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3ACTOCYBAHHSI CYHACHUX 'EOJAE3NYHUX TPUJTAIIB 1151 BAKOHAHHS
OBb’€EMHUX BUMIPIOBAHDb HA BYAIBEJIBHUX MAUJAHYNKAX

Kosasenko JI. O.
XapkiBCbKHH HAlliOHAJILHUH aBTOMOOIIbHO-10POKHiN YHIBepcHTEeT

Anomauin. Y cmammi po3ensinymo 0coOIuBOCmi 3aCMOCYS8AHHI CYYACHUX 2€00€3UUHUX NPUIAOi8 Ois
BUKOHAHHA BUMIPIOBAHL 00 €MI8 CUNKUX Mamepianié Ha OyOigenbHUX MatoaHuyukax. /JocnioxcenHs
NPOOEMOHCIPYSANU Nepedaz GUKOPUCMAHHS POOOMU308AHO20 MAXECOMEMPA: BUCOKY WEUOKICMb
pobomu, Oe3KOHMAKMHUL Memoo0 SUMIPIGAHL, ABMOMAMU3AYII0 NpoYecy Ul MOYHICMb OOYUCTEHHS
00’emis.

Kntouosi cnosa: zeodesuuni pobomu, Oyoigenvruti Mauoanqux, 2e00e3utni npuiaou, eieKmpoHHUL

maxeomemp, npoecpamne 3abe3neqenns.

Beryn

VY mpolieci BUKOHAHHS Pi3HOMaHITHUX OyIi-
BEJILHUX POOIT BUHUKA€E HEOOXiTHICTh BU3HAUCH-
HS ¥ IepeBipKu 00’ €MiB HACUITHUX MaTepialliB Ha
OymiBenbHUX MaiJaHuMKaX. Tako aHaJIoTigHi
3aBJaHHS BHHUKAIOTH IIiJ] 4Yac poOoTH Ha acda-
JIbTOOETOHHUX 3aBojaxX. Bim Toro, HacKUIBKH
TOYHO PO3paxoBaHi 00’€éMU HACHUITHHUX Oy/IiBEITb-
HUX MaTepiaiiB, 3aJIC)KUTh OpraHizallis TUIaHy-
BaHHS BUPOOHUIITBA, OONIK pecypciB i eeKTUB-
HICTP AisUTBHOCTI MATIPHEMCTB 3arajioM.

HasBHI Metomm BuMiproBaHb 00’eMiB Oyi-
BEJIbHUX MaTepianiB MOTpeOyIOTh 3HAYHUX 3a-
Tpar 4Yacy, 3ajiexaThb BiJ| Cy0’eKTHBHHX (pakTo-
piB 1 MalOTh HEAOCTATHIO TOYHICTH. TOMY BHHU-
KJla HEOOXiJHICTh YIPOBAIKEHHS CYYaCHUX
TEXHOJIOTIH, 30KpeMa BHKOPUCTAaHHS POOOTH30-
BaHUX TaxeoMeTpiB. Taki reoe3nyHi TEXHONOT11
JIAIOTh 3MOTy 3a0€3MeYUTH aBTOMATH3aIlil0 BU-
MipIOBaHb, MiJBUIIUTH TOYHICTH OTPUMAaHUX
HPOCTOPOBHX BHU3HAYEHb 1 MOXIUBICTH CTBO-
PEHHSI TPUBHMIPHUX MOJENICH ISl MOBEPXOHb
ckJaaiB OyniBebHUX Matepiaiis [1, 2].

AHani3 myOJsikanii

Huni u1si BUKOHAHHST BEIHKOTO 00CATY Teo-
JE3UYHUX POOIT BHKOPUCTOBYIOTH Pi3HI €JIEKT-
POHHI i cy4acHi UG poBi TeoAe3NYHI TPUIa]IH,
SIK-OT €JICKTPOHHI HIBEJIIpH, TaXCOMETpPH, Jiaze-
PHI PYJIETKH Ta iHIN iHCTpyMeHTH. Takox s
PI3HOMaHITHHX IUJIEH MOXYTh OYTH 3aCTOCOBaHI
CYIyTHUKOBI 3HOMKHM, Jla3epHE CKaHYBaHHS,
tomo [3, 4].

Jlisi BUKOHAHHS PI3HUX TEOJIE3UYHHUX POOIT
Ha TUTOMIAIHUX 1 JIHIHHUX OyiBEeIbHUX Maiia-
HYMKaX 3aCTOCOBYIOTH €IEKTPOHHI TaXCOMETPH.
BuMiproBaHHSI MOXYTh IPOBOJIMTH Ha BiJOWBa-
4i, IKi BCTAHOBIIIOKOTH Ha BiXH, a00 B 0€3Bi0U-
BHOMY PEXHMi, 1HO/I BUKOPHUCTOBYIOTH CBITJIO-
BiOMBHI IUIIBKH.

TouHiCTP BHUKOHAHHS TEOAC3UIHHX POOIT
OyJe 3MIHIOBAaTHCh 3QJIC)KHO BiJl TEXHIYHUX Xa-
PaKTEpUCTUK TaxeoMeTpa, a TaKoX BiJ] MOroj-
HUX YMOB: aTMOC(EpPHOIr0 THCKY, TEMIIEpaTypH
MOBITPsI, BOJIOTOCTI TomIo. Bin pexxumy poboTn
TaxeoMmeTpa, a came Oe3BiIOMBHOMY abo Ha
BiaOMBaui, 3aJ€XNUTh 1 MOJMKJIMBHKM [lamma3oH
BHUMIpIOBaHb.

V pasi, Ko HeOOXiHO BUKOHYBATH 3HOMKY
TOYOK Ha HEJOCSOKHINM BHCOTI Ta BIACTaHI B MPO-
1eci BUKOHAHHSA TMOJNBOBUX BUMIPIOBaHb IS
BU3HA4YEHHsI 00’€MIB CKJIAJiB CHUIIKHX MaTepia-
JIiB, SIK-OT MICOK, IeOiHb, IPYHT, IPaBili TOIIO,
3aCTOCOBYIOTh TaX€OMETPH 0€3BiIOMBHOTO THITY
[5, 6].

BukopucTaHHS €NEKTPOHHUX T€0AC3UYHUX
MpUJIaIiB, HA BIIMIHY BiJl 3BUYAHUX ONTUYHUX,
Jla€ 3MOT'y CKOPOTHUTH 4ac BHUMIpIOBaHb, IiJIBU-
HIMTH TOYHICTH PE3yJbTaTiB, YCYHYTH MOKJIHBI
MOMMJIKM BHKOHABIIIB IIiJi Yac Bi3yaJIbHOTO
B3STTS BiJUTIKIB, 3aIMCIB BPYyYHY Pe3yJbTaTiB i
00YHCIIeHB Y )XypHalax.

Huni BUKOPUCTOBYIOTH 3HAYHY KiNBKICTH pi-
3HHX THITIB €JIEKTPOHHHUX TaXEOMETPIB, PO3p00-
JneHnx kommaHisMmu Sokkia, Trimble, Leica to-
mo. [eofe3nyHNM MpuiazaM Pi3HUX MapoK
BJIACTUBI HEOJHAKOBI MOKA3HUKH W XapaKTepucC-
tuku [7, 8]. CydacHi elIeKTpoHHI mpuiagy ma-
I0Th Pi3HI MPHUCTPOI AJIs aBTOMAaTH3allii Mpolie-
CiB BUMIpPIOBaHb, IO Ja€ 3MOTY IIiJIBHIIUTH
TOYHICTh PE3YJIbTATIB.

Kpim Toro, s aBroMaTH3aLii reo1e3nYHUX
poOIT 1 OTpUMaHHS TPOEKTHHUX MarepiaiiB 3a-
CTOCOBYIOTH CIleLiaJibHE NporpamHe 3alesre-
YeHHS, 10 JOMOMara€ MpalioBaTH B PI3HUX
peKMUMax, BUKOHYBaTH OOYMCIICHHS W 3aBIaHHS
B ITOJIbOBHX yMoBax [9—11].

Iadopmanis, orpuMana B mpoueci 3HOMKH,
Oyze BimoOpakeHa Ha JucIUIe] Ta 3apeecTpoBa-
Ha BHYTPIIIHBOK NaMm’ATTIO Npuiany. Hanmami
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BOHA MOKe OyTH TepelaHa Ha KOMIT IOTep IS
00pOoOICHHSI.

MerTa if MOCTAHOBKA 3aBAaHHS

Meroro po0OTH € aHajli3 MOXJIMBHUX METOJIIB
TeO/Ie3NYHHUX BUMIpIB 00’ €MIB HACHITHUX MaTepia-
miB Ha OyniBenbHMX MaligaHumkax. J[ms mocsr-
HCHHSI OKPECJICHOI METH HEOOXiTHO JOCITiIUTH
3aCTOCYBaHHsI €JIEKTPOHHUX TaXEOMETPIB PI3HUX
TUMIB 1 poOoTH30BaHOTO Taxeomerpa Leica TS16
JUTSI BAKOHAHHS 00’ EMHUX BUMipIOBaHb.

Bukjaan ocHOBHOTo MaTepiaty

BukoHaHHS MIHMPOKOro CHEKTPY TeoAe3Hy-
HUX PoOIT Ha OyaiBeNFHUX MalJaHYMKax MOXK-
JIMBE 13 3aCTOCYBAHHSM BEIUKOTO aCOPTUMEHTY
CyJacHHX eNeKTpoHHHX mnpmianiB. OcCHOBHa
PI3HHUI MK KIIACHYHUM EJIeKTPOHHHM i po0o-
TU30BaHUM TaxEOMETPOM TIOJIATAaE B PiBHI aBTO-
MaTu3amii Ta crocoli B3aeMomii 3 MPHIAJOM.
Tpamuiiiiauii eNeKTPOHHHUI TaXeOMETpP BHMArae
MOCTIHHOT MPUCYTHOCTI oreparopa Oiisl OKyJIs-
pa Juis BiyBaHHS Ha b, HaToMmicTe poOoTH-
30BaHl cHCTeMH, SIK-O0T Leica TS16, ocHamieHi
CEpBOMPHBOAAMHU Ta IHTEICKTyalbHUMH (DYHK-
[iSIMH aBTOMAaTUYHOTO TIOIIYKY, PO3Mi3HABAHHS
i crexxeHHs 3a BimomBadeM (ATR), mo mae 3mo-
Ty OpWiIagy CaMOCTIHHO 30CepemXyBaTHCS Ha
il 6e3 yyacTi Jiroaunu [2].

PoGotuzoBanmii Taxeomerp Leica TS16
(puc. 1) — e reoae3NUHU NpUIAL, IO TOEAHYE
B €00l €JICKTPOHHHUI TaXxeoMeTp 1 JaJeKoMip.
BiH Mae aBTOMaTH30BaHy CHCTEMY HaBEICHHS
Ha TOYKH [7].

[Mpumang Moxe BHKOHYBaTH Tomorpadgo-
reoJIe3UYHy 3HOMKY, BHUBOJUTH Ha MICIEBICTh
MPOEKTHY 1HQOpMaIlifo, CHocTepiraTy 3a 3py-
meHHsMu ¥ nedopmarismMu 00’ekTiB. Takox 3
BHCOKOI0 TOYHICTIO BIH 3JaTHUH BH3HAYaTH
00’eMU HACUTTHUX MaTepialiB.

Taxeometp Leica TS16 Mae Taki Xxapakrepu-
CTHKH:

— TOYHICTh BUMIPIOBAaHHSI TOPHU3OHTAIBHUX 1
BEPTUKAIbHUX KyTiB CTAHOBUTH 1—5 CeKyH[;

— JTANBHICTh BHIMIPIOBaHHS MOXe OyTH /10
1000 meTpiB 3ameXHO BiJ BHIY MOBEpXHI MU
OCBITJICHHS,

— MIBUJKICTh BUMIPIOBaHHS B PEXKUMIi CKaHy-
BaHHs J0PiBHIOE 710 20 TOYOK 33 CEKYHIY;

— MpwJaJl MOKHA aBTOMATUYHO HABOJWTH Ha
TOYKHM ¥ pO3Mi3HABATH iX;

— TaxeoMeTp Mae cydacHe IporpamHe 3ades3-
neuenns Leica Captivate (puc. 2) 3 MOXKJIHUBIC-
TIO OOYHCIIEHHS 00’ €MIB;

— TaXeOMETp MOKE aBTOHOMHO i Oe3nepeps-
HO TpaloBaTu 10 7 TOJIMH.

Pexxumu pobGotu Taxeomerpa Leica TS16
MOXYTh OyTH 00paHi 3aJ€KHO BiJ BUAY i 0CO0-
JIMBOCTI 3aBJaHHA:

— BIIOWBHUN PEKHM;

— 0e3BiIOMBHHI PEKUM, SIKHI 3aCTOCOBYETh-
Cs MiJl 4yac BUMIpIOBaHHS 00’€MiB OYIiBEIbHUX
Marepiaiis;

— peXHM CKaHyBaHHS NOBepxHi abo Oesme-
pepBHE BUMIPIOBaHHS 3 BHUCOKOIO IIBHIKICTIO,
SIKMI BUKOPUCTOBYETHCS JUTS 3HIMAHHS PYXOMHX
00’€eKTiB 200 MacH TOYOK.

Puc. 1. PoboTrzoBanwmii TaxeoMeTp
Leica TS16

3acTocyBaHHS POOOTH30BAaHHX CHUCTEM Kap-
JUHAJIBHO 3MIHIOE JIOTICTHKY IMOJBOBUX POOIT.
Kitacuyna TexHoJOrisl 3HOMKH BHMAarae ydacti
HIOHAlIMEHIIIe TBOX OCi0: orepaTopa, sIKHi Mmpo-
BOJIUTH BUMIPIOBAaHHS 32 MPHUJIAJIOM, 1 peHKOBO-
T0, SIKAM BCTAHOBJIIOE BigOuBau. PoOoTH30BaHMit
TaXeoMEeTp Ja€ 3MOTy BUKOHYBAaTH BECh CHEKTp
poOiT onHIN 0CO0i, OCKUIBKHA T'€OJE3UCT KEpYe
NPUIAJOM JTUCTAHIIIHHO 32 JIOMOMOTO0 TOJBO-
BOT'0 KOHTpoOJIepa, epedyBatoun Oe3nocepeHbo
B TO4Li 3iioMKH. Lle He nuie ckopodye BUTpaTu
Ha TepcoHall, a ¥ 3HAYHO IiJIBHUIYE TEMITH BH-
KOHaHHS pOOiT.

Xoua oOuaBa TUNM NPWIALIB MiATPUMYIOTH
0e3BIIONBHUI PEKUM BUMIPIOBaHb, pOOOTH30-
BaHI TAXEOMETPH MAIOTh PO3LIMPEHI MOKIHBOC-
Ti 4751 aBTOMATH30BAaHOTO CKaHyBaHHS IOBEp-
XOHb. lle 0cO0JMBO KPUTHYHO IIiJ Yac poOOTH



ISSN 2521-1773 (Online); 2219-5548 (Print)

Ha MPOMHUCIIOBUX 00’€KTax, ac(harbTOOCTOHHUX
3aBoJlaX, Ji¢ HEOOXiJIHO BHUMIpIOBaTH 00’ €MHU
CHUTIIKMX MaTepianiB y OyHkepax. PobornzoBana
CHCTeMa MOXK€ CAMOCTIIHO CKaHyBaTH 3a/IaHy
JIJISTHKY 3a CITKOKO TOYOK, IO 3a0e3Meuy€e BUCO-
Ky IIUIBHICTh TMOKa3HUKIB (TaKk 3BaHy «XMapy
TOYOK») Ui TMOOYIOBH NETATFHUX MH(DPOBHX
Mojeie penbeda W TOYHOTO OOYMCIICHHS
00’€eMiB.

YrpoBamkeHHS POOOTH30BAaHUX TEXHOJOTIH
MIHIMI3y€ BIUIMB JIIOICHKOTO (hakTopa. Y 3BH-
YallHUX TaxeoMeTpax TOYHICTb Bi3yBaHHS 3ajie-
JKUTH BiJl TOCTPOTH 30py # BTOMH OIEepaTopa,
0 MOXE CHPUYMHATA TOMWJIKH B TIpoOIleci
B3STTA BijyTikiB. PoOGoTH30BaHi mpunaau 3abes3-
MEYYIOTh CTA0LIBHO BHCOKY TOYHICThH 3aBJISKH
aBTOMATUYHOMY IIEHTPYBaHHIO Ha mpu3Mi. Kpim
TOTO, BOHH JIAIOTh 3MOTY IMPOBOAWTH BHMIipIO-
BaHHS B CTUCII TepMiHH 0€3 3yNUHKU TEXHOJIO-
TIYHHX MPOIIECiB HA 00’ €KTI.

PoGoTu3oBani TaxeoMeTpy € YACTHHOIO CHC-
TeMHU IU(GPOBOTro OYIBHUITBA. 3aBIISIKH BOYIO-
BaHOMY TOTYKHOMY NPOTPaMHOMY 3a0e3MeucH-
HIO pe3yNIbTaTH BUMIPIOBaHb MHUTTEBO 0OPOO-
JSIOThCS ¥ MOXKYTh OYTH MOAaHI y BUIIISII TPU-
BUMIPHUX MoJeNel. SIKIIo 3BUYAHUN Taxeo-
METp TEePEeBAXKHO CIYTye A 300py OKpeMHuX
KOOPAMHATHUX TOYOK, TO pOOOTH30BaHA CHCTeE-
Ma ()aKTUYHO € IHTEJICKTYaIbHUM CEHCOPOM, IO
JTa€ 3MOTY CTBOpIOBaTH LH(POBI ABIHHUKH
00’€KTIB y peampHOMY 4aci, 3a0e3rmedyoun Ha-
nifiHy 0a3y Ui TJIaHyBaHHST BUPOOHWITBA i
00Ky MaTepialbHUX PECypCiB.

PobGotuzoBanuii Taxeomerp Leica TS16 mae
cydacHe TporpamHe 3a0e3neueHHs Leica
Captivate (puc. 2). OcHoBHi MOkuBOCTI I13:

— CTBOPEHHS H YITPaBIIiHHS MPOEKTAMU;

— aBTOMAaTHYHE CKaHyBaHHS MIOBEPXOHb 1 BH-
3HAYEHHS MEX BUMIpPIOBaHb;

— oOuncneHHst 00’ eMiB OyIiBETbHUX Matepi-
ajliB METOJaMu ITa0els], BIAMITOK 1 BIAMITOK
MK MTOBEPXHIMH;

— Bi3yayizaiisi pe3yJbTaTiB TaxeoMEeTPHYHOT
3HOMKH, 10 BUKOHYETHCS B PeaIbHOMY Yaci.
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Puc. 2. TIporpamue 3abe3neucHus Leica
Captivate

[TonmpoBi BUMipIOBaHHS ITOYMHAIOTH 3 BHKO-
HaHHA MiAroToBYMX poOiT. Jlo HUX HajexkaTbh
PEKOTHOCIIMPYBaIbHI POOOTH, a came OTJIsIT
MicieBocTi, 00’ekTa MaWOyTHBOI 3HOMKH.
[ling yac miaAroToBUMx poOIT OOUPAIOTH MiCIIs
BCTAHOBJICHHS TIPHJIAIY, OLIIHIOKOTh BUIAMMICTS 1
JIOCTYIHICTb O0’€KTIB 1 OKpPEMHX TOYOK BHMi-
ptoBanb. KpiMm Toro, y miArotoBumx podoTax
BU3HAYAIOTh MOXIIMBICTb BHUKOPUCTAaHHS JAep-
JKABHHX OTIOPHUX TEOJIC3UYHUX MYHKTIB, perie-
piB Ta IHIIMX IYHKTIB TE€OHE3UTIHOT MEpexi.
3a HEeOOXiHOCTI CTBOPIOIOTH JTOJATKOBI OMOpHI
TeOJIe3NTHI TOUKH.

KinpkicTe CTaHIN 3aleKATH BiI PO3MIpiB
00’exTa, 1oro Gopmu ¥ BUMOT JI0 JTUISHOK CKa-
HyBaHHs. [loBHe OXOIUIEHHS MiICLIEBOCTI Ta
00’exTa OyIIBHUIITBA MOXJIMBE 32 yYMOBH 3—
5 cTaHIi#i, pO3TAamIOBaHWX HABKOJIO 00 €KTa.
Jns xaniOpyBaHHS TpUIIaAY MEPEBipsSIOTH I'eo-
METPUYHI IMapaMeTpH Mpuiaay 3TiIHO 3 IHCTPY-
KIIi€l0 BHPOOHHWKA. Y TIpOrpamMHOMY 3abe3Ire-
yeHHi Leica Captivate IPOEKTYEThCS 00’ €KT i3
BKa3iBKOIO JaTH POOiT.

OCHOBHI 3aB/IaHHS TIOJTLOBO1 3HOMKH:

— CTBOPECHHSI OIOPHOI T€0JC3MYHOI MEpexi
a0o mpuB’s3Ka 0 HassBHOI CHCTEMH KOOPJANHAT;

— BUKOHAHHS OpPIEHTYBaHHS TaxeoMeTpa B
3a/1aHiil cHCTeMi KOOPIWHAT;

— BU3HAYCHHSI MEX HAaCHITy Ta iX (pikcamis y
g poBiii hopMi;

— aBTOMATU30BaHE CKaHYBaHHS IOBEPXHIi
MaTepiaiay 3 HeoOXiTHOK HIITBHICTIO TOYOK;

— KOHTPOJTb SIKOCTI BUKOHAHUX BUMIpPIOBaHb;

— JIOKYMEHTYBaHHS PE3YJIbTAaTiB TOJBOBHX
poOirT.

leonme3nuHa 3ii0MKa, BUKOHAHA 3a JOMIOMO-
rol0 POOOTH30BAHOTO TAaXEOMETPa Ja€ 3MOry
OTPUMATH MPOCTOPOBY MOJEIb CKJIAJI0BAHOTO
Marepially ¥ po3paxyBaTH Horo o0’eM i3 HeoO-
X1THOKO TOYHICTIO.

[Mpuknan kameparbHOrO 00pOOJICHHS MOKa3-
HUKIB TaXCOMETPUYHOI 3HOMKH B ITPOrPAMHOMY
3abesnieueHHi Leica Captivate HaBelleHO Ha
puc. 3-5.
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Puc. 3. IlepBUHHMI KOHTPOJIb IOKa3HHUKIB
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Puc. 5. Po6oTa 3 moBepxHero

IlepeBaru Bukopuctanus Leica TS16 ynac-
Ji0K o0YMCICHHS 00’€MiB HACHITHUX MaTepia-
JB TaKi: BUCOKA MIBUIKICTH poOOTH 3a JOTIOMO-
rO0 BHUKOHAHHS 3HOMKH 3 JEKIIBKOX CTaHIIH
32 KOPOTKHMH BIiJIpi30K Yacy; O€3KOHTaKTHHI
METO]I BUMIPIOBaHb, KU HE MOTpeOye BCTAHO-
BJICHHsSI BilOMBadiB Ha mTabensX MaTepiais,
10 BaXJIMBO JJIS CHUIIKUX 1 HECTIHKUX TOBEp-
XOHb; BHCOKa IIUIBHICTh TOYOK 3aBASKH HEBe-
JUKOMY KpPOKY CKaHyBaHHS 10 1 cM, mo 3a0e3-
neuye JIeTajdbHy MOJIENIb TOBEpPXHi; aBTOMATH-
3allisl Mpolecy 3aBIsSKH pOOOTU30BaHUM (DYHK-
[isM TpIiIaay ¥ MiHIManbHE BTPYYaHHS IFOH-
HU Yy TMPOIEC BUMIPIOBaHb; TOYHICTh OOYHUCIICH-
Hs 00’eMiB cTaHOBUTHL 98—99 % 3aBAsSKUA BUCO-
Kilf TOYHOCTI TIPHJIALy i Cy4acCHUM allrTOpUTMaM
00pOOIIeHHS pe3yNbTaTiB BUMIPIOBaHb.

BucHoBkn
PobGotnzoBanuii Taxeomerp Leica 7S16 mo-
J)KHa BU3HAUWTHU K HallKpalqud mOpwiag st
poboTu Ha OyIiBeNbHUX MalaHUUKaX, ac(halib-
TOOGTOHHHX 3aBOJaX, CKIaaax OyJiBeIbHHUX
MatepiaiiB. BiH jgae 3MOry HIBHAKO W TOYHO
BU3HA4YaTH 00’€MH HACHUITHUX OYHIBEJIbHUX Ma-
TepianiB. 3acTOCyBaHHA pPOOOTH30BAHUX TaXeo-
MeTpiB Ha ac(hanbTOOETOHHUX 3aBOJIAX CIIPUSE
BUMIpPIOBaHHIO 00 €MIB CHUIIKMX MaTepialiB y
CTHCHI TepMiHM 0€3 3YNMHKH BHUPOOHUYOTO
MPOIECY, a TaKOXK MiJABHINYE 00’ €KTHBHICTH 1

MMOBTOPIOBAHICTH PE3yJIbTATIB.
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Application of modern geodetic instruments for
volumetric measurements on construction sites

Abstract. Problem. Modern road construction pro-
duction requires prompt and reliable monitoring of
bulk material volumes used on construction sites and
in the technological processes of asphalt concrete
plants. The accuracy of bulk material volume deter-
mination directly affects production planning, ma-
terial resource accounting, and the economic effi-
ciency of enterprises. Traditional methods of bulk
material volume accounting are often characterized
by significant labor intensity, dependence on subjec-
tive factors, and insufficient accuracy. In this regard,
the implementation of modern geodetic technologies
is relevant — in particular, the use of robotic total
stations, which ensure automation of the measure-
ment process, high accuracy of spatial determina-
tions, and the ability to construct three-dimensional
surface models of material stockpiles. Goal. The
purpose of this study is to analyze possible methods
of geodetic measurements of bulk material volumes
on construction sites. To achieve this goal, it is ne-
cessary to examine the application of electronic total
stations of various types and the Leica TS16 robotic
total station for volumetric measurements. Metho-
dology. The Leica TS16 robotic total station (Fig. 1)
is a state-of-the-art high-precision geodetic instru-
ment that combines the functions of an electronic
total station, a reflectorless distance meter, and an
automated target acquisition system. The instrument
is capable of performing a wide range of geodetic
tasks, including the determination of bulk material
volumes. A conventional electronic total station re-
quires the constant presence of an operator at the
eyepiece for target sighting. In contrast, robotic
systems such as the Leica TS16 are equipped with
servo drives and intelligent functions for automatic
target search, recognition, and tracking (ATR — Au-
tomatic Target Recognition), enabling the instrument
to focus on a target autonomously without human

intervention. Results. The use of robotic systems
Sfundamentally transforms the logistics of fieldwork.
The conventional survey technology requires the
participation of at least two surveyors. A robotic
total station allows the entire scope of work to be
performed by a single person (one-man mode), as the
surveyor controls the instrument remotely via a field
controller while standing directly at the measurement
point. This not only reduces personnel costs but also
significantly increases the pace of operations. Both
instrument types support reflectorless measurement
mode; however, robotic total stations offer capabili-
ties for automated surface scanning. This is particu-
larly important when working at industrial facilities
and asphalt concrete plants, where it is necessary to
measure the volumes of bulk materials in hoppers
and storage bins. The robotic system can indepen-
dently perform scanning of a defined area over
a point grid, providing high data density (a so-called
point cloud) for constructing detailed digital terrain
models and accurately computing volumes. Original-
ity. The study demonstrated the following advantages
of using a robotic total station for determining bulk
material volumes: high operational speed through
scanning from multiple instrument stations in a short
time; a non-contact measurement method that elimi-
nates the need to place reflectors on the material
surface, which is especially important for loose and
unstable surfaces, high point density with the ability
to set a scanning step down to 1 cm, ensuring a de-
tailed surface model; and, owing to the high mea-
surement accuracy and advanced data processing
algorithms, a volume determination error not exceed-
ing 1-2%. Practical Value. The proposed methodol-
ogy can be effectively implemented in practical oper-
ations on construction sites and at asphalt concrete
plants. The reviewed technology for applying modern
geodetic instruments to volumetric measurements
ensures a reduction in fieldwork time, minimization
of the human factor, and high accuracy. Office-based
processing of results using specialized software
enables the production of reliable and visually in-
formative outputs in the form of digital models.

Key words: geodetic works, construction site, geodet-
ic instruments, electronic total station, software.
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