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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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ACCEPTANCE TESTS OF THE SOFTWARE AND TECHNICAL
COMPLEX OF THE HIGH-PRECISION SATELLITE POSITIONING
SYSTEM IN THE KACHARSKY MINE

Abstract. The world development of science and technology prompts many countries to use their own modern
coordinate systems, determined on the basis of satellite measurements. Moreover, the modern system must be
characterized by its openness and unity for the entire territory of the country. One of the main problems arising
during the creation and operation of our own high-precision positioning satellite systems in the Republic of
Kazakhstan are: the lack of domestic satellite equipment, specialized software and test methods for the software and
hardware complex.

A unique opportunity appeared in the development and testing of the software and hardware complex of the
high-precision satellite positioning system at the Kacharsky open pit thanks to the funding of the Science Committee
of the Ministry of Education and Science of the Republic of Kazakhstan through grants for scientific and technical
projects for 20182020 (grant No. AP05136083) and co-financing of the private partner JSC «SSGPO».

The article presents the results of technical solutions for the implementation of a high-precision satellite
positioning system, in particular, the creation of a permanent base station (BS) of global navigation satellite systems
(GNSS) at operating open pit. The primary purpose of the work is to provide high-precision positioning of an open
field in order to determine geodetic coordinates using modern satellite navigation technologies in real-time and post-
processing. This development continues the path of introducing the elements of Industry 4.0, which is currently
being carried out at the Kacharsky open pit.

Key words: GNSS, satellite high-precision positioning system, mine, base station of differential correction
(BSDC), acceptance tests, center of differential correction (DCC).

Introduction. This article presents the results executed during acceptance tests for the introduction of
a high-precision satellite positioning system into commercial operation at the Kacharsky open pit. The
tests were carried out in joint cooperation with the project co-executor (Institute of space technique and
technology) and a private partner (JSC «SSGPO»).

In particular, the following works were implemented in the tasks of solving the problems of
commissioning;:
installation and adjustment works of the base station of differential correction (BSDC);
preliminary tests of differential correction center (DCC);
preliminary tests of the high-precision satellite positioning system;
trial operation of a high-precision satellite positioning system;

— acceptance tests of a high-precision satellite positioning system for commercial operation.

Installation and adjustment works of the base station of differential correction. A permanent
geodetic point with the name "Base" was installed on the roof of the administrative building (AB) during
the installation process. At this geodetic point, a GNSS antenna was mounted along with the
corresponding cables, which is part of the BSDC.
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The following locations were checked in the process of testing: a geodetic point on the parapet of the
AB; navigation and transmitting complexes of BSDK on the buildings of the AB, the Control room, as
well as on the antenna mast near the Control room (see figure 1). The compliance of the location of the
geodetic point and the complexes of the BSDC were checked in accordance with the requirements of
technical, industrial safety and working-design documentation of the SVSN (high-precision satellite
navigation system) [1,2].

The possibilities of functioning, operability, and technical characteristics of the three complexes of
the BSDC were tested separately and in general when the BSDC was operating as one system. The tests
were accomplished on the BSDC complexes, which are considered to have passed the tests: after turning
on the equipment as part of the BSDC, they operate in a normal mode and do not give false information in
any operating modes. The parameters correspond to the established operating modes of the equipment as
part of the BSDC, the characteristics correspond to the data specified in the operational documentation for
these products.

Based on the results of checking the functional purpose of the BSDC and checking the operability
and technical characteristics of the BSDC, the following was revealed:

— the obtained technical characteristics of the tested complexes of the BSDC correspond (do not
exceed) the declared by BSDC developer;

— operability and compliance with the specified technical characteristics of the BSDC are confirmed
by the Protocol of installation and adjustment works;

— fabrication and installation of a geodetic point in accordance with the requirements of SSGPO is
confirmed by the Protocol of installation and adjustment works.

Installation and adjustment works of this stage were successfully carried out in the fall of 2019.

Pilot and industrial tests of the system were performed in August 2020 and are presented below.

Figure 1 — VHF antennas of the BSDC transmitting complex on the Control's room antenna mast

Preliminary tests of the center for differential correction. The Center for Differential Correction
(DCC) is a software and hardware complex for controlling and monitoring the state of the base station of
differential correction (BSDC), which in turn refers to systems for receiving and processing navigation
signals, as well as issuing correcting satellite navigation information. The DCC is also used to receive,
process, and transmit satellite navigation parameters via the Internet.

Preliminary tests of the DCC were carried out in connection with the completion of work on the
creation of a differential correction center (DCC) for the base station of differential correction (BSDC).

The purpose of the tests was a comprehensive check of the operability of the hardware and software
of the DCC, as well as checking the functionality during its interaction and joint performance of tasks with
the BSDC.

Preliminary tests were performed according to the following list of testing the functions of the DCC,
presented in figure 2.

— 34 ——
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" sExternal examination and mechanical integrity of equipment as part of the DCC and BSDC |

|« Wireless connection to the navigation complex BSDC through the DCC

|\ V4 +Recording and storage of satellite navigation observations of the BSDC
Preliminary tests -~
Of Differential Correction
Center (DCC)

a4 =Conversion of satellite navigation observations of BSDC to RINEX format

/

N I.npu! of BSDC coordinates and serlu:p: of modes of local transmission of UI using a VHF
| madio channel in RTCM SC-104 (v.2.x, v.3.x) and CMR formats

\/

R.ecepuou and registration of updating information (UT) at the DCC from the BSDC

[ %emng the rate of reception, processing and registration of navigation data |
v = : S
[ g information t to the VHF modem |

‘ =UI m.nsml sion via the I|1remet n N lR_ll format

Figure 2 — List of testing the functions of the DCC

Failures, failures and emergencies in the work of the DCC were not revealed during the tests.

Results and conclusions on preliminary tests of the DCC:

— hardware and software of the DCC effectively interact with the BSDC and allow the BSDC to
perform the functions assigned to it;

— the functionality of the DCC fully covers the functionality of the software (S) described in the
project documentation "Specification of the BSDC", "Manual for the operation of the BSDC" and
"Operator's manual for the processing of satellite measurement data".

Preliminary tests of the high-precision satellite positioning system. The purpose of the
preliminary tests was a comprehensive check of the operability of the hardware and software of the high-
precision positioning system (HPPS), which consists of three parts, namely the base station of differential
correction (BSDC), the center of differential correction (DCC) and the geodetic point "Base" on the roof
of the Mine Administration.

During the preliminary tests, systematic discrepancies in the measurements of the GNSS rover were
revealed when using corrections from the BSDC and the “basa kachar” base station, previously installed at
the Kacharsky mining complex. The reason for the discrepancy was the binding of the “basa kachar” base
station to the local coordinate system (LCS) of the Kacharsky mine, while the installed BSDC was linked
to the international coordinate system ITRF-2014. On the recommendation of the representatives of JSC
«SSGPOw, the coordinate values entered in the BSDC were changed by binding to the local frame of
reference of the Kacharsky open pit in order to eliminate the discrepancies.

Arbitrary points have been measured by a rover in the study area to compare coordinates and
elevations in the LCS when receiving corrections through VHF channels from the “basa kachar” and
BSDC base. The results of calculating the discrepancies in the measurement values at 12 randomly
selected points and the analysis of these discrepancies are presented in table 1.

As can be seen from Table 1, the discrepancies were systematic. On average, the differences were
1.996 meters north, 2.281 meters east and 1.293 meters in height, with a variation coefficient of 0.85%
north, 1% east, and 7% in height. Therefore, it was assumed that the reason for the discrepancies was the
displacement of the centers of the coordinate systems relative to which the rover coordinates were
measured using corrections from two different base stations. The reason for the discrepancy was the
definition and assignment of coordinates of the base "basa kachar" and BSDC in different coordinate
systems. The coordinates "basa kachar" were determined in the LCS of the Kacharsky open-pit mine,
while the coordinates of the BSDC, according to the previously made draft and technical design, were
determined in the international coordinate system ITRF-2014 [3,4].

The coordinates of the BSDC were redefined and set this time in the LCS of the Kacharsky open pit
to eliminate the discrepancy. Particularly, it was decided to determine and set the coordinates of the phase
center of the GNSS antenna of the BSDC using the differential correction operation relative to the base
station "basa kachar". This operation included joint processing of satellite navigation measurements in the
RINEX format, made simultaneously for 6 hours on the basis of "basa kachar" and BSDC. New
coordinates for the BSDC were determined and set as a result of the operation.
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Table 1 — Analysis of discrepancies between measurements at corresponding points

North (X, meters) East (Y, meters) Height (meters)

1,974 2,319 1,008

2 2,003 2,279 1,317

3 1.997 2287 1341

4 1,993 2288 1326

5 1,987 2,304 1333

6 1,975 22297 1331

7 1,984 22297 1,320

3 2,000 2255 1312

9 1,991 2288 1311

10 2,037 2244 1302

11 2,010 2270 1,304

12 2,002 2248 1313
Expectad value 1,9960833 228133 1,293167
Dispersion 0,0002875 0,000534 0,008205
Standard deviation 0,0169569 0,023114 0,090581
The coefficient of variation 0,0085 0,01013 0,070046

The discrepancies in the measurements of the GNSS rover when using corrections from the BSDC
and the base station "basa kachar" were minimized and constitute an acceptable error within the normal
range after setting the new coordinates.

Trial operation of a high-precision satellite positioning system. The purpose of the trial operation
was to determine the actual values of the quantitative and qualitative characteristics of the high-precision
positioning system and the readiness of the mine surveyor service to work in the conditions of its
functioning, to determine the actual efficiency of the hovercraft, as well as to correct the corresponding
working design documentation.

During the trial operation the following components were checked: technical; software and
information support for HPPS; according to the lists presented in figure 3.

* All components of the BSDC (Navigation, Transmitting and Mobile

—

complexes of the BSDC)
List of technical support
for HPPS M |- Construction of the geodetic point "Base" ]
w * Technical support of the DCC (laptop HP 15-rb034ur) ]

|- Proprietary software ]
Trial operation of a .
- i " B List of HPPS software

high-precision satellite

itioni components installed in
positioning system P DCC - Software application that comes with the receiver you install ]
» Software application "airOS" supplied by the manufacturer of the
PowerBeam PBE-M2-400 radio bridge

| Record files of receiver satellite navigation measurements ]
List of components of

information support for

HPPS M Recording files of satellite navigation measurements in RINEX format ]

Figure 3 — List of tests during trial operation
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The following verification results were obtained: the trial operation program was completed in full;
the mine surveying service of the Kacharsky mining complex has high competence when performing work
using the functionality of the HPPS; HPPS and its technical documentation are ready for commissioning.

Acceptance tests of the high-precision satellite positioning system into commercial operation.
BSDC and DCC were developed as a result of the creation of a high-precision satellite positioning system
(see figure 4). BSDC is a ground-based fixed station for receiving and processing
GLONASS/GPS/BeiDou signals. The base station of differential correction is intended for the automated
reception of navigation signals, processing, storage, and provision of navigation data to consumers in the
served area, as well as for transmission of navigation data and service information to the DCC. The
satellite navigation antenna of the BSDC was fixed in the geodetic point "Base" on the roof of the mine
administration. The "Base" point is included in the geodetic reference network of the Kacharsky field of
JSC SSGPO, the coordinates of which were in SC WGS-84 and consequently recalculated in SC ITRF-
2014 in order to link to the international geodetic network IGS and to the local coordinate system.

()

ligh >I/"’ﬁﬂia oridge
|
[Sa
ah ey
Mavigation complex BSDC and CDC (located in the Ore Administration) AR
T

dio brid The transmitting complex BSDC {located in
Cantrol room and sntenns mest by the buiding)

=]
_ Navigation module /@nsmlmrr module (inside the enclosur}\ /;%‘/
(inside the server cabinet) i
er ~f—
I A i Ry~
- :@y LS9 Directionpl YHF antenn -44__}
Jvigation receiver 551 —

VHF nmodem
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Operator of the mohile_f:’ogplex of the BSDC
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Figure 4 — Location of the BSDC complexes

The scientific and technical level of the development of this system corresponds to the world level of
development of permanent GNSS base stations. The developed system and its technical documentation
were taken into commercial operation.

Conclusion. The significance of this project is to ensure high-precision positioning of mining
allotments and will allow solving two main problems of open-pit mining in the near future: increasing
labor productivity through the introduction of digital technologies and significantly increasing the
industrial and environmental safety of mining operations [5]. The experience of implementing a high-
precision positioning system at the Kacharsky field makes it possible to use it at other mining enterprises
in Kazakhstan.

It should be noted that there is an increased interest abroad in solving engineering-geodetic and
cadastral problems based on the technology of Continuously Operating Reference Station (CORS). CORS
was implemented in the United States by the National Geodetic Service (NGS) in 1995. In 2008, CORS
united more than 1500 stations of various organizations throughout the country and continues to expand
rapidly [6,7]. These stations are independently operated. Each owner provides his data to the NGS service,




N E W S of the Academy of Sciences of the Republic of Kazakhstan

which analyzes, processes, and distributes them free of charge for post-processing [8,9]. The authors see
the same development prospects when creating a unified coordinate, time, and navigation support system
for our country. Considering the scale of the use of satellite technologies when performing engineering-
geodetic and cadastral works, equalizing the coordinates of single base stations and creating permanent
reference networks in the territory of the Republic of Kazakhstan is an urgent task [1].
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KAIIIAP KAPBEPIHJIE JIDJIITT )KOFAPBI CITY THUKTIK /KAUFACTBIPY ) KYWUECITHIH
BAFJAPJIAMAJIBIK-TEXHUKAJIBIK KEHIEHIH KABBIUIJIAY CBIHAKTAPBI

AHHOTanusi. F'pUIBIM MEH TEXHUKAHBIH QJIEMJIIK AaMy >KarJalibl KOITEreH eIl dKEePCEPIKTIK oJImeyep HeTi3iH-
Jie aHBIKTAJIFaH ©3JIepiHIH 3aMaHayW KOOpAMHATTAp JKYHeciH KoyimaHyra urepmeneiai. CoOHbIMEH Karap, Kasipri
3aMaHFbI KyHe OYKIN e YIIiH e3iHiH alIbIKTHIFRI MEH OipJiIiri apKbUTBI CHITAaTTalybl Kepek. Kasakcran PecryOnmka-
CBIHJIA THECLII YKOFapHI ONIIKTI XKEePCEPIKTIK )KaUFaCcTHIPY JKYHeIepiH Kypy *KoHE Maianany Ke3iHIe TyBIHIANTHIH
HETI3Ti MoceleHiH 0ipi — OTaHIBIK JKEPCEPIKTIK anmapaTypaHblH, MaMaHJaHIBIPBUIFaH OaraapiaaMaiblK KaMTBIIBIM
MeH OarapiaMalblK-TEXHUKAIIBIK KEIIEH I ChIHAY 9[ICTEMECIHIH 00JIMayhl.

KP BfM foeuteim komutetinig 2018-2020 xpiimapra apHaifaH FhUIBIMH-TEXHHKAJBIK OoOajapra rpaHTTap
(NeAP05136083 rpanr) sxenici 6oitbiina kapxbiianabipy xone « CCKOB» AK xeke opinTeciH Koca KapiKbUIaH/Ibl-
pyBIHBIH apkacbiHna Kamap kapbepiHIe IoNAIrT JKOFapbl JKEPCEPIKTIK jKaliFacThIpy KyieciHiH OaraapiamalbiK-
TEXHHUKAaJIBIK KEeIeHiH a3ipiiey MeH anpoOlanusuiaya 6iperei MyMKIHJIIK maiiia 0oJbl.

O3ipiieHreH audQepeHIManabl Ty3eTyIiH 0a3alblK CTAHIUACH HABUTAIMSUIBIK CHTHAIIAPIBl aBTOMATTHI
KaObU11ayFa, KbI3MET KOPCEeTIIETiH ayMaKTarbl HABUTAIMSIIBIK JISPEKTEePli OH/IeyTe, CaKTayFa )KoHE TYTHIHYIIbIIapFa
YCBIHYyFa, COHAAN-aK HaBHI'aLMUIBIK JIEPEKTEP MEH KBI3METTIK aKMapaTThl capallaHFaH TY3eTy OpTalbIFbiHa Oepyre
apHayrad. Juddepennmanasl Ty3erynid 6a3anblk ctaHnusAchHBIH (ATHC) ciyTHHKTIK HaBUTAIWSUTBIK aHTEHHACKH
KeH OackapMachIHBIH TeOeciHaeri «ba3ay reone3msuiblK myHKTiHEe Oekitinmi. «baza» myHkTi «CCK-84 xoopnuHat-
Tapel IGS xanmsIKapallblK TeoIe3MsUIBIK JKeJTICiHe KOHE KEPTUTiKTI KOOpIUHATTap XKYHeciHe OaiaHBICTBIPy MaKca-
teiaga ITRF-2014 CK kaiita ecenrenred « CCKOBb» AK Kaiap keH OpHBIHBIH TIPEK Ie0e3MsUIBIK JKEITICIHE Kipei.

Makanana Kamap kapbepinje eHepKacinTiK naiiiananyra 5KoFapbl IJIIKTI )KEPCEPIKTIK JKaiFacThIpy KYHECiH
EHri3y YUIIH KaObulgay ChIHAKTAPBIH JKYPridyle OpBIHAANFaH HOTHXKeJdep YcbiHbUIFaH. ChIHAKTap >KOOAaHBIH
OipiieckeH opbIHAayHIbICBIMEH (FaphlUThIK TEXHHKA JKOHE TEXHOJIOTHSJIAP MHCTHTYTHI) JKOHE JKEKE CEpIKTecIeH
(«CCKOb» AK) 6ipnecin xypri3ingi. Atan aiitkanaa, auddepeHnuanibl Ty3eTy 0a3aiblK CTaHIUAChIHBIH MOHTaX-
Jlay JKoHE iCKe KOCY-)KOHAEY JKyMbIcTaphl; TuddepeHranipl Ty3eTy OpTalIbIFbIHBIH ajl/IbIH ajla ChIHAKTaphl; JKyle-
HIiH aJ/IBIH aJia )KOHE TOXKIPUOETIK ChIHAKTAPHI XKYPTi3iii.

Huddepennmanasl Tysery opransirblHbH (JITO) QyHKuMsIapbH TecTiley XoHe TXIpHOeniK mnaimaiaHy
Ke3iH/Ie TeKcepy JKYpri3iireH Tizoenep kenripiared. JXKyprisiireH cblHaKTap/AbIH Heri3ri Minnerrepi MpiHagai: JJTO-
HBIH TEXHUKAIBIK jKoHE OaFmapiamMaliblK KaMTaMachl3 eTyiHIH JKYMBICKA KaOUIeTTLIIriH KeIeH Il TeKcepy, COHIai-aK
JTO-uBIH e3apa exikakTel KaTbiHackl MeH MiHaeTTepiH A THEC-men Gipiecin opeiHIay Ke3iHAe OHBIH (YHKIIOHAI-
IIBIFBIH TEKCEPy; KOFaphl JONAIKTI mosumusiay xyieciniy (KIDK) TexHUKaIBIK KoHE OargapiaMaiblK KaMTaMachl3
eTYJIEpiHIH JKYMbICKAa KaOUIeTTUIINH KEeIIeHI TeKCcepy; JKOFapbl IOJIIKTI MO3MIMsIIAY JKYHECIHIH CaHJBIK JKOHE
caraiblK CHIaTTaMalapblHbIH HAKTHI MOHIH )KOHE MapKIIeHAEPIIiK KbI3METTIH )KYMBIC ICTeY KaFaibIHIaFbl KYMbIC-
Ka JalbIHABIFBIH aiikbiHaay, JKITJK HakThl THIMALIITIH aHBIKTaY, COHAANH-aK THICTI dKYMBIC KOHCTPYKTOPJIBIK KYKaT-
TaMachIH TY3ETY.

Ocpl xyiieHi a3ipneyiH FeulbIMUA-TeXHUKANBIK qeHreidi FHCXK TypakTel skyMbIC icTelTiH 0a3aliblK CTaHLUS-
JapbIH J3IpIeyAiH JeMIIK JIeHIeliHe colikec Kelledi. O3ipJICHIeH )Kyie >KOHE OHBIH TEXHUKAIBIK KY’KaTTamMachl
OHEPKACINTIK Maiiiananyra KaObUTTaHIbI.

JKanmer ®KYMBICTBIH HETI3I1 MaKCaThl — HAKTHI YaKBIT JKOHE OHJICYJCH KEUIHTI PeKUMJC 3aMaHayH CEpiKTIK
HABHUTALUSIIBIK TEXHOJIOTHSIAP apKbUIbI T€0IE3HsUIBIK KOOPANHATANIAP/bI AHBIKTAY YIIIIH AIIbIK KEH OPHBIH JKOFaphl
TONIIKTI JKalFacTBIpyMeH KaMTaMachkd ery. Kasipri yakerrta Kamrap xapbepinae sky3ere achIpbUIBII JKaTKaH 93ip-
nereH xyie (OKIDK) Uanyctpus 4.0 aneMeHTTepiH eHTi3y JKOJIBIH KalFacThIPyaa.

Tyiiin ce3znep: FHCX, xorapbl AoiaikTi MO3UIMSIIAYIBIH CIyTHUKTIK JKyHeci, kapwsep, andepeHuaiibl
ty3erynit 6a3anbik cranuusicel (JJTBC), kabbuinay chiHakTapsl, tuddepeniuanis Ty3ery oprajibirsl (ITO).
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MNPUEMOYHBIE HCIIBITAHUS TIPOTPAMMHO-TEXHHYECKOT'O KOMIVIEKCA
CHUCTEMbI BBICOKOTOYHOI'O CIYTHHUKOBOI'O TIO3NIIMOHUPOBAHUSA
HA KAYAPCKOM KAPBEPE

AHHOTanusi. MupoBoe pa3BUTHE HAyKH M TEXHUKH NOOYKIAAaeT MHOTHE CTPaHbl IMPUMEHSTH COOCTBEHHBIE
COBPEMEHHBIE CHCTEMBI KOOPJHMHAT, OINPE/ICIICHHbIE HAa OCHOBE CITyTHHUKOBBIX M3MepeHHi. [Ipu 3ToM coBpeMeHHas
CHCTEeMa JIOJDKHA XapaKTepU30BATHCS CBOCH OTKPBITOCTHIO M €IWHCTBOM ISl BCel TeppHUTOpUH CTpaHbl. OMHUME U3
OCHOBHBIX IPOOIJIEM, BOSHHKAIOIIUX NP CO3IAHUN W OKCIUTyaTalli COOCTBEHHBIX CITyTHHKOBBIX CHCTEM BBICOKO-
TOYHOTO TTO3UIMOHNPOBaHUs B Pecrybmmke KazaxcraH, sSBISTIOTCS: OTCYTCTBHE OTEYECTBEHHOH CIYTHHKOBOH arma-
paTypsbl, CHEHATU3UPOBAHHOTO MPOTPAMMHOTO 00ECTIEYeHHSI U METOIUKU HCTIBITAHUHN MPOrpaMMHO-TEXHUIECKOTO
KOMIIJIEKCa.

bnaronapst punancupoBanuto Komurera nayku MOH PK 110 nuHNY rpaHTOB HA HAYYHO-TEXHUYECKUE [TPOCKTHI
(rpanT Ne AP05136083) Ha 2018-2020 rr. u codunancupoBanuto yactHoro naptHepa AO «CCI'TIO», nosiBunack
YHHKaJbHasi BO3MOXHOCTb B Pa3pabOTKe M alpoOMpOBaHUH ITPOTPAMMHO-TEXHHYECKOTO KOMILJIEKCa CHCTEMBI BBICO-
KOTOYHOTO CITyTHHKOBOT'O ITO3MIIMOHUPOBaHKs Ha KauapckoM kapbepe.

PazpaboTanHas 6azoBast cranuus quddepeHnnanrbHoi KOPpEeKIUH peIHa3HaueHa sl aBTOMAaTH3HPOBAHHOTO
npuéMa HaBUTallMOHHBIX CUTHAJIOB, 00paOOTKH, XpaHEHUS W MPEIOCTABICHHS IIOTPEOUTENISIM HaBUTallMOHHBIX JIaH-
HBIX Ha 00CITy’)KUBAEMOH TEPPUTOPHH, a TAKKE AJIS TIepelaul HABUTAIIMOHHBIX JaHHBIX U CITy>KeOHOM nH(popManuu B
neHTp muddepeHnanbHol Koppeknun. CIyTHHKOBas HAaBUTAIMOHHAS aHTeHHa 0Oa3oBod craHmmm auddepeH-
nuansHOU Koppekun (BCIK) Opuia 3akperieHa Ha reoje3ndeckoM myHKTe «ba3a» Ha KphImie pynoynpaBiICHUS.
[Tynkr «ba3za» BXoguT B omopHyI0 reoaesndeckyio cets Kauapckoro mecropoxaenns AO «CCITIO», koopauHaThI
kotopoit B CK WGS-84 6putn mepecunrtansl B CK ITRF-2014 ¢ nienbio npuBA3KH K MEKIYHAPOTHON T€01e3UIECKOI
cetr IGS u B MecTHYIO CCTEMY KOOPAWHAT.

B cratbe MMpEACTaBJICHBI PE3YyJIbTAaThl, BBINIOJIHEHHBIC ITPU ITPOBCIACHUN le/IéMOLIHI)IX HUCIBITAaHUHN 1A BBEACHUA
CUCTEMbI BBICOKOTOYHOI'O CITYTHHKOBOI'O MO3WIMOHHUPOBAHUA B MPOMBINUJICHHYIO 3KCIUTyaTallul0 Ha Ka'-lapCKOM
Kapbepe. VcrnbITaHus NPOBOAMINCE COBMECTHO C COHMCIOJIHUTENEeM IpoekTa (MHCTUTYT KOCMHYECKONH TEXHHMKH U
TexHojoruit) n yactHeiM naptHepoM (AO «CCITIO»). B uwactHOCTH, OBUIM HPOBEIEHBI: MOHTAXKHBIE M ITyCKO-
HallaloyHble paboThl 0a30Boi craHmuM AU PepeHINaTbHON KOPPEKIHHU; MpPEABAPUTEIbHBIE HCIBITAHUS IEHTpa
muddepeHManbHON KOPPEKLIUK; IPEIBAPUTEIbHBIC U OITBITHBIC UCTIBITAHUS! CUCTEMBI.

[IpuBeneHsl mMmepeyHH, MO KOTOPHIM MPOBOIMIOCH TeCTHpoBaHWE (YHKIWA IeHTpa IuddepeHInaIbHOR
koppekiu (LIK) u mpoBepkm mpu OmBITHOH 3KcioryaTannd. OCHOBHBIE 3aJa4d TPOBEICHHBIX HCIIBITAHUI
3aKIIFOYAIOTCS B CIEAYIOMIEM: KOMIDICKCHAs MPOBEpKa PabOTOCIIOCOOHOCTH TEXHHYECKOTO M IPOTPaMMHOTO
obecnieuennii 1JJIK, a Taxxe nposepka gpynkunonansHoctu L[JIK npu ero B3auMoneiicTBHH 1 COBMECTHOM BBIIIOJ-
Henuu 3ana4 ¢ bCJIK; komriekcHas mpoBepka paboToCIOCOOHOCTH TEXHUYECKOTO M MPOTPAMMHOTO 00eCreYeHUH
CHCTEMBI BBICOKOTOYHOTrO nosunnonuposanust (CBII); ompenenenue (akTHYecKnX 3HAUYEHMH KOJIMYECTBEHHBIX U
Ka4Y€CTBCHHBIX XAPAKTCPHUCTUK CUCTEMbI BBICOKOTOYHOT'O ITO3MIIUOHUPOBAHHA KW TOTOBHOCTHU MapKH.leﬁ[lepCKOﬁ
Ciy>kOBI K paboTe B yCIOBHSX ero (hyHKIMOHUPOBaHUsI, onpezaencHue pakruueckoit apdexrusuoctu CBII, a takxke
KOPPEKTHUPOBKA COOTBETCTBYIOIIEH paboueii KOHCTPYKTOPCKOM JTIOKYMEHTALIH.

HayuHo-TexHn4eckuii ypoBeHb pa3paboTKH AaHHOH CHCTEMBI COOTBETCTBYET MHPOBOMY YPOBHIO pa3pabOTOK
mocTostHHO JnieiicTByrommx 0a3oBbix cranimii [HCC. Pa3paboTtanHas cucreMa M €€ TEXHHUYECKas JOKYMCHTAITHS
TIPUHSATHI B TIPOMBIIUICHHYIO SKCILTYaTaIHIo.

OCHOBHOW HENbI0 BCEe paboOTHl sBISAETCA OOECHeueHHe BBHICOKOTOYHBIM TO3UITMOHUPOBAHHEM OTKPBHITOTO
MECTOPOXKICHHUS, U OIMPEeNICHHs] Te0Ie3NIECKUX KOOPAWHAT C MOMOIIBI0 COBPEMEHHBIX CITYTHHKOBBIX HABUTa-
IIUOHHBIX TEXHOJOTHHA B PEKMMAax PeajbHOTO BpeMEHH W moctobpaborku. [lanHas pa3paboTka MPOIOIDKAeT MyTh
BHeApeHus teMeHToB MHnycTpun 4.0, KOTOpHIN B HacToAIIee BpeMs ocymiecTBiseTcs Ha Kagapckom kapsepe.

KmoueBsle cinoBa: THCC, cmyTHHKOBas CHCTeMa BBICOKOTOYHOTO IO3WITMOHUPOBAHHSA, Kaphep, Oa3oBas
cranums uddepentmansHoi koppekuuu (BCIK), npueMouHble ucnbITanust, LEHTP AUGPepeHIHaIbHON KOPPEeK-

i (LUIK).
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