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INPUMEHEHHE 3JIEKTPOHHOI'O TAXEOMETPA
JJISA UCITOJIHUTEJIBHOU CBEMKMU JIM®TOBBIX ITAXT

Kano. mexu. nayx, npogp. HECTEPEHOK M. C.| unxc. BEKCHH B. H.”

1 . . .
)Benopyccruii nayuonanbhblii mexnuueckuil ynusepcumen,
VI «I eoxapm»

E-mail: vfnest@gmail.com

IMosTakHast chbeMKa CMOHTHPOBAHHBIX JIEMEHTOB JTH(PTOBOI MAaXThl KOOPAWHATHEIM METOAOM IIPU IOMOIIH TaXeoMeTpa
3aTpyZIHEHAa HEOOXOJMMOCTBIO BBIHOCA TOYKH YCTAHOBKH MPHOOpa Ha MEPEKPHITUS KaXKAOTO MOHTAXHOTO TOPU30HTA, YTO
B YCIIOBHAX 3aKOHUEHHOTO KapKaca 3/aHus MPU HAJIMYMK MHO)KECTBA CHTYAIlMOHHBIX IMOMEX MPUBOAUT K JIOMOIHUTENBHBIM
U3MEPEHMsIM U KaK CIEJICTBHE K OOJBIINM 3aTpaTaM BPEMEHH M CHM)KEHHIO TOYHOCTH TOJTydaeMbIX pe3yibTaToB. TexHude-
CKHE BO3MOKHOCTH COBPEMEHHOT'O JIEKTPOHHOTO TaXeOMETPa 3HAUYUTENBHO YIPOILAIOT BBITOIHEHHUE TOH 3a1auH, MOCKOJIBKY MpH-
60p MOXKHO HCIIOJIB30BaTh HE TOJBKO B (DYHKIMH BEPTHKAILHOTO TPOEIMPOBAHMS, HO U U UCIOJIHHUTEIBHON CheMKH JIM(TOBOM
IIaXTHl YCOBEPIICHCTBOBAHHBIM MOJIIPHEIM criocoboM. [Ipu peammzanim faHHOTO criocoda MeKTPOHHBIH TaXeoMeTp, CHaOKEHHBIH
JIMarOHATBHBIM OKYJISIPOM, YCTAQHABJIMBAIOT HaJ OMOPHBIM 3HAKOM B NPHSIMKE INAXTHI, @ KOHTPOJBGHBIE TOUYKH JH(TOBON IIAXTHI
OMPEIENSAIOT MOCPEICTBOM CIELHAIBHO CKOHCTPYHPOBAHHON MEPEHOCHON MapKH-CBETOOTpaXkaTels B BHIE JUCKA PaIHycoM I,
KOTOpBIi 3aKperieH Ha CTep)KHe-pydKe M OpHEHTUPYETCs MEPHEHAMKYISIPHO JazepHOMy iTydy. C MpUMeHeHHeM JaHHOW MapKu
pa3paboTaHa MHHOBALIMOHHAS CXeMa MCIIONHUTENBHON CHEMKH JIM(TOBBIX IIAXT, OTINYAIOIIAsACS BHICOKOH 3()()EeKTHBHOCTBIO, KOTO-
past COCTOUT B TOM, YTO C OAHON YCTAHOBKM TaXEOMETPA BBITIONHSETCS BBICOKOTOUHAs, TTONTHAS TJIAHOBO-BBICOTHAS CHEMKA BCETO
JM(TOBOTO CTBOJIA, BKITIOYAs ABEPHBIE IPOEMBI, UX TIOPOTH ¥ OTKOCKL

Ipemnosxen HOBBIN CIIOCOO UCTIOMHUTENHHON ChEMKH JM(TOBBIX MIAXT ITOCPEACTBOM 3JIEKTPOHHOTO TaXeoMeTpa C IIpH-
MCHEHHEM CIIEIIHAIBHO Pa3padOTaHHON CBETOOTpaXaIOIIeH Mapky, oOecriednBaronIeil FreOMEeTPHIECKYIO IPUBSI3KY OTHON MIIN
OJHOBPEMCHHO JIBYX TOUEK ChEMKH K IIPOCTPAHCTBEHHOW CHCTEME KOOPAUHAT, B KOTOPOIl BeIeTCs UCTIOIHUTENIbHAS ChEMKA.
Croco6 xapakTepu3yercs BbICOKON FeOMETPHYECKOH TOYHOCTBIO M TEXHOJIOTHYECKOH 3 PEKTUBHOCTBIO.

KiroueBble cj10Ba: 3JIEKTPOHHBIH TaXEOMETP, UCHIOJIHUTEIIbHASA ChEMKa, TU(TOBAs LIaXTa.

Wn. 4. buGnuorp.: 3 Ha3B.

APPLICATION OF ELECTRONIC TACHEOMETER
FOR PRE- AND POST-CONSTRUCTION SURVEY OF ELEVATOR SHAFT

INESTERIONOK M. S.”| VEKSIN V. N.?

YBelarusian National technical University,
2UE “Geokart”

Floor-by-floor survey of installed elements of an elevator shaft using coordinate method and tacheometer is also inhibited
by the necessity to determine device installation points for floors of every mounting horizon that leads to additional measure-
ments due to conditions of the completed building framework and presence of a great number of situational disturbances and
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then it entails significant time expenditure and diminution of accuracy in the obtained results. Technical capabilities of the mod-
ern electronic tacheometer substantially simplify an accomplishment of the mission because the device can be applied not only in
function of vertical projection but it can be used for pre- and post-construction survey of the elevator shaft with the help of advanced
radiation method. While using the given method the electronic tacheometer equipped with diagonal ocular is installed over a bearing
sign in the elevator pit and control points of the elevator shaft are determined with the help of specially developed portable beam
deflector in the form of disc with radius r, which is fixed to a handle rod and orientated perpendicularly to a laser beam. An inno-
vation diagram for pre- and post-construction survey of elevator shaft has been developed while applying this type of deflector.
The diagram is characterized by high efficiency due to the fact that one tacheometer installation makes it possible to execute highly
accurate, complete plane and high-level surveying of the whole elevator shaft including doorways, door sills and jambs.

The paper proposes a new method for pre and post construction survey of the elevator shaft using the electronic tacheo-
meter while applying specially developed beam deflector that ensures a geometric fixing of one or simultaneously two sur-
veying points to spatial coordinate system where the pre- and post-construction survey is carried out. The method is cha-

racterized by high geometric accuracy and technological efficiency.
Keywords: electronic tacheometer, pre- and post-construction survey, elevator shaft.

Fig. 4. Ref.: 3 titles.

UcnonnurensHass cheMKa JIH(TOBOH IMIAXTHI
OTHOCHUTCS K HanOoJiee TPYAOEMKUM BHIaM Teojie-
3udeckux pabor B crpourtenscTBe. Ilupoxous-
BECTHBIE CIIOCOOBI TaKOW CBEMKH OCHOBAaHBI Ha
HPOBEIINBAHUY CTBOJA JH(TOBOW INAXTHl HHTS-
HBIMH (CTPYHHBIMH) OTBECAMH WM 3€HHT-TIPHOO-
pamMu — Kak ONTHYECKHMH, TaK W JiazepHbIMU [1].
Takue crnocoObl CBA3aHBl C HEOOXOIUMOCTHIO
YCTPOMCTBAa MOAMOCTEH Ha KaXIOM JTaxKe, HC-
MOJIb30BaHUEM JABYX M 0Oojiee CTpyH WM 3€HHT-
npuOOpPOB, IIPHU ATOM B CiIyyae MPUMEHEHUsI OTBe-
COB BO3HHMKAaeT HEOOXOAWMOCTb WX YCIIOKOCHHS
JOCTaTOYHO CIIOKHBIMH CIIOCOOAMH.

[losTakHasi cheMKa CMOHTHPOBAHHBIX 3JE€MEH-
TOB JTM(TOBON MIAXTHI KOOPJUMHATHBEIM METOAOM IPU
IIOMOILY TaXEOMETPa TAKXKE 3aTPyLHEHa HEoOXOau-
MOCTBIO BBIHOCA TOYKU YCTaHOBKH IpHOOpa Ha Ie-
PEKPBITHS KKIOTO0 MOHTa)KHOTO TOPH30HTA, YTO
B YCJIOBMSIX 3aKOHUYCHHOTO KapKaca 3/aHUS TIpH
HaJIM4YMH MHOXKECTBA CHTYAIIMOHHBIX ITOMEX MPHUBO-
JMT K JIONIOJIHUTEIbHBIM HM3MEPEHHsIM U Kak Cleil-
CTBHE K OOJIBIIMM 3aTpaTaM BPEMEHH U CHMKCHHIO
TOYHOCTH TIOTy9aeMBIX Pe3yJIbTaToB [2, 3].

TexHndyeckue BO3MOXKHOCTH COBPEMEHHOTO
3JIEKTPOHHOTO TaxeoMeTpa 3HAYUTEIHHO YIpoIla-
10T BBINIOJTHEHUE 3TON 3aJadM, IOCKOJBKY MPHUOOp
MOYKHO HCTIONIb30BaTh HE TOJBKO B (DYHKIMU BepTHU-
KaJIbHOTO IPOELHUPOBaHUs, HO U IJIl UCTIOJHHUTEIb-
HOM CBhEMKH JM(TOBOW IIIAXThl YCOBEPIICHCTBO-
BaHHBIM TIOJSIPHBIM  CHOCOOOM, pPacCMOTPEHHBIM
B cTaTbe. [Ipu peanmzanumy maHHOTO croco0a 3iek-
TPOHHBIN TaxeoMeTp, CHAOKEHHBIM JTUArOHATHLHBIM
OKyJsipoM (puc. 1), yCTaHaBIMBAIOT HAJ ONOPHBIM
3HAaKOM B NPHSMKE INAXThl, a KOHTPOJbHbIE TOYKU
T()TOBOH MIaXTHI ONPEAEIISIIOT IOCPEACTBOM CIELH-
albHO CKOHCTpyupoBaHHOM B. H. BekxcunbiM mepe-
HOCHOI MapKH-CBETOOTpakaTels B BHAE JIHCKa
pagmycoM I (puc. 2), KOTOpbIA 3aKpervieH Ha
CTEepKHE-PyUKe U OPHEHTHUPYETCS MEPIESHANKYIISPHO
nazepHoMy Jydy. C IpHUMEHEHHMEM JaHHOW MapKH
pa3paboTaHa MHHOBAIMOHHAS CXEMa HWCIOJHHUTEIb-
HOH ChbEMKH JHU(PTOBBIX IIAXT, OTINYAIONIASICS BBICO-
KO# 3 (PEeKTUBHOCTHIO, KOTOPAsk COCTOUT B TOM, UTO
C OZTHOW YCTaHOBKH TaXEOMETPA BHITIOJIHSETCS BBICO-
KOTOYHas1, TIOJTHAS TUIAHOBO-BBICOTHAS! ChEMKA BCETO
mupToBOro ctBojia (puc. 3), BKIIOYAS JIBEPHBIC

IIPOEMBI, UX IMMOPOTI' U OTKOCHI.

Puc. 1. 9J'IeKTpOHHI>II71 TaxCeoOMETP B IMOJIOKCHUU U3MEPCHUST
3€HUTHBIX YIJIOB
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Puc. 2. TlepeHoCHas cBETOOTpaXkaTeIbHAs TUCK-MapKa
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Puc. 3. IIpocTpaHcTBEHHAsI cXxeMa TaXEOMETPUUECKON ChEMKHU
CTBOJIA IU(PTOBOH MIAXTHI

JIOCTUTHYTHI CIEIYIOIINE YCIOBUS peaTn3ain
BBICOKMX ITOKa3aTejeld TOYHOCTH M 3()(HEeKTUBHO-
CTH paccMaTpUBAaeMOTO METOJa T€0Ae3UYeCKOM
CHEMKH JIM(TOBOH MIAXTHIL:

* YCTPAaHEHO HENOCPEICTBEHHOE HaBEICHHE
BU3HPHOTO M JIa3€PHOTO Jy4eil Ha IMOBEPXHOCTH
CTCH LIAXThl MOJ OCTPHIMH YIJIaMH U TEM CaMbIM
yOpaHbl 3HaYUTENbHBIE TIOIPEIIHOCTH B PE3yibTa-
Tax M3MEPEHHs YIJIOB M PACCTOSHHHN, BO3HHKAIO-
IIUe BCIICICTBHE PAa3MBIBAHUS TOYKH OTPaKCHHS
JIa3epHOro Jiy4a, a Takke MOTPEIIHOCTH, MOSBIIS-
IOIIMECs] 32 CYET MECTHBIX HEPOBHOCTEH CTEH H
HECOOCHOCTH BHM3HMPHOWH OCH TaxeoMeTpa W Ocu
Ja3epHOTO TAIBHOMEPA;

* TUKBUIAMPOBAHO TPOXOXKAECHHE BHU3UPHOTO
Jdy4a IO KacaTelbHOW, OJIM3KOH K TOBEPXHOCTH
CTCH, © COOTBETCTBEHHO YMEHBIICHHI €ro pedpax-
[IMOHHBIC UCKPHUBIICHUS, T. €. 0OecrieueHa BEICOKast
TOYHOCTbH N3MEPEHNUS BEPTHKAIBHBIX yTJIOB;

* CBETOOTpaKaTelbHas MapKa, IeHTPUPOBaH-
Has Ha JIUCKE, MO3BOJSIET B OAHY YCTAHOBKY IIO-
MeIaTh e¢ B YIJax IIaXThl HAa (PUKCHPOBAHHOM
PACCTOSIHUM I OT KaXAOW M3 JOBYX CXOISIIMXCS
CTE€H, TPH 3TOM OJHOBPEMEHHO ONPEACINIAIOTCS
KOOpIMHATHI JIByX UX TOYEK, Hampumep A; u A
IpU YCTaHOBKE MapkKH B yroi E (puc. 4).

IMoce meHTpUpOBaHMS TaxeoMmeTpa Ha IOy
OpUsSMKa HaJl TOYKOW, MPUBA3aHHOM K OCSIM Iax-
THI, BH3HPHYI0O MapKy R yIepKuBaiOT TOpH30H-
TAJIbHO M KacaloTCs €€ KPYIJIbIM KpaeM CTeH BHYT-
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Puc. 4. Cxema ITO3TaKHOH ChbEMKH
m(TOBOH MIAXTHI B INIaHE

pu TU(TOBOTO CTBOJIA B TOYKaX, BHIOPAHHBIX IS
ChEMKH. 3pUTENBHOU TPyOOi TaxeoMmeTpa BU3H-
PYIOT Ha UEHTP MapKu, U3MEPSIOT TOPU30HTANIb-
HBIA yTOJd [, BEpTUKANBHBIN yroll Z W HAKIOHHOE
paccrosiHue S. JlanpHOMEpHBIE U3MEPEHHS MOTYT
BBITIOJIHATECA KakK B OTpaXaTCJIbHOM, TaK U B
0e30TpaKaTeIbHOM PEKUME.

OO0OpaboTka pe3yabTaTOB ChEMKH CBOJIUTCS K
nosydeHuro koopauuat touek B, D, E u F, npen-
CTaBJISIFOIIUX BEPIIUHBI BHYTPEHHUX YTIIOB IIAXTHI
Ha JTaHHOM MOHTAXHOM T'OPU30HTE. PacueTsl xo-
Op/IMHAT, KaK BUJHO W3 pHUC. 3, JOCTaTOYHO He-
CJIOKHBI X MOTYT BEITIOJHSTHCS TO-pasHomy. [Ipu-
BeJeM ISl MpuMepa oauH 13 Hux. Ha nepBoM 3Ta-
ne oOpabOTKM TOIy4aeM KOOPIWHATHI TOUeK A
KacaHUs MapKoOW BHYTPEHHUX CTE€H JU(TOBOM
LIaxTHI 0 (hopMymam:

X =X 2 1,
Yu=Ya £1; (1)
H, =H;=H,+1+S,cosZ,

rae Xgi = Xc + LicosPi; Yri = Yc + Lisinf;; L =
= SisinZ;; Ho— BeicoTHAst 0TMeTKa OnopHO# Touku C;
S — paccrosiHHME, M3MEPESHHOE CBETOIAIbHOMEPOM;
| — BBICOTa TaxeoMeTpa HaJl OTIOPHON TOUKOW; 3, Z —
COOTBETCTBEHHO JTUPCKIIMOHHBIN W 3CHUTHBIA YTJIBI
LICHTPa TUCK-MapKH OTHOCHTEIBLHO TaXeOMeTpa.

Ha BTOopoMm sTame 00paboTKH moxydaeM Koop-
JUHATHI YTJIOB JIU(TOBOM MIAXTHI M3 PEIICHHUS 00-
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paTHON reoJe3ndYecKor 3alauyd MeEXIy COOTBET-
CTBYIOIIMMH IIapaMH TO4eK R; U npsmoil reonesu-
4yecKoil 3agauu Ha ToukH A; (puc. 4). IlorpemHocTsb
onpezeneHus] KOOpAUHAT YIIOBBIX TOYeK A; ole-
HUBaeTcs 1Mo hopmyIe

mZ, = [(SsinZ)mz/p]* +
+[(ScosZ)mB/p]2 + mj + mi, )

I7ie TIEpBOE CllaraeMoe IMpaBOil YacTH BBIpaXkaeT
MOTPEIIHOCTE ONpeneNneHust pacctosiHug L, BTO-
poe — MOTPENIHOCTh IUIAHOBOTO MOJIOKEHHS JINCK-
MapK{ 3a CUeT MOTPEIIHOCTH H3MEPEHHUs TUpeK-
UOHHOTO yria f; M, — HOrPemHOCTh HEHTPUPO-
BaHMS TpHOOpa HAA HCXOOHBIM IYHKTOM A,
M,, — TOTPEIIHOCTH ONpPEIeNCHHS TOI0KEHHUS TOU-
KU Aj 32 c4eT MECTHOW MUKPOHEPOBHOCTH MOBEPX-
HOCTH CTEHBI.

IMIpu S=50m; Z=1,2°% mz=3", mg=5"
my, = 1,0 mm; mg = 1,5 MM mo dopmyne (2) on-
pemenseM My, = £2,5 MM, IIPU 3TOM COIJIACHO
TKII 45-1.03-26-2006, nomycTumas MOTpeiHOCTb
MPOCTIMPOBAHUS TOYECK BHYTPEHHEHW pa3OMBOYHOM
OCHOBHI Ha BBICOTY 50 M cocraBmser +2,5 MM.
CrnenoBaTenbHO, PacCMaTPUBAEMBI 3JIEKTPOHHBIN
TaxeoMmeTp obecreunBaeT HOPMATUBHYIO TOYHOCTD
UCTIOJTHATEIBHON CheMKH JIN(PTOBBIX IIAXT.

[Ipu HeoOxommmocTH mMoONy4YeHHs: Oonee Je-
TabHOW MH(OPMAIMK O TEOMETPUH IIAXTHl ChEM-
Ky MOXXHO JIOTIOJHUTH YCTQHOBKOW MapKd B JIpY-
rUX TOoukax cTeH. s obierdeHus mpoiecca BU-
3UPOBAaHUS M HAaBEICHUS Ha MapKy IIOCIIETHIONO
1esiecoo0pa3Ho CHaOMUTH MOACBETKOH. B mermsix
coOIOIeHNsT TpaBmi O6E30MacHOCTH TpyJa BU3UP-
Hasg Bexa C MapKOW JIOJDKHA KPEIHThCS CTPaxo-
BOYHBEIM peMHeEM (TpocoMm, (ajioM | T. I1.) K padoT-
HHUKY, YCTaHaBJIMBAIONIEMY MapKy BHYTPH JTU(TO-
BOW maxTel. [y peanusanuu JaHHOTO cHoco0a
nudToBas maxTa OODKHA OBITH OCBOOOXKAEHA OT
MOJIMOCTEH, IEPEKPHIBAIOIINX MPIMYIO BUIUMOCTD
OT IpUSIMKA JI0 KPBILIH.
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BBIBOJ

[IpemioxkeH HOBBIM CHOCOO HWCIIOHATEIHHOM
CbEMKHU JH(TOBBIX MIAXT MOCPEACTBOM 3JIEKTPOH-
HOT'O TaxeoMeTpa C NPUMEHEHHEM CIIEIHATbHO
pa3paboOTaHHOH CBETOOTpaXKaromedr Mapku, obec-
MeYMBAIOIIE TE€OMETPUYECKYI0 MPUBA3KY OJHOU
WIA OJHOBPEMEHHO IBYX TOUYEK ChEMKU K IIPO-
CTPAHCTBEHHOM CHCTEME KOOPAHMHAT, B KOTOPOU
BEJIETCSl UCTIONHUTENbHAs cheMka. Crocob xapax-
TEPUBYETCSI BBICOKOM M€OMETPUYECKOH TOUYHOCTBIO
1 TEXHOJIOTHIECKOH 3()PEKTHBHOCTHIO.
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