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2. Improving geodetic techniques of increasing the measuring accuracy during engineering surveying operations

Pedepar:

1. Incepralis NpUCBsY€Ha BIOCKOHAJICEHHIO F€0e3NYHUX METOIIB ITiJIBUILEHHS TOYHOCTI BUMipPIOBAHb B
iH)XE€HEepHO-Te0I€3NYHNX POOOTaX. BasKIMBICTb iHKEHEPHO-T€OI€3UYHOr0 3a6€3MeYeHHS K CKJIal0BOI YaCTUHA
CHUCTEMHU SIKOCTi € NIPIOPUTETHOIO B OyAiBHULITBL. TOMy NUTaHHS OT0 yIOCKOHATIEHHS Ma€ BEJIMKE 3HAaYEHHS i B
MalbyTHbOMY HOT0 BasKJIMBICTh OyZie 3pocTaTy. Y3arajbHeHi iHKeHepHO-Teole3n4yHi pobOoTH, SIKi PO3TJISIHYTO Y
[IepLIOMY PO31isli, MOXKHA TEXHOJIOTIYHO 00’€JHATH 33 TaKUMU HanpsmaMu: 1. ['eonesnyHe 3a06e3reuyeHHs
iH>)KeHEepHHUX CIOPY[, KOOPAUHATHOIO 0CHOBOW JII'M. 2. ['eone3nyHe 3a6e3ne4eHHs] iHKeHEePHUX CIIOPY/ IIpH ix
3BeJleHHI Ta eKkcrryaTauii. 3. 'eonesnyne 3ab6e3reyeHHs] MOHTaKy TEXHOJIOTIYHOTO 06J1alHaHHS iH)KeHepPHUX
criopyz. Anani3 nyHkTy 1 3acBifguuB, 0 Ipo6eMy OJHOPiAHOI TOYHOCTI KOOPAUHATHOTO 3a6€3I1€4eHHS MaJIMX

iH)XeHepHHUX CIIOPY], BUPilleHO BBeAeHHIM y BUpooHuuTso YCK2000. e 3a6e3neunso cepenHio CKII Bu3HayeHHS



KOOpJMHAT Ha piBHi 3 cM 114 Bciei TepuTopii Ykpainu. [llofo reoie3snyHux Mepexk BeJIMKUX iHKeHEepPHUX 00'€KTiB,
TOo CKII BU3HauYE€HHS KOOPAMUHAT 3aJIMUIMIIACh HA PiBHI 3aCTapijiux TEXHOJIOTI BUMipIOBaHb. AKTUBHUI PO3BUTOK B
Ykpaini mepexx nepmaneHTHUX bC nae MOXIUBICTb BUKOpUcTOByBaTy HOBI THCC MeTOIM B peKHUMi peasibHOTO
qacy AJ14 3a6e31e4eHHs KOOPAUHATHO O0CHOBOW JII'M imkeHepHux criopyz, lllono reofe3nyHoro 3abesneyeHHs
iHkeHepHUX 00’€KTIB IIPU iX 3BeeHHI Ta eKCIulyaTalii, To 3a3Ha4rMO, 110 B YKpaiHi Taki po6OTH periaMmeHTyioTh
BignosinHi IBH. V Hux onucaxi Buny po6it, 061aHaHHS, SIKUM iX BUKOHYIOTb Ta perjaMeHTOBaHa TOYHICTb.
OcKinbKY reoie3n4Hi Mepeski Ha TaKUX 00'€KTax IPOEKTYIOThCS B 0OMEXKEHUX YMOBAX, TO BUHMKae NIOTpeba B
PO3po06Li HOBUX METOIMK BUMIpIOBaHb Ta PO3BUTKY CIIELIiaJIbHUX reofle3nIHuX Mepek. ['eonesnyne 3ab6e3nedyeHHs
MOHTaXXy TE€XHOJIOTTYHOTO 06JIaHAaHHSI iHXKEHEePHUX CIIOPY/, B YKpaiHi perjiaMeHTyeThCs BiAIOBiTHUMU
HOpPMAaTUBHUMU BUMoramMu. Lli HopMu BU3Ha4YalOTh TOUYHICTh Ta METO/AU BUKOHAHHS pobiT. B Ykpaini BuBipeHHs
MIPSIMOJIIHIMTHOCTI, CIIiBBICHOCTi, FOPU30HTaJIbHOCTI, BUCOTHOCTI, HAXWUJIEHOCTI, BEPTUKAJIbHOCTI, ITapajIeJIbHOCTI,
[epIeHIVKYJISIPHOCTI, IJIOIUMHHOCTI, KpUBUHHOCTI BUKOHYIOTb CIIeliaJIbHUM 06J1aJHaHHSIM aBTOKOJIIMaLiiHUMU
TEO0J0JliTaM1, iIHBAPHUMU POTaMH, Kalibpamu, OITUYHUMU TPyOaMHU i3 LieHTpolIyKayaMmu. Y CBITOBIl npakTuii
IABHO Ha0yJIY NOLIMPEHHS METOY, 110 6a3yI0ThCSl HA BUKOPUCTAHHI Cy4aCHUX €JIEKTPOHHUX IIPUJIaAiB, SIK Taki, 0
€ B pa3u e(EKTUBHIIlli, TPOAYKTUBHIIII Ta MEHII Yaco3aTpaTHi. TOMy NOCTae NUTaHHS BIPOBAIKEHHS TaKUX
TEXHOJIOTI! B yKpaiHChbKe BUPOOHULITBO. Y IPYyroMy po3ijli 3 METOI0 BOOCKOHAJIEHHS [€01e3UYHOTO 3a0e31eYeHHs
BEJIMKUX iIH)KEHEPHUX CIIOPYJ, KOOPAVHATHOIO OCHOBOIO BUKOHAHO: 1. [JocmimkeHHs ToyHOCTi RTK-pesxxumy 'HCC-
BMMIipIOBaHb 3aJI€5KHO BiJl Bifjasi 1o 6a30B0i CTaHlii, KiJIbKOCTi Cy3ip’iB CyNyTHUKIB, KiJIbKOCTI €I10X Ta BUZY 3B'SI3KY.
2. ocmimsKeHHsSI MOKIIMBOCTI OOYIOBY Te0fie3MYHNX MEPEX 3 BUKOPUCTAHHSAM CTAaTUYHUX Ta CUHXPOHHUX RTK
['HCC-BexTopiB. 3. Tpancdhopmariito miaaHoBux koopauHart i3 cucremu ETRF-2000 o cuctemu I'TT JIHicTpOBCHKO]
I'AEC. Po3paxoBani napametpu nepersopenHs BrnposajxkeHi y [13 CDC-NET nnsg ¢popmyBaHHS gudepeHLinHAX
nornpaBok JJHicTpoBceKoi 'AEC. 3 MeTo10 nnepeTBOpeHHS eincoiganbHux Bucot cucreMu ETRF-2000 go cucremn
HopManbHuX BUcoT ['T'T JHicTpoBCchKOi TAEC cTBOpeHa peryssipHa CiTKa BUCOT KBa3ireoizna, sgKa 3aBaHTakeHa y [13
CDC-NET pns nepepadi gudepeHLiiiHUX I0IPaBOK y reofle3nyHi BUCOTU. Y TPETbOMY PO3[ijli 3 METOIO
NiABUILEHHS TOYHOCTI BU3BHAYEHHSI IAPAMETPIB iH)XE€HEPHHUX CIIOPY], €JIEKTPOHHMMY TaX€OMETPAaMU Ta BiAIIOBIHO
IO iIHCTPYKLiii reoie3nYHOr0 BUPOOHMIITBA, YIOCKOHATIEHO METONUKY Ta IPUIaLs OJ1s1 T0CJIa6IeHHS BILJIUBY
iHCTpyMEHTa/IbHUX NTOXUOOK Ha BUMipIOBaHHS €JIeKTPOHHMMU TaxeoMeTpaMy, a came: 1. MeToauKa NifBUIeHHS
TOYHOCTI BUMIpIOBaHHS Biijiasiell e1eKTPOHHUMU TaXeOMeTpaMU JIiHiITHO-KyTOBUM CIIOCOOOM. 2. [Ipuctpiit anig
HiABUILEHHS TOYHOCTI BUMIPIOBaHb BifJaJli JIiHITHO-KYyTOBUM CIIOCOOOM MiX IIYHKTaMU, LIEHTPU SIKUX 33[1aHi
OTBOpPOM. 3. BizupHy 11isb, KyJIbKOBUI Bif6MBay Ta [LBOIPHU3MOBUI 1aBau-BEKTOP [1J1 BU3HAYEHHS TeOMETPUYHNX
NapameTpiB iHKEHEPHUX CIIOPYJ, y IPOCTOPi. BUKOHAHO aHasli3 eJIEKTPOHHUX TaX€OMETPIB Ta IX BAKOPUCTAHHS Y
CBITOBI} NpaKTULi. JJOCIiIKEHO METPOJIOTiYHI XapaKTEPUCTUKHU €JIEKTPOHHUX TaX€OMETPiB Pi3HUX BUPOOHUKIB,

[10/1IAHO HEOOXIiHICTh IX IPaBUJIbHOTO BU3HAYEHHS HA CIIelia/IbHUX YCTAaHOBKAX.

2. The thesis is devoted to improving geodetic techniques of increasing measuring accuracy and efficiency of
measurements during engineering surveying operations. Therefore, the issue of its improvement is extremely
important and will be even more important in the future. In general, engineering geodesy works considered in
Chapter 1 can be technologically combined into such directions, as: 1. Geodetic works providing a coordinate base
of SGN for engineering constructions. 2. Geodetic works provided for engineering constructions during their
building. 3. Geodetic works provided while installing technological equipment. The analysis of Point 1 showed that
issues of homogeneous accuracy of coordinate positioning for small engineering facilities was addressed by
implementing into production The State Geodetic Reference Coordinate System (USC2000). It provided a MSE of
coordinate determination at the level of 3 cm for the whole Ukraine territory. Regarding geodetic networks of big
engineering objects, their normative errors stayed at the level of out-of-date measuring techniques. The rapid
development of networks of permanent BS enables using new methods of GNSS in a real-time mode for providing
the SGN coordinate base for engineering constructions. Considering geodetic works provided for engineering
constructions during their building and exploitation, we can mention that in Ukraine such works are regulated by
the relevant building codes. They include the description of kinds of works, equipment for them and regulated
accuracy. Since geodetic networks at such objects are designed under the limited planning conditions, a need to



develop new measuring techniques and special geodetic networks. Geodetic support for the installation of
technological equipment of engineering structures in Ukraine is regulated by the corresponding regulatory
requirements. These norms determine the accuracy and methods of performance of works. In Ukraine, checks of
straightness, equiaxality, horizontality, height, inclination, verticality, parallelism, perpendicularity, flatness, and
curvature are carried out with special equipment, autocollimation theodolites, invar wires, gauges, optical tubes
with center finders. In world practice, methods based on the use of modern electronic devices, which are much
more effective, productive and less time-consuming, have long been widespread. Therefore, the question of
introducing such technologies into Ukrainian production arises. In Chapter 2, with the aim of improving the
geodetic support of large engineering structures, the coordinate base is used to: 1. Investigation of the accuracy of
the RTK mode of GNSS measurements depending on the distance to the base station, the number of satellite
constellations, the number of epochs and the type of communication. 2. Researching the possibility of building
geodetic networks using static and synchronous RTK GNSS vectors. 3. Transformation of the planned coordinates
from the ETRF-2000 system to the GTT system of the Dnister PSPP. The calculated parameters of the
transformation are implemented in the CDC-NET software for the formation of differential corrections of the
Dniester Gas Station. In order to convert the ellipsoidal heights of the ETRF-2000 system to the system of normal
heights of the GTT of the Dniester Gas Power Plant, a regular grid of quasi-geoid heights was created, which was
loaded into the CDC-NET software for transferring differential corrections to geodetic heights. In Chapter 3, in
order to increase the accuracy of determining the parameters of engineering structures by electronic total
stations and in accordance with the geodetic production instructions, the methods and equipment for reducing
the influence of instrumental errors on measurements by electronic total stations have been improved, namely: a
method of increasing the accuracy of distance measurement by electronic total stations using the linear-angular
method, a device for increasing the accuracy of distance measurements in a linear-angular way between points,
the centers of which are given by the hole, a sighting target, a cross-beam reflector and a two-point sensor-vector
for determining the geometric parameters of engineering structures in space. An analysis of electronic
tacheometers and their use in global practice was also performed. The main technical characteristics of electronic
tacheometers of various manufacturers have been summarized, the need for their correct determination on
special installations has been presented.
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