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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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

PANFILOYV 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

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.
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© D.A. Davronbekov', X.F. Alimdjanov', K.S. Chezhimbayeva®', 2023
'Tashkent University of Information Technologies named after Muhammad Al-Khwarizmi, Tashkent,
Uzbekistan;
2Almaty University of Power Engineering and Telecommunications named after Gumarbek Daukeev,
Almaty, Kazakhstan.
E-mail: k. chezhimbayeva@aues.kz

METHODS FOR REMOTE MONITORING OF BRIDGES UNDER THE INFLUENCE
OF GROUNDWATER ON THEM

Davronbekov Dilmurod — Doctor of Technical Sciences, professor. Tashkent University of Information Technologies
named after Muhammad Al-Khwarizmi. 100200, st. Amir Temur, 108, Uzbekistan, Tashkent

E-mail: d.davronbekov(@tuit.uz, https://orcid.org/0000-0003-1193-7918;

Alimjanov Xayot — Head teacher, Tashkent University of Information Technologies named after Muhammad Al-
Khwarizmi, 100200, st. Amir Temur, 108, Uzbekistan, Tashkent

E-mail: hayot.alimdjanov@gmail.com, https://orcid.org/0000-0002-9004-9507,;

Chezhimbayeva Katipa — Candidate of technical sciences, associate professor. Almaty University of Power Engineering
and Telecommunications named after Gumarbek Daukeev. 050013. st. Baytursynov, 126/1, Almaty, Kazakhstan

E-mail: k.chezhimbayeva@aues.kz, https://orcid.org/0000-0002-1661-2226.

Abstract. Today infrastructure cannot be imagined without roads and bridges. In the world, special
attention is paid to their condition, which in turn is an extremely important factor in ensuring the safety of the
civilian population and the entire infrastructure in general. One of the main reasons for the deterioration of the
condition of bridges is that a huge number of them have stepped over the 50-year mark and no longer meet
technical standards. The article presents the reasons for the weakening of the load-bearing structures of bridges,
as well as the influence of groundwater or river water on these structures, which together can lead to
multimillion-dollar costs or, even worse, to tragic consequences. Calculation methods were given to determine
the settlements of structures, such as absolute or total settlement, average settlement, heel and horizontal
displacement. Methods for organizing remote monitoring of the state of the position of the bearing structures
of bridges are considered. One of the considered solutions is a bridge condition monitoring system using
satellite systems, which can consist of several segments, such as the ground segment, consisting mainly of
measurement sensors, the space segment responsible for the centralized collection of information from all
sensors, and the ground segment responsible for processing the information received and alerting the relevant
departments in case of emergency. Wireless sensor networks are considered as the second method of
organizing monitoring, since today they are most used in various industries and have the prospect of further
improvement.

Keywords: groundwater, deformation, bridges, remote monitoring, satellite systems, sensor networks

© I.A. NaBponbexos’, X.®. Anummkanos!, K.C. Yesxxkumbaena’, 2023
"Myxammen on-Xope3Mu aTbiHAarbl TalIKEHT aKNapaTThIK, TEXHOJOTUSIAP YHUBEPCHUTETI, TaIIKEHT,
O30ekcran;
Fymap6ek JlaykeeB aThIHAAF AJIMaThl SHEPTETUKA KoHe OaiilanbIc yHUBEpcHTETi, AnmaThl, KazakcraH.
E-mail: k. chezhimbayeva@aues.kz

KOUIPJIEPTE )KEP CYJIAPBIHBIH OCEPI KE3IHIE KAILIBIKTAH BAKBIJIAY 9IICTEPI

JlaBponOexoB /luiaMypoax — TEeXHHMKA FHUIBIMIAPBIHBIH TOKTOPHI, mpodeccop. Myxammen ©On-Xope3MH aTbIHIAFbI
TarkeHT aknaparThiK TexHosorusuiap yausepeuteti, 100200, kerr. Owmip Temip, 108, O36ekcran, TamkeHT

E-mail: d.davronbekov@tuit.uz, https://orcid.org/0000-0003-1193-7918;

AaumaxanoB Xaitor — Myxammen On-Xope3Mu aThIHIaFbl TalllkeHT aKnapaTThIK TEXHOJIOTHSIApP YHHBEPCHTETIHIH aFa
okpITyIbIckl, 100200, kemr. OMip Temip, 108, O36ekcran, TanikeHT

E-mail: hayot.alimdjanov@gmail.com, https://orcid.org/0000-0002-9004-9507;

Ye:xxumbaeBa KaTunma — TexHHKa FHUIBIMAAPBIHBIH KaHOUAAThI, mpodeccop. FymapOek [loykeeB aTbiHOarbl AJMaThl
JHEpreTHKa JkoHe Oainanpic yausepcuteti, 050013, kemr. Baiitypceinos, 126/1, Anmarsr, Kazakcran

E-mail: k.chezhimbayeva@aues.kz, https://orcid.org/0000-0002-1661-2226.
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Anparna. byriari tagna wHQPaKypbUIBIMIBI KOJAAD MEH KeIipiepci3 enecTeTy MYMKIH eMec.
OJeMIe OJIapAbIH KaFIaliblHa epeKIlne Ha3ap aydapbuiaabl, Oyl e3 Ke3eriHme OeHOIT TYPFRIHAApIbIH JKOHE
TyTacTail anraHma Oykin WHGPaKYpPBUIBIMHBIH KAyINCIi3[iriH KaMTaMachl3 €TYyIiH aca MaHbBI3IBI (HaKTOPHI
Oonbin TabbuTanbl. KemipnepaiH skall-KyHiHIH HamapnayblHBIH 0acTbl cebenTepiHiH 0ipi — onapaslH Ken
OeuiriniH 50 KbBUIIBIK MEKEICH achlll, TSXHUKAJBIK Talanrapra caii keameyi. Makanaga KempiepaiH KyK
KOTEepriml KypbUIBIMIAPBIHBIH AJICipey cebenTepi, coHmail-ak Oy KypblIbIcTapra >KEp acThl HeMece ©3eH
CyJapbIHBIH ocep eTyi, onap Oipre MWIJIMOHAAFaH AOJUIAPJIBIK IIBIFBIHIAPFa HEMEce OJaH J1a COPAaKbICHI
KaWFbUIBl 3aplanTapra oKelyi MYMKiH. AOCONIOTTI HeMece TOJBIK IIery, opTalla LIery, OKIIemi XoHe
KOJIICHEH JKbUDKY CHSKTBI KYPBUIBIMIAPJBIH KOHBICTAPBIH AHBIKTAY YIIIH €CenTey oicTepi Oepimi.
KemnipnepniH Tipek KOHCTPYKUMSUIAPBIHBIH JKal-KYHiH KalIBIKTBIKTaH OakpUIayAbl YHBIMOACTHIPY oaicTepi
KapacTeIpbuirad. KapacTelppuiFan ImemiMaepaiH Oipi >KepcepiKTik >KyHenepai NaiaagaHaThlH —KeIip
KarIalblH OakpuIay Kykeci OONbIN TaObIIaIbl, 01 HETI31HEH OJIIIeYy CEHCOpJIapbIHAH TYPATHIH JKEP CETMEHTI,
0apIIbIK CEHCOpIIap/IaH aKIMapaTThl OPTANBIKTAHIBIPBUTFAH KHHAYFA )KayallThl FAPBIII CETMEHTI KOHE aJIbIHFaH
aKnmapaTThl eHAEYyre XKOHE TOTEHIUE jKaraaiina Tuicti Oenimuepre xadapiayra >kayanTbl KEpAEri CEerMEHT.
ChIMCBI3 CEHCOPJIBIK JKENiJep MOHHTOPHHITI YHBIMIACTHIPYIBIH EKIHII O/ici pEeTiHJEe KapacThIPbUIAIbI,
oiiTKeHi OYTiHIl KyHI ojiap opTypii camajgapia KeHIHEH KOJJAHBUIAIABl JKOHE OJaH opl IKETUIAIpY
MepCTIEKTHBACHIHA He.
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Annotamus. CeronHs WHQPACTPYKTYPY HEBO3MOXKHO IMPEICTaBUTH 0€3 JOpOr U MOCTOB. B mmpe
0co00e BHUMaHHUE Y/ICISIETCSl HX COCTOSIHUIO, YTO B CBOIO OUYepE/Ib SIBISIETCS KpaifHe BaKHBIM (PaKTOPOM B
obecrieueHUN 0E30MMACHOCTH TPAKIAHCKOTO HAceJIeHWs M Bcell MHOpacTpyKTypsl B mernoM. OmHON u3
OCHOBHBIX MPUYMH YXYAIICHUS COCTOSIHUS MOCTOB SIBIISICTCSI TO, YTO OTPOMHOE MX KOJTHYECTBO Mepeliaruyiu
3a 50-nmetHuid pyOeX W yKe HE COOTBETCTBYET TEXHHUYECKMM HOpMaM. B cTaThe MpUBEACHBI TMPUYHWHBI
ociabJieHus] HECYIUX KOHCTPYKIIMHA MOCTOB, & TaKX€ BIHMSHUE TPYHTOBBIX BOJ HIIM PEUHBIX BOJ| HA JTH
KOHCTPYKITUH, YTO B COBOKYITHOCTH MOTYT IPUHECTH K MHOTOMWJIMOHHBIM 3aTpaTaM HIIH YTO €Ile XyXKe — K
Tparn4ecKuM IMOCIECTBUAM. BbIIM MPUBEACHBI METOMBI pacyeTa Ui ONpPEe/eIICHUs] 0CaJKOB COOPYKEHUH,
TakMe Kak a0CONIOTHAas WM TIOJNHAs OCajKa, CPeJHsisi Ocajka, KPeH M T'OPH30HTaJbHOE CMEIICHUE.
PaccMoTpeHbl METOIBI OpraHU3alUY JUCTAHIIMOHHOTO MOHUTOPHHTA 332 COCTOSHHEM ITOJIOKEHUST HECYIITNX
KOHCTPYKITUI MOCTOB. OHOM M3 paCCMOTPEHHBIX PEIISHHUH SIBIIIETCS CHCTEMa MOHUTOPHHTA 332 COCTOSTHHEM
MOCTOB C UCITIOJIb30BAHUEM CITYTHUKOBEIX CUCTEM, KOTOpasd MOXKET COCTOATH U3 HECKOJILKUX CCTMCHTOB, TAKHUX
KaK Ha3eMHBII CEIMCHT, COCTOAIIMNX B OCHOBHOM H3 JAaTYUMKOB H3MCPCHHA, KOCMHUYECKHI CCTMCHT,
OTBEUAIONINIA 3a I[CHTPAIM30BaHHBIA cOOp HMH(pOpPMAMKM CO BCEX MJATYMKOB, W HA3EMHBIH CETMEHT,
OTBeUaroNuii 3a 00pabOTKy MOIYYeHHOH WH(OPMAIMU W OMOBEHICHHIO COOTBETCTBYIONIMX BEIOMCTB B
ciydac T-Ipe?;BbIT-IaI‘/'IHI)IX CUTyaluAax. BTOpBIM METOAOM OpraHuv3aliii MOHUTOpPHHIa PaCCMOTPEHBI
0eCIpOBOIHBIC CEHCOPHBIN CETH, TaK KaK Ha CETOJHSIIHEEe BPEMsl OHM MMCEIOT HauOoJblliee MPUMEHEHUE B
Pa3IUYHBIX OTPACIIAX U UMEIOT MEPCIEKTUBY K JANbHEHIIIEMY YCOBEPIICHCTBOBAHUIO.
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Introduction

Over the past decade, the number of bridge collapses has become more frequent in the world (most of
them are road bridges) or emergency conditions have been registered. One of the main reasons is that a huge
number of these bridges have stepped over the 50-year mark and no longer meet technical standards. Most of
the structures have worked out their service life and their load-bearing structures have already weakened. In
addition, many bridges were built using outdated technologies of the times, which are not designed for modern
realities.

However, there is another reason and this is the influence of natural, namely climatic and geological
factors, because it is no secret to anyone that climate change in recent decades has caused dozens, if not
hundreds of destruction of various structures (buildings, bridges, etc.), for the restoration of which a huge
a
m In some cases, it is impossible to avoid damage or destruction, for example in cases of large
earthquakes, avalanches or other natural disasters on a huge scale. However, there are cases when it is possible
to avoid destruction or high costs for restoring damage if seasonal climatic features of the hydrogeological
state of the area, such as groundwater, are taken into account during construction (Prudhomme et al., 2017:
16).

Main part. Groundwater is the gravitational groundwater of the first permanent aquifer from the Earth's

surface, located on a regional aquiclude (Figure 1).
f They mainly appear due to infiltration (i.e. seepage) in the form of precipitation from the earth's
atmosphere into the waters of irrigation canals, reservoirs, lakes and rivers. In various regions of canals and
nvers, groundwater will be filled with ascending waters of deeper horizons due to condensation of water vapor
or with waters from artesian basins (Frappart et al., 2018).
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0
e Figure 1 - Location of ground and artesian waters (Davronbekov et al., 2020).
t

With a high level of groundwater, flooding of the territory occurs, which causes a certain degree of
difficulty in the construction and operation of buildings and structures, which can lead to deformations in
1§‘[ructures (Figure 2) and neglect of these problems can lead to deformations in the future.
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Figure 2 - Causes of structural deformations

In general case, the term deformation is understood as a change in the shape of the object of
observation. In geodetic practice, it is customary to consider deformation as a change in the position of an
object relative to some initial position. In most cases, the following types of deformations are determined:

- vertical movements (precipitation, subsidence, rises);

- horizontal movements (shifts);

- banks.

Draft - displacement of the structure in the vertical plane; subsidence - a fast-flowing settlement of a
structure with a radical change in the structure of porous and loose soils; shear - displacement of the structure
in the horizontal plane; roll - uneven draft of the structure. To determine the deformations, first fix the points
in the characteristic places of the structure (Davronbekov et al., 2020 :4).

Calculation methods

for determining the settlement of structures:

The absolute or total draft S is the difference between the absolute heights (marks) of the initial and
current cycle of observations, determined relative to the starting point:

S = Hint — Heurs (D

The average draft Save of the entire structure or its individual parts is calculated as the arithmetic mean
of the sum of the draft of all n of its points, i.e.

%]

Zn
Save = . > (2)

n

Where, S — is the draft of individual grades; # - is the number of brands.
Simultaneously with the average draft, for the sake of completeness of the general characteristics, the
largest Smax and the smallest Simax draft of the points of the structures are indicated.

The unevenness of the draft can be determined by the difference in draft A s of any two points 1 and
2,1.e.

AS1,2 = S, -5, (3)
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The roll or inclination of the structure is defined as the difference between the settlement of two points
located on opposite edges of the structure, or its parts along a selected axis. The slope in the direction of the
longitudinal axis is called a blockage, and in the direction of the transverse axis — a skew.

The amount of roll related to the distance / between two points 1 and 2 is called the relative roll K,
which is calculated by the formula:

S,-S
K= 325 4)
The horizontal displacement q of a single point of the structure is characterized by the difference of its
coordinates Xcurrent , Yeurrent 80d Xinitial , Vinitial , Obtained in the current and initial cycles of observations.
The position of the coordinate axes, as a rule, coincides with the main axes of the structure.
Displacements are calculated in the general case by the formulas:

dx = Xcur — Xinty dy = Ycur ~ Yint (5

Similarly, you can calculate the offsets between the previous and subsequent cycles of observations.
Horizontal displacements are also determined along one of the coordinate axes.

Ground waters, at a certain concentration, form an aggressive environment, since they are weak
solutions of various chemicals, in relation to the materials of structures (Figure 3).

Figure 3 - Impact of rivers and groundwater on bridge supports

All over the world - bridges are the most important part of the entire infrastructure of the country, and
special attention is paid to their construction, as well as monitoring their condition, the systems for organizing
the construction and operation of bridges, overpasses and other artificial structures, overpasses and other
artificial structures, and the development of transport infrastructure are being improved and improve the
efficiency of their operation. But, despite all these efforts, today the condition of the bridges requires special
attention.

The analysis of literary sources showed that it is necessary to make the necessary decision as soon as
possible to improve the existing methods for diagnosing the condition of bridges (Tidriri et al., 2016: 23).
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Figure 4 - An example of a collapsed bridge

Determining the technical condition of reinforced concrete structures is a complex and urgent task.
This is due to the presence of uncontrolled factors and parameters that affect the joint work of concrete and
reinforcement and their physical and mechanical characteristics. Most of the parameters are estimated from
indirect data, since the removal of fragments of reinforcement and concrete leads to a decrease in the bearing
capacity of the structure (Stepanov et al., 2012: 5).

The main means of increasing the efficiency of the use of systems for operational monitoring of objects
is to ensure timely and maximally automated receipt of comprehensive information on the dynamics of the
development of potentially hazardous processes through an integrated approach to the use of traditional
measurement methods (stress-strain state of structural elements) (Alimdzhanov et al., 2021: 6).

One of the solutions is to create a unified monitoring system using wireless technologies. Consider
some options for these systems.

First. System for monitoring the condition of road bridges using satellite systems. This monitoring
system consists of a set of equipment (Figure 5.), which can be conditionally divided into three segments:

1. Ground segment of measuring devices. It, in turn, also consists of several parts:

—  Measuring devices and sensors. Their main task is to directly measure the condition of bridges. In
terms of functionality, they can measure various parameters, such as deformation of the reinforcement of load-
bearing supports, pressure in the soil under the supports, displacement sensors between spans or joints, and
you can also add humidity and temperature sensors.

—  Transmission part. Responsible for transmitting data to the satellite system. Here you can use two
methods of transmission, directly from the sensors themselves, by installing transmitting devices on them, or
create a centralized data transmission node (transmitting segment) to collect data from all sensors at the facility
and send it to the satellites with one signal. The first method can be used if the number of sensors on the object
is small or one and the sensor measures only one parameter, and the second method is more efficient to use
when many measuring devices are installed on the object and they perform different measurements.
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Figure 5 - Monitoring system for the state of road bridges using satellite communication systems. 1 - Ground segment of
measuring devices, 2 - Space segment, 3 - Ground segment of remote monitoring of the state of road bridges.

2. Space segment, responsible for receiving data from measuring devices or from a centralized
data transmission node and transmitting this data to the ground segment of remote monitoring of the state of
road bridges.

3. Ground segment of remote monitoring of the state of road bridges, consisting of a software
and hardware complex for processing information transmitted from all measuring devices.

This monitoring method allows real-time tracking of changes in the parameters of the state of road
bridges and timely warning of changes, which in turn will help to quickly respond in case of emergency due
to changes in the permissible parameters of the structure and take the necessary measures to ensure the safety
of the civilian population or timely repair of this facility (Alimdzhanov et al., 2022).

Second. Wireless sensor networks (WSN), consisting of sensors, elements and radio communication
nodes for the purpose of observing, monitoring and responding to a specific process.

Wireless sensor networks (Figure 6) consist of nodes, which in turn also consist of various sensors,
microcontrollers and radio transmitters. These devices have various applications and can be used in any field
(Kogelman et al., 2020).

The data from the sensors received at the main station are analyzed and processed. The main
characteristics of WSNs are: energy cost management, node failure capability, node mobility, node
heterogeneity, scalability for large-scale deployment, ability to withstand harsh environmental conditions, and
ease of use. These features provide a wide range of applications for sensor networks (Mike et al., 2019).

(O Sensor Node

Gateway
O Sensor Node

Figure 6 - Architecture of a simple wireless sensor network

To date, WSN nodes provide a long operating time - several years (up to 10 years). However, when
planning a network for a long period, it is impossible to be absolutely sure that its structure will not change in
the future. The main reason for the loss of functionality is the loss of network connectivity (Sedalishchev et
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al., 2012: 3). Network connectivity characterizes the possibility of delivering data from the source node to the
recipient. Therefore, it is necessary to develop WSN models that allow estimating the connectivity of the
network (or the potential for its provision) (Buzyukov et al., 2017: 8).

H[ Surveillance and Security ]

Health monitoring ]

Area of
application
of sensor
networks

[ Vehicle tracking

[ Agriculture

 Animal tracking

Intelligent building

Environmental monitoring ]

Figure 7 - Fields of application of WSN

The main areas of application of the WSN can be classified as shown in Figure 7, and the goals of the
WSN are given in table 1.

Table 1 - Scope and tasks of sensors in WSN

Application area A task

Environmental monitoring | Environmental Monitoring and Disaster Warning

Security and surveillance Perimeter control and intruder detection, as well as tracking various unfixed vehicles.

smart building Ensuring the safety of civilian facilities using energy-saving elements.

Health Monitoring ?i/lscl){r:tormg the physical condition of the observed in real time and warning of possible health

Vehicle Tracking Moni.toring trafﬁc on busy roads, identifying and monitoring parking spaces, monitoring the
location of vehicles.

Animal Tracking Optimized monitoring of animal rearing conditions. Health and location monitoring.

. Monitoring the cultivation of crops by providing a suitable environment by observing

Agriculture

parameters such as pressure and temperature.

Analysis of literary sources shows (Davronbekov et al., 2021). that wireless sensor networks as a whole
are an important technology for the twenty-first century. Recent developments in engineering,
communications, and networking have led to new designs for sensors, information technology, and wireless
systems.
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Figure 8 - Using WSN to organize remote monitoring of bridges

The principle of organizing a wireless bridge monitoring system using sensor networks is as follows:
Sensors are installed on certain sections of the bridge. The data received from the sensors is transmitted
to the data processing center, where a specially developed program will check the received data for changes
from the initial parameters, which in the case of monitoring the bridge is a displacement between the plates
that are located on the load-bearing beams of the structure and transmit any changes to the relevant services,
authorities or directly to the heads of departments responsible for the operation and maintenance of these

facilities (Khizirova et al., 2021: 4).
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Figure 9 - Graph of energy efficiency of WSN nodes with increasing distance to the base station (Baskakov et al., 2010: 4)

Such advanced sensors can be used as a bridge between the physical world and the digital world.
Sensors are used in many devices, industries, machines and environments to help avoid infrastructure failures,
accidents, conservation of natural resources, wildlife conservation, productivity, safety, etc.
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Another major advantage of wireless networks is the energy-efficient elements of the system. They
can provide long-term operation due to the service life of the power supply, which, depending on the distance,
can reach several years of operation (Figure 9) without replacing power supplies.

To ensure the safety of the civilian population, the following are proposed:

— itis necessary first of all to consider the existing methods for diagnosing and monitoring the state of
objects in an emergency or pre-emergency state.

— it is necessary to create a single center for monitoring the state of road facilities using modern
measuring devices, as well as use wireless or satellite technologies to detect accidents in a timely manner to
prevent emergencies with subsequent deaths among the population or damage to them or state property, which
will lead to multiple costs.

Conclusion

1. In conclusion, we can say that, despite the existing norms for the construction of various
structures and laws to improve the construction system of road bridges, overpasses and other artificial
structures, today thousands of bridges are in emergency or unusable condition due to the influence of natural,
including groundwater or river water, as well as non-compliance with these rules and regulations during their
construction or operation.

2. The proposed systems for monitoring the state of road bridges using satellite communication
systems or wireless sensor networks will provide timely information on the state of structures and help detect
deformations in the observed objects.

3. The use of wireless sensor networks will enable the location of measuring sensors in hard-to-
reach places, where it is difficult or expensive to pull ordinary wired solutions. They also allow rapid and rapid
deployment and maintenance of wireless monitoring systems;
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