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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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.

Key words: Alignment design, laser theodolite, laser sights, light spot, laser beam.

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
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installation firm "Imstalkon", made alignment in a vertical plane, thus it was necessary to use special
marks and to make additional calculations. To align the sliding formwork, columns and wall panels use
multiple theodolites, including the vertical scan.

Traditionally, two theodolites are used when mounting columns (see figure 1) [13-16]. Before
installation of columns check their sizes and put the risks facilitating installation of a column in the glass
of the base or on heads of subcolumns. The column established in the glass of the base, center to
coincidence with risks on the top plane of the base.
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Figure 1 — Alignment circuit of columns and panels. a) - column alignment with a special device;
b) - scheme of operation of the device for aligning of the column

To check the verticality of the column, two theodolites are placed at right angles to the numeric and
alphabetic axes of the buildings. In this case, the sighting axis of the theodolite is combined with the risks
inflicted on the glass at the bottom of the column, and then, smoothly raising the theodolite pipe, with the
risk at the upper end of the column. The distance of the theodolite from the verified column is taken such
that at the maximum rise of the pipe the angle of its inclination does not exceed 30-35°[17,18].

A more promising method based on the use of a device with warning lights (Fig. 1, a, b). This device
attaches to the verified column through special holders 1. In this case, the rod 2 is parallel to the axis of
the column. A device 3 with five warning lights 4 is attached to the rod. Four red light bulbs are located on
the side faces of the device, a green lamp-at the bottom. The device has a spherical surface 4 with 3 holes.
The metal ball 2, moving on a spherical surface, closes contacts 1 in holes 3 and includes signal lamps.

If the rod occupies a vertical position, the ball is located in the Central hole and includes a signal light
6 green. If the column, and therefore the rod, is inclined, the ball tries to take the lowest position and
moves to another hole. In this case, a red light illuminates on the side where the column is tilted upwards.
If the column is inclined in a plane perpendicular to the plane of the device, then two red bulbs light up at
once. This method significantly reduces labor costs and does not require preliminary marking of the
column.

However, all of these methods are quite time-consuming and a significant number of tools and
equipment are used.

Proposed reconciliation methods and discussion. The proposed method of reconciliation of
structures in the vertical plane allows the use of only one laser theodolite with two sights [19].

The device consists of two sights, which project on the working surface one spot of light in the
vertical design plane. The proposed device for controlling the shape and location of flat surfaces (figure 2)
includes two lasers 1 and 2 connected by a frame 3, the sides of which are movably connected to each
other, for example, by means of hinges, a plumb 4, a counterweight 5, a tripod 6 and a stand 7 with lifting
screws 8.

The principle of operation is as follows. Before starting work, the device for controlling the shape and
location of flat surfaces is installed in the desired position through a plumb 4, a counterweight 5 and
supports 6. Next, using the stand 7 with lifting screws 8, turn the laser 2 to the intersection of two points
on the verified plane.

—— (4 ——
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The laser 1 rotates relative to the axis A, forcing the laser 2 to move through the frame 3, while the
geometric figure represented by the frame is inverted in the vertical plane, preserving the properties of the
original figure (parallelogram), which allows to obtain a laser intersection point moving rectilinearly in the
vertical plane, parallel to the vertical side of the frame. If the verified plane deviates from the vertical
position, the point will be deformed. Thus, the installer chooses the design. In the other vertical plane
(90°), reconciliation is carried out on the risks on the column or wall panels.

The device allows you to quickly, simply and economically align any flat surface in any direction. To
do this, the laser theodolite, mounted on a tripod, must be installed on a construction site with a good
outlook (all-round view), to ensure the maximum number of measurements from one Parking lot.

{ 8

e D .5

- Axis A

Figure 2 — Device to control the shape and location of flat surfaces: 1 and 2 - laser sights; 3 - frame;
4 - plumb to control the location; 5 - counterweight; 6 - tripod; 7 - stand; 8 - lifting screw

The essence of the reconciliation method is to specify the vertical movement of the light point O, in
space (figure 3). To do this, it is necessary that when moving the sights at a certain angle in the vertical
plane (o), the sights are rotated in the horizontal plane at a certain angle (B3,). Rotation of sights is carried
out by rotation of micrometric screws, thus both sights turn synchronously thanks to a special worm gear.
The intersection of the rays gives a vertical invisible straight line in space.

S AV A A A A S A L v L e L L L e e S e e v

“

Figure 3 — Determination of the movement of the point of sight in the vertical plane
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The displacement of the point O, in the vertical plane when rotating the sight angle o,. Where O,,
O; - the necessary position of a point when rotating the reticles for aligning structures in the vertical plane;
05, O; - the standard position of the point when you rotate the sight; L - working distance up to mounted
structures.

Theodolite

Figure 4 — Determining the movement of the point of sight in the horizontal plane

The circuit shows the required position of the point Oy in the horizontal plane when turning the sights
at an angle ..

A Cam device [20] is also proposed to control the shape and location of flat surfaces (figure 5)
including a stand with lifting screws, a tripod, a laser, characterized in that it is provided with a second
laser, which the Cam is made with the condition cos B = cos a * R/L, where a is the kinematic rotation
angle associated with the first laser shaped Cam, wherein the profile of the shaped 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.

Figure 5 — Cam device for controlling the shape and location of flat surfaces

The proposed Cam device for controlling the shape and location of flat surfaces includes two lasers 1
and 2, connected kinematically to each other by a shaped Cam 3, a tripod 4, a stand with lifting screws 5
to give the necessary position to the two lasers.

The device works as follows. The laser 1 rotates relative to the axis A, forcing through the shaped
Cam 3 to move the laser 2, while the intersection of the beams of lasers 1 and 2 will give a point in space,
which when moving the laser 2, thanks to the shaped Cam 3, allows you to get a straight line of
intersection of lasers in space perpendicular to the stand with the lifting screws 5.
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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 § = cos a * R/L, where a is the rotation angle of the first
laser, P 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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MOHTAXIAY BAPBICBIHJIA TIK )KA3BIKTBIKTA
KOHCTPYKIUSJIAPJBI TYPAJIAY 9ICI

Annotanus. [IporpeccuBTi aicTep MEH TEXHHUKAJIBIK OJIILIEY KYPAJIAAphIH 3ipJiey XKOHE €HIi3y 03€KTi Macee
0OJBIT caHANAABl, OUTKEHI OpTYPIIi HRICAHIAPBI Caly >KOHIHIETI MIHISTTEPAiH KolleMi MEeH KYPAECIUITi TeoIe3ns-
JBIK KAMTaMachl3 €Ty KypajJapblH YHEMI KeTUIIIPYAl TaJlaml eTei.

WmxeHepiiK-reoJe3sUIbIK JKYMBICTap/bl OPBIHAAY YIIIH KONTereH Jia3epiiK acranrtap LIbFapbuiajgbl, OHBIH
iImiHae BU3YaIIBI XKyieci 6ap TeoHOMUTTEp KYPBUIBIC KOHCTPYKLIHMSUIAPBIH TEKCEPYyAe YIAKEH CYpaHbICKa He.

3eprTey HoTHXKeNIepi KOpCceTKeHeH, KyphUIBIMIAPABI TiK ’Ka3bIKTBHIKTA CANIBICTBIPYABIH KOJIAAHBICTAFbIl ToCLIe-
piHiH KemmitikTepi 6ap. Mbicansl, «KaHa MeTauTyprush» HbICAHBIHIA METAJLT Pe3epByapiap bl MOHTAXKIAY KE31H e
«Mmcranbkon» «OckemeH MoHTaxaay ¢upmacey JKIIC dupMace! TiK Ka3bIKTBIKTa TEKCEPY KYPTri3i, OyJI perte
apHaiibl MapKanapipl MNaiilajlaHy >XoHE KOCBIMINA ecenTeyyep XKyprizy Kaxer Oonabl. JKbUDKbIMANbl KaJblIl,
OaraHayap/Ip! J)KoHE KaObIpFa ITaHeNbIepiH CANIBICTHIPBIN TEKCEPY YIIiH OipHeIIe Te0JONUTTEp, COHBIH iIIiH/AE TiriHeH
JKaWbIIFaH TECIKTEp KOJIAaHBUIABL. JlocTypii Typae KOJOHHAIApIbl MOHTaXAy Ke3iH/Ie €Ki TEOJOoNUT MaiianaHbl-
nansl. barananapasl MOHTaXIay ajIblHAA OJapIbIH eJIIIeMAEp] TeKcepisie )koHe OaraHaHbI ipreTacThlH CTaKaHbIHA
HeMmece OaraH acTHIHBIH OachlHA OpHATYIBI JKCHUIAETETIH KaTep eHri3eni. IpreracTblH cTakaHBIHA OpHATBUIFaH
OaraHaHbI iPreTacThIH )KOFAPFBI XKA3bIKTHIFBIH/IA TOYCKEIMEH COIKeC KeNTeHIE OpTabIKTaHIbIPaIbL.

TiK >Ka3bIKTHIKTa KOHCTPYKIMSUIAPABI CAITBICTHIPY 9MICI YCHIHBUIABI, €Ki BU3Upi Oap Oip FaHa Jiazepilik Teomo-
JUTTI MalananyFa MyMKIHAIK Oepeni. Acmarm )yMbIC OeTiHe TiK XKOOaBIK JKa3bIKTHIKTa Oip KaphIK JaK KobajaHa-
TBHIH €Ki BU3HPJEH Typaasl. Makasana TiK jKa3bIKTBIKTa MOHTAXKAAY Ke3iHAe KOHCTPYKLHUSIIapIbl Typasiay TOCiiaepin
3epTTEY HOTIDKENepi KenTipiiei.

Merain pe3epByapiapsl MOHTXIAyMEH aifHaIIBICATHIH KACIMOPBIHAAp/a MaiJalaHblIaThIH TiK JKa3bIKTHIKTA
KOHCTPYKIHUSIIAPABI CATBICTBIPBIN TEKCEPYIiH KOJIIAHBICTAFbI TOCUIACPIHE TAJI[Ay JKOHE 3ePTTEY KYPrizinii. 3eprrey
HOTHOKENEPI TIK JKa3bIKTHIKTA KOJJAHBLIATBIH CAIBICTBIPY TACULAEPiHIH KEMIIUTIKTEpi 0ap eKeHIH KepcerTi, aTarl
aliTKaH/a, TeKCepPreHHEeH KelHiH KOChIMINIA ecenTey XKypridy Tanamn erineai. CoHnaii-aK, ChIpFRIMaIIbl KaJlbll, OaraHa-
JIap/ibl XKoHe KaObIpFa MaHeNbAEPiH CalIBICTBIPBII TEKCEPY YIUiH OipHEIIe TeOJ0INT, COHBIH IIIIH/E TiK kaliMacsl 06ap
TEOOJIUTTEP KOJIAHBUIA/IBL.
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Conpaii-ak, a3zepiik acrmanTap MEH KepHeKi Kyieci 6ap Teomonwmtrep 3epTTenmi. Anmaiina ocel acranTapabl
KOJIJaHy apKbUIBI KapaliFaH OapiIbIK TOCUIIEp JKeTKUTIKTI eHOeK CHIMBIMABLUIBIFBI Oap jkoHe O peTTe acmantap MeH
JKaOIBIKTApIBIH €9yip CaHBl KoNmaHbUTanbl. JKasplK OeTTepHiH OpHaJacyblH JKOHE IIINHIH OakpUIayFa apHa-
FaH KYPBUIFbLIAD YCBIHBUIAABI. Y UIOYPBILITAP/ABIH YKCACTHIK NMPUHLMIIH MaifaNaHaThlH KEHICTIKTEri napauienb
TIKTEYIINeH Jia3ep/iiH KUbUIBICYBIHBIH TY3y ChI3bIFBIH allyFa MYMKIHAIK Oepeni. O3ipieHreH KypbUIFbl ap3aH opi
KOJIZIaHy MEH jKacay >KeHiI. ¥ ChIHBUIFaH d/IiCTeMEHI KOJJaHy Ke3iHJe OipHelle )KyMbIC JKOHE KbIMOAT KypbUIFbLIAp-
Il ICKE KOCY KaKETTUIr JKOWbUIaAbl. ©O3IPJCHI€H KYPBUIFBI TIK JKOHE KOJIACHEH MKa3bIKTBIKTa KYpBUIbIC
KOHCTPYKIMSUIAPbIH TEKCEPY YaKbIThIH aWTapIIBIKTal KbICKApTYFa MYMKIHIIIK Oepei.

3epTTey HOTHXKENIepi OOMBIHIIA KeJIeCi KOPBITHIHIbLIAP JKaCAJIIbI:

— KYPBUIBIMAAPBI TiK Ka3bIKTHIKTAa CANBICTHIPY/IBIH KOJIAHBICTAFBl TOCUIICPIHIH KeMIIutikTepi Oap: OipHere
JKYMEBIC KOHE KEMIiHJIE €Ki TEONONHUTTI iCKe KOCY KaKETTLIIri Hemece KpIMOAT TYpaThlH CKaHEpJepAi MaigaliaHy,
JKYMBICTBIH KYPJICIUTITi MEH €HOEK IIBIFbIHBL,

— Ka3bIK OeTTepHiH OpHANACYBIH JKOHE MIIIiHIH OaKpUlayFa apHaJFaH KYPBUIFBI )KAacalFaH, YIIOYPHIIITapIbIH
YKCACTHIK IPUHIIATIH KOJIaHY JIa3epiepIiH KeHiCTIKTEeT1 Mapauiellb TIKTeY CBI3BIFBIH allyFa MyMKIH/IK Oepei;

— (hacoHIBI KYABIPHIKIIAHBH Tpoduai cos B = cos o * R / L mapTeiMeH opeIHOanFaH, MyHOa o-OipiHIIi
nazepiy Oypbuty OYpbILIbL, B — eKiHIII J1a3epaiH OypbuTy Oyphiiibl, R — ta3zepriep apachlHIarbl KaIbIKTHIK, L-0ipiH-
11l Jia3epJeH OaKpUIaHATHIH OeTKe AEHIHrT KallbIKTHIK, OYJI MepreHIUKYJIISIpIIbl TYFBIPBIK KEHICTITIHIET Jla3ep/aiH
KUBLUIBICY ChI3BIFBIH ayFa MyMKIHIIK Oepeti;

— 93ipJIEHreH KYPBUIFBLIAp ap3aH, KOJJIaHy XKoHE yKacay )KEHIT;

— OCBI 9IIICTEMEHI KOoJJIaHy Ke3iHJe OipHelle »XYMbIC JKoHE KbIMOAT KYPBUIFBLIAPIBI ICKE KOCY KaXKeTTLNIri
OoJIMaibL,

— O3IpJICHIeH KYPBUIFBLIAP TiK JKOHE KOJIJCHEH >Ka3bIKTHIKTAa KYPBUIBIC KOHCTPYKIMSIIAPBIH TEKCEPY YaKBITHIH
€/19yip KbICKapTyFa MYMKIHAIK Oepeni.

TyiiiH ce3iep: KOHCTPYKUUSUIAP/IBI Typaiay, Ja3epiliK TEOJOIUT, Ja3epIiK BU3UPIIED, KAPBIK JAKTAPhI, Ja3ep-
K coyire.
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CIIOCOB BBIBEPKM KOHCTPYKIIMIA ITPU MOHTAXKE
B BEPTUKAJIbHOM IIJIOCKOCTH

AnHoTanusi. Pa3paboTka U BHeZIpeHNE NPOrPECCHUBHBIX METOJIOB U TEXHUUECKHUX CPEJICTB U3MEPEHHH SIBIISIOT-
CA aKTyaJIbHBIMH HpO6HeMaMl/I, TaK KaK BO3pacTarouume O6"I)€MI)I " CJIOXKXHOCTB 3a/ia4 IO CTPOUTCIILCTBY Pa3JIMYHBIX
00BEKTOB TPEOYIOT IIOCTOSHHOI'O COBEPIICHCTBOBAHUS CPEACTB I'€0AE3UUECKOr0 00eCIeUeHHS.

Jn1s1 BBINIOJTHEHHST HH)KEHEPHO-T€0JIE3NUECKUX paboT BBIITyCKaeTCsl OOJIBIIOE KOJIMYECTBO JIa3ePHBIX IPHOOPOB,
13 KOTOPBIX TEOJOJUTHI C BU3YAJIbHOH CHCTEMOW MOJB3YIOTCS OOJIBIINM CIIPOCOM IIPH BBIBEPKE CTPOMTEIIBHBIX
KOHCTPYKUMH. BEIMOTHEHHBIE HMCCIIEI0BAHUE MOKAa3aiM, YTO CYLIECTBYIOIINE CIIOCOOBI BBIBEPKH KOHCTPYKLIHH B
BEPTHKAIBHOM ITIOCKOCTH UMEIOT Ps HEAOCTaTKOB. Tak, K mpuMepy, IpH MOHTa)Ke METaJUNIMYECKUX pe3epByapoB Ha
oowexTe «HoBas meramryprus» ¢upma TOO «¥Ycrh-KameHoropckas MoHTaxHas ¢pupma «IMCTaTbKOH» TPOHU3BO-
JHUJIa BBIBEPKY B BEPTUKAJIBHOM IUIOCKOCTH, IPH 3TOM HEOOXOIUMO OBLIO HCIIOJIB30BaTh CIICLMANBHBIC MapKH U
IPOU3BOAUTH JOIIOJHUTENbHBIE pacdeThl. /Iyl BBIBEPKH CKONB3AIICH OmamyOKH, KOJOHH M CTEHOBBIX IaHeneit
HCIIOJNB3YIOT HECKOJIBKO TEOIO0IUTOB, B TOM YHCIIE C BEPTHKAIBHON Pa3BEPCTKOI.

TpanuIoHHO NPH MOHTa)kKe KOJIOHH HCIIOJNB3YIOT ABa Teononuta. [lepen MOHTaKOM KOJIOHH IPOBEPSIOT HX
pa3MEpbl 1 HAHOCAT PUCKH, 06.]'[61"‘13}01]11/16 YCTaHOBKY KOJIOHHBI B CTaKaH (l)yH}IaMeHTa HJIM Ha OT'OJIOBKH ITOAKOJIOH-
HUKOB. KOJIOHHY, yCTaHOBJICHHYIO B CTakaH (yHIaMEHTa, LEHTPUPYIOT JI0 COBIAJIEHUS] PHCOK C PHCKaMH Ha BepX-
Heil ockoct pyHnamenra. [Ipeanaraercs criocod BBIBEPKHM KOHCTPYKIHH B BEPTUKAIBLHOM INIOCKOCTH, KOTOPBIN
TIO3BOJISIET UCIIOJIH30BATh TOJIBKO OJIMH JIa3E€PHBIN TEOJOJIUT C IBYMSI BU3HPAMH.

[Tpubop cocTouT M3 ABYX BU3MPOB, KOTOPbIE MPOELHMPYIOT Ha paboveill MOBEpXHOCTH OJHO CBETOBOE ISITHO B
BEPTUKAJIBHOM MTPOEKTHOHN INIOCKOCTH. B maHHO cTaTbe NpUBOAATCS pe3ysbTaThl HCCIIEI0BaHHSI CIOCOO0B BBIBEPKU
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KOHCTPYKIMH MpPU MOHTaX€ B BEPTHKAJIBHOW IIIOCKOCTH. BBINONHEH aHAN3 M HMCCIEAOBAHUE CYIIECTBYIOIINX
CHoCcO00B BBIBEPKH KOHCTPYKIMI B BEPTHUKAIBHOM IJIOCKOCTH, UCIIOJIB3YEMbIX B YCIOBHSX NMPEANPHATHIA 3aHUMAr0-
IIAXCS MOHT2)KOM METaJUTMUECKUX pe3epByapoB. Pe3ynbTaTsl HCCIeA0BaHUS TOKa3all, YTO IPUMEHSIEMbIE CTTOCOOBI
BBIBEPKH B BEPTHKAJIBHOW INIOCKOCTH MMEIOT PsiJl HEAOCTATKOB, B YACTHOCTH IOCIIE BBIBEPKH TPeOyeTCs MPOU3BO-
JUTh IOIOJHUTENbHBIE PAacueTbl. A TaKKe I BBHIBEPKH CKONB3AILIEH ONalyOKH, KOJIOHH M CTEHOBBIX IMaHeIeH
UCTIONB3YIOT HECKOJIBKO TE€O0IUTOB, B TOM YHCIIE C BEPTHUKAIBHON Pa3BEPCTKOM.

Taroke uccie0BaHbl Jia3epHble TPHOOPHI U TEOMOIHUTHI C BU3yalbHOM cucTeMoi. OJJHaKO BCE pacCMOTPEHHBIE
CHOCO6bI C MPUMEHCHUCM OTHUX le/l60pOB JAOCTAaTOYHO TPYAOCMKH U IPU 3TOM HNPUMCHACTCA 3HAYUTCIIBHOC KOJIM-
YEeCTBO MHCTPYMEHTOB U o0opyznoBaHus. IIpemaraioTcs ycTpoicTBa uisi KOHTPOJIst (GOPMBI U PACIIOJIOKEHHUS TLIOC-
KHX TIOBEPXHOCTEH, MCIONB3YIOIMX MPHHIMII T0I00HS TPEYTOJIbHUKOB, MO3BOJISIOIIUI OIYYUTh IPSIMYIO JIMHUIO
repecevyeHyst JIa3epoB B IPOCTPAHCTBE IapajuIeNibHyI0 OTBecy. Pa3paboTaHHBIE yCTpOWMCTBa JEIIEBBI, MPOCTH B
NIPUMEHEHHUH M U3roToBJIeHNH. [Ipn McIoap30BaHNy MpeuIaraeMoi METOIMKH OTIIalaeT HeOOX0AMMOCTD 3a/1eHCTBO-
BaHMS HECKOJBKHX PabOYMX M JOPOTOCTOSIIMX yCTpoiicTB. PaspaboTaHHBIE ycTpoicTBa MO3BOJSIOT 3HAYUTEIHHO
COKPaTUTh BPEMsI BEIBEPKH CTPOUTEIBHBIX KOHCTPYKIMH B BEPTHKAIBHONH M TOPU30HTAIBHON TIIOCKOCTSIX.

ITo pe3ynbpraTaM MccinenoBaHUs ObUIN CIAETAHBI CICIYIONINE BHIBOIDL:

— CYIIECTBYIOLIME CHOCOOBI BBIBEPKM KOHCTPYKLHH B BEPTHKAIBHON IUIOCKOCTH MMEIOT Psii HENOCTaTKOB:
HEOOXOAMMOCTb 33J€HCTBOBAHUS HECKOIBKUX Pa00YMX U HE MEHEE JBYX TEOAOIUTOB, TNOO UCIIOIB30BAHUE JJOPOTO-
CTOSIIIIUX CKAHEPOB, CI0KHOCTb U TPYAO3aTPATHOCTH PabdoT.

— pa3paboTaHO yCTPOWCTBO Ul KOHTPOJISL (JOPMBI M PACIIOIOKEHHS TUIOCKUX MOBEPXHOCTEH, UCIIOJb3YIOIIee
MIPUHITUIT TO00MS TPEYTOJIbHUKOB, IIO3BOJIAIONICE MOJYYUTh MPSIMYO IMHHUIO MIEPECEYCHHUS JIa3ePOB B IPOCTPAHCTBE
napauleNbHyI0 OTBECY.

— pa3paboTaHO KyJauyKOBOE YCTPOWCTBO ISl KOHTPOJISI (DOPMBI M PACIHOJIOKEHHUS TUIOCKHX HMOBEPXHOCTEH, y
KOTOpOro Npo¢d b GacoHHOTO KyJiauKa BBIIOJIHEH ¢ YclloBHeM cos B = cos a * R/L, rae o — yron noBopoTa nepBoro
nasepa, 3 — yroJs moBopora BTOPOTo Jia3zepa, R — paccrosiHue Mexy gasepamu, L — paccTossHHE OT EepBOTo J1azepa
JI0 KOHTPOJIUPYEMOH TOBEPXHOCTH, YTO ITO3BOJISET MOJYYHTh MPSIMYIO JIMHHAIO NEPECEUEHHs JIa3epoB B MPOCTPaH-
CTBE, MEPICHINKYIAPHYIO ITOJCTABKE.

— pa3paboTaHHbIE YCTPONCTBA JIEIIEBBI, IPOCTHI B IPUMEHEHUU U U3TOTOBIICHUH;

— IIPH UCTIONB30BAaHUU JAHHOM METOIUKH OTIIAJAcT HEOOXOAMMOCTD 3a/1eHCTBOBAHHS HECKOJIBKUX PabOuuX U
JIOPOTOCTOALLUX YCTPOMCTB;

— pa3paboTaHHbIE YCTPOMCTBA MO3BOJISIIOT 3HAYUTEIBHO COKPATUTh BPEMsI BBIBEPKH CTPOHUTENILHBIX KOHCTPYK-
Ui B BEPTUKAJIBHON U TOPU30HTAIBHOMN MIOCKOCTSX.

KiroueBble cji0Ba: BBIBEPKAa KOHCTPYKIMH, Ja3epHBIA TEOJOJHT, JIa3epHbIE BHU3UPHI, CBETOBOE IATHO,
JIa3epHBIN JIyu.
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