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3EMJIEBMNOPAAKYBAHHA TA TEOAE3IA
YOK 528.72:528.42

AHuyk P. M. K.1.H., poueHT, Tpoxumeunb C. M., cT. BUKnana4
(HauioHanbHW yHiBEPCUTET BOAHOIO rocnoaapcTea Ta
NPUPOAOKOPMCTYBaAHHS, M. PiBHe)

CTBOPEHHSAI KAPTOIPA®IYHOI OCHOBU /11 PO3POBKM
FEHEPAJIbHUX MNJIAHIB HACENIEHUX NYHKTIB 3A MATEPIAJIAMU
AEPO3HIMAHHA 3 HENPO®ECIMHUX BINJIA

MpoaHanisoBaHi nepcneKTMBYU BUKOPUCTaAHHA 6e3NiNnoTHMX aepo3HiMa-
NIbHUX CUCTEM AJ1S CTBOPEHHS NNaHOBO-KapTorpadiyHoi OCHOBU Npu
po3pobui reHepanbHUX NNaHIB HAaceNeHUX NYHKTIB. PO3rnsaHyTi oCHOBHI
TEXHOJOriYHi eTanu cTBOpeHHA undposoro oprtopoTonnaHy MicLLeBOCTi
Ha OCHOBI MaTepianiB 6e3nNiNOTHOro aepo3HiMaHHA 3 BUKOPUCTAHHAM
HecneuianisoBaHux 6loaKeTHUX anapariB. [IpoBefeHO OLIHKY TOYHOCTI
OTPUMAHUX pe3ynbTarTiB.

KniouoBi cnoBa: 6e3ninoTHi nitanbHi anapatu, aepo3HiMaHHS, reHepa-
NbHWMU NNaH, opropoTonsaH.

Betyn. 'eHepanbHMIM nNnaH HAaceNeHoro NyHKTY € OCHOBHUM BUAOM
MiCTOOYAIBHOI [OKYMEHTaUil Ha MicLeBOMY pPiBHi, NPM3HaYeHol ans o6-
I'PYHTYBaHHS OOBroCTPOKOBOI CTpaTerii NiaHyBaHHSA Ta 3abynoBu Tepu-
Topil HaceneHoro NyHKTy [1].

eHnnaH BpaxoBye noba)aHHS iHBECTOPIB 3 MOMNSAy XXWUTOBOI,
NPOMMCNOBOI Ta KOMepUinHOT 3abynoBu, nepeabdbavyae NPoeKTyBaHHS iH-
JXEHEepHOT Ta couianbHOI iHGPACTPYKTypH, HeobxigHo! ana PyHKLUIOHY-
BaHHA CTANoOro Ta rapMOHINHOro po3BUTKY noceneHHsA. OcHoBow ans
CKNafaHHA reHepanbHUX MAAHIB HOBMX HAaCeNeHUX MYHKTIB Ta PEKOHCT-
PYKLUIT CTapux € aKTyasibHi BenMkoMacwTabHi TonorpagiyHi nnanu. Oc-
HOBHUMW METOO4AMUN OTPUMAHHA TaKUX MaTepianiB € Ha3eMHe reogesny-
He 3HIMaHHA Ta aepodoTo3HIMaHHS. [epwunin MmeTod — AOCUTbL TPYAOMICT-
KWW | NOB'A3aHUN i3 3HAYHUMKM BUTPATaMKM 4acy, a OPYrun Ma€ BUCOKY
BapTIiCTb Ta ManoedeKTMBHUN y BUNAAKY KapTorpadyBaHHSA HE3HAYHUX
3a NJIOLLE0 HAaceNeHUX NYHKTIB. B ocTaHHI poku ans BennkoMacwTabHo-
ro KaptorpadyBaHHs BCce 6iNblIOro NOWMPEHHA HabyBaE 3acToCyBaHHSA
npodecinHmMx reoge3myHnx 6e3ninoTHMX anapaTis, afe IX BUKOPUCTAHHSA
obMexkeHe BMCOKOK BapTICTHO 061afHaHHS.

Mopsap i3 cneuianizoBaHMMM 6e3NiINOTHUMM anapaTaMu, SKi 34aTHI
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3abe3neyyBaTM BUCOKOTOYHI MaTepianu, NpupaTHi 4ns BeanMKoMacwTab-
HOro KapTtorpadyBaHHS i 3@ TOYHICTIO He MOCTYNATbCA MNiSIOTOBAaHMM ae-
PO3HiMaNbHUM CUCTEMAM, B OCTaHHI POKWU Ha PUHKY 3'aBnsTbCca 6to-
OXXEeTHi 6e3niNoTHIi anapaTu WMPOKOro BXUTKY, SKi MOXYTb 3abe3neuvy-
BaTW AOCTATHIO TOYHICTb 3HIMAHHA AN BUPIWEHHS WWPOKOro Kona 3a-
BOAHb 3 MiHIMAaNIbHUMWN EKOHOMIYHUMUN 3aTpaTaMu.

AHani3 ocTaHHix gocaimKeHb. Ha CbOrogHilWHIM AeHb aHani3 MOXNn-
BOCTi BUKOPUCTAHHS MaTepianiB aepo3HiMaHHA 3 6e3MiNOTHUX NiTanbHUX
anapariB ANns BesiMKoMacliTabHoro kaptorpadyBaHHS BUKTAAEHO Y Npausx
6araTbox BITYM3HAHMX Ta 3aKOPAOHHWMX aBTopiB. Cepen OCHOBHMX AOCHi-
[>KeHb 3 AaHOol TeMaTuKu cnig Buainutm pobotu Motosa B.M. [2-5 |, MeTpo-
Ba M.B. [6], CeumnHa K0.A. [7], Eccina C.C. Ta iH. B naHux poboTax BUKNaaeHi
pe3ynbTaTu NPAKTUYHUX OOCNIOKEHb BUKOPUCTaHHSA, 3aebinbworo, cne-
uianizoBaHux reogesundHmx BIJTA BigoMux cBiToBUX BpeHAiB, y Ton 4yac
K MUTAHHSA 3aCTOCYBaHHSA Cy4yacHMX HenpodecinHUX anapaTiB BUBYEHO
Mano.

Meta pocnipxeHHs. MeTol0 NpoBeAeHHS OOC/IOXEHHS € OUiHKa
MOX/IMBOCTI BWKOPWUCTAHHS MaTepianiB 6e3MiN0OTHOr0 aepo3HiMaHHS,
oTpuMaHux 3 HenpodecinHux BIJIA 3 MeTow cTBOpeHHs Tonorpado-
reofe3nyHol OCHOBM Ons po3pobKu reHepanbHUX MNaHiB 3abynoBu Ha-
CeNleHMX NYHKTIB.

MocraHoBKa 3aBpaHHA. [eHepanbHi nNnaHM 3abynoBM CiNbCbKUX
HaceNeHMX MYHKTIB pPo3pobnsoTbCs Ha OCHOBiI TonorpadivyHUX nnaHiB
mMacwTaby 1:5000 a6o 1:2000 (3anexxHo Big NAOLLI HACENEHOro NYHKTY) 3
BuUcoToto nepepisy penbedy 0,5 M [8]. B gaHin ctaTti 6yayTh po3rnaHyTi
eTann CTBOPEeHHS opTodOTOMN/IaHy MIiCLEBOCTi Ha OCHOBI MaTepianie ae-
pO3HiMaHHA 3 06e3ninoTHoro nitanbHoro anapaty PHANTOM 3
Professional. OCHOBHi TEXHIUYHI XapaKTEPUCTUKM KBagpoKonTepa Ta 3Hi-
ManbHOI KaMepu HaBedeHi B Tabnuui 1.

Taébnuus 1
TexHiuHi xapakTepucTukun kBagpokontepa PHANTOM 3 Professional
HalMeHyBaHHA XapaKTepPUCTUKMN \ NMoka3sHuku

XapakTtepucTtuku kBagpokontepa PHANTOM 3 Professional
Bara 1280 r
MakcuManbHa WBUAKICTb 16 M/c
HanbHicTb NONbLOTY 2000 m
Kpencepcbka BUCOTa BiAHOCHO TOYKM 100-150 m
3anycky
Makc. yac nonboTty 23 xB
Pobouya TeMnepaTtypa 0°C-40°C
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NPoOJoBXeHHS Tabn. 1

XapaKTepuUCTUKM 3HIMaNbHOI Kamepu
[iana3oH KonvBaHHS NiABICY NpU HaxunNi -90° po +30°
Po3ginbHa 3aaTHICTb 12,4 Mn
Kyt ornagy 94°
dokycHa Biggans 20 mm (B 35 MM ekBi-
BasleHTi)

06’ekTOM pocnigxXeHHs 6yno o6paHO TEPUTOPID HACENTEHUX MYHK-
TiB XXaBpiB Ta [NMn6o4ok lNowaHcbKkoro panoHy PiBHeHCbKOT obnacTi 3a-
rancHoto nnoweto 230 ra, 3 nepenagom BucoT 40 MeTpiB. Aepo3HiManbHi
poboTn BUKOHYBanucbk y TpasHi 2016 p.

lNporpaMa pocnip)XeHb BMKOHYBasacb 3a HACTYMHOK TEXHOMOriy-
HOK CXEMOIO.

CTBOpPEHHS NPOEKTY aepo3HiMaHHSA

v
BukoHaHHS NN1aHOBO-BUCOTHOI NiOAroTOBKU 3HIMKIB

v
Aepo3HiManbHi poboTu

v
OnpautoBaHHSA MaTepianiB aepo3HiMaHHSA Ta nobyaoBa opTodoTonnaHy

v
OuiHKa TOYHOCTI OTPUMaHNX pe3ynbTaTiB

Puc. 1. TexHonoriyHa cxema CTBOpPeHHsS opTodOTOMNIaHy 3a
pe3ysibTaTaMu aepo3HiMaHHsa 3 BINJ1A

CTBOpEeHHSAl NPOEKTy aepo3HiMaHHA BUKOHYBanoCb B MPOrpaMHOMY
popnatky Pix4Dcapture. [laHe nporpamMHe 3abe3neyvyeHHs MpPU3HaYeHe
ans po6otn 3 BINJ1A BepToniTHOro TMNy BUpobHMUTBa KoMnawii DJI. MNna-
HYBaHHS MiCil BAKOHYETbCS B HAaCTYNHOMY NOPSAKY:

1. 3aBaHTaXKeHHSA NiAKNAOKW Y BUMNALI KOCMIYHOIO 3HIMKY 6e3no-
cepenHbo Ha 00'EKTi 3HIMaHHS.

2. Bubip wBmnakocTi. 3a 3aMOBYYBAHHAM LUBMAKICTb BCTAHOBJHETHCA
Ha MakcuManbHe 3HayeHHs (ana PHANTOM 3 Professional 15 m/c).

3. Bubip kyTa Haxuny kamepu (90° — HaAMPHUIA HaNPSIMOK).

4. Bnb6ip BeNMUYMHM NO340BXKHbLOr0o NnepekputTa 3HiMKiB (70, 80 abo
90%). NonepeyHe NepeKpPUTTA PO3Pax0OBYETLCA TAKUM YMHOM, W06 BiAc-
TaHb MiX CyCigHiMM MapwpyTamum Byna B ABidi 6iNbLO 33 BiACTaHb MiX
CYCiAHIMM 3HIMKaMuM ogHOro MapwpyTty. B HawoMmy BunagKy BennyuHa
NMO340BXHbOMO NepekpuTTa ctaHoBuna 80%.

5. Bubip Bucotn nonboty. Yum BMLWa BUCOTA, TUM Binblia naowa
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AOCTYNHa O/ 3HIMAHHSA, ane HMXX4Ya pPO3A4iNbHA 30aTHICTb OTPUMAHMUX
$OTO3HIMKIB. Y HawoMmy BuNagKy Oyna nNpunHATa BUCOTA 3HIMAHHS
100 MeTpiB, Wo 3abe3neyye po3ainbHy 340aTHICTb Ha MiCLEBOCTI 6/TIN3bKO
4 cwMm.

6. Bubip nnouw,i 3HiMaHHA 34INCHIOETLCSA 3@ AOMNOMOIOK NPSMOKYT-
HOT CiTKW. Yepe3 0OMEXEHUN pPecypc enNeMeHTIB XKMBJIEHHS TePUTOPIto
3HIMaHHSA 6yNno po3buTo Ha 6 BNOKIB 3 MEBHUM NEPEKPUTTAM, AN KOXK-
HOro 3 AKMX 6yN10 CTBOPEHO OKPEMUI MPOEKT 3a/1bOTY.

BuKoHaHHA nnaHoBO-

Binbwicte HenpodecinHnx BIJIA He yKOMNIEKTOBaHIi BMCOKOTOY-
HUMN GNSS-npunmadamm 3 dpyHkuieto RTK, a oTxKe, He [O3BONSAOTL 3 NO-
TPIOHOK TOYHICTIO BU3HAYaTU KOOPAUHATU LEHTpiB npoekuil. [Ana otpu-
MAHHS BMCOKOTOYHMX OPTOdOTOMNAHIB MiCLEBOCTI 3a TaKMM MaTepiana-
MU HeOobXiAHO BUKOHYBaTW MOSIbOBY MJIAHOBO-BMCOTHY MiArOTOBKY 3HIM-
KiB.

Y 4KoCcTi MNaHOBO-BUCOTHMX OMO3HAKiB MOXYTb BUMKOPMUCTOBYBA-
TUCb YiTKi KOHTYpM Ta 06'€KTM MicLeBOCTi. Y BUNaAKy BiACYTHOCTI Takux
06’ekTiB Be3nocepenHbO Nepen BUKOHAHHAM 3HIMaHHSA HeobXigHO po3K-
NacTy WTY4YHi MapKepu, popMa, po3Mip i KONip AKMX 0O3BOJSIUTb TOYHO
iDeHTUPIKYBATM iX Ha 3HIMKax | BUKOPUCTATM AN reode3ndHol
NpWB'A3KMN.

LY
Puc. 2. 306paxkeHHa Mapkepa po3mipoM 50x50 cm

Ha TepuTtopii 06’ekTa AocnigxeHHa 6yno BCTaHOBMIEHO 32 NNaHOBO-
BUCOTHMX OMO3HAKW, BUrOTOBJIEHMX i3 JIUCTIB NNacTUKa KBagpaTHol dop-
MU i3 po3MipoM cTopoHu 50 cM. BusHayeHHs NpPOCTOPOBUX KOOPAUHAT
MapKepiB BUKOHYBanocb wnsxoM GNSS cnoctepexeHb B pexumi RTK
GNSS-npunmauem Leica GRX 1200.
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Aepo3HimanbHi po6otn BY-
KOHYBanMCb B aBTOMAaTU4YHOMY
PEXWUMiI 3 BUMKOPUCTAHHAM MNpo-
rpamHoro gopatky Pix4Dcapture.
Bnbip Micus 3anycky 3AincHio-
BaBCHA Ha NigBULLEHUX TaBIOAKPU-
TUX, MO MOXJIMBOCTI, [AiNAHKax
MmicueBocTi y pagiyci 150 M Big
LEHTPY KOXHOro 670Ky 3HiMaH-
HS.

OnpauloBaHHA MaTtepianis
aepo3HiMaHHA Ta CTBOPEHHS op-
TodoTonsiaHy BWKOHYBaNoOCb B
nporpaMHoMmy 3abe3neyeHHi
Agisoft PhotoScan Professional.

OcHoOBHi eTanu onpauto-
BaHHA AaHux B PhotoScan noka-

3aHi HA HaCTYMHIN CXeMi.

Puc. 3. CxeMa po3TallyBaHHS MapKepiB

3aBaHTa)keHHs PoTO3HIMKIB B PhotoScan
v
Ornap 3aBaHTaXKeHUX 306 parkeHb i BUAANEHHS HEMOTPIOHMX Kaapis
v
BupiBHoBaHHS POTO3HIMKIB
v
MobypoBa LWiNbHOT XMapyu TOYOK
.* o)
PeparyBaHHS WiNnbHOT XMapu TOYOK
v
MNobynoBa TPMBUMIpPHOI NONiIroHanbHOI Moaeni
- v b - o) -
PeparyBaHHSA TPMBMMIPHOI NONIrOHaNbHOI MoAeni
2
MNobypoea opTtodoTonnaHy
v
EkcnopT pe3ynbTaTiB

Puc. 2. OcHoBHi eTanu onpautoBaHHsA aaHux B PhotoScan
36
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OuiHKa TOYHOCTI OTPMMAHMX pe3ynbTaTiB BUKOHYBasacb LWASXOM
MOPIBHSAAHHA KOOPAMHAT KOHTPOJIbHMUX TOYOK, BU3Ha4YeHUX 3 nobyaoBaHo-
ro optodorTonnaHy 3 KoopAuHaTtamu, OTPMMAHUMMK 3a pe3ysibTaTamMu
GNSS cnocTepexeHb Ha MicueBocTi. [1na NonboBOro KOHTponto 6yno Bu-
KopmncTaHo 10 KOHTPOIbHUX TOYOK Ha Pi3HUX AiNSAHKAX 06'€KTY 3HIMAHHS.
Pe3ynbTatv KOHTPOO NNAHOBOr0 Ta BUCOTHOMO MOJSIOXKEHHS TOYOK Ha-
BeAeHi B Tabnuusx 2i 3.

Tabnuus 2

Pe3ynbTaT N0NbOBOro KOHTPOJIKO TOYHOCTI NIAHOBOTO
NOJTOXEHHS TOYOK

Ne OpTodoTonnax GNSS cnocrepe- BigxuneHHs
XEHHS
TOHKN X, M Y, M XK, M YK, M DxM | Dym | D,m
1 8582,36 | 5081,72|8582,28|5081,63| 0,08 | 0,09 | 0,12
5 8912,99 |5411,42|8913,03|5411,63|-0,04|-0,21| 0,20
7 8467,47 | 5383,54|8467,42|5383,65| 0,05 |-0,11| 0,12
10 |(8760,00 | 5311,05|8759,91(5311,10| 0,09 |-0,05| 0,10
13 |8401,16 | 5668,72|8401,07 | 5668,59| 0,09 | 0,13 | 0,16
16 |8450,08 |5827,46|8450,04|5827,58| 0,04 |-0,12| 0,13
20 |8514,04|6183,85|8514,11|6183,96|-0,07|-0,11| 0,13
24 |7421,44 | 5580,46|7421,58|5580,33|-0,14| 0,13 | 0,19
28 (7138,02 |5710,22|7137,86|5710,26| 0,16 |-0,04| 0,16
29 | 7197,44 | 5494,15|7197.31|5494.06| 0,13 | 0,09 | 0,16
Tabnuusa 3
Pe3ynbTaT N0NLOBOr0 KOHTPOJIH0 TOYHOCTI BUCOTHOIO
MONOXKEHHS TOYOK
Ne Toukmu OpTodoTonnaH GNSS BioxuneHHs
CNOCTEpPEXKEHHS

H, m HK, M Dy, M

1 215,35 215,15 0,20

5 217,62 217,48 0,14

7 216,58 216,7 -0,12

10 212,75 212,88 -0,13

13 223,80 223,90 -0,10

16 225,36 225,08 0,28

20 231,05 230,88 0,17

24 240,65 240,79 -0,14

28 244,52 244,36 0,16

29 241,50 241,30 0,20
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Ha ocHoBi BiaXxMneHb KOOPAMHAT KOHTPOJIbHUX TOYOK Bynu po3spa-
XOBaHi cepegHi KBaApaTUYHi MOMUAKKW MAAHOBOr0o Ta BMCOTHOrO Nono-
XeHHa Todok: Mmx=0,10 M, my=0,12 m , my=0,18 M. OTpUMaHi 3Ha4YeHHs
BiANOBIAAaOTb BUMOraM iHCTPYKLIAM 3i CKnagaHHa TonorpadivyHux Ta Ka-
[acTpoBUX nnaHis MacwTtaby 1:2000 [9].

3a pe3ynbTaTaMn MNPOBEAEHUX AOCAIOXKEHb MOXHA 3pobuUTM BU-
CHOBOK, L0 3 BUKOPUCTAHHAM HMU3bKOGOAXKETHUX HenpodecinHnx BIJ1A
33 YMOB [eTaJibHOI N1aHOBO-BMCOTHOI NiAroTOBKW 3HiIMKIB, 3abe3neyeH-
HA nepekputTa 0o 70-80% Ta BMKOpPMUCTaHHA creuiasnbHO po3pobneHoro
NporpaMHoro 3abesneyeHHs, NPU3HA4YeHOro Aas ONpaLUloBaHHA «HEKOH-
AVLINHNX>», 3 TOYKW 30pYy KNACUYHOT poTorpaMmeTpii, 306pakeHb, MOXKHa
OTPMMATK SAKICHY NiaHOBO-KapTorpadiyHy OCHOBY OJ1 CKNAfaHHSA reHe-
panbHUX NAAHIB HAaceNeHUX NYHKTIB B KOPOTKi TEPMiHM Ta 3 HEBESIMKNMU
€KOHOMIYHUMN BUTpPATaAMMW.
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CREATING CARTOGRAPHIC BASIS FOR DEVELOPING MASTER PLANS
OF SETTLEMENTS ON MATERIALS OF AERIAL SURVEYS USING
UNSPECIALIZED INEXPENSIVE UAV

The prospects of use UAVs to create cartographic basis for
development master plans of settlements. The main technological
stages of creating digital orthophoto on the basis materials of
unmanned aerial photography of using unspecialized inexpensive
UAV. The accuracy of the results has been estimated.

Keywords: unmanned aerial vehicles, aerial photography, master plan,
orthophoto.

AHuyk P. M, K.T.H., poueHT, Tpoxumew C. H., cT. npenopnaBarennb
(HaunoHanbHbIM YHUBEPCUTET BOOHOMO X03ANCTBA U
npupoaonosib3oBaHus, r. PoBHo)

CO3JAHMUE KAPTOrPA®UYECKOM OCHOBbI /191 PA3PAEOTKHU
FEHEPAJIbHbIX NMJIAHOB HACEJIEHHbIX MYHKTOB N0 MATEPUAJIAM
A3POCBHEMKHU C HENMPO®ECCUOHAJIbHbIX BIMJIA

MpoaHanu3npoBaHbl NepcneKTUBbI UCMONb30BaHUA 6eCNUIOTHbIX a3-
POCBHEMOYHbIX CUCTEM AN CO3AaHUA NNAHOBO-KapTorpaguyeckomn oc-
HOBbI NpU pa3paboTKe reHepasnbHbIX NJIAHOB HACeJIEHHbIX NYHKTOB.
PaccMoTpeHbl OCHOBHbIE TEXHONIOrMYEeCKUe 3Tanbl co3aaHna umdpoBo-
ro oprodoTonsiaHa MECTHOCTU Ha OCHOBe MaTepuasnoB 6ecnunoTHoM
A3POCHEMKM C UCNOJIb30BAaHUEM HEeCNeLnanu3MpoBaHHbIX GHOAXKETHbIX
annaparoB. [lpoBeaeHa oLeHKa TOYHOCTU NOJTyYeHHbIX pe3y/ibTaToB.
KnroueBble cnoBa: 6ecnnnoTHble NeTaTtesibHbie annapaTtbl, a3pOCbeMKa,
reHepanbHbIW NaaH, opToPoTONNAH.
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