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BU3HAYEHHS CTAJIOI BUITAJIEMIPA EJJEKTPOHHOI'O TAXEOMETPA
I YAC NTIPUB’A3KHU 10 CTIHHUX I'EOJE3NYHUX 3HAKIB

Axkmyanvnicms memu 0ocnioncenun. OCmanHiMu pokamu 8 YKpaini wupoKo 3acmocosyiomvcs HO8IMHI Memoou
CMBOPEHHSL 2€00€3UUHUX MEPENC HA OCHOBI CYNYMHUKo8Ux mexnonoeit. Ha mepumopii micm i3 6a2amonosepxogoio 3a6y0o-
6010, y nicucmiil Micyegocmi 3aCmoco8ylomsvCsi KOMOIHOBAHI MemoOU CMBOPeHHs 2e00e3UYHUX MePediC i3 GUKOPUCMAHHAM
CYRYMHUKOBUX MEXHON02Ii ma nonizonomempii.

Ilocmanogxa npoonemu. [106y0o8a nonicoHomMempudHux mepedc nompedye sUMIpIOBaAHHs GiOCMAHI Midic 2e00e3UdHU-
MU RYHKMAaMU, 5SIKe GUKOHYEMbCS 3a OONOMO20H0 eNeKMPOHHUX 8I00ANEMIPIG YU eNeKMPOHHUX MAXEOMEMPI8, OCMAHHI 3 AKUX
Marome 6MOHMOSAHT eleKkmponni giodanemipu. /[na nadilinoeo eusnauenus 6i0cmawi HeoOXiOHO nepioOuyHO eusHaUaAmu
NOCMILHY NONPABKY, abo cmany elekmpoHHO20 8iddanemipa.

Ananiz ocmannix oocnioxcens i nyonikayii. bynu posenanymi ocmanmi nyonikayii y 6iokpumomy 0ocmyni, sKi npuc-
8s11eHi CnOCObOAaM BU3HAYEHHS CINANIOT eNeKMPOHHUX 8i00aNeMIpI8.

Buoinenns nedocnioscenux uacmun 3azanshoi npoonemu. Hedocniodcenum € 8usnaueHns Cmanoi enekmpoHHo2o 6io-
oanemipa be3nocepeonbo nio Yac BUKOHAHHS 2e00e3UUHUX BUMIPIOBAHb, 6e3 000amKo8uUx onepayiti O1a ii GUIHAYEHH.

Mema cmammi. I 'onognoto memoio yiei cmammi € po3pobka cnocoby eusHaweHHs cmanoi gidoanremipa eneKmpoHHo20
maxeomempa Ha OCHOGI OAHUX, OMPUMANHUX Ni0 YaC NPUG sI3KU 00 CMIHHUX 2e00e3UUHUX 3HAKIB, 6e3 000amKosux onepayit
HA BUSHAYEHHS came CmAloi.

Buknao ocnoenozo mamepiany. Haseoeno mexrnonozito sumipioans, SKa UKOHYEMbCSL NIO YAC NPUE S3KU 00 NOOBIl-
HUX CIIHHUX 2€00€3UYHUX 3HAKIG 13 GUKOPUCIMAHHAM €eKMPOHHO20 maxeomempa. [IoKa3ano, wo Ha 0CHO8I BUMIDAHUX Ge-
JIUYUH: NOXUIUX 8I0CMAHEll 6I0 2e00e3UYHO20 NYHKNY 00 080X CMIHHUX 3HAKIE, KYMIE HAXULY YuX 6l0cmanell ma 20pu3oH-
MANbHOLO KVIMA MidHC HANPAMKAMU HA CIIHHI 3HAKU, MOJCHA GUSHAYUMU CIMATY 8i00aneMipa eleKmpoOHHO20 maxeomempa
ma KoopouHamu 2eode3uynozo nynkmy. Hasedeno gpopmyny ons obuucienus cmanoi.

Bucnogxu 6ionogiono oo cmammi. Po3pobneno cnocib eusnayuents cmanoi giodanemipa enekmpoHHo20 maxeomempa
Ha OCHOGI pe3yIbmamia 2e00e3uUtHUX GUMIPIO8aHb, AKI BUKOHYIOMbCA NI0 Yac Npug’si3ku 00 NOOGIUHUX CIMIHHUX 3HAKIG, 6e3
000amMKOBUX BUMIPIOBAHD OJiA BUIHAYEHHS caMe CIAOL.

Kniouosi cnosa: enexmponnuii maxeomemp, cmana eneKmpoHHo20 8i00anemipa; cmiHHi 3HaAKU.

Puc. 2. bion.: 11.

AKTyaJdbHicTh TeMH J0caikeHHsl. OCTaHHIMU poKaMH B YKpaiHi IIUPOKO 3aCTOCOBY-
FOTHCSI HOBITHI MCTOJAU CTBOPCHHA I'COJAC3NITHUX MECPCIK Ha OCHOBI CYIIYTHUKOBHUX TEXHOIOTIH
[1; 2]. Ha 1i TepuTopii 301IbIIYETHCS YUCENBHICTh TepMaHeHTHUX GNSS cranIii, sKi 3 4acom
BKJIIOYAIOTHCS SIK A0Bipui B MepekeHe yimiabHeHHss EUREF [3].

Ane B micrax 13 06araTronoBepXxoBOO 3a0Y/l0BOIO, y JIICUCTIA MICIIEBOCTI BUKOPHCTAHHS
CYIIYTHUKOBHUX MeTO,Z[iB cTae HpO6HeMaTI/I‘-IHI/IM, OCKUIBKH 6aFaTOHpOMeHeBiCTL MOUIUPCHHA
CUTHAJy, €KpaHyBaHHS HEOOXiTHOT KUIBKOCT1 CYITyTHHUKIB HE TO3BOJISIOTh HAIIHHO BH3HAYH-
TH KOOPpAWHATHU HYHKTiB 13 TO‘-IHiCTIO, sKka 0 3aJ0BOJIbHAJIA BUMOT'H I'€OAC3NYHUX Ta 3CMJICB-
HNOPSAIHUX pOOIT. Y IbOMY BUIIAJIKY 3aCTOCOBYIOThCS KOMOIHOBaH1 METO/IM CTBOPEHHS reo/ie-
SUYHUX MEPCIK [4] I[J'If[ ObOTO KOOPpAWHATHU OIIOPHUX HYHKTiB BHU3HAYAIOTHCA CYITYTHUKOBUMHU
METOJIaMH, & PO3BUTOK I'€0JIE3UIHOT MEPEK1 BUKOHYEThCS TPAAULIHHUMU MeToaamu [4; 5; 6],
OCHOBHHM 3 SIKHX € TOJITOHOMETPIs.

IMocTanoBka npodsemu. [ToOynoBa nMoniroHOMETPUYHUX MEPEK NOTpeOye BUMIPIOBAHHS
Bi[[CTaHi MDK reoAC3NYHUMU ITYHKTAMHU, IKC BUKOHYETHCA 3a JOIMOMOTOX0 CJICKTPOHHUX Bi,[[-
JaneMipiB 4M eJeKTPOHHUX TaXEOMETpPiB, OCTaHHI 3 SKMX MAalOTh BMOHTOBaHI €JIEKTPOHHI
Biganemipu. J{ns HamiiiHOTO BHM3HAYEHHS BIJCTaHI HEOOXiTHO MEPIOAMYHO BHU3HAUATH TMOC-
TiIHY TONpaBKy, a00 cTaly eJIeKTPOHHOTO Biianemipa.

AHaJji3 ocTaHHixX aochikens i myoaikauiii. Huni € nexinpka croco0iB BUSHAYECHHS CTa-
701 Bifianemipa eIeKTpOHHOTo Taxeomerpa [7; 8]. BoHu 3acHOBaHI Ha BUMIPIOBaHHI: KOPOTKUX
IHTEpBAJIIB BIJOMOI JOBXKHMHU B MeXax (Pa3oBOro IMKIY; KOHTPOJILHOTO 0a3uCy JTOBKHUHOIO
300-500 M; MOBKUH KUTHKOX JiHIN, 3HAYEHHS SIKMX MOTIEPEHbO BU3HAUCHI 13 337]aHOI0 TOYHIC-
T10. [locTiifHa ToNpaBKa BU3HAYAETHCS SIK PI3HUIS MK BIZIOMOIO JTIOBKMHOIO Bipi3Ka Ta JIOB-
ZKHHOHO, BI/IMipHHOIO 3a JOIIOMOT'OI0 CJIICKTPOHHOI'O BiZ[[[aHCMipa. HC,Z[OJ'IiKOM 3a3HA4YCHUX CIIO-
co0iB € HEeOOXIIHICTh MONEPEeIHHOT0 BHMIPIOBAHHS IHTEPBATIB 13 BHCOKOIO TOYHICTIO:
(1-2) 10® — st reoge3NUHEX i tTonorpadiyHux cBiTIOBiIAaNEMIpiB Ta (3 — 5)- 107 — st BU-
COKOTOYHHMX CBITJIOBiIanemipiB [6] Ta 3aKpilieHHs KIiHIIIB IHTEPBAIIB HA MICI[EBOCTI.
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VY myGmnikarii [9] 3anponoHOBaHO crociO BU3HAUEHHS CTANIOl BiganeMipa eleKTpOHHOTO
TaxeoMeTpa IUISIXOM 3aCTOCYBaHHs OJI0Ka KOHTPOJIBHOTO BUUTIKY, SIKUM MPUKPIIUTIOETHCS 10
00’ekTHBa 30poBOi TpyOH Taxeomerpa. Hemouikom € Te, 1110 HE BCi €IEKTPOHHI BigagemMipu
OCHAIIIeHI TaKOI0 Hacaakow. KpiM Toro, 3arponoHOBaHO TaKOX BU3HAUATH CTAly 3a TPULITA-
TUBHOIO cuctemoro [7; 9].

Buainenns HeqocCaiIuKeHNMX YACTHH 3arajbHOI MpodJeMu. AHATI3 HaBeCHUX MyOlliKa-
il CBIAYUTH IPO T€, 10 BU3HAUEHHS CTAJIOl € OKPEMOIO MPOLEAYPOIO, SIKY MEPIOAUYHO MOT-
piOHO BHUKOHYBATH, 1, TAKUM YHHOM, BUTpauaTH 4yac Ha il IpOBEACHHS.

He nocnijpkeHUM € BH3HA4YeHHs CTajoi €JIEKTPOHHOTO BijianeMipa Oe3nocepenHbo Iij
9yac BUKOHAHHS T'€0/Ie3UYHUX BUMIPIOBaHb.

Mera cratTi. ['0J10BHOIO METOIO IIi€T CTATTI € po3poOka crnoco0y BU3HAYEHHS CTaJOl
BiJy1ajieMipa eJIeKTPOHHOIO TaXeOMeTpa Ha OCHOBI IaHUX, OTPUMAHMX M1 Yac MPUB 3K 10
MOJIBIHHUX CTIHHMX 3HAKIB, 0€3 101aTKOBUX BUMIPIOBaHb HA BU3HAUEHHS CaMe CTaJIol.

Buxisiag ocHoBHoro marepiany. Ha puc. 1 306paxeno nentpu /, 2, 3 reoJe3ndHuX
nyHkTiB [10].

8

4
6

Puc. 1. Jlo mexnonocii npué’azxu 00 noO0GitiHuUX CmMiHHUX 3HAKIG
i3 BUKOPUCMAHHAM eeKMPOHHO20 Maxeomempa

[Tpuyomy teHTpu /, 3 € HEHTpaMH OTBOPIB CTIHHUX 3HAKIB 13 BIIOMUMH KOOpAMHATaAMH
X1, Y ta X3 Y3. LenTp 2 HanexuTh reoie3MNYHOMY MTYHKTY, KOOPAMHATH SIKOTO MOTPIOHO BU-
3Ha4uTU. Bick 00epTaHHs 30pOBOi TPYOM €IEKTPOHHOTO TaXEOMETpa, sika MPOXOIUTh Yepes3
TOUKY 2', 3HaX0AUThCS Ha BepTukaii 2-2'. Kopmyc cranaapTHoro BizOuBaua 4 Mae KOHYCOIIO-
NiOHUI HAKOHEYHWK J5, MWIIHAPUYHUKA pIBEHb 6 Ta BIACHE BiIOWBAY y BUTIIAI TPIMENb-
npusmu 8. Ha kopryci BitbuBaya Moe po3MillyBaTUCh BI3UPHA MapKa JjIsl BUMIPIOBaHHS Ha
Hei TOpU3OHTANBHUX KYTIB. S27, S23 — moxwii BifacTaHi, D2;, D23 — FOpI/ISOHTaHLHi BIiJICTaHI1
(ropu3oHTaNbHI HpOKJIa,Z[eHHSI) V21, V21 — KyTH HaXUI1y Hanp;IMlclB Ha HEHTPH TPiNesib-Ipu3M
7, f — TOPU30HTAILHUM KYT MIXK HANPAMKaMHU Ha UEHTPH NyHKTIB / Ta 2.

Ha puc. 2 nokazano nenrpu /, 3 CTIHHMX 3HaKIB Ta 2 — LEHTP T'€0A€3UYHOT0 MYHKTY, KO-
OpAMHATH SKOTO BU3HAYAIOTHCS.

Lentpu / 1 3 cipoexroBani 1o BepTukansm 1-1'ta 3-3' Ha ropu3oHTaNBHY MIOIKUHY 1'-2'-
3' (ropu3oHT iHCTpYMEHTY). S'2;, S"23 — MOXUJI1 BiICTaH1 BiJ oci oOepTaHHs 2' 30poBoi TpyOu
€JIEKTPOHHOTO TaxeoMeTpa 10 Beptukaiei 1-1" ta 3-3", ski nmpoxoasats yepe3 ueHTp [ 13
CTIHHUX 3HaKiB. D'2;, D'23 — TOpU30HTaNIbHI BicTaH1 (TOPU30HTANIbHI MPOKIAJCHHS) BiJ OCl
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oOepranHs 2' 30poBoi TpyOu 10 BepTukaiueit 1'-1" ta 3'-3" BiAMOBIAHO. V2;, V27 — KYTU HAXUITy
MOXUJIUX BifCTaHen S'2;, S'23 BITHOCHO X TOPU30HTAILHUX MPOKIaaeHb D'y, D3 BiAMOBIIHO.

1”

2
Puc. 2. JJo scmanosnenus 36 3Ky Midke GUMIDAHUMU eleMeHmamu

[Tin yac npuB’s3KM 70 CTIHHUX 3HAKIB BUKOHYIOThCS Taki aii (puc. 1). Enextponnuii ta-
XEOMETp BCTAHOBJIIOIOTh HaJ/l LIEHTPOM IMYHKTY 2, KOOPIMHATHU SIKOTO BU3HAYAIOTHCS, Ta MPH-
BOJIATH Horo y pobounii ctad. Ha nienTp myHkTy / 3 BITOMUMH KOOpAMHaTaMu X;, Y; BcTaHo-
BIIIOIOTH KOPITyC BigOMBaua 4 Tak, 10 HAKOHEYHHUK 5 KOHYCOmoi0HOT hopmu cyMilryeThes 3
HeHTpoM NyHKTYy /. IIpuBonsaTh OynabOariky Kpyrioro piBHs 6 Ha cepeauHy ammnyiau. Haso-
ISITh 30pOBY TpYOy 7 €eKTPOHHOIO TaX€OMETpa Ha LEHTp BinOMBaua & Ta 3UUTYIOTh 13 MOHI-
TOpa TaxeoMeTpa MOXUIY BifICTaHb S2; a00 TOPU30HTANBHY BiACTaHb D2; Ta KyT HaXWIy V2/
BI3MPHOIO MPOMEHS BITHOCHO TOPHU30HTY Mpuiaay. Y MEpUIOMYy BUIAJKY FOPU30HTAIbHA Bi-
JcTaHb MOXke OyTH BU3HaueHa 3a (OpMYIoi0

D, =8, -cosv,,. (1)

BcTaHOBIOIOTE BiXy HaJ LIEHTPOM T'€0JI€3UYHOrO MYHKTY 3 Ta Micis MPUBEACHHA 1i /10

BEPTUKAJILHOTO MOJIOKEHHS 32 KPYIJIMM PIBHEM HaBOAATH Ha BiIOMBay 30pOBY TpyOy Taxeo-

MeTpa Ta 3YUTYIOTh 13 HOr0 MOHITOPY HOXHITY BiACTaHb S2; 400 TOPU30HTANIBHY BiJCTaHb D23

Ta KyT HaxXWjly V23 BI3MPHOTO NMPOMEHS BIIHOCHO FOPU30HTY Npuiany. [ 'opu3oHTanbHy Bijc-
TaHb MOKHa 00YUCIIUTH 32 HOPMYIIOI0

D,, =S,;-cosv,,. (2)
l'opuzoHTanbHMUt KyT f MDK HanmpsMKaMH Ha LEHTPU NYHKTIB 2 Ta 3 MOXHA BUMIPATH

a0o0 BIIHOCHO LIEHTPIB Bi1OKMBaYiB, a00 BIAHOCHO BI3UPHHUX MApOK, PO3MIIIEHUX Ha KOPITycax
4 BimbuBauiB, D'>;, D3 ab0 Ha IOCTyBaJIbHI IIMUIBKA YH CIPHUKH, BCTAHOBJICHI B OTBOPHU
I[EHTPIB CTIHHUX 3HAKIB.

HactynHuMm eranoM € po3paxyHOK CTaslol BijlaieMipa eneKTpoHHoOro taxeomerpa. [osic-
HEHHSI 10JI0 OTPUMaHHA (GOPMYIH JUIS PO3PaXyHKY CTaJIOl HaBeEeHO Ha puc. 2. Binctanb S'2;
MICTHUTB y 001 BiICTaHb S2;, BAMIPSIHY TAXEOMETPOM Ta CTajy Binganemipa c. Tox,

2 =38y +c. 3)
I'opuzoHTaNBHE MPOKIIaIeHH L€l BifcTaHi 3 ypaxyBaHHsM (3) Ta (1) nopiBHIOE

! !
D, =85, cosv,, =(S,, +c)cosv,, =D, +c-cosv,,. (4)
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D), = 85,08V, =(S,; +¢)COSVy, = D,y +C-COSV,;3. (5)

3 ropu30HTaNBHOTO TPUKYTHHKA 1',2',3', TeOpemMu KoCHHYCIB Ta BpaxyBaHHs (4), (5), BUILIUBa€e

(6)

D}, =(D,, +c-cosv,,)’ +(D,, +c-cosv,,)’ —
—2(D,, +c-cosv,, )(D,; +c-cosv,;)cos f.

Po3B’s13yBaHHs KBaApaTHOTO piBHSIHHA (6) BIAHOCHO ¢ J103BOJIIE OTPUMATU (POpPMYITy ISt
oOYMCIIeHHs CTaJIO1 BianeMipa

1 o
c*zz{b-D21 +d Dy, +[a-D} —(D,, -cosv,, — D, -cosv, ) -sin* 12}, (7)

1€ a=cos’ Vy +cos’ V,y, —2C0SV,, -COSV,; -COS 5, b =COSV,; - €C0S B —COSV,,, d =cosV,, cos B —CosV,, -

Jlani oGUMCITIOI0Th BUIIPABIIEH! TOPU30HTAIBHI MpoKIaaeHHs 3a popmynamu (4) Ta (5) 1
PO3pPaxoBYIOTh KOOPAMHATH LEHTpa 2 re0JIe3UNYHOr0 MyHKTY 3a BIIOMOIO METOAUKOIO, HaBe-
NEHO0, Hanpukiazg, y [11].

Mo>kHa BUMIPATH BifICTaHb S73 MDK LIEHTpAaMH KpalHIX MYHKTIB KOMIAPOBaHUM MIpHUM
NPUIAIOM, HANPUKIIAM, PYJAETKOIO 3 TOYHICTIO JO MUTIMETPIB, a Micjs BUSHAYEHHS CTaJIOi Ha
OCHOBI IIUX BUMIPIOBaHb, KOOPAWHATH MYHKTY 2 BH3HAUYAIOTHCS 33 CTAHAAPTHOIO IMPOIENy-
poto, HaBeneHoto B [11]. [ani Binctanp S73 HEOOXiHO IPUBECTH 10 TOPU30HTY. Tomy mix yac
BHUMIPIOBAHHS BIJICTaHEH BiJ LEHTPY MYHKTY 2 10 LUEHTPIB MYHKTIB / 1 3 €JIEKTPOHHUM Ta-
XEOMEeTPOM BifOMBaui BCTAHOBIIIOIOTH Ha OJHY BUCOTY i (puc. 1, 2). 3 puc. 2 3po3ymMijio, 1o

h=(1"-1")—-3"-3")=8),sinv,, = S, sinv,, =h,, — h,,, (8

ne hoi, h2z — nepeBUILIEHHS LEHTPIB / Ta 2 Ha/l TOPU30HTOM IHCTPYMEHTIB, K1 MOYKHA 3aIuca-
TH 3 AUCIUICIO €JIEKTPOHHOTO TaXeoMeTpa.

Crin 3ayBayKUTH, 110 OCKUIBKH CTala BigaajaeMipa Iie He 00unciieHa, TO BAKOPUCTOBYIOTh
BIJICTaH1 1 NepeBUIICHHS Y GopMmyi (§), BUMIpsIHI 32 TOTIOMOTOI0 TaXeOMEeTpa — 3aMiCTh BH-
npaBieHUX BijacTaned. OJHAK CTalli €JIeKTPOHHUX BiJlalIeMipiB MaroTh 3HaueHHs Bixg 0 10
KUIBKOX CAHTUMETPIB, @ BUMIPSIHI BIICTaH1 — Bl KUIbKOX METPIB J0 AECATKIB METPIB, a Io-
NBINHI CTIHHI 3HAKHM 3HAXOJATHCS MPUONM3HO HAa OJHINM BUCOTL. OTXe, mepeBHILeHHS /27, h23
Ta iX pi3HULA /4 y popmyi (8) OyAayTh y LIbOMY BUIIAJIKY HE3HAYHO CIIOTBOPEHI Yepe3 BiACYT-
HICTb CTaJIO] C.

['opu3oHTaNBHE MPOKIIAICHHS BU3HAYAETHCS 32 BLIOMOIO (hOPMYIIOI0

D13 =4 S123 — i > (9)

ne S73 — BiICTaHb MK LIGHTPaMU KpaiHiX MyHKTIB, /1 — epeBUILIECHHS.

BucnoBku BinnmoBinHo 10 crarri. Po3po0ieHo cnocid BU3HAYEHHS CTajoi BiamaieMipa
€IIEKTPOHHOTO TaXxeoMeTpa Ha OCHOBI PE3yNIbTATIB BUMIPIOBAHb, SIKI BUKOHYIOTHCS Mia 4ac
MIPUB’SI3KU JI0 CTIHHUX 3HAKIB, 0€3 10IaTKOBHX OMepalliii Ha BU3HAUEHHS caMme CTajoi.
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DETERMINATION OF THE TOTAL STATION’S RANGE FINDER CONSTANT
DURING SNAPPING TO WALL GEODESIC SIGNS

Urgency of the research. The latest methods of creating geodetic networks based on satellite technologies are widely
used in Ukraine. On the territory of cities with multi-storey buildings, in wooded areas, combined methods of creating geo-
detic networks using satellite technology and polygonometry are used in recent years.

Target setting. When creating polygonometry networks it is necessary to measure the distance between geodetic points,
which is performed using electronic rangefinders or electronic total stations, the latter of which contain built-in electronic
rangefinders. To reliably determine the distance, it is necessary to periodically determine the constant correction or the con-
stant of the electronic rangefinder.

Actual scientific researches and issues analysis. The latest publications in open access which consider how to deter-
mine the constant electronic rangefinders were reviewed.

An unexplored parts of a common problem. Not investigated is the determination of the constant electronic range find-
er directly during the execution of geodetic measurements without additional operations to determine it.

The research objective. The main goal of this article is to develop a method for determining the constant rangefinder of
an electronic total station based on the data obtained during binding to wall geodetic signs without additional operations to
determine of constant.

The statement of basic materials. A measurement technology, which is performed during binding to double geodesic
wall signs using an electronic total station is given. It is shown that on the basis of measured values: slant distances meas-
ured from the geodetic point to two wall signs, the slope angles of these distances and the horizontal angle between the direc-
tions on the wall signs, it is possible to determine the constant correction of the electronic total station and the coordinates of
the geodetic point. The formula for calculating the constant is given.

Conclusions. The method has been developed for determining the permanent rangefinder of an electronic total station
based on the results of geodetic measurements that are performed during snapping to double wall signs without additional
measurements to determine of constant.

Keywords: electronic total station; electronic range finder constant; wall signs.
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