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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.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) 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.
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Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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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

ZHOLTAEV 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

AGABEKOYV 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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© M. Nurpeisova!”, G. Dzhangulova?, O. Kurmanbaev?, Z. Sarsembekova?,
A. Ormanbekova!, Y.Kh. Kakimzhanov?, 2024
'Kazakh National Research Technical University named after K.I. Satpayev, Almaty,
Kazakhstan;
?Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: marzhsn-nurpeisova@rambler.ru

CREATION OF GEODETIC REFERENCE NETWORK FOR MONITORING
TRANSPORT INTERCHANGES IN SEISMIC AREAS

M. Nurpeissova — doctor of technical sciences, Kazakh National Research Technical University named after
K.I. Satpayev, Almaty, Kazakhstan

E-mail: marzhan-nurpeissova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

G. Jangulova — Candidate of Technical Sciences, Al-Farabi Kazakh National University associate professor
E-mail: gulnsrzan@gmail.com, https://orcid.org/0000-0002-7866-1031, Scopus ID: 57194095369;

O. Kurmanbayev —— PhD, Associate Professor, Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: olzhas_ak@list.ru, https://orcid.org/0000-0002-4867-6910;

Z. Sarsembekova — PhD student, senior lecturer of Al Farabi Kazakh National University, Almaty, Kazakh-
stan

E-mail: sarsemberova zeynep @gmail.com, https://orcid.org/57459542700;

A. Ormanbekova — PhD student, senior lecturer of Kazakh National Research Technical University named
after K.I. Satpayev, Almaty, Kazakhstan

Kakimzhanov Yerkin Khamitovich — Al-Farabi Kazakh National University. Faculty of Geography and En-
vironmental Sciences. Department of Cartography and Geoinformatics, PhD of Geographical Sciences

E-mail: erkinkakimzhanov@gmail.com, https://orcid.org/000-0002-1919-6459.

Abstract. Article presents information on creation of the reference geodetic net-
work for organization of geodetic monitoring of a long bridge, in particular the Momyshuly
Street — Raimbek Avenue interchange in Almaty, Republic of Kazakhstan. Almaty is lo-
cated in a high seismic activity region. Issue of using satellite positioning technology to
create reference geodetic network is considered. Overview of both classical methods of
geodetic observations and modern devices and technologies used to determine quantita-
tive characteristics of bridge deformations is given. Original technology of direct satellite
measurements with analysis of its accuracy is presented. Results. Methodology for creating
reference network for monitoring bridge deformations has been developed. Research results
have been implemented in the project “Development of innovative methods for forecasting
and assessing the state of engineering structures to prevent technogenic emergencies” and
have also been used in the educational process. Scientific novelty. As a result of research
work, following have been created and implemented in production:

- diagram of reference geodetic network of bridge location area;

-developed reference geodetic point of forced centering (FCP), which allows in-
creasing productivity and accuracy of observations;

Novelty of developed network and point design are confirmed by the Certificates
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of the Republic of Kazakhstan for work of science. Practical value. Results obtained can
be used to improve level of industrial safety at other facilities and minimize risks caused by
seismic activity in the area.

Keywords: bridge, deformations, monitoring, reference geodetic networks, satel-
lite positioning, geodetic observations, accuracy assessment

Acknowledgment, funding: This work was carried out within the framework of the
program of the Committee of Science of the Ministry of Internal Affairs of the Republic of
Kazakhstan AR19680130 «Ensuring industrial and environmental safety, and completeness
of the mineral extraction in terms of the Earth’s surface sinkhole hazard»

© M. Hypneiiicoa*, I. ’Kanryiosa?, O. Kypman6aes?, 3. CapcemdexoBa’,
A. OpmanGekoBa’,
E.X. Kakumskanos?, 2024
'K.U. CorbaeB atbinnarbl Kazak yITTBIK TEXHUKAIBIK 3€PTTCY YHUBEPCUTETI, AJIMATHI,
Kazakcran;
*anp-Dapabu aTeiHaarel Ka3ak yITThIK yHHBEpCUTETi, Anmarsl, KasakcraH.
E-mail: marzhan-nurpeissova@rambler.ru

CEMCMMKAJIBIK AYJAHJAPIAFBI KOJIK APBIKTAPBIH
MOHUTOPHUHITEY YIIIH TEOJE3USLUIBIK TIPEK TOPABBIH KYPY

M. HypneiiicoBa — texunka reutbiMa. 1okTopbl. K.M. CatbaeB aTbiHaarsl Kazak YIITTHIK TEXHUKAIIBIK 3€pTTEY
YHHBepCHUTETIHIH Tpodeccopsl, Anmarsl, Kazakcran

E-mail: marzhan-nurpeissova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

I'. ’KanryJ10Ba — TeXHUKA FBUIBIM/IAPBIHBIH KaH T IATHI, altb-Dapadu aTeiHiarsl Kazak yITTHIK YHUBEPCHTETIHIH
npodeccopsl. Anmatsl, Kazakcran

E-mail: gulnsrzan@gmail.com, https://orcid.org/0000-0002-7866-1031, Scopus ID: 57194095369;

0. Kypman6aeB — PhD nokropsl, ans-®Dapadu aTbianarel Kazak YATTBIK YHUBEPCHTETIHIH acCOILIIPO(CCOphI
. Anmarel, Kazakcran

E-mail: olzhas ak@]list.ru, https://orcid.org/0000-0002-4867-6910;

3. CapcemoexoBa — PhD nokropanT, anb-Dapabu aTeiHaarbl Ka3ak YITTBIK YHUBEPCUTETIHIH aFa OKBITYIIBICHI,
Anmartel, Kazakctan

E-mail: sarsemberova zeynep @gmail.com, https://orcid.org/57459542700;

A. Opman6GexkoBa — PhD nokxropant, K.1M. CorbaeB arbiHmarsl Kazak YNTTBIK TEXHUKAIBIK 3EpPTTCY
YHHBEpCHTETIHIH Tnpogeccopbl, AnMatsl, KazakcraH.

Kakum:xanos Epxnn XamutoBnd— KazHY um. Anp-®apadu. Dakyneret reorpaduu i mpHPOI0IOIb30BaHHS.
Kadenpa xaprorpadun u reonndopmaruxu, PhD nokrop reorpapudecknx Hayk

E-mail: erkinkakimzhanov@gmail.com, https://orcid.org/000-0002-1919-6459.

Aunnoranusi. Makamana Kazakcran Pecrryommkacel, AMarsl Kajgackl MOMBITIIVITBT
kemieci - PallbIMOEK MaHFBIIBI KONIK aWpBIFRIH KOCa alFaHma, KajJaapaiblK KOTipIiH
TCOAC3USIIBIK  MOHHTOPHHTIH VHBIMAACTHIPY VIIIH  TEOAE3WSIIBIK TipeK TOopaObIH
KYpy Typaibl 3€pTTe€y >KYMBICTAPBIHBIH HOTWIKENEpl KeNTipireHChIHBUIABL. AJMaThl
CeHCMUKAIBIK OCJICEHUTIT JKOFaphl ayJlaHia OpHAajJacKaH. | eome3msuIblK TipeK JKEeTiciH
KYpy YIIiH CIIyTHHUKTIK TO3WIHANAY TEXHOJOTHACHIH KOJIaHy MaceJeci KapacThIPhLIy/Ia.
KiraccukanbIk reofie3usiblK Oakpliay oficTepine ne, Kolrip aehopManusiIapbIHbIH CaHIBIK
CUMaTTaMaJIapblH aHBIKTAY YIIIiH KOJIaHBIIATHIH 3aMaHayH acTanTap MeH TEXHOJIOTHsIIapFa
oy skacanansl. OHBIH IOJIITIH TaIgai OTBIPHIII, TIKEeJIEH CITy THUKTIK OJIIICYIiH TYITHYCKA
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TEXHOJIOTUsCH! YehiHbUTFaH. Hotmxkenepi. Kemipnepain nqegopmanusiapsid 6akpuiay YIiiH
TipeKk TOpaObIH KYpy oiicTeMeci »xacalabl. 3epTTeyaiH HoTtmxkenepi  «TexHOoreHmiKk
CHUIATTaFbl TOTCHIIIE JKaFJaiap/AblH aj/IblH aly YIIIH HHXEHEPIIK KYphUIBICTAp/IbIH Kaki-
KYHiH Oommkay MeH Oaraiay[blH WHHOBALMSUIBIK SIICTEPiH 93ipiey” KoOachlH OpBIHIAY
Ke31HJIe OHJIPICeH eHTI3UIl, COHJai-aKk OKy MpOICCiHAe NainaiaHpulabl. FhUIBIMU
KaHAIBIFBL. JKypri3iireH FhUIBIME 3€PTTeY KYMBICTAPBIHBIH HOTHIKECIE:

- KeIlip OpHAJIaCKaH ayJlaHHbIH T'eOJC3USUIBIK TIPEK TOPAObI KaCaJIbIHIIbI,

- OakpliaynapiblH OHIMAUIIIT MEH IONIIriH apTThpyFa MYMKIHIIK OepeTiH

maxOypuen nentpieynin (JKLIT) a3ipaeHreH reone3usuibiK TipeK MyHKT 9CIpICH/I;

O3IpJeHIeH TIpeK TOpaObl MEH IMYyHKT KOHCTPYKUMSCHIHBIH YKAHAJIBIFBI FHUIBIM
TybiHAbICBIHA KP  KyomikrepiMmeH pactanabl. [IpakTHKanblK KYHABUIBIK. AJIBIHFaH
HOTIOKENep 0acKa HbICaHapaFbl OHIIPICTIK KAYINCI3 K JICHI€HiH apTThIPY KOHE ayJJaHHBIH
CeliCMUKaChIHAH TyBbIHAAFaH ToyeKeNepAl a3aiTy YIIiH maigaaaHbuTybl MYMKIiH.

Tyiiin ce3nep: kerip, Aepopmanusiap, MOHUTOPUHI, TeOC3USIIBIK TIPEK TOpaOHI,
CIIYTHUKTIK TIO3UIIMSLIIAY , TEOJIE3USIIBIK OaKbLIayaap, IJIIKTI Oaranay
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AunHoTanus. B cTaThe mpuBENEHBI CBEACHUS U PE3yJbTaThl CO3IAHUS OMOPHOMN
re0/Ie3NYECKO CeTH Ul OpraHU3aluu Te0Je3NUYeCKOr0 MOHUTOPUHTA MOCTa OOJBLION
MPOTSDKEHHOCTH, YaCTHOCTH TPAHCIOPTHOM Pa3Bs3KU yIHIA MOMBIIIYIBl — MPOCIEKT
Paumbeka B roposie Anmartsel, PecriyOnnka Kazaxcran. AiMaThl HAXOJIUTCS B [TOBBIIIICHHOM
CEeHCMUYECKOM aKTUBHOM peruone. PaccmaTtpuBaeTcst BOMpOC 0 IPUMEHEHHH TEXHOJIOTHH
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CITyTHUKOBOT'O TO3MIIMOHUPOBAHUS [UIS CO3/IaHMs OLIOPHOM reoie3udueckoii cetu. Jlan 0030p
KaK KJIACCHYECKUX METOJIOB I'e0/Ie3NUECKUX HAOIIOICHHH, TaK U COBPEMEHHBIX MPUOOPOB
U TEXHOJIOTHH, TPUMEHSIEMBIX JUIS OIpENeNCHUS KOJIMYECTBCHHBIX XapaKTEPUCTUK
neopmanuii  MocToB. IlpuBeJeHa OpUTHMHAJIBHAS TEXHOJOTHS HETOCPEICTBECHHBIX
CITyTHHKOBBIX M3MEPEHHH C aHAIM30M ee TOYHOCTH. PesynbraThl. Paspaborana meroauka
CO3/IaHHs OTOPHOM CeTH /IS BEACHHS MOHHTOPHHTA JedopMaiuii MOCTOB. Pe3ynbTarsl
UCCIIeI0BaHU I BHEIPEHBI IIPH BBITTOJTHEHUHU TPOeKTa « Pa3paboTka ”THHOBAIIHOHHBIX METOJIOB
MPOTHO3UPOBAHMS Y OIICHKH COCTOSIHUSI MH)KCHEPHBIX COOPYKESHUH IS TIPe Ty IPEKACHHS
YpEe3BBIYAIHBIX CHTYAIIMH TEXHOTCHHOTO XapaKTepa», a TAKKe MCIIOIb30BAHbI B y4EOHOM
npouecce. Hayunast HoBu3Ha. B pe3yibrare MpOBENEHHBIX HAY4HO-HCCIIETO0BATEIBCKUX
paboT CcO37aHBl M BHEJPCHBI B TIPOU3BOACTBO!

- CXeMa OIIOPHOM T'e0/Ie3NYECKOM CeTH palioHa PacIoNOKEHUS MOCTa;

- pa3pa0OTaHHBIA  OMOPHBIM  TEOJE3MYECKUH MYHKT IPUHYAUTEIBHOTO
nentpuposanus (I1I11]), mo3BosIONIME MOBBICUTH MPOU3BOAUTEIBHOCTS U M TOYHOCTD
HaOmonennid. HoBu3Ha pa3pabOTaHHON CeTH M KOHCTPYKIMH IYHKTA IOJTBEPKICHBI
ceugerensctBamu PK. [Ipaktiyeckas neHHOCTb. [lomydeHHBIC pe3ysbTaThl MOTYT OBITh HC-
TIOJIE30BaHbI ISl TOBBILICHHS YPOBHS IPOM3BOJICTBEHHOW 0€30MaCHOCTH Ha IPYTHX O0BEK-
TaxX ¥ MUHUMH3AIMU PHCKOB, BBI3BAaHHBIX CEHCMHKOM paiioHa.

KaroueBsble cnoBa: mocm, depopmayuu, MOHUMOPUHE, ONOPHbIE 2e0de3uyecKue
cemu, CITyTHUKOBOE ITO3HIIMOHHPOBAHUE, 2e00e3utecKue HabnooeHus , OUeHKa TOUHOCTH

Introduction

In recent years, many transport interchanges have been built in Almaty, such as
Saina -Monke bi, Seifullin-Zhandosov, Al-Farabi-Ryskulov, Momyshuly-Raimbek and oth-
ers. Almaty is located in specific engineering and geological conditions and is in the zone
of influence of strongest earthquakes of the Northern Tien Shan. In addition, city territory
is crossed by tectonic faults in all directions. In these conditions, forecasting problem of
technical condition of structures under construction and in operation becomes acute. Its
solution is provided by geodetic monitoring. Intensive development of Almaty, expressed in
changes in its layout, emergence of new large engineering structures, such as interchanges
and long-distance bridges within the city limits, and borders expansion affect the size and
load of geological faults. In this regard, seismic condition accounting of cities and urbanized
areas represents practical interest.

Object of the study is the traffic interchange at the intersection of Baurzhan Mo-
myshuly street and Raimbek Avenue. In geomorphological terms, site under study is located
within the foothill sloping plain extending north from foothills of the Zailiyskiy Alatau (Fig.
1).

Geological structure. Geological and lithological structure of site includes alluvial-
proluvial Upper Quaternary deposits. In lithological terms, they are represented by pebble
soils covered by loess-like loams, rarely by sandy loams. To detail geological and lithological
section, 51 boreholes, 10,0-18,0 m deep each, were drilled on the site. A total of 806,0
running meters were drilled, including 49,0 m by a borehole (on bulk soils).
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Fig. 1 - Bridge along B. Momyshuly Street - Raimbek Avenue

Below, pebble gravels with sand filler up to 20-30 %, low-moisture, with inclu-
sion of boulders up to 25-30 %, are exposed (in wells NN1; 4; 5; 7; 8; 11; 12 to a depth of
6.0-6.7 m, pebble soils with loamy filler). Exposed thickness of pebble gravel is 4,9-14,2
m. (Nusipov, 2001; Medeu et al., 2018).

In hydrogeological terms, construction site is located within regional depression
funnel of the Alma-Ata water intake system. According to research of the KazGIIZ Institute,
in the 1970s, groundwater in this area was at a depth of less than three meters, in 1990-92
at a depth of 610 m, in 2005-2006 groundwater level was about 4,5 m.

Seismic engineering conditions of construction site. Construction site of the Raim-
bek Ave. - Momysh Uly interchange is located in the zone of possible manifestation of the
Almaty tectonic fault on daylight surface, which is confirmed by results of archive materials
of the Kazakh Geotechnical Survey Institute (KazGII). In KazGII, according to preliminary
developments and world data, when designing and constructing on requested site in fault
zone, acceleration and displacement values should be increased by 20 %, i.e. taken with a
coefficient of 1,2, in relation to similar seismic engineering conditions outside fault mani-
festation zone. According to Comprehensive Seismic Zoning Map of Almaty and Adjacent
Territories, construction site of Raimbek Ave. - Momysh Uly interchange is located within
boundaries of the Almaty seismic fault

Initial seismicity of area is 9 points. Category of soils according to seismic proper-
ties within construction site of the interchange is II (second). Updated value of site seismic-
ity is 9 (nine) points (Erzhanov, 1982; Nurpeisova et al., 2019).
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Figure 2 - Scheme of tectonic faults combined by triangulation points

Methodology. Work uses comprehensive approach, including: engineering-geo-
logical study of structural-tectonic structure of rock massif in area of bridge construction,
changes assessment in the stress-strain state of massif using satellite geodesy technologies,
instrumental geodetic observations using electronic tacheometer, area monitoring of inter-
change territory using ground scanning and UAVs (Nurpeisova et al., 2015).

Main content. Construction of interchanges, bridges, as well as construction of any
other structures, requires creation of geodetic reference network. Using geodetic reference
networks, centers position of bridge supports, and other bridge elements is determined and
fixed, detailed breakdown is made during construction of supports and installation of span
structures, and structures deformations are observed. Geodetic network during bridge con-
struction must be created in single coordinate system and have increased accuracy in de-
termining coordinates of points. Geodetic network points that ensure construction of given
object as a single structure must exist during object construction. This requirement is not
easy to fulfill, since during construction some of geodetic network points are destroyed or
damaged.

Geodetic reference network is basis of entire spectrum of construction work. Its
creation has always been carried out with special care and responsibility. In recent years,
construction of geodetic reference network has become possible using GPS and GLONASS
positioning technologies, etc. In technical literature, there are quite a few descriptions of its
use for constructing special networks, especially for the needs of geodesy, but there are quite
a few descriptions of its use in monitoring bridge deformation.

At the same time, main document «Instructions for the production of geodetic
works» (Nurpeisova et al., 2019; Instructions, 02-262-02) emphasizes that geodetic refer-
ence networks can be created using satellite equipment. Moreover, it should be noted that
their use is very effective and in some cases is the only possible option. Starting points for
constructing geodetic reference network are points of the state geodetic network (SGN).
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Satellite geodetic receivers are currently widely used in geodetic production. Their
main purpose is high-precision determination of geocentric coordinate increments. During
performing field measurements, receivers use radio signals from GPS satellite navigation
systems. Use of satellite geodetic receivers for geodetic support of surveys, construction and
operation of engineering structures ensures higher accuracy and greater productivity than
traditionally used geodetic technologies. At present, satellite methods are quite widely used
to create geodetic densification networks in built-up areas; in development of geodetic net-
works for planned support of large-scale topographic and cadastral surveys; in large-scale
topographic surveys and in other types of geodetic work.

Since the advent of the GLONASS and GPS satellite navigation systems and based
on continuous improvement of satellite measurement technology, problems of creating
geodetic reference networks have been solved on qualitatively new basis. Development of
highly effective satellite methods of coordinate determination based on use of global nav-
igation systems fundamentally changes technology and accuracy of determining geodetic
coordinates and principles of constructing geodetic networks. Based on results of satellite
measurements, precise coordinate values are determined simultaneously both in plan and
in height. Therefore, modern satellite methods of coordinate determination based on use of
global navigation systems GPS and GLONASS establish conditions for creating plan and
height basis in form of set of geodetic points.

Use of location determination methods based on signals from global navigation sat-
ellite systems GPS and GLONASS (GNSS) for engineering and geodetic works began at the
end of the 20th century, but engineering and geodetic reference networks for construction
of long bridges in mountainous areas are still insufficient. Thus, objective of this paper is to
develop methodology for creating reference networks during construction of long bridges
in seismic areas using satellite measurement methods, as well as scientific justification for
chosen methodology and determination of path for its practical implementation. It is also
necessary to develop algorithms for processing satellite data, transforming coordinates from
the WGS-84 or PZ-90 coordinate system into local coordinate systems and assessing the
accuracy of the calculated increments of Almaty coordinates.

Difficulty lies in fact that high accuracy of determining differences in the coordi-
nates of points is accompanied by some errors. During performing high-precision work, it
is necessary to consider not only curvature of the Earth, but also geodetic height of object
under construction.

Therefore, to solve problem of effectively using modern satellite technologies to
create backbone networks during construction of long-distance bridges in mountainous ar-
eas, it is necessary to perform:

- analysis of methods for creating planned support networks during construction of
long-distance bridges in mountainous areas;

- analysis of ustification for accuracy characteristics required for support networks
during construction of long-distance bridges in mountainous areas;

- analysis of features of processing satellite measurement results when creating ref-
erence networks;

- justification for choice of reference surface during construction of long-distance
bridges in mountainous areas;

- method modernization for converting coordinates from WGS-84 or PZ-90 coordi-
nate system to local coordinate system;
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- assessment of accuracy of calculated coordinate increments in local coordinate
systems;

- development of computer programs for converting coordinates obtained from sat-
ellite measurements into a local coordinate system.

One of the characteristic features of geodetic support for construction of long-dis-
tance bridges is combination of high measurement accuracy and significant extent of geo-
detic networks. During constructing bridges, as a rule, in remote, sparsely populated areas
with poor topographic and geodetic support, satellite technologies are the most attractive in
terms of efficiency of their use.

Modern satellite receivers provide high measurement accuracy: from few millime-
ters at short distances to several centimeters at distances of tens and even hundreds of kilo-
meters. However, this accuracy refers to spatial rectangular coordinate systems (PZ-90 for
the GLONASS system or WGS-84 for the NAVSTAR GPS system), which are practically
impossible to use for most types of geodetic work (Roberts, 2003).

At the same time, it is impossible to make transition from a spatial rectangular co-
ordinate system to coordinate systems adopted in geodesy without loss of accuracy. There
is no single three-dimensional coordinate system in geodesy. There is only a curvilinear
two-dimensional coordinate system (latitude B and longitude L on the surface of reference
ellipsoid), or its analogue in coordinates of the Gauss-Kruger projection, which, in fact, is
also a curvilinear coordinate system, where length of meridian arc is plotted along abscissa
axis, and Ordinate axes use a limited zone of 3 or 6°, and distortions within the zone are
considered acceptable. The third coordinate - normal height - has practically no connection
with the Earth’s center of mass, but is measured from its own surface of reference - the
quasi-geoid.

The lack of information about exact value of height anomaly significantly com-
plicates transition from rectangular coordinates to curvilinear ones and can introduce no-
ticeable distortions into the coordinates. It should be noted that the height anomaly on the
territory of Russia varies widely from -8 m in the Caspian lowland to 50 m in Vladivostok
relative to the Krasovsky ellipsoid; this value ranges from -7 m to 10 m relative to the WGS-
84 ellipsoid.

During creating a reference network using satellite measurement methods, it should
be borne in mind that in construction area local coordinate system and local reference sur-
face of measurement results are used, in accordance with heights in construction area.

In engineering and geodetic work, local coordinate system is often used. This is
due to fact that coordinates of points of state geodetic networks are related to surface of
reference ellipsoid, where geodetic height is zero, and it is necessary to build at heights
significantly different from zero, especially in mountainous areas.

Requirements that must be observed when creating support networks during bridge
construction are as follows:

1) normal conditions for performing high-quality measurements must be provided
at the points;

2) it is necessary to ensure the safety and stability of network points for a long time;

3) it is necessary to ensure unhindered use of network points to carry out marking
work;

4) network design must provide for required number of redundant measurements
for purposes of monitoring field measurements and subsequent adjustment;
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5) network diagram must ensure the determination of the coordinates of network
points with the required accuracy;

6) network must be cost-effective.

All above conditions can be attributed to any of methods for creating geodetic align-
ment networks.

When constructing reference networks using satellite measurements, it is necessary
to make maximum use of fact that accuracy of determining coordinate increments in the
network practically does not depend on the geometry of network and, in addition, it is not
necessary to ensure visibility between adjacent points if this is not required by alignment
work. It makes possible to directly connect source points of network with points being de-
fined during designing core networks process.

Firstly, for some networks it is necessary first of all to ensure required accuracy in
determining coordinates of points relative to starting points.

One of the options for creating backbone network is shown in Fig. 4. It can be used
when creating planning justification for construction of bridges, where it is necessary, first
of all, to ensure regulatory accuracy of coordinates of determined points relative to refer-
ence points (Methodology, 2024; Rysbekov, 2024).

omopHas ceTh — geodetic network

UCXOJIHBIE MTyHKTHI- reference point

RP 03

Figure 3.- Scheme of geodetic network of the transport interchange
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To obtain accurate coordinates of planned altitude justification of network, it was
decided to use GNSS equipment, and it was necessary to perform static measurements. Sat-
ellite measurements were carried out in Static mode; work in this mode implies conditional
division into two stages: field work and desk processing.

Traditional approach to using GNSS technology is to determine the coordinates
of geodetic network points, adjust measurement results in a geocentric coordinate system,
and then convert them into geodetic coordinates (B, L) and then into rectangular zonal co-
ordinate systems. Traditional approach ensures the main principle of measurements — their
unity. However, it is known that position accuracy of geodetic network points located sig-
nificantly from axial meridian is significantly distorted in the UTM or Gauss-Kruger projec-
tion. In addition, determining coordinates in adjacent areas of zones is quite labor-intensive.
These problematic issues are largely resolved using proposed method of using topocentric
coordinates.

Points coordinates obtained using GNSS technology are very convenient to transfer
to local topocentric surface and use them during construction. In this case, point O (X,y,z)
- origin of coordinate system, is located on the earth’s surface (Mustafin et al., 2019). This
point, as a rule, should belong to central zone of geodetic reference network. Height H, is
the height of reference surface most suitable for designing construction work. Advantage
of this approach offer the possibility to convert geocentric coordinates to local horizontal
surface with minimal plan distortions, and height calculations can be carried out separately
and also with accuracy control. Thus, development of such technique will improve accuracy
during performing geodetic work during survey and construction

Technique for converting coordinates from geocentric system to a local topocentric
system is possible from expression (Younes, 2017):

X X-X,
v|=R" Y-y, |,
z Z—Z,

(1
where (x y z)T — coordinates in topocentric system; (X Y Z)T — coordinates in geocentric
system; (X0 YO Z0)T — coordinates in geocentric system and B0, L0 — geodetic coordinates
of the reference network point. R — transformation (reversal) matrix:

—sinB,cosl, —-snB sinl, cosh,
R'=| —sinl, cos [, 0

cosB cosl, cosB sml, smnbB,

2
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From (2) we see that (X, y) do not depend on their geodesic height. Control point
will be network beginning e in the local topocentric coordinate system (KazNU). This point
can be selected in the way that it coincides with specific point in network or with point
whose coordinates coincide with coordinates of gravity center of reviewed surface and also
coincides with a point whose height is equal to average height of all points in network. It
makes it possible to vary location of topocentric surface to achieve optimality during solv-
ing specific problem (Ormanbekova et al., 2015; Kyrgizbaeva et al. 2017).

Converting geocentric coordinate system into a local topocentric coordinate system
when using GNSS technologies has simple algorithms that allowing accurately determine
position of point on the earth’s surface without reducing accuracy. Procedure for converting
from the WGS-84 coordinate system to local coordinate system is shown schematically in
Figure 5:

X,Y,Z) (X, Y, Z) X, Y)

topographic local
system system

Figure 4 — Scheme for converting WGS-84 coordinates to local ones through topocentric coordinate system

Conversion is carried out in several stages:

Stage 1. For points of reference engineering and geodetic network for construction,
spatial rectangular coordinates (X, Y, Z) are determined using GNSS technologies, which
are converted into geodetic coordinates (B, L, H).

Stage 2. Coordinates of GNSS measurement points are converted from geocentric
coordinate system to local topocentric coordinate system.

Stage 3: Based on coordinates of reference points of network, for which coordinates
in local coordinate system (x’, y’) are known, conversion parameters to a topocentric system
are calculated using Helmert’s formulas. Coordinates of network points at which GNSS
measurements were performed, and converted into topocentric coordinate system, are com-
bined with local coordinate system used for design and implementation of geodetic work
during construction (Balandin et al., 2016; Kuanbayeva et al., 2024: 1640—1647; Abakumov
et al., 2014: 209-218). Next, using calculated transformation parameters, coordinates of
remaining points are recalculated into local construction coordinate system.

During field work, three GPS receivers from the Swiss company Leica GS16 were
used - 2 receivers and one GPS1200 receiver. Measurements were carried out in 3 sessions
of satellite observations. Duration of each session was at least 5 hours, and start of observa-
tion session was taken as the time when the last GPS receiver was turned on. The KazNU
benchmark served as the main benchmark for planned height justification.

Static raw data from the «KazNU» base station was processed in BERNESE Ver-
sion 5.2 software relative to the world base stations BADG CHUM KIT3 POL2 TASH
URUM ZECK and obtained geographical and rectangular coordinates in ITRF2014 results
of which are given in Tables 1-4.
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Table 1-Geographical coordinates of WGS84 GRS80 Ellipsoid, ITRF2014
Station Latitude Longitude Ellipsoid Height above
(DMS) (DMS) Height(m) Geoid

EGM2008 (m)

KAZNU 43 14 29.67445 76 49 46.18375 736.558 780.937

Table 2 - Rectangular coordinates UTM43 GRS80 Ellipsoid, ITRF2014
Universal transverse Mercator projection
Station Y X Zone ET111ps o1 dHeight above Geoid

Height (m)  EGM2008 (m)

Table 3 - Cartesian coordinates, ITRF2014

Station X (m) Y (m) Z (m) ITRF2014
KAZNU 1060445.327 4531724.011 4347595.735 19/06/2024

Next, after receiving the coordinates of the «KazNU» point relative to it, the fol-
lowing benchmarks of the planned altitude justification RP1, RP2, RP3, RP4, RP5 were
processed.

Linking points RP1, RP2, RP3, RP4, RP5 of the network to the KazNU point en-
sured high accuracy and consistency of the obtained coordinates and altitudes with the
World Coordinate Base I and the WGS84 coordinate system. Also, to increase the accuracy
of the final results before processing, the project included such data as accurate satellite
ephemeris, ionospheric maps, maps of the state of the troposphere and updated satellite
clocks for the period of field work (Table

Table 4 - Results of processing satellite measurements.

. XCKO|YCKO|ZCKO

Points name X(m) Y(m) Z(m) (m) (m) (m)

KazNU 1060445.452 | 4531728.015 4347600.247 | 0.001 0.002 0.002
RPO1 1060450.826 | 4531590.719 4347735.415 | 0.005 0.009 0.009
RP02 1060498.443 | 4531397.788 4347918.332 | 0.002 0.004 0.004
RPO03 1060613.531 | 4531346.441 4347942.316 | 0.002 0.004 0.004
RP04 1060614.238 | 4531536.745 4347750.107 | 0.002 0.004 0.004
RPO5 1060553.076 | 4531701.593 4347599.740 | 0.003 0.007 0.006

The accuracy of determining the normal height of points according to GNSS tech-
nology at any point must ensure the condition

my, = _p’vJE . (3)

where L is the average distance from the base point «KazNUy I to reference point i.
Calculation results are presented in Table 5 and Figure 6.
Method of direct geodetic measurements when transmitting marks has the following se-
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quence. Geodetic points (RP0O1, RP02, RP03, RP04 and RP05) are installed on the earth’s
surface and geometric leveling and satellite determinations are carried out. This will be the
basis for constructing a model of the quasi-geoid surface. Calculation results are presented
in Table 5.

Table 5 — Accuracy of transfer of marks when using geometric leveling method and measurement method
using GNSS technology

Building height, Mean square errors (mm)
m Geometric method GNSS technologies
0 2,6 10,0
25 4,6 10,0
50 6,0 10,1
175 10,3 10,9
200 10,9 10,2
12
10 i L Cr
E L
£
r 6
S
5
n 1
=
= 2
0
0 25 50 75 100 125 150 175 200
Building height, m
—&—  geometric method ——  GNS5technology

Figure 5 — Error diagram for determining marks

From Fig. 5 it can be seen that up to height of 200 m, geometric (ground) method
makes it possible to more accurately transfer elevations to installation horizons. At the same
time, use of GNSS technology gives approximately same accuracy.

Numerical examples show that accuracy of determining elevations using GNSS
technology is practically independent of building height. This is especially important during
construction of high-rise structures. At the same time, calculations have shown that the
transmission of elevations is not as effective with the use of GNSS technologies, especially
at heights up to 200 m.

The use of this data in post-processing made it possible to eliminate main sources
of errors that arise when performing satellite measurements. And also increase accuracy of
final results, that is, coordinates and heights of identified points. Position of initial bench-
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marks in the created observation system is determined by linear-angular intersections from
the points of the reference geodetic network.

Conclusions

1. Existing few studies on GNSS adjustment mainly deal with geodetic
coordinates and solutions for large networks. Choice of suitable plane coordinate system for
geodetic work during construction is understudied. Analysis of methodology for creating
planned support network for construction of long-distance bridges was carried out.

2. Choice of reference surface is justified when creating geodetic support
networks for construction of long-distance bridges in seismic areas;

3. Analysis of features of processing satellite measurement results when cre-
ating geodetic reference networks was carried out;

4. Technique has been developed for converting coordinates from the WGS84
or GRS90 system to local coordinate system, using surface of reference at the height of
construction site;

Thus, scientific problem associated with development of methodology for creating
support networks for construction of long-distance bridges in seismic areas using satellite
technologies has been completely solved. Accuracy analysis confirmed correctness of
selected solutions.
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