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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The article presents the results of surveying and geodetic surveys. Surveying
and GNSS monitoring of points of the state geodetic network aims to ensure the accuracy
and stability of geodetic measurements, which are necessary for various engineering
and scientific applications. This includes establishing and maintaining accurate geodetic
coordinates of points and monitoring their movement over time. The main task is
to establish and survey geodetic points that serve as standards for measurements in
various fields, including cartography, geology, construction etc. The points of the state
geodetic network are monitored using GPS technology to continuously track and record
changes in their coordinates and heights. One of the key challenges is to maintain the
stability and accuracy of geodetic points. This includes instrument maintenance and
calibration, as well as regular correction and adjustment of point coordinates. Geodetic
network points provide reliable geodetic data that is used in a variety of engineering and
scientific projects, including construction, surface deformation monitoring, mapping,
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etc. The state geodetic network is the basis for the creation of geodetic maps and
topographic data, which are necessary for navigation, land management and geodetic
modeling. Monitoring the movement of geodetic points can help in understanding and
predicting crustal deformation, including seismic activity. The State Geodetic Network
provides accurate geodetic coordinates and heights that are used in various fields such
as navigation, geographic information systems, and other applications.

Keywords: State geodetic network, monitoring, GNSS monitoring, risk, modeling

© I.C. Magumapoga'’, T.b. HypneiiicoBa!, /I. Kaiiparos', JI.H. CyaeiimeHoBa?,
II.A. KanryeBa', 2024
'K.U. CorbaeB arbiniarbl Kazak yJITTBIK TEXHUKAIIBIK 3€PTTEY YHUBEPCHUTETI, AJIMAThI;
*Onp-Dapabu areinaarsl Kazak yITTHIK YHUBEPCUTETI, AJIMATHI.
E-mail: madimarovagulmira69@gmail.com

KA3AKCTAH AYMATYBIHIAFBI MEMJUIEKETTIK I'EOAE3USJIBIK KEJIT
INYHKTTEPIHIH GNSS MOHUTOPHUHI'TH 3EPTTEY KOHE KYPI'I3Y

Maaumaposa I'yavupa CypadananeBHa — TeXHUKA FBUIBIMIAPBIHBIH KaHIUIATH, « MapKIIeiaepix ic
JKQHE Teoie3ms» KadeapacklHbIH KaybiMaacTeIpsutral npdeccopsl, K.J. Cor6aes arsiagars! Ka3ak yITTEIK
TeXHUKAJIBIK 3epTTey YHUBepCcHTETi, AnMatsl, Kazakcran
E-mail: madimarovagulmira69@gmail.com, https://orcid.org/0000-0002-9155-6332;

HypmneiimcoBa Toney:xkan BbaiidonoBHa — TexXHUKa FRUIBIMAAPBIHBIH KaHAWAATEL, «MapKieiaepiik ic
JKaHe reoe3ns» KapenpacsHbiH npdeccopsl, K.M. Corbaes arsiagars! Ka3ak yITTHIK TEXHUKAIBIK 3epPTTEY
yHUBepcuteTi, AnMarsl, Kazakcran

E-mail: ntb_2009@mail.ru, https://orcid.org/0000-0001-8162-6053;

Kaiipatoy Jlayter — «Mapkmeiinepiik ic »xoHe reoxesusi» kadenpackibly PhD moxropantsr, K.M.
CotbaeB atbiHaarsl Ka3ak YITTHIK TEXHUKAIBIK 3epTTey YHHBepcHTeTi, Anmatsl, Kazakcran

E-mail: kairatovd4@gmail.com, https://orcid.org/0000-0002-6586-5094;

CyneiimenoBa /lnana Hypo6axbitoBHa — PhD nokropant, Onbp-®apadu areiamarsl Kasak yiaTThIK
yHUBepcuteTi, AnMarsl, Kazakcran

E-mail: suleymenovad81@gmail.com, https://orcid.org/0000-0003-1880-0615;

KantyeBa Illunapkynbr AGexkoBHa — «Mapkmeiinepiik ic »xoHe Teone3us» KadeapachIHbIH CEHHOP
nextopsl, K.M. CarbaeB arsianars! Ka3ak yaTTHIK TEXHUKAIBIK 3epTTEY YHHUBEpCHTETi, AiMarsl, Kazakcran
E-mail: shnar 61@mail.ru.

AHHoTanua. Makanana TeoJe3usUIbIK 3€PTTEYNICPIiH HOTIIKENIEpl KENTIpUIreH.
Kazakcran aymarblHIarbl MEMJICKETTIK TEOAC3MSUIBIK kel MyHKTTepiHiH GNSS
MOHHUTOPHHTIH 3€PTTEY )KHE KYPTizy, 9pTYP:Ii MHKESHEPITiK )KOHE FHUIBIMU KOCBIMILIANIAP
YIIH Ka)XeTTl Te0Ae3MsUTbIK OnmeMaepaiH JoNAIri MeH TYPAaKThUIBIFBIH KaMTaMachl3
€Ty MaKcaTblHa ue. byl HyKTenep/iH HaKThl Te0Ae3HsUIbIK KOOPIMHATTAPBIH MyHKTEPiH
OpHATYBIHKOHE CaKTay/Ibl, COH/Ial-aK 0JIapIbIH yaKbITOOMBIHIIIA KO3FaIbICHIH OaKbLIaY bl
KaMTHIbL. [€0e3nsuIbIK  MyHKTTEp/i OpHATY *OHE 3epTTey OapbhIChIHIA, COHNAM -aK
Kaprorpadus, TreoJloTHsl, KYpbUIBIC KOHE TaFbl 0acka camajapiaa eJjleM any YIIiH,
ATAJIOH PETIH/IE KhI3MET aTKapaThlH HETI3r1 MIHJETTI OOJbIN caHanaabl. MeMIIEKETTIK
TeOMe3MsUIBIK JKeNli TYHKTTEpl ONapAblH KOOPAMHATTApPbl MEH OWiKTiKTepiHzeri
e3repicTepii TypaKkThl OaKpUIay KoHe Tipkey yuriH GNSS-TeXHONOTHICHIH Naliaanana

180



ISSN 2224-5278 1. 2024

OTBIPBIIT MOHUTOPUHITEH oTeai. Herisri MinaeTTepain 0ipi-reoae3usyIblK MyHKTTepAiH
TYPaKTBUIBIFBI MEH JONIAITIH cakTay. byraH Kypanaapra TEXHUKaJIBIK KbI3MET KOPCETY
KOHE KaluOpliey, COHIai-aK »IeMEHTTEPAiH KOOPAMHATTAPbIH YHEMi KOppeKIHsay
XKOHE Ty3eTy Kipeni. ['eone3usuibk TOp MyHKTTEpl KYpPBUIBICTA, JKEP KBIPTHICHIHBIH
nedopManusIapbiH OaKbLIay, KapTanap )Kacay *KoHe T.0. Koca, 9pTYpIli HHKEHEPIIiK KoHe
FBUIBIMU JKOOaJIap/ia KOJNJIAHBLIATHIH CEHIMJII TeOJe3UsUIBIK JICPEKTEePIiH KO3l OObII
TabbUIaAbl. MEeMJIEKETTIK Te0Ae3HsIIbIK TOP HABUTALMIA, Kepre OPHAJIACTBIPY JKOHE
reoJe3UsUIBIK MOJETIbICY YIIIH KaKeT, Te0Je3MsUIbIK KapTaniap MEH TOHNOrpagHsuIbIK
JepeKTepIi skacayra Heri3i 0ombIn TadbuIaabl. [eone3nsuIblK HyKTeaepaiH KO3FalbIChIH
0akpulay >Kep KBIPTBICBIHBIH JAe()OpMalMsUIapblH, COHBIH ILIHAE CEHCMMKAaIBIK
OeJICeHAUTIKTI TYCiHyre »oHe Ooimkayra KeMekTecedi. MEeMIIEKETTIK T'eOAe3UsIIbIK
TOp HAaBUTALMs, Te0aKNapaTThIK XKyHenep koHe 0acKka KOCBHIMIIANAp CHUSKTBI opTYpIi
cajanapia KOJJAHBUIATBIH J9J] TIEOAC3MSIIBIK KOOpAMHATTAp MeH OHWiKTiKTepai
KaMTaMachl3 eTel.

Tyiiin ce31ep: MEMIIEKETTIK T€OAE3HIIBIK TOP, MOHUTOPUHT, GNSS MOHHUTOPHHT1,
ToyeKel
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AHHoTammsa. B crarbe mnpuBeneHbl pe3yslbTaThl HCCIEAOBAHUHM T'€0/I€3MYECKHUX
n3pickanun. OOcnemoBanne W mpoBeneHrne GNSS  MOHHTOpUHra MYHKTOB
rOCyIapCTBEHHOM reojie3nueckoil cetn Ha Tepputopun KazaxcraHa, MMeeT ILelb
00ecreunTh TOYHOCTh M CTAOMJIBHOCTh TEOJEC3UUECKUX H3MEPEHHid, KOTOphIe
HEOOXOIUMBI IS Pa3UUHBIX MHKCHEPHBIX U HAYyYHBIX HNPUIOKEHUH. DTO BKIIOUACT
B ceOsl yCTAaHOBJIIGHHE M TOAJECp)KaHUE TOUHBIX T'€OAC3MYECKUX KOOPAHMHAT ITYHKTOB,
a TaKke MOHUTOPHMHI MX JIBUXKEHHs BO BpeMeHH. OCHOBHas 3ajada 3aKJIIO4aeTcs B
YCTaHOBJICHUH U 00CIIeIOBaHIH T'€0IC3NUECKUX YHKTOB, KOTOPBIE CITYyKaT ATallOHAMH
JUIE M3MEPEHWH B PasNUyYHBIX O00JacTsAX, BKIIOYas KapTorpaguio, TeoJIOTHIO,
CTPOUTENBLCTBO U ApyTHE. [IyHKTBITOCYAapCTBEHHOM FE€OA€3UYECKOM CETU IIOJIBEPTAIOTCSL
MOHHUTOPUHTY ¢ Hcrob3oBaHueM GNSS-TexHOI0ruu A7 MOCTOSHHOTO OTCIIEKUBAaHUS
1 PEruCTpallii U3MEHEHUH B UX KOOpAMHATaX U BbicoTax. OAHON U3 KIIIOUEBBIX 3314
SIBIISIETCSl TOAJIEpKaHUE CTAOMIBHOCTH W TOYHOCTH T'EOAC3MYCCKHX ITYHKTOB. OJTO
BKJTIOYaeT B ceOst 00CIIyKUBaHNE U KAIMOPOBKY HHCTPYMEHTOB, a TAaKXKe PEryisipHOe
WCIPABICHUE W KOPPEKIHUIO0 KOOpPAMHAT IYyHKTOB. I[IyHKTBI Teoje3ndeckoll cetu
SIBIISIIOTCS. NCTOYHUKOM HAJIeKHBIX T€0A€3UUECKUX JaHHBIX, KOTOPbIE HCIIOJIb3YIOTCS B
Pa3IMYHBIX HHKEHEPHBIX U HAyYHBIX IPOEKTAaX, BKIIOYasi CTPOUTEIHCTBO, MOHUTOPHHT
neopManuii 3eMHOHM KOpBI, CO3JaHHE KapT W MHoroe apyroe. locymapcTBeHHas
reojie3uyueckass CeThb SIBIETCS OCHOBOM JUId CO3JJaHMs TeOJEe3WYEeCKUX KapT u
Tonorpa)uuecKux JaHHBIX, KOTOPbIE HEOOXOIUMBI Ul HABUTALIMH, 3€MIICYCTPOICTBA
1 T€0JIE3NYECKOT0 MOJIEIMPOBAaHUS. MOHUTOPHUHT JIBUKEHHS T'€0/Ie3UYECKUX MTyHKTOB
MOXET IIOMOYb B TOHUMaHUH U TPOTHO3UPOBAHHUH AepopMannii 3eMHOM KOPBI, BKIIOYast
CeiCMUYECKyI0 aKTUBHOCTb. [OCymapcTBeHHas reoje3nueckas CeTb 00eCHedHBaeT
TOYHBIE T€0/Ie3NYECKNE KOOPAMHATHI U BHICOTHI, KOTOPBIE UCIIOIB3YIOTCA B Pa3IMUHBIX
00J1acTsIX, TAKUX KaK HABUTALHsI, TCOMH(POPMAIIMOHHBIE CUCTEMBI U APYTHE IPHI0KEHHSL.

KuaroueBble cioBa: [ocynapcTBeHHas reojesuyeckas cetb, MoHUTOpuHE, GNSS
MOHHMTOPUHI, PUCK

Introduction

Survey and GNSS monitoring of points of the state geodetic network stability
and accuracy of geodetic data are fundamental for the development of the country's
infrastructure and economy, seismic activity in the region makes it necessary to monitor
changes in geodetic coordinates, which can help in predicting and mitigating seismic
risks, updating and maintaining the geodetic network is a key element of geographic
information systems, allowing for more efficient management of resources and
development of science and technology, modern geodetic systems are a key element of
the geodetic network.

All of the above factors emphasize the importance of surveying and GNSS monitoring
of Kazakhstan's state geodetic network to provide reliable and up-to-date geodetic data
for various fields, which ultimately contributes to the sustainable development of the
country.

To carry out survey and GNSS monitoring of government geodetic network points,
there are some key areas and works that can be useful in performing this task: General
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principles of geodetic network and GNSS monitoring "Adjustment Theory for Geodetic
Networks" by P.G. Teunissen - this book presents the theory and methodology for
regularized solution of geodetic networks (Dementiev, 2018: 591; Kumar et al., 2021:
7), " GNSS for Geodesy" by J. Doi - review of methods and principles of using GPS
in geodesy; Setting up and surveying geodetic reference frames: "Geodetic Reference
Frames" by Hans-Peter Plag and Michael Pearlman - an overview of standards and
methods for creating and maintaining geodetic reference frames, Regional and national
guidelines and standards for geodetic networking and monitoring issued by relevant
geodetic organizations; GNSS Point Traffic Monitoring: "GNSS Theory: Algorithms
and Applications" by B. Hofmann-Wellenhof, H. Lichtenegger, and J. Collins - an
extensive guide to the theory and practice of GNSS, including traffic monitoring and
"GPS Satellite Surveying" by Alfred Leick - a book covering GPS technologies for
geodesy and monitoring; Software for processing GPS data: "GNSS Data Processing"
by Demoz Gebre-Egziabher - a description of methods and tools for processing GPS
data and Commercial and free programs such as Trimble Business Center, Leica Geo
Office, and RTKLIB, which are used for GPS data processing; Applications of GNSS
Monitoring: Scientific articles and reports on the application of GPS monitoring in
various fields such as seismology, geodynamics, engineering projects, etc (Absametov,
2022: 12).

The main objectives of the survey are establishing and surveying geodetic points;
GNSS monitoring; maintaining stability and accuracy and providing reliable geodetic
data.

Research methods and materials

Satellite determinations made by relative methods (from the highest order to the
lowest class) provide a qualitative determination of plan coordinates and heights in the
system of coordinates and heights of geodetic base points, because there is a rigidity
frame of the geometric figure (justification network configuration) for better equalization
and error distribution.

When performing satellite determinations, the elevation of the satellites above the
horizon was 15°, since otherwise the data obtained would have been distorted by the
influence of atmospheric refraction.

The second generation global navigation satellite system is a system consisting of a
constellation of navigation satellites, monitoring and control services and user equipment,
which allows you to determine the location (coordinates) of the consumer receiver
antenna with an accuracy of +/- 0.5 cm in plan and 1 cm in height (Myngzhassarov et
al., 2020: 4; Remondino, 2011: 1104).

The essence of satellite technology for the development of survey justification and
surveying of the situation and relief is the use of a global navigation satellite system and
a computer processing system (computer and software) to obtain the coordinates and
heights of terrain points (points of survey justification and survey pickets).

Research results

The influence of the configuration of the satellite constellation on the accuracy of
satellite determinations is characterized by the factor reducing the accuracy of DOP
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(dilution of precision), which is the ratio of the root mean square error in position
determination to the root mean square error in measuring distances to the observed
satellites. The DOP factor has several types, the main ones are given in Table 1.

Table 1. DOP factor

DOP type Designation Defined parameters

Geometric GDOP coordinates, height, time

Positional PDOP coordinates, height

Horizontal HDOP coordinates
Vertical VDOP height

The DOP factor is characterized by a dimensionless value that varies within the first
tens. The highest accuracy of satellite determinations is achieved with the lowest DOP
values. In our case, it did not exceed the permissible values.

The configuration of a satellite constellation ideal for satellite determinations is
achieved in the case when one of the satellites is at the zenith, and the rest are evenly
distributed around a circle with the center at the determined point so that their elevation
above the horizon is 20°, which was used in the field.

To implement relative satellite definitions, 4 (four) receivers are used, two of which
are base stations, and the other 2 are mobile.

At the first stage of field topographic and geodetic work, a reconnaissance of the area
was carried out. Work on reconnaissance and inspection of points includes finding a point
on the ground, determining the safety of the center and external design (Nurpeissova
et al., 2023: 5). An examination of geodetic points was carried out to determine their
condition and suitability for use when performing topographic and geodetic work. When
searching for GGS points, travel to almost all points was carried out along existing field
roads. All points were discovered through visual detection and using topographic maps
at a scale of 1:100,000. A detailed description was compiled for each point, its location,
and the condition of the external sign (center, mark).

A set of geodetic measurements and calculations was carried out in order to update
data on existing and lost points of the state geodetic network on the territory of the
Aksukent.

The Aksukent village is the administrative center of the Sairam district of the
Turkestan region of Kazakhstan. It is located 3 km northeast of the city of Shymkent on
the Aksu River. The Almaty - Tashkent highway passes through Aksukent.

At this stage, materials from the geodetic coverage of the work area were collected
and studied, reconnaissance and inspection of points of the state geodetic network were
carried out for the presence and their safety. All points of the state geodetic network
within the boundaries of the settlement and within a radius of 5 kilometers from
Aksukent were subject to inspection (Abdallah et al., 2022: 8; Technical 2022: 89).

During field topographic and geodetic work, marking and measuring the coordinates
of identification marks using the RTK method in the amount of 19 pieces from the
reference base station GEOKURS LLP - Shymkent (Figure 1).
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Figure 1. Layout of benchmarks in Aksukent

Topographic and geodetic surveys carried out an inspection of points of the state
geodetic network and collected and studied materials on the geodetic coverage of the
work area (Madimarova et al., 2022: 9).

All points of the state geodetic network within the boundaries of a populated area
and within a radius of 5 kilometers from the populated area, having coordinates and
heigts in the local coordinate system, were subject to inspection. (Figure 2).

Figure 2. Layout of geodetic control points
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When performing field topographic and geodetic work, satellite geodetic equipment
from Trimble, model R8s, was used, in the amount of 4 units.

New generation technology of the Global Positioning Satellite System GNSS (Global
Navigation Satellite Systems) of the new generation GNSS, improved in measurement
accuracy, was used, simultaneously tracking many types of modern satellite systems
and signals for reliable determination of coordinates and marks:

GPS: L1C/A, L1C, L2C, L2E, L5

GLONASS: L1C/A, L1P, L2C/A, L2P, L3

BAS: L1C/A, L5 (For SBAS satellites supporting L5)

Galileo: E1, E5A, E5

BeiDou (COMPASS): B1, B2

OmniSTAR, HP services, XP, G2, VBS

QZSS, WAAS, EGNOS, GAGAN

The locations of all designated points were obtained using global navigation satellite
systems, from both absolute and relative determinations.

Satellite determinations made by relative methods (from the highest order to the
lowest class) provide a qualitative determination of plan coordinates and heights in the
system of coordinates and heights of geodetic base points, because there is a rigidity
frame of the geometric figure (justification network configuration) for better equalization
and error distribution ( Shults et al., 2023:100).

When performing satellite determinations, the elevation of the satellites above the
horizon was 10°, since otherwise the data obtained would have been distorted by the
influence of atmospheric refraction (Madimarova et al., 2020:10).

The existing points of the state geodetic network (hereinafter referred to as GNS)
were taken as the starting points that served as the plan-height basis: triangulation
points of the II, Il and IV classes ggs593.1, ggs939.2, gns553.7, gns593. 1, Pp.1, Pp.
693.0/0679, Pp.707.3, Pp.756.5/4740.

In order to bring the geodetic network to a density that ensures the necessary accuracy
of topographic and geodetic work, base stations were installed at two GGS points and
from them the geodetic network was thickened in the survey areas by triangulation
using the GNSS satellite system with increased accuracy technology of the GNSS class
model R8 from Trimble, USA (Shults et al., 2023: 2813). The base stations were later
equalized in the ITRF system (Figure 3). The Z-axis error is indicated by the color of the
ellipse. Errors in the plan are displayed by the shape of an ellipse.
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Figure. 3. Positions of reference and control points and error assessment

The calculated positions of control points are marked with a black dot, control points

- with crosshairs Table 2-3.

Table 2. The average quadratic error of the reference quadratic

Amount of The average The average The average The average square Total
points square error, X | square error, Y | square error, Z erTor, (cm)
(cm) (cm) (cm) XY (cm)
18 226123 2.58076 3.96759 3.43126 5.2455
Table 3. MSE of reference points. X - Longitude, Y - Latitude, Z - Height.
Point ID | The average square The average square The average Total (cm) Picture
error, X (cm) error, Y (cm) square error, Z (pix)
(cm)

1 -4.07969 -1.47414 2.58773 5.05107 0.100 (8)
2 -1.41762 -4.31768 6.08418 7.59403 0.207 (14)
3 1.09827 -3.81274 9.41793 10.2196 0.218 (13)
4 1.98526 -2.55922 -0.916726 3.36619 0.171 (12)
5 1.43908 -0.420829 3.19438 3.52876 0.215 (18)
6 -0.490728 -0.10036 -1.80412 1.87236 0.146 (17)
7 2.76612 1.69598 -0.693164 3.31786 0.250 (14)
8 -0.249166 1.41113 0.920149 1.70295 0.274 (15)
9 -4.32404 1.02325 1.4709 4.68059 0.099 (8)
10 -0.43251 1.42023 3.3809 3.6925 0.168 (21)
11 -3.06216 -3.89493 3.03896 5.81227 0.154 (19)
12 -4.30502 3.1369 1.45281 5.52124 0.243 (18)
13 0.871924 2.65641 0.947315 2.95198 0.169 (5)
14 1.03601 2.442 -0.199368 2.66015 0.125 (11
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15 -1.44298 0.159753 7.2166 7.36119 0.243 (14)
16 0.690521 -5.50172 2.46947 6.06993 0.199 (13)
17 -2.28901 0.706045 0.0164791 2.39548 0.274 (15)
18 -1.33582 -1.02072 7.15959 7.35432 0.225 (14)
Total 2.26123 2.58076 3.96759 5.2455 0.206

The measurements were carried out in static mode by carrying out simultaneous and
continuous measurements for 1 hour with registration of signals from satellites after 5
seconds with an elevation mask above the horizon of 10 degrees.

Stationary tripods and optical triggers were used to install and center satellite
antennas at control points. Height measurements were carried out with a metal meter
with a scale step of 0.001 m.

Within a radius of up to 5 km, satellite observations at survey justification points
(identifiers) were carried out in RTK mode by taking measurements within 5 seconds
from its own radio modem installed at a known point, adjusted in ITRF coordinates and
heights.

For control and quality assurance purposes, after installation of the equipment at a
known point, control measurements were carried out at another known point.

Conclusions

A complex of geodetic measurements and calculations has been performed in order
to update data on operating points of the state geodetic network. As well as identified
UPC at the GGS reference points by triangulation using the GNSS satellite system.
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