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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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ROBOTIC COMPLEX FOR THE RUNWAY LEVELING

Abstract. There is a global trend towards an increase in the weight and dimensions of the aircraft fleet. At the
same time, the load on aerodrome pavements increases, which contributes to their faster wear, changes in the
pavement profile, and the appearance of defects that threaten flight safety. Therefore, constant monitoring of the
condition of airfield pavements is carried out, in particular, the determination of its profile.

A robotic complex has been developed for leveling the runway. The complex includes mobile leveling devices,
mobile leveling rods, which are located on the runway during the performance of leveling, and a control device
located at the central control station of technical systems of the airport.

The control device contains the following blocks: control with a monitor; processing and storage of infor-
mation; an intelligent subsystem with a set of logistics programs; geographic information system with GPS receiver;
signal coding; reception and transmission of radio signals.

Mobile levelers and mobile leveling rods are controlled from the central station and transmit coded information
to the central station via radio communication channels.

The mobile leveling rod is similar in design to a mobile leveling device due to the absence of a rangefinder
measurement unit, a turning unit and the optoelectronic device itself.

The movement of robotic mobile leveling devices and sighting targets with stops for measurements is carried
out according to a pre-compiled program transmitted via coded radio communication channels. For the initial ones,
the marks of the benchmarks are used, the horizontal plates of which are laid flush with the surface of the runway at
its lateral ends, along which the steps of precise leveling are preliminarily laid.

The proposed robotic complex allows to quickly determine the marks of the runway in automatic mode with an
adjustable scanning step and build longitudinal and transverse surface profiles.

Keywords: leveling, runway, GPS-leveling, robotic complex, mobile leveling works.

Relevance of the topic. In a relatively short period of time, the aviation fleet has significantly
expanded both in Ukraine and abroad. There appeared heavy and super-heavy aircrafts (AV), and this
tendency is continuing (table 1) [1],[2].

Table 1 — Weight characteristics of passenger aircrafts

Name of the AV An-24 An-158 Tu-134 Tu-204 Boeing-737 Boeing-777

Weight, tons 21,8 43,7 47,0 107,9 52,8 242,6

The increase in the weight of the aircraft leads to an increase in the load on the aerodrome surfaces
during taxiing, takeoff and landing. This in turn leads to faster wear of airfield surfaces and the appearance
of their defects that threaten flight safety, change of the profile of the surface. Therefore, the condition of
aerodrome surfaces is constantly monitored [3],[4].

Analysis of recent research and publications. An important indicator of the condition of the
aerodrome surface is the profile of its surface, in other words — the unevenness of the surface. The value of
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the unevenness of the aerodrome surface is determined by several methods, which can be attributed to
geodetic ones, because during their implementation, geodetic instruments and methods are used.

In the first case, a 3 m long rail and a wedge gauge are used [5],[6]. The clearance between the plane
of the coating and the lower face of the rail is measured using a wedge gauge. The wedge gauge has
divisions on the oblique face, which determine the distance from the plane of the rail to the surface of the
coating. Moreover, the measurements are performed at several intervals of rail length. Measurements are
made in sections of 300+400 m, and the total length of the sections must be at least 10 % of the total
length of the pavement. In this way, the short-period deviations of the coating surface from the plane are
determined.

The unevenness of the aerodrome surface can be determined using a level and a rail [5]. The method
is based on determining the deviation of the points of the coating surface on which the rail is installed,
from the horizontal plane specified by the sighting beam of the level. The leveling step is 5 m along the
pavement. The relative excesses (marks) of the coverage points are determined and the deviations oA, of

these points are calculated (except the first and last in the measurement area) relatively to the line passing
through the previous (i — 1) and next (i + 1) points relatively to i point by the formula:

Sh, = LA} ; hr h,. ey

The length of the measurement area is 400 m. In this way, longer periodic values of unevenness are
determined, in comparison with the previous method.

It is possible to process the results of leveling aerodrome surfaces in another way [7]. Thus, the
starting point of the leveling is assigned a positive value of the mark, relative to which the calculation of
excesses /4, is performed in the areas of leveling. Next, the values of the slopes i, are calculated for the
distances between adjacent points a =5, 10, 20 m by the formula:

ia — hi+1 hi . (2)
a

According to the results of calculations, a longitudinal profile is built on the leveling areas. In this
way the deviation of the points of the surface of the coating with periods of 5 m, 10 m, 20 m is
determined, as well as the deviations of the surface at the same intervals.

The satellite leveling technique called GSP-leveling is widely used to determine the ellipsoidal
(geodetic) heights of the Earth's surface relative to the reference surface (ellipsoid), in the creation and
development of state geodetic networks [8], in determining the geoid surface, when the obtained GPS
ellipsoidal heights are converted into orthometric ones using an exact geoid model [9] and when
constructing or refining digital terrain models [10].

In [11], a study of the accuracy of height determination using GPS-leveling in real time has been
performed, based on a comparison of the results of GPS-leveling and high-precision geometric leveling.
The obtained results showed the accuracy of height determination using GPS-leveling with a mean square
error of almost 15 mm at a stroke length of 933 m, which corresponds to the IV leveling class.

These methods and means of their implementation to determine the unevenness of the aerodrome
surfaces, which have a large length, require significant time to perform field measurements and a large
group of performers.

There is a mobile device for automated leveling of surfaces [12] figure 1, which will give the oppor-
tunity to obtain the value of the high point in the automatic mode of a given tape line with adjustable
scanning.

The disadvantage of this device for automated leveling of surfaces is the presence of a significant
amount of manual labor: the installation and movement of sighting marks for each level of alignment and
marking the places of their installation. This in turn slows down the pace of surface leveling work. To
perform the leveling of the runway, which is intensively used for the departure and reception of aircraft,
the time factor is a priority.

Presentation of the main material. A robotic complex has been developed for leveling the runway
(RCLR) [13]. The RCLR includes mobile levelers (ML), mobile leveling rails (MLR) located on the
runway, and control devices located at the central control station of the airport's technical systems, which
is located on the control tower.
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Figure 1 — Scheme of the device for automated leveling:
1 — mobile device; 2 — running gear; 3 — top rack; 4 — operator's seat; 5 — remote control; 6 — control panel rack;
7 — leveling optoelectronic device; 8 — the mechanism of rotation of the block 7; 9 — ultrasonic location unit;
10 — sighting marks; 11 — racks of sighting marks; 12 — sighting rays; 13 — the surface of the site

Figure 2 shows the interaction of mobile devices and units of the central control station of the
technical systems of the airport. Blocks 1, 2, 3, 4, 5, 6 are located at the central control station of the
airport's technical systems. ML 7 and MLR 8 are controlled from the central station and transmit
information through the unit 6 to the central control station of the technical systems of the airport via radio
channels.

7 IT—" 6 ¢ 5 T 1
A A
y J
8 2
Y
A 4 \ 4
3 |e 4

Figure 2 — Interaction of mobile devices and units of the central station of control over the airport's technical systems:
1 — control unit with a monitor; 2 — information processing and storage unit; 3 — intelligent subsystem unit with
a set of logistics programs; 4 — geographic information system unit with GPS receiver; 5 — signal coding unit;
6 — unit for receiving and transmitting radio signals; 7 — mobile leveler (ML); 8 — mobile leveling rail (MLR)

Signal coding units are required to eliminate unauthorized access to the operation of the RCLR.

Figure 3 shows the location of the mobile leveler and mobile leveling rails on the runway plane
during leveling.

ML 7 has an optoelectronic device (OED) 9 with a double photodetector array and two lenses
forming two optical tubes with sight axes in mutually opposite directions, below which there are two light-
range units with the same directions of light probing rays. The plane of the sighting target of 11 ML is
located parallel to the sighting beam 20 of the optoelectronic device 7. The sighting targets 11 of ML 7
and MLR 8 contain planes with a set of LED matrices, and in the lower part of the sighting target there is
a reflector for long-range measurements. The benchmarks 19 are made in the form of metal plates with flat
horizontal surfaces laid flush with the runway coating.
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Figure 3 — Location of the mobile leveler and mobile leveling rails on the runway plane:
9 — optoelectronic device (OED) and light rangefinder units; 10 — the mechanism of rotation of OED 9 and the sighting target 11;
12 — vertical rack; 13 — ultrasonic sensor of the excess of the base over the surface 14, which is leveled; 15 — stand;
16 — boxing with a set of ML blocks; 17 — running gear of the cart; 18 — set of MLR blocks 8;
19 — high-altitude training benchmark; 20 — sighting beam

The operation of the light rangefinder unit is based on the principle that is described in [14].
Figure 4 shows the interaction of a set of blocks of a mobile leveler.
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Figure 4 — The composition of the blocks of the mobile leveler:
21 — unit for receiving and transmitting radio signals; 22 — signal coding unit; 23 — electronic control unit for the running gear;
24 — block of light range measurements; 25 — ultrasonic location unit; 26 — GPS receiver;
27 — rotation unit of the OED, sighting target and light-range measuring unit; 28 — OED; 29 — signal generating unit

Figure 5 shows the interaction of a set of blocks of a mobile leveling rail.
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Figure 5 — Set of blocks of a mobile leveling rail:
21 — unit for receiving and transmitting radio signals; 22 — signal coding unit;
23 — electronic control unit for the running gear; 25 — ultrasonic location unit;
26 — GPS receiver; 30 — the unit of rotation of the sighting target

The operation of the RCLR is as follows. After turning on the power of the complex of units located
at the central control station of the airport technical systems (see figure 2), from the control unit 1 through
the information processing and storage unit 2 comes a command to the intelligent subsystem 3 to select a
logistics program to solve specific tasks of the runway leveling. These programs provide the order of
placement of ML and MLR on the runway plane and the routes of their movement in the areas of runway
leveling. Also in block 3 there is a program for search and recognition of images - to identify sighting
targets on their images obtained by OED of ML. At the request of block 3 from the block of geographic
information system 4 there come the planned coordinates of the leveling points and benchmarks of altitude
training 19 (see figure 3), the data of which are entered in advance in block 4. In addition, the marks of the
height training benchmarks /, are determined in advance by geometric leveling, the distances /, on the
vertical racks from the centers of sighting targets to the sensitive plane of ultrasonic sensors MLR 8 and
[ — the length of the vertical rack of ML from the transceiver plane of the ultrasonic sensor to the central
point of the optoelectronic device, which are input to block 4. The GPS receiver of unit 4 operates in the
base station mode and performs coordinate support of the ML and MLR with the required accuracy. The
information from blocks 4 and 3 enters the information processing unit 2, where signal processing and
creation of an information packet is performed, which through the control unit 1 enters the coding unit 5,
in which the information packet signal is encoded and transmitted by the radio signal receiving and
transmitting unit 6.

MLR 8 (see figure 3) receive radio signals from the central station in the block of reception and
transmission of radio signals 21, which (see figure 5) are decoded in block 22 and undergo the procedure
of selection of component signals from the information package in each of the respective blocks: 23, 25,
26, 29. According to the signal of the electronic control unit of the running gear 23 and the actual
coordinates of the MLR from the GPS receiver unit 26, the MLR 8 is moved to the location of the high-
altitude training benchmarks 19 (see figure 2), the coordinates of which came from the central station.
After stopping the MLR 8 over the benchmarks of altitude training and the command from the central
station, and selecting it from the information package in block 22 (see figure 8, figure 6), the ultrasonic
location unit 25 measures the distances A/, , Al from the runway surface 14 to the receiving and
transmitting planes ultrasonic sensors 13 MLR Nel and MLR Ne2, respectively. According to the
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commands from the unit of rotation of the sighting target 30 and the operation of the mechanisms of
rotation 10 sighting targets are set in the direction of leveling. Information from block 25 about the
measured exceedance, from block 26 about the coordinates of the location of the MLR and the execution
of commands to move the MLR from block 23 and from the unit of rotation of the sighting targets
30 enters the signal generating unit 29 transmitted by radio unit 21 to the central station. ML 7 receives
radio signals from the central station in block 21, which are decoded (see figure 3, figure 4) in block 22,
and the selection of components of signals from the information packet in each of the respective blocks is
performed: 23-28. By command from the block 24 ML 7 performs maneuvering and by the actual
coordinates from block 26 go to the leveling point, the coordinates of which came from the central station.

According to the commands from the OED unit 28 and the OED rotation unit 27, the sighting targets
11 of the MLR 8 are searched and the OED sighting axes are set to the sighting targets 11. According to
the signals from block 28, the registration of readings a; and a; is carried out on the matrices of the OED.
At the command of the light range measurement unit 24, the distances S and S, are measured by the light
range unit ML 7 to the reflectors of the sighting targets 11 MLR Nel and MLR Ne2, respectively. By the
command from block 25 the distance A/ is measured from the surface of the runway 14 to the transceiver
plane of the ultrasonic sensor 13 of ML 7. Data on measurements and execution of commands from blocks
23 - 28 are sent to the signal generating unit 29, are formed into an information packet, are coded in block
22 and are transmitted by block 21 to the central station.

At the central station (see figure 2) radio signals are received by block 6, decoded in block 5 and
through block 1 come to block 2. Here the information packet is decomposed into appropriate component
signals that come to the control unit - for operator intervention in the system (if necessary), to the
intelligent subsystem - to compare the actual coordinates of MLR and ML with the planned ones and to
produce corrective signals and transmit them back to MLR and ML. In addition, in block 3, the calculation
of the marks of the runway plane 14 under the ultrasonic sensors of excesses 13 is performed according to
the formula

1 (Sl_Sz)(HM1 _HMZ) 1

1
H ZE[HMI +HM2 N Sl +Sz _g(slal + Szaz)_l_E(AlNl +A1NZ) (3)

H, =H, +1+Al,
H, =H, +1+Al
Ne2; H, and H, — marks of reference benchmarks R, and R, ; /- the length of the vertical rack of ML

where }— marks of heights of the centers of sighting targets of MLR Nel and MLR

from the receiving and transmitting plane of the ultrasonic sensor to the central point of the optoelectronic
device; Al , Al — the distance from the runway surface to the receiving and transmitting planes of the

ultrasonic sensor of MLR Nel and MLR Ne2; f — focal lengths of digital cameras of optoelectronic
device; S, and S, — horizontal distances measured from the optoelectronic device to the centers of
sighting targets of MLR Nel and MLR Ne2; g, and a, — readings in pixel fractions on the sensitive
elements of the double matrix of the optoelectronic device.

The value of the calculated mark from block 3 is sent for storage to the unit for processing and
storage of information 2 and on request from block 1 - on the monitor screen.

Figure 6 shows the location of ML and MLR on the first section of alignment.

Figure 7 shows the location of ML and MLR on the following sections of leveling. Leveling of the
last section of sight is performed by placing the ML and MLR as on the first section.
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Figure 7 — Location of MLR and ML on the following sections of leveling

Runway surface profiles are built based on the leveling results.

Conclusions. The proposed robotic complex allows to quickly determine the marks of the runway in
the mode of remote GIS / GPS control of the complex of mobile leveling robots in automatic mode with
adjustable scanning step and to build longitudinal and transverse profiles of the surface.
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! Coyser, nu3aiin *oHE TEONE3Hs FBUIBIMU-OKY HHCTHTYTEI,
«YepHHUTrOB MOJIUTEXHUKA» YITTHIK YHUBEpPCUTETI, UepHUTOB, YKpanuHa;
2 ADPOFapBIIITHIK TEOIE3HS KIHE KEPTe OPHATACTHIPY Kadenpacsl, Y ITTHIK aBHaLus yHUBEpCHTETI, KueB, YKpanna,
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YHIBITI-KORHY KOJIAFYBIH HUBEJIMPJIEYT'E APHAJIFAH POBOTTAH/ABIPBIJIFAH KEINEH

AHHoOTanus. Oye KeMenepi MapKiHiH calMarsl MEH ayKbIMBIHBIH YJIFAlObIHA KATBICTHI QJIEMIIK TeHACHINS Oaii-
Kanazapl. by perre ayeaitnak >kaObIHIbUIAPBIHA )KYKTEME apTajbl api OyJ1 onapblH HEFYpJIbIM XKbUIAAM TO3YbIHA,
*aObIH OCHiHIHIH 63repyiHe, YITy Kayilci3airine KaTep TOHIIPETIH akayIplH Haiaa 0omybiHa bIKnan ete/i. COHIbIK-
TaH dyeaiinak >kaObIHIaPbIHBIH aXyasblHa, aTaln alTKaH/a, OSHiHIH aHBIKTAY YIIIH TYPAaKThl MOHUTOPHHI JKYPri3iie .

YIBIN-KOHY JKOJIaFbIH HUBEJIMpIICYre apHajIFaH poOOTTaHABIPBUIFaH KelleH o3ipieHai. KemeH kypambiHa:
HUBEJIMPIICY OHIpici OapbIChIHAA YIIBII-KOHY JKOJIaFbIH/IA OpHAJIacKaH OeHiMaeNnrii HUBETUpIIeyIIiiep, MOOHIIb I
HUBEJMPIIIK TOPTKiem (peiika) oHe oyeKaiIblH TEXHHUKAIBIK JKYHECiH OacKapyAblH OpPTAJbIK CTAHIHMACHIH/AA
opHaJIacKaH 0acKapy KYpBUIFBICH Kipei.

Backapy KypbUIFBICHI Kelleci OJIOKTapAaH Typalsl: MOHHTOPMEH OacKapy; aKImapaTThl OHIeYy )KOHE CaKTay; JIo-
TUCTHKAJBIK OargapiaMaiap JKUBIHTHIFEI O0ap HHTEIDICKTYaNb! imKi xkyite; GPS xaOpurnarsimisl 6ap reoakmapaTThIK
Kyle; CHrHanmapAel KOATay; pagdOCHIHAIAApABl KaObuinay >koHe Oepy. MoOWibIl HUBEIMpIeyLIIep MEH MO-
OMIIBAI HUBENUPJIl TOPTKLIACINTEp (peiiKa) OpTalbIK CTaHCagaH OacKapbUIaabl JKOHE PaaHO0aiIaHbIC apHAIAPhI
apKbUIBl OPTAJIBIK CTAHIMSFA KOATAIIFaH aKnapar xidepeni. MoOWIIbAl HUBEIUPITIK TOPTKULACH (PeHKa) KYPbUIBIMbBI
OObIHINA KAPBIKTHI aJBICTAH OJIIETIII OJOKTBIH, OYPbUTY OJIOTBIHBIH JKOHE ONTHKAIBIK-3JEKTPOH/BIK acManThIH
OosMaysl ceOerTi MOOMIIBb/II HUBEIIMPIIEYIIIre yKcac Kellei.

PoGotrranapipputran OefiMAeNrill HUBETUPIICYIIIIEp MEH eJIlIeyre apHajFaH asuiiamaliapbl 0ap HbICAHAIIBIK
MaKcaTTap/bl aybICTHIPY KOJATAJIFaH paaro0aiiaHbIC apHaIaphl apKbUIbl OEpiJIeTiH al/IbIH aja )KacajiFaH OarjapiaMa
OolibIHINA Ky3ere achlpbliajpl. bacrankel perinae penep Oenriiepi nmaigaaaHbLIabl, OJIAPIBIH KOJJICHEH IIaCTH-
HaJIapbl YIIBI-KOHY JKOJAFBIHBIH OeTiMeH OHBIH OYHipJiK YIIBIHAA OpHAIACKAH, OJap apKbUIBl 0N HHUBEIHPICY
JKOJITaphl aJiIbIH ana OeNrijeHTeH.

Y ChIHBUIFaH POOOTTAHIBIPBUIFAH KEIIeH PETTENIETIH CKaHepiiey KaJaMbIMEH aBTOMATTBI PEXKUMIIE YIIBII-KOHY
JKOJIAFbIHBIH OENTUIepiH JKbUIIAaM aHBIKTayFa jkKoHEe OeTTiH OOMIBIK JKOHE KeJIeHeH OeHiHIepiH KypyFa MYyMKIHJIK
Oepei.

Tyiiin ce3mep: HUBeNUpIIEY, YIIBIN-KOHY xonarbl, GPS-HuBeaMpiey, poOOTOTEXHUKA KellleHi, MOOWIIb/II HUBE-
JIMPJTIK )KYMBICTAp.
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POBOTI/ISI/IPOBA.I_-IHLIﬁ KOMILIEKC
JJIs1 HUBEJIMPOBAHMUSA B3JIETHO-IIOCAJIOYHOMU ITOJIOCHI

AnHoTanus. Habnronaercst MupoBasi TEHAEHINS YBEIHUSHNS BEca M TabapuTOB apKa BO3LYILIHBIX cyaeH. [Ipu
3TOM BO3pacTaeT Harpys3ka Ha a3pOJpOMHBIE IOKPBITH, YTO CIIOCOOCTBYET nx 0ojee ObICTPOMY H3HOCY, H3MEHCHUIO
NpoUIIs TOKPBITHS, MOSBICHHIO Ae(EKTOB, YITPOXKAIOLIUX OE30IaCHOCTH 10NeToB. [103TOMY MPOBOIUTCS MOCTOSH-
HBIII MOHUTOPHHT 32 COCTOSHUEM a3pOJPOMHBIX TIOKPBITHIi, B YACTHOCTH — ONPE/IEIIEHHE UX TTPOQHIISL.

Pa3paboTan poOOTH3UPOBAHHBIH KOMILUIEKC JUIsSl HUBEIMPOBAHHS B3JIETHO-TIOCAJOYHOU MOJIOCHL. B coctaB kom-
TUIEKCa BXOJSAT: MOOMJIbHBIE HUBEIUPOBLIMKH, MOOMIIbHBIE HUBEJIUPHBIE PEKH, KOTOPBIE MPU IPOU3BOACTBE HUBE-
JUPOBAHUS PACHOJATalOTCsl HA B3IETHO-MOCAZOYHOM MOJIOCE, M YNPaBIAIOLIEE YCTPOMCTBO, HaxOAsILIEeCs Ha
LEHTPAJIbHOW CTAaHIUY yNPABJIECHUS TEXHUYECKHMMU CUCTEMAaMU a3poIopTa.

VYnpasisiionee YyCTPOHCTBO CONEPKUT CIIEAYIONINE OJIOKH: YIPaBJICHUS! ¢ MOHUTOPOM; 00pabOTKN U XpaHEHHS
nH(pOpMaNNH; MHTEIUICKTYaJIbHOM MOJCHCTEMBI ¢ KOMIUIEKTOM JIOTUCTHYECKHX IPOrpaMM; Ie¢OMH(POPMAIMOHHON
cuctemsl ¢ npueMHUKOM GPS; KonupoBaHus CUTHAJIOB; IpHEMa U NepeAadn paJnoCUTHaJIOB.

MoO6uibpHBIE HUBETHPOBIINKA U MOOWIIbHBIE HUBEIMPHBIE PEHKH YIPABISIOTCS C LCHTPAIBHON CTAHIMU U Tie-
pelnaroT KOJUPOBAaHHYIO MHGOPMAIMIO Ha LEHTPAIbHYIO CTAHIIMIO 0 KaHalaM paJuocBs3u. MoOwibHas HUBEIHp-
Hasl peiika aHaJIOTUYHA [0 KOHCTPYKIUH MOOMIBHOMY HUBEJIUPOBIINKY 32 OTCYTCTBHEM OJIOKA CBETONAIbHOMEPHBIX
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U3MepeHHH, 0J0Ka MOBOPOTa M CaMOI0 ONTHKO-3JIEKTPOHHOro mpubopa. Ilepemernenne poOOTH3MPOBAHHBIX MO-
OWIIBHBIX HUBEIMPOBIIMKOB M BU3MPHBIX I€J€H C OCTAaHOBKAMM IJISi M3MEPEHHH OCYIIECTBISIETCS MO IIPEABAPH-
TENBbHO COCTaBJIIEHHOH Mporpamme, neperaBaeMoi 1o KOAUPOBAaHHBIM KaHalaM pagvoCBs3u. B kauecTBe MCXOAHBIX
HCIOJIB3YIOTCA OTMCTKH PCIEPOB, TOPHU3OHTAJIBHBIC IJIACTHHBI KOTOPBLIX 3aJI0OKCHBI 3allOJJIMIO C MOBCPXHOCTHIO
B3JIETHO-IIOCAJI04YHON IMOJIOCHI HAa OOKOBBIX €€ TOpLax, M0 KOTOPBIM NPEIBaPUTEIBHO TPOJIOKEHBI XO/Ibl TOYHOTO
HUBEJIMPOBAHMSI.

[IpennoxeHHbIH pOOOTH3NPOBAHHBII KOMILIEKC ITO3BOJISIET OBICTPO OIPEAETIUTH OTMETKH B3JIETHO-IIOCAIOYHON
TI0JIOCHI B aBTOMaTHYECKOM PEXHUME C PErYJIMPYEMBIM IIaroM CKaHWPOBAHUS U CTPOUTH ITPOIOJIbHEIE U ITOIIEPEYHbIC
PO I TTOBEPXHOCTH.

KiroueBble ci10Ba: HUBETMPOBAaHUE, B3IETHO-TIOCAH09HAs TToioca, GPS-HuBennpoBanue, poOOTOTEXHUIECKUH
KOMILIIEKC, MOOMITbHBIE HUBEITUPHBIC PAOOTHL.
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