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ALIGNING METHOD OF STRUCTURES DURING INSTALLATION
IN VERTICAL PLANE

Abstract. This article presents the results of the research methods of structures aligning during installation in
the vertical plane. The analysis and research of existing methods of structures alignment in the vertical plane, used in
the conditions of enterprises engaged in the installation of metal tanks. The results of the research showed that the
applied alignment methods in the vertical plane have some drawbacks, in particular, after aligning, additional
calculations are required. And also for alignment of sliding timbering, columns and wall panels use some theodolites,
including vertical allotment. Laser devices and theodolites with visual system were also investigated. However, all
the methods considered with the use of these devices are quite time-consuming and a significant number of tools and
equipment are used. A device is proposed to control the shape and location of flat surfaces using the principle of
similarity of triangles allowing obtaining a straight line of intersection of lasers in space parallel to the plumb line.
Developed devices are cheap, easy to use and manufacture. With the use of the proposed technique, there is no need
to use several working and expensive devices. The developed devices can significantly reduce the alignment time of
building structures in the vertical and horizontal planes.
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Introduction. The development and implementation of advanced methods and technical means of
measurement are urgent problems, as the increasing volume and complexity of tasks for the construction
of various objects require continuous improvement of geodetic support.

A large number of laser devices are produced to perform engineering and geodetic works, of which
theodolites with a visual system are in great demand when reconciling building structures [1-5].

The use of laser theodolite with the beam sweep in the vertical plane allows to determining
the position in the plan and the verticality of the structures by the method of lateral leveling. At the same
time, continuous geodetic control of the position of the mounted element is provided, and the presence of
visible lines and planes formed by the beam and its opening allows for more accurate assembly of
structures [6-9].

But this method is used mainly for finishing, plumbing and installation of devices indoors [10-12].
For aligning of columns and wall panels of industrial and public buildings it is necessary to use other
devices.

In this case, the accuracy of measurements when working with laser devices largely depends on the
diameter of the radiation beam, which varies depending on the distance of its propagation. Depending on
the distance, the clarity of its contours also changes.

However, the existing methods of structures alignment in the vertical plane have several drawbacks.
So, for example, at installation of metal tanks on object "New metallurgy" firm LLP "Ust-Kamenogorsk













ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

The proposed technique allows the installer to visually observe the beam and make reconciliation
directly "under the point" by straightening structures with special mounting tools, which significantly
increases the speed of reconciliation of structures during installation.

Conclusions. 1. Existing methods of reconciliation of structures in the vertical plane have some
disadvantages: the need to involve several workers and at least two theodolites, or the use of expensive
scanners, the complexity, and labor costs of work.

2. A device was developed to control the shape and location of flat surfaces using the principle of
similarity of triangles allowing to obtain a straight line of intersection of lasers in space parallel to the
plumb line.

3. Designed Cam device for controlling the shape and location of flat surfaces in which the profile of
the shaped Cam is made with the condition cos B = cos a * R/L, where a is the rotation angle of the first
laser, B is the rotation angle of the second laser, R is the distance between the lasers, L is the distance from
the first laser to the controlled surface, which allows to obtain a straight line of intersection of the lasers in
space perpendicular to the stand.

4. Developed devices are cheap, easy to use and manufacture.

5. When using this technique, there is no need to use several working and expensive devices.

6. The developed devices can significantly reduce the time of reconciliation of building structures in
the vertical and horizontal planes.
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MOHTAXKJAY BAPLICEIHIA TIK )KA3EIKTEIKTA
KOHCTPYKIMSJIAPABI TYPAJIAY QJICI

Annotammus. [TporpeccHBTi 9aICTSp MCH TCXHHKAIBIK OJIIICY KYPATAAPBIH J3IPIICY KOHE CHTI3Y ©3CKTI MOCCIC
00JIbII caHANAIBI, OMTKEHI OPTYPIIl HBICAHAAPABI CANy KOHIHJCTI MIHACTTEPIIH KOJeMi MCH KYPACJILIITI Te0ae3us-
JIBIK KAMTAMACHI3 €TY KYpaJaTapblH YHCMI KSTLIIIPY Al Talam eTeai.

WHXeHepmiK-TeoAC3WIbIK SKYMBICTAPABI OPBIHAAY YIIIH KONTETCH JIA3CPIIK aCHanTap IIbIFapbUIAIbI, OHBIH
iOTiHae BH3YAIIBI XKyHeci 0ap TeOXOMUTTEP KYPBUIBIC KOHCTPY KIHAIAPBIH TEKCCPYAC YIKCH CYPAHBICKA HC.

3epTTCY HOTHXKEICPI KOPCCTKCHACH, KYPBUTBIMIAPIBI TiK JKAa3BIKTHIKTA CATBICTHIPY ABIH KOJTAHBICTAFH TOCITAC-
piHig xemumimikrepi 6ap. Meicassl, «JKaHa METALTy pris» HBICAHBIHIA MCTAJLT PS3CPBYapIapasl MOHTAXKIAY KE3iHIC
«HUmcrampron» «OckeMeH MoHTaXAAy (upmacer» KIIC ¢gupmacs! TIK XKa3bIKTBIKTa TEKCEPY KYprizai, Oy perte
apHAifbl MapKajapApl TAHJaNaHy >KOHE KOCHIMINA CCENTEYEp MKYPrizy KaskeT Oommpl. JKBUDKBIMANBI KaJIbIIL,
OaraHaIapp! KOHE KAOBIPFA MAHEBACPIH CABICTHIPHIN TEKCEPY YIIIH OIpHEIIE TEOA0IUTTEP, COHbIH iIiHAE TIriHEH
JKaHBUTFAH TCCIKTEP KOMTAHBUIABL JPCTYpPIIi TYpAC KOJOHHANAPIB MOHTAXKIAY KC3IHAC CKi TCOAOHT MAHIANIAHBI-
naael. baraHanapapl MOHTAXKIAY ATABIHAA OJAPABIH 6MIMCMICPI TCKCePIICl KoHE OaFaHAHBI IPTCTACTHIH CTAKAHBIHA
HeMmece OaraH acThIHBIH OAachlHA OPHATYABI JKCHUIACTETIH KAaTrep CHrizenmi. IpreTtactelH CTAKaHBIHA OPHATBHUFAH
OaraHaHbI IPTETACTHIH KOFAPFHI KA3BIKTHIFBIHIA TOYCKEIMEH COMKEC KEITCHINE OPTAIBIKTAHIBIPA/IBI.

TiK >Ka3bIKTBIKTa KOHCTPY KISIIAPABI CATBICTHIPY 9MICI YCHIHBIIAAB, €Ki BU3HPI Oap Oip FaHA Ja3epiik Teoao0-
JWTTI MAKJananyFa MyMKIiHAIK Oepei. Acnan >kyMbIC OETIHIE TiK >KOOABIK MKAa3bIKTHIKTA Oip JKapBIK JAK *oOanaHa-
THIH €Ki BU3HPACH Typaabl. Makaaana Tik >Ka3bIKTHIKTA MOHTAKAAY KE31HAE KOHCTPYKIMIAPABI TYPaay TICIIIEpPiH
3ePTTEY HOTIDKEIEPI KEATIPIIeTi.

Meramn pesepByapiaapAbl MOHTOKIAYMCH aHAIBICATHIH KOCIMOPBIHIAPAA MAHIAAHBUIATEIH TiK JKA3BIKTHIKTA
KOHCTPYKIHAIAPABI CATBICTHIPHIN TCKCSPYAIH KOIIAHBICTAFE TOCUIACPIHE TAXaay JKOHE 3CPTTCY JKYprisinai. 3eprrey
HOTIDKEJIEPl TIK ’KA3BIKTHIKTA KOJJAHBLIATHIH CAJNBICTBIPY TOCUILAEPIHIH KEMIMITIKTEPI Oap eKeHIH KOpCeTTi, aram
aNTKAaHIA, TCKCEPICHHEH KEHIH KOCHIMINA ECEeNTey KYprisy Tamam erinemi. CoHai-ax, ChIPFbIMANBI KB, OaraHa-
JapIBI )KOHE KAOBIPFa MAHEIBACPIH CATIBICTHIPHIN TEKCEPY YIIIH OipHEIE TEOT0IUT, COHBIH IIMHAE TiK sKaiMackl 0ap
TCOAOIUTTEP KOITAHBLIAIBL.
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Conpali-ak, Ja3epiik acmanTap MCH KOPHCEKI skyHeci Oap TeomoiamTTep 3epTTenai. Amaiina OChl acmanTapabl
KOJIIAHY apKBLIBI KAPAIFAH OAPIIBIK TOCIIACD JKCTKUTIKTI CHOCK CHIMBIMIBLIBIFBI Oap JKOHE Oy pETTC acmanTap MCH
JKaOABIKTApABIH €49Yip caHbl KoudaHelIaapl. JKas3pIKk OeTTepaiH OpPHANACYBIH JKOHE ININIHIH OaKbUIAyFa apHam-
FAH KYPBUIFBUIAD YCBHIHBUIANBL Y NIOYPBHIITAPIABIH YKCACTHIK IPUHIWINH MAHJATAHATHIH KEHICTIKTETI Mapaiieib
TIKTEYIIINICH JTA3ePiH KUBUIBICYBIHBIH TY3Y CBI3BIFBIH ANyFa MYMKIHAIK Oepeai. O3ipieHreH KypbUFBI ap3aH opi
KOJITAHY MCH Kacay JKCHiI. ¥CBIHBUTFAH ONICTCMCHI KOTAHY Ke3iHae OipHEIe KYMBIC JKOHE KBIMOAT KYPBLIFBLIAP-
OBl ICKC KOCY KAKCTTLMTL >KOHUBLTANBL. O3IPICHICH KYPBUFHl TIiK JKOHC KOIACHCH JKA3BIKTHIKTA KYPBLIBIC
KOHCTPYKUMSIIAPHIH TEKCEPY YAKBITBIH AHTAPIIBIKTAI KBICKAPTYFa MYMKIHIIK Oepei.

3epTTCY HOTHXKEICP OOMBIHINA KEIICC1 KOPBITHIHIBLIAD KACAIIBL.

— KYPBUIBIMAAPABI TIiK KA3BIKTHIKTA CAIBICTHIPYIBIH KOJIJAHBICTAFBI TICIIACPIHIH KeMIIinikTepl 0ap: OipHeme
JKYMBIC KOHC KEMIiHIC €Ki TCOTONHUTTI iCKE KOCY KAKCTTLTIri HEMECe KpIMOAT TYPATHIH CKAHCPICPIl MAWIANAHY,
SKYMBICTHIH KYPACILTITi MCH CHOCK TIBIFBIHEI,

— JKa3bIK OCTTEPAIH OPHAJACYHIH KOHE IMIIIiHIH OAKbLIAYFa APHAIFAH KYPHUIFBI YKACAFAH, YIIOYPHIIITAPIABIH
YKCACTHIK MPUHIHUITIH KOJIJAHY JTa3epICPAiH KCHICTIKTET APAJUICIb TIKTEY CHI3BIFBIH allyFa MYMKIHZIIK Oepeni;

— (hacoHIBI KYABIPHIKIMMAHEH Tpodmm cos B = cos o * R / L mapTeIMCH OpBIHAATFAH, MYHAA O-OipiHm
Ja3epaiH Oypbury OyphIIbL, § — eKiHIIi JazepAin OypbLLy Oypeimbl, R — mazepriep apachIHIAFs! KAIIBIKTHIK, L-0ipiH-
mmi J1a3epAcH OaKpLIAHATHIH OETKE ACHIHTI KAMIBIKTHIK, OYJ1 MEPICHIUKYILIPIBI TYFHIPBIK KCHICTITIHACTI Ia3epaiH
KHBIJIBICY CHI3BIFBIH aJIyFa MYMKIHIIK Oepeni;

— O3IPIICHTCH KYPBUIFBLIAP ap3aH, KOJIAHY SKOHC HKAacay KCHLT,

— OCBI 9IICTEMEHI KOIIAaHy Ke3iHzae OipHele >KYMBIC JKOHE KbIMOAT KYPBUIFBLIAPIBI iCKE KOCY KAPKETTIMITi
OoIMaILT,

— 93ipICHIeH KYPBUIFBLIAP TiK YKOHE KONIACHEH KA3BIKTHIKTA KYPBLIBIC KOHCTPYKISUIAPBHIH TEKCEPY YAKBITHIH
€19yip KBICKAPTYFa MYMKIHIIK Oeperi.

Tyiiin ce3aep: KOHCTPYKUMAIAPABI TYPAtay, Ja3epiik TCOJOINT, Ta3EPIIiK BUZUPIEP, KAPBIK AAKTApPhL, Ja3ep-
JIK CoyIIe.
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CIIOCOB BBIBEPKH KOHC TISYKI_II/II‘/‘I P MOHTA’KE
B BEPTUKAJBHOMU INIOCKOCTH

AnnoTtamus. Pa3paboTka u BHEAPEHNUE MPOTPECCHBHBIX METOIOB W TEXHHUYCCKUX CPEACTB H3MEPECHHH SBILIFOT-
CSl aKTYAJIBHBIME TPOOIEMaMH, TAK KaK BO3PACTAIONINE OOBEMBI M CIOKHOCTD 33/1a4 10 CTPOMTENBCTBY PA3IIIIHbIX
00BCKTOB TPCOYIOT MOCTOSTHHOTO COBCPIICHCTBOBAHUS CPCACTB TCOACIHUCCKOTO OOCCIICUCHHA.

JI1s1 BBITIOTHEHHST HHKCHEPHO-TCOC3MUCCKHX PA00T BBIITYCKACTCS OOJIBINOE KOJMUECTBO JIA3CPHBIX MPHOOPOB,
73 KOTOPBIX TCOJOJHTHI C BH3YAIBHOH CHCTEMOH MOJNB3YIOTCSI OOJIBINMM CIIPOCOM IIPH BBIBEPKE CTPOHTEIBHBIX
KOHCTPYKUWH. BBITOJHEHHBIE MCCICTOBAHUE MOKA3AIH, YTO CYINECTBYIOIIME CIIOCOOBI BBHIBEPKH KOHCTPYKIMH B
BEPTUKAIBHOI IIOCKOCTH MMEIOT P HEIOCTATKOB. Tak, K IPUMEPY, TPH MOHTAKE METAJUTMYECKHUX PE3CPBYapoB HA
oobekre «Hosast metamuyprisp» pupma TOO «VYerb-Kamenoropekas MoHTaxkHas pupma «MMCTamsKoH» IpOH3BO-
JUIA BBIBEPKY B BEPTHKAIBHOHN IJIOCKOCTH, IPH 3TOM HEOOXOJMMO OBLIO HCIIONB30BATh CICHHAIbHBIC MAPKH H
TIPOM3BOAUTH AOMOJHUTEIbHBIC pacdeTsl. I BBHIBEPKH CKOJIB3SINCH OmaxyOKH, KOJIOHH M CTCHOBBIX IAHEICH
HCTIOJIb3YIOT HECKOIBKO TEOJ0IUTOB, B TOM UHCIIC C BEPTHUKAIBHOM PAa3BEPCTKOM.

TpanuoOHHO TTPH MOHTAKE KOJOHH HCIIONB3YIOT 1BA TeoA0imTa. Ilepes MOHTaKOM KOJOHH ITPOBEPSIOT HX
pa3Mephl B HAHOCST PHUCKH, OOJICIYAFOINIE YCTAHOBKY KOJIOHHBI B CTAKaH ()yHIAMEHTA I HA OTOJIOBKU MOAKOJIOH-
HUKOB. KOJIOHHY, YCTAHOBJICHHYIO B CTakaH ()yHIAMEHTA, ICHTPHPYIOT IO COBHAJCHUS PHCOK C PHCKAMH HA BEpX-
Hell ockoctn (pyraamenra. [Ipeanaraercs cnmocod BRIBEPKH KOHCTPYKIHMH B BEPTHKAIBHOHN MIIOCKOCTH, KOTOPBIH
TO3BOJIIET UCTIONB30BATh TOIBKO OJMH JA3EPHBIH TEOAOTIHT C JBYMS BH3HPAMH.

[Tpubop cocTouT M3 ABYX BH3UPOB, KOTOPHIC MPOCHUPYIOT HA padoucH MOBEPXHOCTH OJHO CBETOBOC ITATHO B
BEPTUKAIBHOM IMPOCKTHON IUIOCKOCTH. B JaHHOM cTarbe MPUBOAATCS PE3yIbTATHI HCCICIOBAHMS CIIOCOO0B BHIBEPKH
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KOHCTPYKUMH NPH MOHTAKEC B BEPTHUKATBHOM ITOCKOCTH. BBINMONHEH aHANMH3 M HCCICAOBAHUE CYILECTBYIOIIHX
CHOCOO0B BBIBEPKH KOHCTPYKIMH B BEPTUKAIBHOM INIOCKOCTH, HCIOJIB3YEMBIX B YCIOBHSIX MPEANPHATHI 3aHAMA0-
HIUXCA MOHTKOM METAIMYSCKHX PE3ePBYapoB. Pe3ymbrarhl HCCICIOBAHUSA MOKA3AIH, YTO IPHMEHACMBIC CIIOCOOBI
BBIBCPKH B BCPTHKATHHOHN IMIOCKOCTH HMCIOT PSAA HCAOCTATKOB, B YACTHOCTH MOCJIC BBIBEPKH TPCOYCTCS MPOH3BO-
JUTH JOMOJIHUTCIBHBIC PACUCTHL A Takke A1 BBIBCPKH CKOJ’IBS}IH.IGI\/II 0nany61<n, KOJIOHH M CTCHOBEIX MAHCICH
HCTIOJIB3YIOT HECKOIBKO TCOJOIUTOB, B TOM YHCIIC C BEPTHKAILHOM pa3BEPCTKOM.

Taxoke HCCIeAOBaHbI Ja3epHbIC MIPHOOPHI U TSOJOIUTHI C BU3YaIbHOH cHcTeMOH. OIHAKO BCE PACCMOTPCHHBIC
CHOCOOBI C MPUMEHEHHEM 3THX MPHUOOPOB JOCTATOYHO TPYJOCMKH M IPH 3TOM NMPHMEHICTCS 3HAYUTEIHHOE KOJIH-
YECTBO HHCTPYMEHTOB M 000pyaoBaHus. [Ipeaiararorcs yCcTpoHcTBa A KOHTPOIS (JOPMBI H PACTOIOKESHHA ILIOC-
KHX TOBEPXHOCTEH, MCHOIB3YIOIIUX MPHHIHIT OO0 TPEYTOJIFHUKOB, MO3BOJLIIOMINI MOTYyYUTh MPSAMYIO JIHHHIO
MEPECEUCHHU 1a3ePOB B MPOCTPAHCTBE HAPAUICIbHYIO OTBeCy. Pa3paboTaHHBIC YCTpPOHMCTBAa ACIICBBI, MPOCTHI B
TPUMCHEHHUH M W3TOTOBJICHUH. [IpH HCTIOIBh30BAaHHH TIPEIIATACMOW METOJUKH OTIATACT HEOOX0IUMOCTh 3aACHCTBO-
BaHMS HECKOJBKHX PAabOYMX W JOPOTOCTOSIIHX yCTPOicTB. PazpaboTaHHbIE yCTPOWCTBA IO3BOILIIOT 3HAYHTCIHHO
COKDPATHUTh BPEM: BBIBEPKH CTPOUTEIBHBIX KOHCTPYKIUH B BEPTHKATBHON M TOPH30HTATBHOMN MIOCKOCTAX.

Io pesyapTaTaM HCCICAOBAHMA ObLIM CACTIAHBI CIICAYOIIUE BHIBOIBL:

— CYIICCTBYIOIIHME CHMOCOOBI BBIBCPKH KOHCTPYKIHMI B BEPTHKAJIBHON TIOCKOCTH MMCIOT PAX HEAOCTATKOB!
HEO00XOIMMOCTb 3aJCHCTBOBAHUS HECKOIBKHX PAOOUYHMX U HE MCHEE ABYX TCOAOIMTOB, THOO HCHOIb30BAHUE JOPOro-
CTOAIIMX CKAHEPOB, CI0XKHOCTb U TPYA03aTPaTHOCTh PadoT.

— pa3paboTaHO yCTPOMCTBO AT KOHTPOJA (JOPMBI U PACIOJIOKEHHA IJIOCKHX IOBEPXHOCTEH, HCIOIB3YIOMICE
MPUHIHUI TOJ00US TPEYTOIbHUKOB, HO3BOJLIIOIIEE IOy YHTh IPAMYIO JIHHUIO HEPECCUCHHA J1a36POB B MPOCTPAHCTBE
NapajIcIbHYI0 OTBECY.

— Pa3paboTaHO KyJIAYKOBOE YCTPOMCTBO A KOHTPOJIA ()OPMBI U PACIOTOKCHUS IJIOCKHX NMOBEPXHOCTCH, y
KOTOPOTO MPO(HIs (ACOHHOTO KyJIa4Ka BBIIOIHEH C yCIOBHEM oS B = cos a * R/L, rae o — yroa moBopoTa nepBoro
Jazepa, § — yroJ moBopoTa BTOPOro Jasepa, R — paccrosHue Mexkay sasepamu, L — paccTosHuE OT IEPBOTo Jasepa
J0 KOHTPOJIMPYEMOH IOBEPXHOCTH, YTO MO3BOJIACT IOIYUUTh HPAMYIO JHHUIO IIEPECCUCHHSA JIA3EPOB B MPOCTPAH-
CTBE, MEPNCHIUKY JLIPHYIO IIOICTABKE.

— pa3pabOTaHHBIC YCTPOWCTBA ACTICBEI, MPOCTHI B MPHUMCHCHHH H H3TOTOBICHHH,

— IPH UCHOJb30BAHHUHA Z[aHHOfI MCTOAHUKH OTHAAACT H606X0£[I/IMOCTI> SRL[GfICTBOBaHI/I}I HCCKOJBKHX pa6oqnx H
JOPOTOCTOAIIMX YCTPOUCTB;

— pa3paboTaHHbIC YCTPOICTBA MO3BOJLIEOT 3HAYHTCIBHO COKPATUTh BPEMS BBIBEPKH CTPOUTEIBHBIX KOHCTPYK-
Uil B BEPTHKATBHON M TOPH30HTATBHOMN MIOCKOCTAX.

KmoueBnie cjioBa: BBIBCPKA KOHCTPYKIIHH, JIBSGpHBIfI TCOAOJMT, JA3CPHBIC BHU3HPBI, CBCTOBOC IIATHO,
JA3CPHBIN JTy4Y.
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