu 0. TakMM YMHOM, Ha
noyaTkoBOMY 300pakeHHi yci nikceni, ki po3TalloBaHi No3a BMAINeHow obnacTtio MiCTATb Kof Hyns, a
nikceni acepegMHn 06nacTi KoAylTb BMACHUIM KoL, NOYaTKOBOrO 306paXKeHHS.

dPopmytoTb 306paxeHHs y cHy norogy 6e3 xmap. Ha cdopmoBaHomy 300paxeHHi y sicHy norogy
BUAINSATL 06MacTb 3rigHO ONMcaHoro Bulle MeTtody. BusHavatoTe cepefHe 3Ha4YeHHA NS BENUYUH
KoAiB nikcenis, WO po3TalloBaHi 3cepednHn obnacti. BusHavyaloTb BenuMyMHU OOBIpYMX iHTepBanis
ANA BUAINEHHS rpyn Mikcenis, sKi MalwTb OOHAKOBI KOMbOPU Ta SCKPABOCTI Y MeXax AOBipyux
iHTepBanie. [na uboro, 3a AOMOMOroK PIi3HMLIEBOrOo enemMeHTa, BuM3HavawTb BenuuuHy D 3rigHo
dopmMynn ans KOXHOro nikcens BuaineHoi obnacTi

D:|ax-Scep,

A€ lex - BENMYKMHA Koy MiKCens Ha No4YaTKOBOMY 300paKeHHi;

Scep - CEPEOHSA BENMYMHA ANS KOAIB NikceniB BMAaineHoi obnacri.

Axkwo D<Di (Di - noporose 3Ha4YeHHs Ang i-o0i rpynu nikcenis), Ans BigNoBigHOro nikcens, To AaHWn
nikcernb BigHOCATL A0 i-01 rpynu nikcenis. MNMpuknag BuAaineHHs Takux rpyn nikcenis nogaHo Ha qoir. 2.

Takox oO4YMCNIoTb CepedHE 3Ha4YeHHA Ans nikceniB BuAineHoi obnacti Ha 3006paXeHHi
ccopmoBaHOMYy Yy MpsYHy norofdy. [opiBHIOWOTE cepefHi 3HaYeHHsl, ob4uMcneHi 3 300paxeHb,
OTPUMAHUX Y SACHY i MpsiYHy norogy. 1o BENUYMHI BiOXMNEHHS BU3HA4YaloTb BENMYUHY CMTOTBOPEHHS
306pakeHHs1 NoBepxHi 3emri, OTPMMaHoro y Mpsi4yHy norogy.

[na BM3HAYEeHHS CTeneHi 3axMapeHHA MO 300paXeHHI, OTPMMAaHOMYy Y XMapHy norogy
30JCHIOIOTb BUAIMEHHS rPyn MiKCeniB, sKi BiAPI3HAIOTHCS Big Nikcenis Ha 300paKeHHi, OTpUMaHoMmy y
sacHy 6e3xmapHy norogy. Ha cir. 2 npeacraBneHo npuknag BUAGINEHUX rpyn nikcenis, ski HanexaTb
TiHAM Big xmap. [Ona pgaHux nikceniB O6yno 3afjaHo iHwe 3HadeHHs Di JoBipyoro iHTepsany, sike
[03BOMSIE BUAINUTA TiHi HA 300paXkeHHi, oTpuMaHoMy y xMapHy norogy. CniBBigHOLIEHHS Mikcenis, WO
HanexaTb TiHAM XMap Ha 300pakeHHi 40 nikceniB HesaTiHeHOi 06nacTi gae BiACOTOK 3aXMapeHOCTi
BuaineHoi noeepxHi 3emni. BenunuuHa Di goBipyoro iHTepBany A03BOMSE BCTAHOBUTU TNMOUHY
3aTiHeHHA 3eMHOT NOBEPXHI Ha AaHin ainsHui.

BusHaunt 3atiHeHi obnacTi [O03BONSIE BUMKOPWUCTAHHS LUECTU MPOEKUiN Ons 300paKeHHs!
nepeTBopeHoro y OiHapHe. B Takomy 300pakeHHi ko4 OAMHWULI MPMBMACHIOETLCS MiKCensAMm, sKi
HanexaTtb TIHAM Big4 XMap, a yci iHWi nikceni BCTAHOBMIOKTb Kog HyNsA. Ons 3MeHLWEHHS KiNbKOCTi
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OAVHULb BUAINATb KpanoBi nikceni Ha 306paxkeHHi 3 BUKopUcTaHHsM onepartopa Pobeptca (dir. 3).
Mo 306paxkeHHAX 3 BUAINeHMMM KpanoBmuMuy nikcenammu opmyroTb LWICTb Npoekuin nig kytammu 0°, 30°,
60°, 90°, 120°, 150° (cpir. 4). Jani npoekuii dopMyOTbCS 3a JONOMOrOK pericTpis, Ak 3depiraloTb AaHi
KOOWM MpPOEKLiN y BMrMAAi nocnigosBHocTen yucen. MNMopiBHIOWTL OTpMMaHi NpoeKuii Ang 306paxeHb,
OTPUMaHUX y ACHY Ta xMapHy norogy. Mo BigxuneHHAM Ta dopmam MPOEKLiN, AKi BU3HAYAKOTbCSA
OTPUMAaHOI0 MOCNIAOBHOCTI YMcen ANs KOXHOI NPOEKLii, BU3Ha4aTb 061acTi, WO NOKPUTI XMapamu Ha
300pakeHHi.

Micna BuAaineHHs KpanoBWX MiKceniB 34iACHIONTbL NOPOroBy 0OPOOKY BMKOPUCTOBYHOUM Pi3Hi
noporn. o BMAINEHUX KpaMoOBMX MIKCENAX BM3HA4YalTb IMMOMHY 3aTiHEHHS MiKCens XMapok Ha
300paKeHHi.

MepeBaroto cnocoby € po3lwmpeHa obriacTb 3aCTOCYBaHHSA 3a paxyHOK TOro, WO crnocid Ao3Bonsie
BM3Ha4aTn cpopMy TiHEN, Xmap, MMUOUHY 3aTiHEHHSA Ta CTeniHb CMOTBOPEHHS1 300pakeHHs1 3eMHoi
nosepxHi. Cnocid mae cnpolleHy pearnisauilo, OCKifbKM Npauloe 3 OAHMM OTPUMAaHUM 300paXKeHHAM
Ta 3 ogHUM abo fAekinbkoma eTanoHHUMu 306paxeHHaMKU. Cnocié He BuMarae Benukoro ob'emy
nam'ati Ta cknagHux obuncnioBanebHuUX onepadin. [lMpakTuyHO BCi obuucnioBanbHi - onepauil
NPOBOAATLCA HaL KOXHMM MiKCerneM OKpeMo i BOHW MOXyTb OyTu peanizoBaHi napanenbHo Ha
HeCKnagHin napanenbHii 064MCroBanbHiN CTPYKTYPI.

®OPMYJIA KOPUCHOI MOLESI

Cnocib BM3Ha4YeHHss aTMOC(EPHMX CMOTBOPEHb HA AEPOKOCMIYHOMY 300paKeHHi OinsHku 3eMHOoi
NMOBEPXHi, SKMIA nonsrae B TOMy, WO OPMYTb UUppoBe 300paXeHHs Hag MiCLEeBICTHO
CMNOCTEPEXEHHS, 00pobnAoTb 300paXKeHHsl, BUAINAKTb 30HW, BIiNbHI Big XMap, PeEECTPylTb
NocnigoBHICTb B Yaci UMdpoBux 3ob6paxeHb Heba 3 3aHeceHHsaM B 6aHK 4aHWX, KM Bigpi3HAETbCA
TMM, WO 3a gonomoroto 3acobiB Bigeodikcauii noBepxHi 3emni hopmytoTb pacTpoBe 300paxeHHs B
AacHy ©e3xmapHy norogy, BuAiNaTb 0bnacte Ha 3o06paxeHHi, sKky HeobxigHO aHanidyeatw, i
BM3HAYaloTb Mikceni, SKi yTBOPKTL BMAiNeHy obnactb Ha 3006paxeHHi, nikcensm, ski He BXOAATb y
BHYTPILIHIO YacTUHy BuAineHoi obnacTi, 3acobamn KogyBaHHS 3adaloTb KOA, AKWW BIOHOCUTL iX OO
nikcenis oHy, N0 OTPMMaHUX KoAax BU3HAYalOTb CEPedHE 3HAYEHHA ONs 3HAa4YeHb KOAIB nikcenis
BMUAineHoi obnacti, 3a OOMOMOroK pIi3HMLIEBOrO0 eNeMeHTY BCTaHOBMOKTbL BENUYUMHY iHTepBany
BiAXWIEHHS Big BM3HAYEHOro CepeaHboro 3Ha4YeHHs, NPUBOAATL 40 OAHIET BENNYMHM KoAy YCi nikceni,
BENMNYMHU KOAIB SIKUX BiOAXUNSAOTbLCS Bif BU3HAYEHOro CEpeaHboro He Oinblue, HiXK Ha BENUYMHY
BCTAHOBMEHOrO iHTEepBany BiAXUNEHHHA, 3a JOMOMOrow MOPOroBMX erieMeHTIB BUAINSATb nikceni,
BENNYMHU KOAIB SKMX BiOXMNAKOTLCA Bid BU3HAYEHOro cepedHboro Ginblue BENUYMHM BCTAHOBIIEHOMO
iHTepBany BiOXWNEHHS, 3a OOMOMOrok 3acobiB BWUAINEHHS KpanoBUX MiKCeniB BUAINSAIOTb KpanoBi
nikceni Ha QJaHii BuAinNeHin nnowi 300paxeHHsl, OopMytoTb OiHapHe 300paxeHHs BuAiNeHux
KpanoBmx nikcenis Ta HagatoTb iM koA foriyHoi "1", a yci iHWi nikceni npuiMatoTe 3HaYEHHS NOriYHOro
"0", y pericTpax NpoeKUin hopMytoTb NPOEKLii OTpMMaHoro 306paxeHHsa y Hanpsamkax 0°, 30°, 60°,
90°, 120° Ta 150°, aHani3ytoTb OTPMMaHI KOOW NPOEKUi Ta 36epiratoTb iX AK eTanoHHY NOCMigOBHICTb
yucern, a TakoX 3aAaloThb i BiANOBIAHWMI ineHTUikaTop, WO BigNOBiAae ACHi 6e3xmapHin norogi, ons
BW3HaAYEHHS CMOTBOPEHb B pe3yrnbTaTti aTMocdepHUX BNIMBIB 34iNCHIOTL (DOPMYBaHHA pacTpOBOro
300pakeHHs1 BignoBiAHOT NoBepxHi 3emni y MpsiyHy norogy abo nig Yac NpucyTHOCTI XmMap, BUAINSAITb
obnacTb Ha 300paeHHi, Ky HeobXiAHO aHani3yBaTu, MKCENsaM, SKi He BXOAATb Y BHYTPILLHIO YaCTUHY
BMAINeHoI obnacTi Ha 300paXeHHi, 3agaloTb KOA, KW BiQHOCUTL iX 40 NikceniB OOHY, BM3HAYaKTb
cepefHe 3HAYEHHIO AN 3HaYeHb Nikcenis BMAiINeHoi obnacti, NpMBoAsATbL A0 OAHIET BENUYMHN KOAY,
yCi nikceni, BEMWYMHM KOZIB SIKUX BiOXMISAOTbLCS Bif BM3HAYEHOro CepedHboro He Ginblue, HiX Ha
BENWYMHY BCTaAHOBMEHOro [HTepBany BIOXWMEHHS, BUAINATb MiKCeni BenuMYMHU  KOAIB  AKMX
BIOXWNSATLCA Big BW3HA4YEHOr0 CepefHboro Oinblue BenuYMHWM, BCTAHOBMEHOrO iHTepBany
BiOXWINEHHS, BUAINAIOTb KPaWOoBI Nikceni Ha AaHi BUAINEHin nnowi 3o6paxeHHsl, opmytoTb BiHapHe
300paXkeHHs1 BUAINEHUX KpanoBWUX MiKCemniB Ta HagawTb M Kog noriyHoi "1", a yci iHwi nikceni
npuinMarroTb 3HadeHHs noriyHoro "0", y pericTpax nNpoekuii opMyoTb KOOW MPOEKLIA OTPUMaHOro
306paxeHHs y Hanpsamkax 0°, 30°, 60°, 90°, 120° Ta 150°, y 6roui NOPiBHSAAHHA MOPIBHIOITL OTPUMaHI
MOCNIAOBHOCTI 4ucen 3 eTanoHHMMWU NOCMIAOBHOCTAMW YMCEN Ta BU3HAYalTb BIOXUNEHHSA, SKi
yKa3yloTb Ha 06nacTi 300paXeHHs!, WO CNOTBOPEHi XMapaMu, SKLWO NOCAiJoBHOCTI yucen 36iratoTbes
3 eTanoHHWMM MNOCNIAOBHOCTAMM B MeEXax 3a[aHOro BiAXWMEHHS, TO 34INCHIOTb MOPIBHAHHS
BM3HAYEHNX CepefHiX 3Ha4yeHb MiKCeniB 300pakeHHsi, OTPMMAHOrO B SICHY MOrofy Ta 300paKeHHs,
OTPUMAHOro Yy MpSYHY norofy, Mo BiAXMMEHHAX cepefHiX 3HayeHb BM3Ha4alTb PiBEHb 3aTEMHEHHS
3eMernbHOI AiNsHKM aTMocdeporo, BU3HaYalTb cepeaHe 3Ha4YeHHs nikcenis BuAaineHoi obnacTi, sika
crnoTBopeHa aTmocdpepoto, y Onoui MOPIBHSHHS MOPIBHIOKTE OTPMMAaHE CEPELHE 3HAYEHHS 3
OTPUMAHUM €TarloHHMM CepefHiM 3HA4YeHHAM Ha 300paXkeHHi, OTPUMaHUM Yy SICHy norogy, i no
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BESIMYUHI BIiOXWMEHHS BiJ €TasloHHOro CepedHbOro 3HAYeHHS Ha BUXOAI Pi3HMLEBOro ernemeHTa
BM3HaAYaloTb BENUYMHY 3aTiHEHHSA ab0 NOKPUTTS XMapamn 3eMHOT NOBEPXHI.
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