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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
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https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827
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FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261
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29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
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MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883
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HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201
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Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
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BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
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PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. Article provides detailed information and results regarding a modern,
high-precision, and stable communication system designed for signal processing at
the Fabrichny base station. One of the key challenges in the design and operation
of base stations is the processing of static measurements - a critical process that
ensures communication quality, signal stability, and reliability of data transmission.
Article highlights the primary methods for processing static measurements, using
the Fabrichny base station as an example, and explains their significance in
maintaining the seamless operation of communication networks.

Results. Methodology of the automated control system has been enhanced to
enable real-time monitoring of station operations, data collection on signal quality,
and automated analysis. The findings from this study were applied in the project
«Development of innovative methods for forecasting and assessing the condition
of engineering structures to prevent technogenic emergencies» and were also
integrated into the educational process.
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Scientific novelty. As a result of conducted research, the following were
developed and implemented in production:

- method for determining point coordinates with high accuracy;

- a large number of satellite observations, allowing residual measurement
errors to be calculated with sufficient accuracy;

- evaluation process for the quality of initial points and the identification and
elimination of gross measurement errors.

The novelty of coordinate determination method is validated by Certificates of
the Republic of Kazakhstan for a work of science.

Practical value. The obtained results can be applied to the processing of
static measurements to enhance the efficiency of base stations and optimize
the development of network infrastructure. Precise and timely measurements
play a crucial role in preventing potential equipment failures, maintaining high
communication quality, and ensuring a stable connection for users.

Key words: static measurements, base station, data processing, coordinate
systems, measurement alignment methods.
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Annoramus. Maxanana ®abpuyHbIi 0a3aiblK CTAHIUSACHIHIA CUTHAIIAP/IBI
OHJICYTe apHAJIFaH JKOFaphl JTONJIK MEH TYPAKTBUIBIK KYHecl Typaabl MOTiMETTep
MEH HOTWXKENep KenTipiireH. basasiblk cTaHIUsIapasl xKobagay MeH maijganaHy
Ke3iH1e 0acThl MiHJETTEPIiH Oipi CTATUKAJIBIK OJIIIICYIIeP Il OHAEY OOIBIT TAOBLIA B,
Oy OailltaHbIC camachlH, CUTHAIIBIH TYPAKTHUIBIFBIH JKOHE JIEPEKTEPAiH CEHIMIII
OepisyiH KaMTaMachl3 €TETiH MaHBI3IbI Mpollecc. ba3aibiK CTAHIMS MbICAJBIHIA
CTaTUKAJIBIK OIIIEYIIEP Il OHJIEY/IIH HET13T1 9/IiCTepi KeNTIPiIiIl, oJap IbIH OaiiiaHbIC
KEIIePiHIH Y3/IIKCi3 )KYMBICEIH KAMTaMachI3 €Ty/IeTi MaHbI3bI TYCIHIpLIEI.

Homuoicenepi. ABToMaTTaHIBIPBIIFaH Oackapy OKYHeciHIH oficTemect,
CTaHIUSIHBIH JKYMBICHIH HAKThI YaKbITTa MOHUTOPUHITEY, CUTHAJ Carachl Typajbl
JepeKTepli KUHAY JKOHE AaBTOMATTBl TalJay >KYPri3y YIIH IKETUIIipLIreH.
3eprreyaid HoTmxkenepi « TeXHOTeH TIK CUITaTTaFbl TOTEHIIIE KaFTaiiapIbIH allIbIH
aly YIIiH WHXEHEPIIK KYPBUTBICTAPIIBIH Kal-KYHiH Ooipkay MEH OaramayiblH
WHHOBAIMSUIIBIK ICTEPIH 931pIiiey» ®K0oOaChIH OpbIHIAYy Ke3iHe eHTI311/1i, COHaM-
aK OKy MPOIECIH/Ie Maii1anaHblIIbI.

Foubimu  orcanyanvizer.  JKYpri3iireH  FUTBIMH - 3€pTTEY  JKYMBICTAPBIHBIH
HOTIXXECIHE:

-KOFaphbl TONIKIICH HYKTEIEP/IiH KOOPAUHATTAPBIH aHBIKTAY diCi )KAaCaIbl;

-OJIIISYNIEePIiH KETKUTIKTI JOIIIKIIEH KaJJblK KAaTeNIKTepiH ecemnTeyre
MYMKIHAIK OepeTiH KeIl MeJIIepae KYPri3UIreH FaphITHIK OaKbUIaylap/IbIH
HOTHIXKETIeP] TATKbITAHIbI;

-0acTamKpl HYKTEJEpAiH camachkl OarallaHBIN, OJIIeyIepaeri KaTeliKkTep
JKOMBUIATHIH 9iC AaHBIKTAJIILL.

O3IpJIEHTeH TipeK TOpaObl MEH MYHKT KOHCTPYKITHSICBIHBIH JKaHAIBIFBI FHUTBIM
TybIHIBICBIHA KP KyaniriMeH pactasibl.

Ipaxmuxanely KYHObUIbIK. AJBIHFAH HOTHIKENEP CTATHKAJBIK OJIIeyiep/i
OHJIEY/Ie KOJAAHBUIBIIN, 0a3aJbIK CTAHIHIAPBIH KYMBIC THIMAUIITIH apTThIpyFa
JKOHE IKENUTNK WHQPAKYPBUIBIMHBIH JIaMyblH OHTAJIAHABIpyFa MYMKIHIIK
Oepeni. Jlom »oHE yaKBITBUIBI OJIIEYNep JKAOABIKTApAbIH MYMKIiH OO0JaThIH
KaTeiKTepiH OonabIpMayFa, OaillaHbIC canachlH )KOFaphl JICHTeiIe ycTayFa JKoHe
naiinananympuiapra  Famamaelk pajMOHABUTANMSUIBIK — FAPBIITHIK KYHCHIH
TYpaKThl 0acKapy OJIOTiMEH KOCBLIYBIH KAMTaMachl3 €Tyre MyMKIHIIK Oeperti.

Tyiiin ce3aep: cTaTUKaNbIK oJIIIEM/IEp, 0a3abIK CTAHIIUS, IEPEKTEPIl OHJIEY,
KOOPAMHATTHIK XKYyiernep, eeMep i )KUHAKTay d/1icTepi.
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AHHoTaumMs. B crarbe mpuBeleHbl CBEACHUS M PE3YJbTaThl COBPEMEHHOMU
CUCTEMBI CBSI3U BBICOKOW TOYHOCTH W CTAOMIIBHOCTH ISl 00paOOTKH CHTHAIIOB Ha
0a3oBoii crannuy Oadpuunenii. OTHON U3 OCHOBHBIX 3a]1ad MIPH MPOEKTUPOBAHUHT
Y 3KCILUTyaTauu 0a30BBIX CTAHIIHMN SBIsIETCS 00paboTKa CTAaTHYSCKUX U3MEPECHHUI,
3TO Ba)KHBIN MPOIIECC, 00CCIICUNBAIOININI KaUECTBO CBSI3U, CTA0OMIIBHOCTh CHTHAJIA
M HaJIEKHOCTh Tepeladyn JaHHbIX. [IpuBeleHbl OCHOBHBIE METOABI O0Pa0dOTKU
CTaTHYCCKUX M3MEPCHHM Ha MpuMepe 6a30BOM CTAHIIUN U OOBSICHUM WX 3HAUYCHUE
B obecrnieueHnn Oecriepe0oitHON paboThI ceTel CBS3H.

Pesynbrarel. YcoBepIlieHCTBOBaHA METOJMKA aBTOMATH3MPOBAHHOW CHUCTEMBI
YIPaBJICHUS, JUISI OCYIICCTBICHHS MOHUTOPHHTa pabOThl CTAaHIMH B PEXKUME
peaNbHOTO BpEMEHH, cOOpa JaHHBIX O Ka4eCTBE CUTHAJA M IPOBEIACHHS
ABTOMAaTHUYECKOTO aHan3a. Pe3ynbpraThl HCCIeI0BAaHUN BHEAPEHBI ITPH BHITOJTHCHUN
npoekTa «Pa3paboTka WHHOBAITMOHHBIX METOJOB TPOTHO3MPOBAHUS U OICHKH
COCTOSIHHSL HMH)KEHEPHBIX COOPY)KEHUH Ui TPEAYNPEKIACHUS UYPEe3BbIYaifHBIX
CUTYyaIMi TEXHOTEHHOTO XapaKTepay. a TAK)KE MCIIOJIb30BaHbI B y4eOHOM IpoIiecce.

Hayunas noBu3Ha. B pe3ynbraTe MpOBENCHHBIX HAy4YHO-UCCIEIOBATEIBCKUX
paboT CO31aHbI U BHEAPEHBI B IPOU3BOJICTBO:

- METOJI OTIPEICIICHIS KOOPJUHAT TOUEK C BEICOKOH TOYHOCTHIO;

- OOJIBIIIOE KOJTMYECTBO CITyTHUKOBBIX  HAONIONCHWH,  ITO3BOJIIONIUE C
JIOCTATOYHON TOYHOCTHIO BBIUYUCIISITH OCTATOYHBIC TOTPEITHOCTH H3MEPCHHUIA;
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- OLICHEHB! KaueCTBO MCXOIHBIX TOYECK M MCKIIOYAIONINE IPyOble HOIPEIIHOCTH
HU3MEPEHUN.

HoBuzna MeTona onpeneneHust KoopauHat noareepskaena Ceunerensctam PK
Ha MPOU3BE/ICHNE HAYKH.

[IpakTuueckas HeHHOCTh. [1oiryueHHbIE pe3yabTaThl MOI'YT OBITh MCIIOJIb30BaHbI
pu 00pabOTKe CTaTHYECKUX H3MEPEHHH ITO3BOIISIOITIE MTOBBICUTE dPPEKTHBHOCTH
pa0oThI 0a30BBIX CTAHIIMN M ONTUMHU3UPOBATH Pa3BUTHE CETEBON MHYPACTPYKTYPHI.
Tounble 1 CcBOEBpeMEHHBbIE M3MEPEHHUsI MO3BOJISIIOT HPEIOTBPATUTH BO3MOXKHBIC
coon 00OpyHOBaHMS, MOAJEPKUBATH BBICOKHH YPOBCHb KauyecTBa CBSI3H U
o0ecrieunBarh MOJIb30BaTelei CTAOMIBHBIM COCMHEHUEM C IIEHTPOM YIPaBICHUS
100aTBEHON pagiOHABUTAIIMOHHON CHCTEMEI.

KuaroueBble ciioBa: crarmueckrne W3MepeHHs, 0a3oBas CTaHIHWSA, 00paboTKa
JAHHBIX, CUCTEMBI KOOPIMHAT, METO/IbI BBIDABHUBAHUS U3MEPEHUH.

Introduction. Satellite data collection plays a crucial role in modern science
and technology. Data obtained from satellites is extensively applied in fields
such as geodesy, cartography, climate research, and space exploration. Satellite
systems like GNSS (Global Navigation Satellite System) enable highly accurate
determination of object coordinates.

Modern communication systems demand exceptional accuracy and stability in
signal processing. One of the primary challenges in the design and operation of base
stations is the processing of static measurements. This process is vital for ensuring
communication quality, signal stability, and the reliability of data transmission.

This article explores the key methods for processing static measurements, using
a base station as an example, and highlights their significance in maintaining the
smooth operation of communication networks (Mikhailov, 2011; Khabarova, et al.,
2018; Sizov, et al., 2018).

Static data refer to information collected when an object remains stationary
over extended period. Such data are typically gathered at local geodetic stations
or research points and are crucial for studying phenomena like crustal movements,
tectonic shifts, and climate change. Static measurements involve coordinates
that remain constant over time, enabling precise tracking of data variations and
facilitating long-term observations (Smirnov, 2005).

Static measurements refer to data collected under conditions where system or
equipment parameters remain unchanged over time (Kashkin, et al., 2001;). In the
context of a base station, these parameters may include:

Signal strength level.

Interference and noise metrics.

Antenna coordinates and orientation.

Temperature and climatic conditions affecting equipment performance.

This data is gathered in a static mode, where the object (base station) remains
unaffected by significant external environmental changes or movements. 5

Object of the study is Kargaly (known as Fabrichny until 2007), a village in
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the Zhambyl district of the Almaty region, Republic of Kazakhstan. It serves as the
administrative center of the Kargaly rural district and is the only settlement within
its boundaries. The village is located approximately 11 km southeast of Uzyn-
Agach village, 50 km west of Almaty, at the foothills of the Ile-Alatau range (see
Figure 1).

Geological structure. Geological and lithological structure of the site includes
alluvial-proluvial deposits of the Middle Quaternary age (QII), represented from
the surface by soil and vegetation layer, subsidence loam, non-subsidence loam and
2 (two) engineering-geological elements (EGE) have been identified.

EGE-1 - Subsidence loam, light brown in color, hard consistency, loess-like,
macroporous, with veins and salt spots, vertical fracturing is observed, exposed
thickness 17, 40 m.

EGE-1 - Non-subsidence loam, light brown in color, with a consistency ranging
from hard to soft-plastic. It is loess-like in nature and has an exposed thickness of
4,50 m.
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Fig. 1. Base station «Fabrichny»: installation area boundary of base station is highlighted in red.
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Engineering and seismic conditions. According to SP RK 2.03-30-2017
«Construction in seismic zones of the Republic of Kazakhstan» and based on the
General Seismic Zoning -2, map, the initial seismicity of the area is assessed at
9 points. Engineering and geological surveys indicate that the site is covered by
clayey soils with a porosity coefficient exceeding 0,9, classifying the soil category
as III (third) in terms of seismic properties (Nurpeisova, et al., 2019; Madimarova,
et al.2020).

Consequently, the updated seismicity for the work site is determined to be 10
points. The estimated horizontal acceleration (ag) is 0.563g, and the estimated
vertical acceleration (ag) is 0.499g.
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Fig. 2. - Seismogenerating (seismotectonic model) zones of the Almaty region

Relief and soils. The central and southern parts of the territory are high-
mountainous, with absolute altitude of up to 4760 m (3636) in the Zailiyskiy Alatau
and Kyushgey-Ala-Too ridges and their spurs. The ridge crests are narrow, rocky,
and characterized by pointed peaks. At altitudes of 3800 m and above, the ridges
are typically covered with perennial snow and glaciers. Ridge slopes are steep (35—
40°), rocky in places, and dissected by gorges and narrow valleys. The spurs feature
dome-shaped tops and gentler slopes.

The northern part of the territory consists of a foothill hilly plain, heavily
incised by deep sais (dry channels) and rivers, which complicate off-road vehicle
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movement. The soils in the central and southern regions are rocky and stony, while
the northern soils are predominantly sandy loam.

Groundwater in the region is generally fresh. In the northern part and hollows,
it is found at depths of around 7 m, often surfacing as springs. However, in areas
near saline marshes, the groundwater is saline or bitter-salty and located at depths
of up to 25 m.

The area lies in a seismically active zone, where earthquakes with a strength
of 8-9 points have been recorded. The soil composition includes clay, loam, saline
soils, sand, and sandy loam.

The region experiences a moderate continental climate, characterized by dry
conditions on the plains and increased humidity in the foothills and mountainous
areas. Winter (December-February on the plain, November-March in the mountains)
is cold, mostly with cloudy weather. The prevailing daytime air temperature on
the plain is 0, -3°C, nighttime -5, -18°C (minimum -35°C), thaws over 16°C are
frequent, in the mountains respectively -7, -15°C and -39, -37°C (minimum -48°C),
thaws are rare.

Hydrography. The Chon-Kemin River has a predominant width of 20-40 m,
with depths ranging from 0,8 to 1,5 meters, and exhibits a flow rate between 1,8 and
3,0 meters per second. The riverbed is rocky, featuring small low outcrops, while its
banks are steep and occasionally precipitous.

The Kaskelen River measures up to 12 meters in width and approximately 0,5
meters in depth. In its mountainous sections, the flow rate reaches about 1,5 meters
per second, decreasing to 0,8-0,9 meters per second on the plains.

Steel rivers in the area are relatively small, with widths up to 10 meters and
depths up to 0.5 meters. Many of these rivers are regulated by earthen or, less
frequently, concrete dams, resulting in the formation of small reservoirs upstream.

The Big Almaty Canal is 10-16 m wide, 3-4 m deep, and has concrete slopes.
The remaining canals (aryks) are small.

Regime. Rivers and canals freeze in December, there is usually no continuous
ice cover on them, they break up in early March. Flood on the rivers is from April
to July, low water sets in in August.

Road network. The main Almaty-Bishkek highway has two asphalt concrete
carriageways, 8 m wide each, for the first 50 km. Highways with improved
asphalt pavement have a carriageway width of 7-9 m, and a roadbed of 9-16 m.
The remaining unpaved highways have a profiled roadbed 5-8 m wide, most often
without reinforcing additives; in wet weather, along with dirt roads, they become
very soggy and difficult to pass for vehicles. Bridges on the roads are reinforced
concrete, some are metal and wooden, the load-bearing capacity of bridges on paved
highways is from 30-40 to 100 tons, on other roads - up to 25 tons. Overcoming
the Zailiyskiye Alatau and Kyungey-Ala-Too ridges is possible by pack transport
along trails from June to September. The rest of the time, the passes are covered
with snow. Movement of pack vehicles outside of trails is only possible along river
valleys in dry weather.
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Methodology. The work uses a comprehensive approach, including:
measurements at the base station equipped with built-in sensors that record the
signal level, temperature, humidity and other parameters, monitoring at a certain
frequency for further analysis, data collection using remote devices for more accurate
measurements at the base station using spectrum analyzers and directional antennas.

Main content. In high-accuracy satellite data processing, two software packages
with distinct properties and applications stand out: BERNESE and SGO. Both are
primary tools for processing GNSS (Global Navigation Satellite System) data,
and numerous significant scientific studies have utilized these programs in various
research applications.

Bernese GNSS Software is a scientific, high-precision package designed for
processing data from multi-satellite Global Navigation Satellite Systems. Developed
at the Astronomical Institute of the University of Bern (AIUB) since the 1980s, it has
long been a cornerstone in geodetic research and operational applications. Widely
adopted in European and international networks—such as EUREF and IGS—it
efficiently handles a variety of satellite signals (including GPS, GLONASS, and
Galileo). One of its key strengths is its capacity to support and drive research into
new processing methods and the precise evaluation of GNSS orbits, ensuring that it
continuously evolves to meet the demands of modern satellite geodesy.

SGO (South Geomatics Office) is software package designed for a wide range of
geodetic, cartographic, and geoinformation services. It supports land exploration,
data collection and processing, map creation and updating, and geodetic monitoring.
For over two decades, SGO has integrated the Bernese GNSS Software into its
research, contributing significantly to scientific studies in satellite data processing.
In particular, SGO specializes in accurately determining geodetic coordinates,
calculating station velocities, and estimating atmospheric parameters (Author’s,
2024; Nurpeisova, et al., 2024).

Once the GNSS receiver is connected, the dedicated equipment for collecting
static measurements in RINEX format is activated. The necessary static observations
are then acquired for further processing. Initially, these static measurements are
recorded on the server, and subsequent daily measurement sessions are conducted.
The collected RINEX data is later processed to generate updated geodetic solutions.

Various methods and equipment are used to collect static measurements:

Measuring instruments at the base station. Modern stations are equipped with
built-in sensors that record signal level, temperature, humidity and other parameters.
This data is collected at a certain frequency and recorded for further analysis.

Data collection using remote devices. For more accurate measurements,
external devices such as spectrum analyzers and directional antennas are used at
the base station. These devices help evaluate the signal propagation and its quality
in different parts of the coverage area (Kim, et al. 2019; Alessandro, et al. 2021).

Automated monitoring systems. Such systems allow real-time monitoring of
the station’s operation, collecting data on signal quality and conducting automatic
analysis.
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To receive signals from GNSS satellites with a Choke Ring type device, the
South CR3-G3 (3rd generation) uhg GNSS antenna was used. It is designed for use
with a permanently operating GNSS base station (CORS).

- South CR-3 UHG provides stable phase center shift with an accuracy of less
than 1 mm.

- The antenna design with a 2D Choke Ring helps to achieve high performance
of multipath signal suppression.

- High gain antenna for low orbit satellites.

- Possibility of connecting a cable longer than 100 m without signal loss.

- Fully sealed main components, protection from dust and moisture. The antenna
is designed for continuous operation in adverse environmental conditions.

All numerical values are obtained through the South CR-G3 antenna (shown in
Figure 3).

Fig. 3. - South CR-3

Daily static data from stations BUCU, DRAG, GLSV, KIT3, POL2, TASH, and
ZECK were processed relative to the world base station. Geographic coordinates
were then determined in the ITRF2014 reference frame (which corresponds to the
WGS84/GRS80 ellipsoid) at the Fabrichny base station. The processed results are
summarized in Table 1.

Table 1 - Data processing indicators

Station | Latitude GMS Longitude GMS | Height (m) Geoid height (m) EGM2008
FABR 4310/ 7623 909.637 952.855
46.54600 40.26002

GNSS receivers first analyze the satellite signals received during measurements
and then process these data with specialized software. For instance, BERNESE
GPS Software (version 5.2) and the South Geomatics Office (SGO) tool- advanced
geographic information system for spatial data-are used to correct coordinates
and reduce measurement errors. The processed coordinate results are provided
in several formats: Table 2 lists rectangular coordinates based on the UTM43
projection (derived from the GRS80 ellipsoid and aligned with the ITRF2014
reference frame); Table 3 presents Cartesian coordinates; Table 4 shows geographic
coordinates; and Table 5 offers another set of rectangular coordinates.
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Table 2 -The Universal Transverse Mercator

Station Y (m) X(m) Zone | Ellipsoid height (m) | Geoid height (m) EGM2008
FABR 613333.875 |4781702.827 |43 909.637 952.855

Table 3- Cartesian coordinates, obtained results of ITRF2014.
Station X (m) Y (m) Z (m) Geoid height (m) ITRF2014
FABR |1095957.288 4528248.272 4342694.931 28/09/2024

Table 4- Geographic coordinates
Station Latitude GMS Longitude GMS | Height (m) Geoid height (m) EGM2008
FABR 43°10/46.54998 | 76°23/40.25009 |909.431 952.325

Table 5- Rectangular coordinates
Station Y (M) X(m) Zone Ellipsoid height (M) | Geoid height (m)

EGM 2008

FABR 613333.452 |4781702.015 |43 912.996 956. 325

Summarizing the GNSS processing results at the factory base station, the
determined coordinates and spatial position exhibit high accuracy. This level of
precision not only guarantees efficient station operation but also provides a robust
foundation for advancing the telecommunications network (Kenzhekhan, et al.,
2022; Nurpeisova, et al., 2025).

Discussion. During processing, raw static-mode GNSS data is collected and
then processed using specialized software - such as BERNESE or SGO. At this
stage, the processing algorithms account for satellite clock errors, atmospheric
effects, and orbital deviations, thereby refining the final position estimates for
enhanced accuracy.

This section presents the study’s results and a comparative analysis between the
two processing programs, BERNESE and SGO. Data processed by each software
are summarized in Tables 6 and 7. Comparison evaluates the key performance
criteria including accuracy, reliability, and processing speed - to assess the overall
performance of the two programs (Dosanov, 2019).

Table 6 - Relative error indicators

Criteria BERNESE (Accuracy) SGO (Accuracy)
Mean square error (MSE), m 0,4 0,6
Absolute errors (m) 0,3 0,5
Relative errors (%) 0,2 0,4

Table 7- Program reliability coefficients

Programs Reliability coefficient (%)
BERNESE 96
SGO 91

Data processing speed of the two programs is shown below:
- BERNESE: 18 minutes (in average).
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- SGO: 35 minutes (in average).

After receiving new geographic coordinates, they are entered into the server
via the web interface of the net S9 receiver, as well as into the nrseaglserver and
nrsstation programs, where the processed coordinates are named FABR _MSM4.

GNSS (Global Navigation Satellite System) is a global navigation system that
allows you to determine the coordinates of a point in space with high accuracy
using satellites. GPS, GLONASS (Figure 4) and other systems are part of GNSS
and are the main tools for taking accurate measurements.
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Fig. 4- Data Values FABR_ MSM4

Conclusions: Processing static measurements is critical for ensuring the
reliability and stability of base stations. Leveraging GNSS technologies in this
process enhances base station efficiency and supports the development of robust
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network infrastructure. Accurate and timely measurements help prevent equipment
failures, maintain high communication quality, and provide users with stable
connections. With increasing network load, automated systems for processing static
data meet the stringent requirements for data collection, processing, and information
provision. As a result, a well-maintained base station not only supports operational
decision-making but also provides a dependable technical and topographic basis
for network development and internet connectivity.

Daily static measurements from the Fabrichny base station—as well as data
collected relative to the world base station (BUCU, DRAG, GLSV, KIT3, POL2,
TASH, ZECK)—were processed to obtain geographic coordinates. The resulting
rectangular coordinates, expressed in the ITRF2014 system, demonstrated high
accuracy (see Tables 1-6).

The installed modern reference station offers several key advantages:

- High Efficiency and Accuracy: Enables real-time geodetic surveying.

- Ample Data Storage: Provides significant memory for data archival.

- Multiple Information Transmission Modes: Ensures flexible and reliable
connectivity.

- Portability: Easy transportation and deployment.

Additionally, the installation of the base station, the control of existing
trigonometric points, and the subsequent transformation to a conditional coordinate
system were carried out in full compliance with established guidelines and standards.

This study was carried out within the framework of the State Fund of the
Ministry of Health of the Republic of Kazakhstan AR23489372.
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