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Pedepar:

1. BUIOKpeMJIEHO CKJIa[IOBi CUCTEMATUYHOI MOXMOKM BU3HAYEHHS KOOPAMUHAT. PO3p06I€HO MOJeIb TONIEPEAHBOTO
OIIiHIOBAaHHS BIIJIMBY CKJIAJJOBUX CUCTEMATUYHOI NIOXUOKY B pO3Pi3i yHiBepcabHOI MOIeJli IOXMOOK iHCTpyMeEHTa.
Po3ry1gHyTO BIJIMB 3a3HAYEHUX CKJIAJOBUX HAa OTPMMaHi KOOPAUHATY HIJIIXOM 3[ilICHEHHS allpiOpHOro
CUMYJIALIITHOTO MOZEJIOBaHHS OTPMMAaHUX Pe3yJbTaTiB METOAOM MoHTe-Kapsio 3 BHECEHOI0 CUCTEMATUYHOIO
noxu6KoIo (HaHi [o KanibpyBaHHS) Ta 3 ii BilCyTHICTIO (HaHi micyis KasibpyBaHHsI). Bu3HaueHO BIJIMB KOXKHOI i3
3a3HAYEHUX CKJIQJIOBUX Ta JOBEIEHO 3HAYHMU BIUIMB CKJIAIOBOI 32 BUMIPSIHY BiICTaHb Y TOYHICTbh BU3HAYEHHS

KOOpAOWHAT. ﬂf[ﬂ OTPUMAaHHA ;LianasoHy Bi,ILCTaHefI, Ha dKNX MOXKJIMBO IIPOBOINTHN KaJ'Ii6PYBaHH$[ 6y'JIO IIPpOBEOEHO



OOCJiIKEeHHS MiHiMaIbHOTO po3mipy momyHHOro TOK Ta 6ys10 BCTaHOBIEHO MiHiMaIbHO HeOOXinHI po3mipu TOK
D711 OZIHO3HAYHOT O BUBHAYEHHS IJIOCKOI, cPepryHOi Ta UMIiHIPUYHOI IVIOMUHU. ByJ10 IpoBeeHO AOCHiIKEeHHS 3
BHECEHHSM I10XUOKY B OJJHY 3 TOYOK, 1110 BU3HA4YAIOTh chepy abo UUIIiHAP Ta HACTYIIHUM PO3PaXyHKOM KiJIbKOCTi
TOYOK, HEOOXiIHUX /1J11 BUBHAYEHHSI IVIOIUHU. PO3IJIsIHYTO KpUTepii NpUNHATHOCTI B 5%, 10% i 20% 3MileHHs
KOOPJMHAT LEHTPY BiTHOCHO 3MillleHHS KOOPAMHAT TOYKH, B SIKY BHECEHO MOXUOKY. [I7151 3a1a4 KaniopyBanHs HJIC
3aMIPOMTIOHOBAHO BUKOPUCTOBYBATY KPUTEPiN IPUNHATHOCTI B po3Mipi 10%. TakoX BUBHAY€HO MAaKCMMAJIbHI
Bigcrani 7o mnomuHHNX TOK 3 ypaxyBaHHAM IX CTaHIAPTHUX PO3MIpiB Ta HAMIIOMUPEHIMINX PEKUMIB CKAHYBaHHS.
PosrnsiHyTO KpUTepii BUBOPY TECTOBUX OO'EKTIB Ta 3aIIPOIIOHOBAHO BUKOPUCTOBYBAaTH TOYKOBi TOK s
[IPOBeJeHHS KayliOpyBaHHS SIK TaKi, IO I03BOJISIIOTh IIPOBEAEHHS KalibpyBaHHS BiflaeMipHOTO 6JI0Ka.
3anpornoHOBaHO CUCTEMY CTaTUCTUYHOIO OLiHIOBAHHS PYyYHOT'0 i aBTOMAaTUYHOIO PEXXUMIB BUSHAYEHHS KOOPAUHAT
3 XMapy TOYOK misixoM nopiBHsHHA CKII BicTaHel Mixk TOYKaMu Ta po3po06JIeHO aJITOPUTM OLIiHKU
I0OPOSIKICHOCT]I BUMIPIOBAaHb 3 METOIO BUOOPY ONTUMAJIBHOTO PEXXUMY IIPU KasibpyBaHHi. PO3po61eHO MeTOINYHi
OCHOBU IPOEKTYBaHHS KaJlibpyBasIbHOTO I0JIiIrOHY Ha OCHOBI gociimkeHux Tunis TOK Ta 3a BuU3HaueHUMU
MaKCHMMaJIbHUMH BifICTaHSIMU. 32 OCHOBY IIPOEKTYBAaHHSI 3alIPOIIOHOBAHO B3SITH BEJIMYMHU MiHIMaJIbHUX
BE€PTUKAJIbHUX i TOPU3OHTAJIBHUX KYTiB MK TECTOBUMHU 06'€KTaMU. 32 PO3POOIEHUMU METOIUYHUMU OCHOBAMU
OyJ10 po3paxoBaHo KiypKicTe TOK i 3anrporioHoBaHo ix KoHirypariio 115 3ajlaHux MiHIMalbHUX KYTiB.
3anponoHOBaHO 3[iCHUTY PO3JiNbHUI pO3paxyHOK TpaHchopMallii i KanibpyBaHHS apaMeTpiB, [j1s1 4Oro
poBefeHo MoaudiKalilo MaTeMaTUYHOI Mogesi. [y MoIyKy napaMeTpiB TpaHC(OpMallii MK cucTemaMu
KOOPJMHAT I0Jlir0Ha Ta CKaHepa IIPOIOHY€EThCS BUKOPUCTOBYBATH anroputm Kabma-Ymesmu. Byno
3aIIPOIIOHOBAHO CIIPOLIEHHS YUCEJIbHOTO PO3B'SI3Ky 3a/iaui KaliOpyBaHHSI METOLOM HallMEHIINX KBaAPaTiB IIJISIXOM
IIpoBefieHHs o6epHeHoi TpaHcdopmalii koopauHat 3 CK nosirona B CK ckanepa i HaCTyITHUM PO3PaxyHKOM
napameTpiB KaliOpyBaHHS Yepe3 BU3HAUEHY MOJIeJlb BIUIUBY CUCTEMATUYHUX MOXUOOK. TaKoXK 6yJI0 PO3IJISIHYTO
HeJIiHIAHWT crocib mouyKy napamMmeTpiB Kali6pyBaHHS i CTBOpeHO nporpamy B komiuiekci Mathcad giis
HeJIiHITHOTO pO3B’a3aHH4 Liei 3agadi. [IpoBeieHO IPaKTUYHY anpoballiio NPoBeIeHNX JOCiIKeHb Ta
IIPOaHaJIi30BaHo ii pe3ysbTaTy. [1Jis IPpOBEeHHS KaliopyBaHHs 0yJI0 CTBOPEHO KaliOpyBaJIbHUM NOJIITOH.
KoopanHaTti TeCTOBUX 00'€KTiB KayliOpyBaHHSI BUBHAYEHO 3 KOJKHOI CTaHIlii CKaHyBaHHS i 32 IOIIOMOTOI0
BHCOKOTOYHOTO €JIEKTPOHHOTO TaxeoMeTpa 3a po3pobseHolo Mopudikaliero MaTeMaTUyHOi Mozesti 6yyio
[IPOBEEHO PO3PAXYHKU JIiHIHUM i HEJIiHIHHKUM CITOCOO0M. 3a pe3ysIbTaTaMU OLiHKM TOYHOCTI JaHUX [0 Ta MicJs
IIPOBEIEHHS KaliOpyBaHHS OyJIO TOBEEHO: *30ibIIEHHS TOBHOTY JAHUX Y€pe3 IOBOPOT CKaHePa 03BOJIsIE
YaCTKOBO BUPIMINTY [TPO6GIEMY HEMOSKIIMBOCTI 3aKPillIEeHHS 3aIIPO€KTOBAaHUX MapPOK i IIOKpallye TOYHICTb
BU3HAUEHHS [IapaMeTpiB KajlibpyBaHHS; *BUKOPUCTAHHS aNroputmy Kabma-Ymesmu 103BoJIse po3paxyBaTh
ONTUMAaJIbHY MaTPUILIO IOBOPOTY i BEKTOP 3MillleHHSI IPX HASIBHOCTI TPyOUX IOMUJIOK Y BUMipax Ta MPOCTE [J14
41CEJIbHOTO PO3B’SI3aHHS; *PO3B’s13aHHSI 33/1a4i IOLIYKY [1apaMeTpiB Kai6pyBaHHs JIiHIMHAM Ta HeJiHITHUM
CII0COOOM J1a€ NMPaKTUYHO, OJHAKOBI pe3ysIbTaTH; *3allpOIIOHOBAHUI CIIOCI6 BU3HAYEHHS TapaMeTpiB KaliOpyBaHHS
IOCTYIIHUM 1J1s1 KopucTyBadiB cuctem HJIC B 3BUYaiiHUX yMOBax 6€3 BUKOPUCTaHHSI BUCOKOTOYHOTO O0JIalHaHHS Ta
CIIeL1iaJli30BaHOro0 NPOrPaMHOro 3abe3nedeHHs. TakoX 3p00JIEHO 3arajbHU BUCHOBOK IIPO T€, IO BHECEHHS
napaMeTpiB Kani6pyBaHH y AaHi, orpumani crioco6om HJIC, 1o3B0JIs€ MiABUILMTY TOYHICTD LIUX CUCTEM /10 PiBHS,
10 BiJI[IOBiJa€ HOPMaTUBHUM BUMOTaM BUKOHAHHS iH)KEHEPHO-T€O01e3NYHUX POOIT IIPU CYIIPOBOIKEHHI
Oy[iBHULITBA.

2. The components of the systematic error of determining the coordinates are singled out. A model of the
preliminary assessment of the influence of the components of the systematic error in the context of the universal
model of instrument errors has been developed. The effect of the specified components on the obtained
coordinates was considered by performing a priori simulation modeling of the obtained results using the Monte
Carlo method with simulated systematic error (data before calibration) and with its absence (data after calibration).
The influence of each of the specified components was determined and the significant influence of the component
for the measured distance on the accuracy of coordinate determination was proved. In order to obtain a range of
distances at which it is possible to carry out calibration, a study of the minimum size of the planar CTO was
conducted and the minimum necessary dimensions of the CTO were established for the unambiguous



determination of a flat, spherical and cylindrical plane. A study was conducted with the simulation of an error in
one of the points defining the sphere or cylinder and the subsequent calculation of the number of points needed to
determine the plane. Acceptability criteria of 5%, 10%, and 20% of the center coordinates offset relative to the
offset of the coordinates of the point in which the error was simulated were considered. It is proposed to use a
10% acceptance criterion for TLS calibration problems. The maximum distances to planar CTOs are also
determined, taking into account their standard sizes and the most common scanning modes. The criteria for the
selection of test objects were considered and it was proposed to use point targets for calibration as those that
allow the calibration of the EDM unit. A system of statistical evaluation of manual and automatic modes of
determining the targets coordinates is proposed by comparing the MSE of distances between points, and an
algorithm for assessing the quality of measurements as well as choose the optimal mode during calibration. A
methodological bases for the design of a calibration polygon have been developed based on the investigated types
of CTO and according to the determined maximum distances. It is proposed to take the values of the minimum
vertical and horizontal angles between the test objects as the basis of the design. According to the developed
methodical bases, the number of CTO was calculated and their configuration was proposed for the specified
minimum angles. It is proposed to carry out a separate calculation of the transformation and calibration
parameters, for which a modification of the mathematical model was carried out. To find the parameters of the
transformation between the coordinate systems of the polygon and the scanner, it is suggested to use the Kabsh-
Umeyama algorithm. It was proposed to simplify the numerical solution of the calibration problem by the method
of least squares by carrying out the inverse transformation of the coordinates from the CS of the polygon to the CS
of the scanner and then computing for the calibration parameters through the defined errors model. A non-linear
method of finding calibration parameters was also considered and a program was written in the Mathcad software
for the non-linear solution of this problem. A practical approbation of the conducted research was made and its
results were analyzes. A calibration test site was created for calibration. The coordinates of the calibration test
objects were determined from each scanning station and with the high-precision electronic total station.
According to the developed modification of the mathematical model, calculations were carried out in a linear and
non-linear way. According to the results of the assessment of the accuracy of the data before and after the
calibration, it was proved: *increasing the completeness of the data due to the rotation of the scanner allows to
partially solve the problem of the impossibility of fixing the designed targets and improves the accuracy of
determining the calibration parameters; *the use of the Kabsh-Umeyam algorithm allows one to calculate the
optimal rotation matrix and transition vector in the presence of gross errors in measurements and simple
numerical solution; *solving the problem of computing calibration parameters in a linear and non-linear way gives
practically the same results; *the proposed method of determining calibration parameters is available to end-users
of TLS systems in normal conditions without the use of high-precision equipment and specialized software. A
general conclusion was also made that using the calibration parameters into the data obtained by the TLS method
allows to increase the accuracy of these systems to the level that meets the regulatory requirements for the
performance of engineering and geodetic works during construction support.
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