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BUKOPUCTAHHA CYUYACHUX AEPOPOTO3HIMKIB
JIJIA CTBOPEHHS IU®POBUX MOJEJIEA PEJILEDY

PosrisiHyTo muTanHs ctBopeHHs mudpoBux Monened penbedy (LIMP) Ha ocHOBI MaTepianiB ae-
podoTtozHiManns. OcHoBoto ciyryBanu aepodoro3nivku 2008p. Ha wactuny teputopii Kapmar, Tomo-
rpadiuna kapta M 1:50 000ra [IMP CGIAR. ITicis oroJomieHHs BCiX HEOOXTHHUX MapaMeTpiB y Mpo-
rpamHoMy ipoaykri ERDAS ImagineNonyns LPS)otpumanu enexrpoHHy KapTy IepeBHUILCHb TEPHUTOPIi
JOCIKeHb. Y Tpolieci opropekTudikamii BXiqHux aepodoro3obpaxens Ta crBopeHoi LIMP otpumam
udpoBe OpTOpeKTU(IKOBAHE 300paKSHHSI, IKE MPUIATHE [T MPOBEACHHS TIOIAIBIINX J0CTIHKEHb.

KuarouoBi ciaoBa: mudpoBa mozens penbedy, cucrema koopauHat, Leica Photogrammetry
Suite,onopHi TOYKH, aepOPOTO3HIMOK, OPTOTPAHCHOPMYBAHHS.

J171st 300pakeHHs 36MHOT MOBEPXHI Y 3MEHIIIEHOMY BUTJISAII BUKOPUCTOBYIOThH Ka-
prtu, cxemu [IMP (LIMP, digital terrain model, DTM) [1, 3, 7OcranHi € koM oTep-
HUM INPEJCTABIEHHSIM 00’ €KTIB peibe(y y BUTIIAAI MACUBY TOYOK 3 BIJIOMUMHU IIAHIMeE-
TPUYHUMH KoopauHaraMu (X Ta V) i Bucotamu Touok 3emMHoi nosepxni. Ha BiAMiHY BiJl KapT
Ta IUIaHIB, /e TEPEBUILICHHS MOKa3aH1, K MPaBUJIO, TOPU3OHTAISMU 3 PI3HUM Tepepi-
30M (uepe3 1, 2, 5, 10u), Ha [IMP nepeBuineHHs BiA3HAYCHI PI3HUMH PIBHSIMHU CIEKT-
panbHOi sickpaBocTi. [IMP orpumytoTh pi3HUMH crioco0amu, 30KpeMa pagioMeTpUIHUM
3HIMaHHSM MiCIIEBOCTI, sika Oyia 3po0JicHa Ha BCIO TEPUTOPIIO MoBepXHi 3emii (Kpim
MOJIIOCIB) pafgapoM 3 KOCMIYHOro kopadis ShuttleameprkanChbKUM KOCMIYHHUM areHTC-
tBoM NASA — CGIAR. HaligaBHimmM Ta HaWTPYAOMICTKIIIUM € CHOCIO OTpHMaHHS
KapTu penbedy MIITXOM MEXaHIYHOT'0 IEpeHeCeHHs Topu3oHTael 3 kapt 1 cxem y I'IC-
nporpaMax. Po3BuTok reoindopManiiiHuxX TEXHOJOT1M Ta TUCTAHI[IMHOTO 3HIMAaHHS 3a-
Oe3MeUnsIi MOYKIIUBICTh CTBOPEHHS MH(PPOBUX KapT 3 BUCOTHUMH Biamitkamu (LIMP)
Ha OCHOBI CcTepeorap aepo- Y KOCMIYHUX 3HIMKIB.

ABTOMaTu3aiis 00poOKu MpocTOopoBOi 1HPopMallii 3a0e3reuye aHadi3 HE TUIbKU
MIPOCTOPOBOTO PO3MIIIICHHS 00’ €KTIB, ajie 1 iX BUCOTHOI npuB’s3ku. Kpim Toro, IIMP
JO3BOJISIIOTH 32 JOTIOMOTOI0 KOMIT' IOTEPHOI TEXHIKM Ta BIJIMOBIAHOTO MPOrpaMHOro 3a-
Oe3leueHHs CPOCTUTH OTpUMaHHs reorpadivHoi 1HPopMaIlili mpo 00’ €KTU 3 X BUCOT-
HUM OOIpyHTYBaHHsAM. Y crnemianizoBanux ['IC-nporpaMHux mpoaykrax aHali3 Ta Mo-
JIeI0BaHHs Takoi 1H(opMallii 703BOJIsSIE OTpUMAaTH Pi3HOMaHITHI TeMaTtuuHi Kaptu. Lle
0COOJMBO BaXXJIMBO JJISI TOCIHIKEHHS €KOJOTTYHUX MPOOJIEM Ta MPOTHO3Y PO3BUTKY
3YMOBJICHUX HUMH SIBUIII (€pO3ii IPYHTY, 3MiHH JIICKCTOCTI, ypOaHi3allii TepuTopiii Ta ix
BILUTUBOM Ha JOBKLLIA ToIo). [IMP pa3zom 3 Tormorpadgivaumu KapramMu Ta JaHWUMH JIHC-
TaHUIMHOrO 30HAYBaHHs 3€MJIl YCIIIIHO BUKOPUCTOBYIOTh 3 1H)KEHEPHOIO METOI0, 30K-
pema miJ yac OyAiBHUIITBA JOPIT, 3aXUCHUX CHOPYA B3JIOBXK PIK, pO3IIMPEHHS Hacese-
HUX Miclib 1 T.1. [Iporpama poOit nependavdana oOrpyHTYBAHHSI MOKJIUBOCTI BUKOPHC-
TaHHs aepodoTo3HimKiB 1t crBopeHHs [IMP y mporpamaomy npoxykri ERDAS Imag-
ine (Moxyns Leica Photogrammetry Suit@)meroro cTBOpeHHS €JIEKTPOHHOI Bepcii Mo-
neni penbedy 3 HaHBUIIO PO3AUIBHOIO 3/1aTHICTIO.

s crBopenns [IMP Bukopucrani aepodorosHiMku, 3podseni y 2008p. doto-
kameporo RC20, o6’ ektuBom 15/4 UAGA-F gactunu Tepurtopii XyCcTChbKOro paioHy
3akaprmarchKoi o0acti. 3arajmom, JIJis MPOBEASHHS JOCIIHKeHb BUKOpHCTaHo 12 aepo-
¢$hoTO3HIMKIB y 3 MapmipyTax. XapaKTEpUCTUKHA 3HIMATIBHOT CHCTEMH, SKi HEOOXiTH1 TSt
ompaIffoBaHHsl aepodOTO3HIMKIB, Taki: GoKycHa BimcraHnb — 152,78uM; mpUHITUTIOBI
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touku cumerpii —x=-0,007mm, y=0,000mm, cepenns Bucora 3HiManHs — 3820m. Ila-
pamMeTpu BHYTPILIHBOTO Ta 30BHIMIHBOIO OPIEHTYBAHHS 3HIMKIB oTpumanu 3 KamOpy-
BAJILHOTO cepTU(diKaTy, AKUM HAIa€ThCsl KOPUCTYBauyaM pa3oM 13 MarepiajiaMu acpodo-
TO3HIMaHHS. /{711 KOPEKTHOr 0 oIpaifoBaHHs aepodOTO3HIMKIB HEOOXITHO BPaXOBYBATH
CIOTBOPEHHS, SIKI MOXKYTh BUHMKATH Ha 300paXKEHHSX, 30KpeMa pagiadbHy AUCTOPCIIO
nin3. OOpobneHHs aepodOTO3HIMKIB BUKOHaHE y mporpamHoMy mnpoaykti ERDAS
Imagine 9.2 fionyne Leica Photogrammetry Suite)lepen moyarkom ompamroBaHHs
aepodoTo3HiMKIB B MeHepKepl ipoekTiB Leica Photogrammetry Suite (LP&ooxigHo
CTBOPUTH HOBUH (pailn OJIOKY Ta 3aJaTu CUCTEMY KOOPAHMHAT, B SIKY OyJIyTh T€0KO1yBa-
THUCS 300paXKEHHS, CEPEJIHIO0 BUCOTY IMOJILOTY JIITaKa MiJ] Yac 3HIMaHHS MiCLIEBOCTI, Ia-
paMeTpH 3HIMallbHOI cucTeMu. Y mporpamHomy nponykri ERDAS Imaginee moxiu-
BICTh BUKOPHUCTATU LUK psifl CUCTEM KOOpAMHAT. ['e0KoyBaHHS 300payKeHb BUKOHAH1
y cuctremi UTM WGS84,sxa € HalTTOMUPEHINIOon y CBITI Ta Ma€ METPOBY PO3AUIbHY
3/IaTHICTh, 10 € BAXKJIMBUM II1]1 YaC OMPAIFOBaHHS KPYTHOMACIITaOHUX MaTepiatiB.

Sk mokasye 10CBij, OJTHOYACHO JOIUILHO OMpPalbOBYBaTH TUILKHU JIBA 3HIMKA, SIK1
MarOTh MO3/IOBXKHE TMEPEKPUTTS, OCKLIBKU T11]T 9ac 00pOoOJIeHHS OUIBIIOI KIIBKOCT1 3HIM-
KIiB BHHUKA€ BeNMKA CEpeIHbOKBaJpaTUYHA MOMUJIKA. 3aBAHTAXKMUBIIU JIBA CYMIXKHI
3HIMKH B MeHepkep mpoekTiB LPS, morpioHo moOynyBaru mipaminy i3 kanaiiB (Pyr)
(s KompOpoBOrO TpencTaBicHHS 300paxeHb y RGB-bopwmari), 3agatu eneMeHTH
BHyTpimHbOro (INt.) Ta 30BHImHBOrO OpieHTyBaHHs (EXt.) 300pakeHb. EnemeHTamu
BHYTPIIIHBOTO OpieHTYBaHHS (puc. 1) s BUKOpHCTaHHX aepoOTO3HIMKIB € 1o 8
KpaliHIX TOYOK, K1 ITO3HAY€HI CIEIIATbHUMH MITKAMH 1 BHU3HA4YalOTh IOJOXKEHHS
IIEHTpPAa 3HIMKa. 3 MaKCUMaIbHO MOXJIMBOIO TouHicTIO (RMSE He Oinbie 0,33 mikcerns)

‘ JUIST KOYKHOT'O 3HIMKa HEOOX1IHO 3a 4ep-
IOl TMO3HAYUTH 111 TOYKH MapKepaMu.
Sxmo x momuika Oyne OUIbIIO 3a
0,33 mikcens, TO MOJOKEHHST MapKepiB
MOXKHA MIAMPABUTH A0 HEOOX1THOI TOY-
HocTl. EmemeHTaMu 30BHIITHBOTO Opi€-
HTYBAaHHSI € KOOPAMHATH LIEHTPIB 3HIM-
KIB, BHCOTA 3HIMAaHH, K1 BKa3aHl Ha
KOXXHOMY 3HIMKY, Ta MapaMeTpu HaXuiy

Sensar Inteior Drientation | Extetior Infoimation |

N e [y i moBopory 3HiMkiB (Omega, Phi,
) =T e e 1| | Kappa) [1-3, 7].

Ecit All Images @ Auto Locate \ Ay | Resat | sove | =
Font# | > Color Image % Image Y Film Film ¥ Residual Residual ' .T Cancel ‘ .

- . — | Puc. 1. Bikno ecmanoenenns eiemen-
= i mig GHympiuWiHb020 OPIEHMYBAHHA

14930,07, -150.22

[Ticnst orosjomeHHs BCIX IMapame-
TPiB JIBOX CYMDKHHMX 3HIMKIB BCTaHOBJIIOIOTh OMOPHI TOYKH Ha crepeornapi. SAkiio Bu-
KOPHCTOBYIOTH aepo()OTO3HIMKH Y BITHOCHIN CHCTEMi KOOPIMHAT (3 TTOYAaTKOM Y TOYII
x=0Ta y=0), HeoOXiTHO MaTH JOAATKOBI KapTorpadiuHi Marepiayii (KapTy 4 TeOKOJI0-
BaHUU 3HIMOK) IS TTOAAJIBIIIONO MEePEBEACHHS aepO3HIMKIB y reorpadiyHy CHCTeMY KO-
opauHar. Ilig yac poGOTH 3 KpYIHO- Y CepeTHbOMACIITAOHUMU 300pKEHHSIMH JOL1i-
JHHO BUKOPHCTOBYBATH METPHYHY CHCTEeMY KoopamHar, 30kpema UTM WGS84. Tomy
reOKOAyBaHHs acpodOTO3HIMKIB TPOBOAMIM Ha OcHOBI kapTu macmTady 1 : 50 00Cca-
Me y I cucteMi KoopauHart. [[Jis BCTaHOBJIEHHS BUCOTHUX BIMITOK MOXHAa BUKOPHC-
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TOBYBAaTU KapTy 3 HAHECEHUMH TOPU3OHTAISMH, TOYKH HA3€MHOI'0 CIIOCTEPEKECHHS 3
BrucokorounnM GPSpuitmadem abo icayrouy LIMP . Jns Bu3HAaYeHHS BUCOTH OMOp-
HUX TOYOK, BUKOPUCTAJIM OCTaHHIi BapiaHT. 3HIMOK y ¢popmari ERDAS Imaginevoxe
MaTH Tiabku oguH Habip GCPTouok, acomiiiopanux 3 HuM [3, 6]. [lns mogaTkoBoro Ko-
HTPOJIIO BUCOTHOI CKJIAJI0BOi OIMOPHUX TOYOK, OCTAaHHI 10AAaTKOBO aHAII3YIOThCS HA OC-
HOBI1 KapTH 3 HAHECEHUMHU FOPU30HTAIISIMU.

OnopHi TOYKH MOXKYTh MaTH Pi3HE MPU3HAYEHHS — OJHI MOKHA BUKOPHCTOBYBA-
TH B TIPOIIECI TpiaHTyIsAIiT yn opropektudikarii (Control),iHur a1 KOHTPOJIIO TOYHO-
cri (Check),me inmi cnonyyni (Tie). MiHiManbHa KIJIBKICTh TAKHX TOYOK Ha CTepeoria-
pi ipu adirHIN Momem Tparncdopmarii — 3.30ip OMOPHUX TOYOK € TPYIOMICTKUM IIPO-
1[€COM, MPOTE BiJl TOYHOCTI HOT0 BUKOHAHHS 3&JE€KUTh TOYHICTH TPIAHTYJISIIT Ta OPTO-
TpanchopMyBaHHs 3HIMKIB. i Touku Hailkpaille po3TallOBYBAaTU B MICHAX MEPETUHY
JIOpIT, Ha Kpasx OynaiBenab abo MEKOBUX 3HaKax 3eMeNbHUX AUITHOK. He ciix 3amaBatu
GCPHa 6eperoBux JiHisIX 03ep, Kpasx 30H POCIMHHOCTI UM THIIHUX MOAIOHUX 00’ €KTaX,
K1 € quHaMidHUME (puc. 2).

TodHICTh BCTAHOBJICHHS OIOP-
PR= R R « .
seeem = | | HEX TOYOK IIMITYETHCS CEPEIHBO-

5 Z2 g O @
t«s= || xBagparmunoro mnommikoro (Root
Mean Square Error, RMSE)Iokaz-

T Apply Image Shit

[T — — Huk RMSE Bkasye, Ha cKiTbKkH BHKO-
| e | pucrana TpaHchopmariis (Hampukiian
Frmnnen apiHHAa YM TOJIHOMIajJbHa MOJEIb)
JIO3BOJIIE TOYHO HAOJIW3UTH IIOYaT-
KOBY TOYKY A0 KIHLEBOi Ta 00paxo-

BYETHCSI 32 HACTYITHOIO ()OPMYJIOKO:
RMSE =y/(x =X)* +(y, =¥)*; (1)

< K
b S sk kartai
1 5 g
cive : ZRA [maae mace Nane__|Aciive,
Gopat o]  EFBMETES [% ]
£B3047.362|  5353821.739|
B87127.005  5356927.330| 3
B90085672|  5356709.941
BB7489634  5350084.156]
BA9937.291| 5367265 044 . . : .
[ 5384057 . J—
;@f?ﬂ B AC. Xi; Vi — BUXIJIHI KOOP/INHATH,
Xr, Yr — KIHIIEB1 KOOPAUHATH.

Puc. 2. Bcmanoenenns onopHux mo4ok Ha cmepeonapi 3HiMKie

>

ITin yac BukopucTanHs adiHHOI MOJIeINI TpaHcPopMallii, JIs TPHOX TOYOK MOMUIIKA
Oyze piBHa HyTIO. ToMy Uil IETaIbHOrO aHAJI3y OMOPHHUX TOYOK Ta MONATBIIIOTO KOPEKT-
HOT'O MPOBEACHHS TPIaHTYJISALIT Ta OpTOpeKTU(DIKaIl HEOOXITHO 3a/1aBaTh IKOMOTra O1JIbIiie
TOYOK Ta KOHTPOJIFOBATU 3MIHY BEJIMYMHHU CEPETHbOKBAIPATUYHOI MOMUIKH. J[Jis TpaHc-
(dbopMyBaHHsI 300pakeHHS Y BITHOCHUX KoopanHarax, RMSE 00paxoByrOTh y mikcemnsx —
TOOTO TOKa3ye HEeB' 13Ky (KUIbKICTh MIKCENiB) MiXK JIBOMa TOYKAMHU Ha 3HIMKAaX IiCIs po-
1ecy TpiaHryssiiii. YuM BUILOIO € CEpeIHbOKBAApaTHYHA MTOMUIIKA, TUM TOYHICTh TpaHC-
(dbopmyBaHHs Ta OpTOpeKTU(IKaIlii Oy/ie MEHIIIO0, a BIATIOBITHO MEHIII IOCTOBIPHOIO Oy/e
pesyabTytoua [IMP. Tomy 1jst KOHTpOJIIO TPOIECy TPIaHTYIALIT MOXKHA CKOPHUCTAaTUCSA
3Bitom (Report),e moka3aHo MOMIJIKHA KOXKHOT OMIOPHOT TOYKH Ta BHIATUTH YU BiIpe/a-
IyBaTU Ti 3 HHUX, SIKI HaOUIbIIE BIIXUISIOTHbCA. KOHTPOJIb BCTAHOBJICHHSI TAKUX TOUYOK
MOYKHA IPOCITIIKYyBaTH 32 ocsiMu X Ta Y 11t KoxkHOT 3 HuX (puc. 3). [Ticns kiHIeBoro pe-
JaryBaHHS OMOPHUX TOYOK Ta OTPUMAHHS 3a/I0BUILHOI CEpEAHBOKBAAPATUUHOI TOMUIIKH
MPUCTYNATh 10 cTBopeHHs LIMP Ta opropekrudikartii 3HiMkiB (prc. 4).
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V\
SaJUioK mo X RMSE
IlouarkoBa TpauchopmoBana
Samuiok mo Y paschop
TOYKA TOYKA

Puc. 3.Cepeonvokeadpamuuna nomuaka 3a ocamu X ma Y

st modynosu LIMP, okpiMm BuIllle3raganux omnepariiid, HeoOXiHO 3a7aTu MHapa-
METpH BEJIMYUHU pacTpy (pacTpoBuil GpopMar € HaWMPUAATHIIIUN TSI KOMIT IOTEPHOTO
aHaii3y tepurtopii) Ta Bua mudposoi monen (USGS DEMuun DTED) [6]. Benmmuuna
pacTpy JIMITYEThCS TPOCTOPOBOIO PO3AUIBHOIO 3/IaTHICTIO aepo(OTO3HIMKIB. 300paxe-
Ha Ha puc. 4.a uudpoBa Mojesb penbedy 3podIeHa Ha OCHOBI 300paXeHb PET1IOHY J0-
CJIIJDKCHHS Ta Ma€ PO3JUIbHY 37aTHICTh 1 M (4UM BUIIOKO € TOYKA, THM CBITJIIIAM TO-
HOM BOHa 300paxyeTbcsi). Tounicth orpumanoi [IMP mMoxHa OLIHUTH HA OCHOBI KpyII-
HOMAcCIITaOHUX TonorpadivHIX KapT, BUXITHUX aepo)OTO3HIMKIB UM iHIIOI (OB Je-
TanbHOi) mudpoBoi Moxenm. [lix yac mocniKeHHS HE3HAUYHUX 3a IUIOMICID TEPUTOPIH
OLIIHUTH SIKICTh €JIEKTPOHHOI MOJI€JIl MOYKHA 32 TaHUMH HA36MHUX JOCIIKEHb 3 BUKO-
pucranHsaM BucokoTouHHX ['TIC-nmpuiimMadiB 4 criocoOOM TaXxeOMETPUYHOIO 3HIMaHHS
B1J1 BIJJOMOI MPUB’ S3KHU.

a
Puc. 4. Ilugpposa mooenv pervedhy (a) ma opmopexmudgpicosane 300paricenns ()

Ha ocnogi IIMP, ctBopeHoi ajis KOXKHOI CTepeonapy 3HIMKIB, IPOBEIEHO OPTO-
pexTudikamnito — HakaaaeHHs aepodoro3HiMKiB Ha [IMP. Taki 300 pakeHHs] BUKOPHCTO-
BYIOTh JJIsI TOYHUX BHUMIPIOBaHb KOOpPAMHAT TOYOK, cTBOpeHHs pi3HuX ['IC-cuctem,
OCKUIBKM BOHU BpPAaxOBYIOTb pelbe(d) TEPUTOpPIi Ta MaAKOTh MPOCTOPOBY reorpadiuyny
npuB’sa3ky. Y crneniami3oBanux ['IC-mporpamax mpocro MpOBOAUTH MOJETIOBAaHHS Ta
MPOrHO3YBaHHS PI3HOMAHITHUX SBHILl HA OCHOB1 OPTOPEKTU(PIKOBAHUX 3HIMKIB, 3HAYHO
M1IBULTY€THCSI TOUYHICTh BUSHAYEHHSI TUION] P13HUX 00’ €KTIB Micis AemudppyBaHHS.
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The application of current aerophotosfor creation of digital terrain models

Maps, plans, schemes are used to represent tleeeswaf the earth. But also we can represent
surface as a Digital Terrain Models (DTM). Digitedrrain Model is — three-dimensional topographic
presentation of some part of Earth's surface. KRoeling is representing as contour line on maps,
plans and schemes but on DTM, the excelling isesgrted as different spectral brightness levels.
DTM’s are permitting to simplify receiving of geagrhical information about objects with elevation
using computers and appropriate software. We czgivie DTM using different methods: radiometric
survey, analyzing stereo photo and mechanical pastpent contour lines with GIS-technologies.
NASA launched a radiometric satellite Shuttle aratl heceived radiometric photos with relief —
CGIAR. We used these materials as the additiortal de a base for creation of digital terrain model
we used twelve aerial photographs in three routes.

The work program was intended to prove possibédityusing aerial photographs for creation
DTM in ERDAS Imagine (Leica Photogrammetry Suitejtware. The goal of work was creation of
electronic version of Digital Terrain Model withghiest possible resolution. Aero photos were created
by camera RC20, with objective 15/4 UAGA-F and ecowgthe territory of part of Zakarpattja region.
The descriptions of survey system are focus — 852, principal points of symmetry — x=-
0.007 mm and y=0.000 mm, average height — 3820ha.phrameters of interior and exterior were re-
ceived from Calibration Certificate, which was ped with aerial photographs. As experience
shows, it is better to process only two shots diaméously, which have longitudinal overlap, because
while processing more photos occurs mean-squave €iirst of all, we need to upload pictures to LPS
and need to build a pyramid of channels (Pyr) ¢fmor image representation in RGB-format), set the
elements of the internal (Int.) and external oagioh (Ext.) of images. Interior orientation fortdas
the aerial photographs of 8 marginal points, mankét special labels to determine the position the
center of the photo. The RMSE (Root Mean SquarerEmust be less than 0.33 pixels. The elements
of external orientation of images are the coordisaif centers of photos, elevation of photographing
as indicated on each image and parameters oftilratation of images (Omega, Phi and Kappa).

After setting of these parameters, we can statingedf Control, Check and Tie Points (syno-
nym support points). For additional geocoding odges we used topographic map (M 1 : 50 000) and
CGIAR. We were working with UTM WGS 84 coordinatgseem. We used topographical map and
CGIAR to set the elevation of Check points. Addiih we may use data, which we can receive from
highly accurate GPS. Ground Control Points (GCB)ese are points, which have full collection of
ground coordinates{( Y andZ) in different coordinate systems. For additioratrol of Z-coordinate,
we used topographical map with contour lines. Th@mum number of GCP in affine model is three.
Gathering of GCP is very hard and time-consumirgg@ss, accuracy of its implementation affects on
the accuracy of triangulation and orthorectificatfrocesses. GCPs were gathered across the rbads, a
the edges of landmark buildings or land. We caettGCPs on the bonds of rivers, lakes etc, as these
points are dynamic. We have to set more GCPs aodrttvol changing of Root Mean Square Error for
correct triangulation and orthorectification. Thfere to control RMSE we can use the report of trian
gulation process, which shows the errors of eacP G&we may remove or edit the ones which have
the greatest deviation. When we receive satisfacocuracy, we can start creation of DTM and orto-

32



rectification process. In additional, we must seteo parameter — spatial resolution of DTM. This
resolution is limited by resolution of aerial phgtaphs. The accuracy obtained by the digital terrai
model can be estimated on the basis of large-scpégraphic maps, aerial photographs or other more
detailed digital model. At small areas we can yegifiality of DTM using high-precision GPS receiv-
ers or using way of tacheometric removal of knovmdimg. Based on digital terrain models created
for each pair of images were executed orthoreatiim. Such images can be used for precise meas-
urements of position, the creation of various GIStems, since they account for the relief of thia-te
tory and have a spatial geographic location. Insiecialized GIS software it is easy to perform mod
eling and forecasting of various phenomena basingrthorectificated images, significantly increases
the accuracy of various objects spaces measutiegaecryption.

Keywords: Digital Terrain Model, coordinate system, Leicaofigrammetry Suite, Ground
Control Points, aero photo image, orthorectifiaatio
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DESIGN AND ANALY SISOF WORK OF TRANSPORT SYSTEMSWITH A
FLEXIBLE HAULAGE ELEMENT

The mathematical model of transport systems wilkxable element has been developed. Ana-
lytical dependences for determination of effort$hia branches of flexible haulagiement taking into
account the dynamic loadings have been obtaineglamhlysis of the obtained dependences, which al-
lowed to substantiateptimum rates of movement and parameters of diiv@ioh transport systems,
has been carried out.

Conveyersaand suspended systems with a flexible reservedesieare widely used
in different branches of industry and agricultufdey have similar kinematics charts,
that is why it is possible for them to develop agm@l mathematical model. Their basic
elements are occasions, transmissions, sendingl@rums) and haulagelement,
loaded with external forces, which leans againstace supporting surfaces. Between
supports a haulagdement sags due to loads and it sown weight. Gamsef forest and
woodworking industry differ in complication of cdngction, power intensity, consider-
able inertia of hauling organs and work in heavgraping conditions [1, 2].

The suspended systems of ropes with the mobilevedaope are widely used
for the development of mountain masses with thep@se of their recreation use and
wood transportation. Thus they provide conservatibacological systems which have
been formed for many ages [3, 4]. However transpod suspended systems of ropes
according to the known methods are calculated tlticsloadings, and the calculation
comes to determination of power of drive and patamseof haulagelement, which are
determined from the terms of durability. In the gass of work of such systems, espe-
cially at starting and braking, the considerableatyic loadings appear both in haulage
elements and in the elements of drive, and alsuah mode of operation drives pass a
resonance area [5]. In the known works [1, 5] thedefs for the research of the phe-
nomena in the machines of continuous transport tiaeappearance of the open sys-
tems with concentrated masses. But a hautdgment is the closed circuit. It substan-
tially influences the changing of efforts in themlents of the system, especially at the
unstated mode of operation. Oscillation in the na@otal system of drive has been con-
sidered in a number of works [6, 7, 8]. For theaedlegment of mathematical model the
calculation chart of fig.1 has been made.
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