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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I 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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yanepcutera Hancn
(Haucu, ®dpannus) H=15

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

OUIIEP Axceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [lpesneH
(dpesnen, bepnun) H=6

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

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppectionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonorndecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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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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Abstract.The scientific work presents the main elements of free two-dimensional
waves, the determination of the design parameters of wind waves, the assessment
of the impact of waves on the natural edges of the coast, recommendations for
mechanical damping of wave energy by introducing environmentally friendly wave
damping devices from movable, flexible elements and blocks in former use. Some
features of the northeastern zone of the Caspian Sea.. The Northern Caspian,
occupying 24.3 % of the area, has only 0.5 % of the volume of the Caspian Sea.
The total area is 91942 km?2, the volume of water is 397 km3. The depth of the
sea here does not exceed 4-10 m. The bottom relief is a slightly undulating
accumulative plain with a number of coasts and islands. Bottom sediments are
mainly represented by siltstones, sands, silt and large banks, consisting of
accumulations of broken and whole shells. The sediments of the Volga and Ural
rivers, which flow into the sea here, form many shoals and shoals, which, given
the general shallowness of this region, are dangerous for navigation. The shores of

109


https://orcid.org/0009-0008-1453-7438
mailto:arnur_68@mail.ru
https://orcid.org/0000-0001-6464-2748
https://orcid.org/0000-0001-6464-2748
user
Вычеркивание


oraza

https://doi.org/10.32014/2023.2518-170X.316

NEWS of the National Academy of Sciences of the Republic of Kazakhstan

the Northern Caspian are low and gentle, winding, accumulative, easily flooded, being
part of the Caspian lowland, have very small (0.001 ... 0.0001) slopes and extend for
considerable distances inland. When the wind from the sea is formed surge waves, and
from the land - surge waves.

Keywords:waves, wave effect on the shore, main wave elements, calculated wave
parameters, breakwaters and wave damping devices made of movable and flexible
elements
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AnHoTtamus. FrUBIME KyMBICTA €pKiH €Ki eJIIeMJ[i TOJKBIHAAPABIH HeTi3ri
3IIEMEHTTEPI, JKeJl TOJNIKbIHIAPBIHBIH KOHCTPYKTHBTI ITapaMeTpiiepiH aHbIKTaY,
TONKBIHAAPABIH JKaranaylblH TaOWFM >KUEKTepiHe ocepiH Oaranay, KopluaraH
opTara 3USHCHI3 TOJNKBIHIAPBI CHTi3y apKbUIbl TOJKBIH SHEPTHSICHIH MEXaHUKAIBIK
Jemnanysiiay KbUDKBIMANIbl, UKEMIIi AJIEMEHTTEPACH XKoHE OYpBIH KOJIIaHBUIFaH
ONOKTapJaH TOJKBIHIBI JeMI(epik KYpbUIFbUIap OOMBIHIIA YCHIHBICTAp OepiireH.
Kacnuii  TeHi3iHIH  CONTYCTIK-UIIBIFBIC ~ aiMarblHBIH ~ KeHOip  epeKuiemikTepi.
Aynannbiy 24,3 %-bia anein katkad Contycrik Kacnuiine Kacnuii TeHi3i kesneMiHiH
0,5 %-bI Fana
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6ap. Kanmer aynansr 91942 km?, cy kesemi 397 km®. MyHaars! TeHi3iH TepeHiri 4—10
M-JIeH acnaiinbel. TeMeHri penbed — Oipkarap »arajayinapbl MEH apajjapbl 0ap a3jmarn
TOJKBIHJIBI aKKyMYJIATOPIIBI XKa3bIK. TOMEHT1 MeriHIep HeT131HeH aJeBPOIUTTEPMEH,
KYMIapMeH, IIeTiHAUIEPMEH JKOHE CBIHFAaH JKOHE TYTac KaOBIKIIaJapIbIH
YKUHAKTayJIapbIHAaH TYPATHIH ipi )KaralapMeH YChIHBUIFaH. MyH/a TeHi3re KysToiH Exin
MeH JKalibIK e3eHIepiHiH IeriHAiIepil KeNnTereH MOoKbUIap MEH MeTiHAIepAl Kypaiabl,
OyJ1 aliMaKThIH KaJIIbI TAs3IBIFBIH €CKEPCEK, KEME KaThIHACKI YIIIiH KayinTi. ConTycTik
Kacnuiifin >xaramaynapel ajaca jKoHE JKYMcCak, Oypajmaibl, aKKyMYJSTOPJIbI, OHai
cy Oackan, Kacrinit MaHbsI oHnaTeIHBIH Oip Oesiri 6omieim Tabsuiazns:, ete asz (0,001 ...
0,0001) Gerketinepi Oap >koHE iIIKI KaFbIHAH aHTapiIBIKTall KAaTBIKTBIKKA CO3BLTAIIBI.
TeHi3meH JKenm COKKaHIa TONKBIHAAp, al KYPIBIKTaH - TOJKBIHAAp Taiina Oomaipl.
MyHza opra ecenreH aiibiHa 3—4 KeTepiy koHe 4—5 KeTepiny Oalikanaasl, COHABIKTaH
KbLT Me3rimiHiH 80—85 % jkarayiblK aliMaKThIH JKOFapblIa aTajfaH epeKIIeTiKTepiHe
0aiiJIaHBICTBI CY JKEJTiCI TYPAKChI3 OHE YHEMI JKbUDKUBI. TeHi3 ACHIeHiHIH KoTepinyi
HOTIKECIHE OCTICEHAUTIK, TONKBIHIAPIBIH TEPEHIITI MCH aFbICTAPABIH KAPKBIHIBLUTBIFBI
apTajpl; ©3eHAEPHAiH JKoHe Tasi3 CyNapHAblH Y4YacKeNepiHiH THAPOXUMHUSIBIK PEXUMI
e3repy/ie, COHIai-aK aybIp MeTalJapMeH, MyHai oHiMIepiMeH, IECTHIIHITEpMeH, OacKa
Jla 3USHBI XKOHE KayilTi 3aTTapMEH YXOHE OJIApJbIH KOCBHIHABUIAPBIMEH TEHI3re 63¢H
arbIHBIMEH TYCETiH, COHJIai-aK TONBIPaKTaH MIANbUIFAH JIACTaHy Cy OacKaH ayMakrap
eciIl KeJie]li; FuMaparTapsl Oap skarajaynap NIalibUIBII KeTe i, Cy OackaH jkoHe cy OackaH
ayblT MAPYaIIbUIBIFGl ATKATAPBI KONUBIIAAbI, OYJI iprefiec ayMakTapAblH TaOUFH KoHE
QJIEyMETTIK-DKOHOMHUKAJIBIK JKaF JaiIapbIHBIH HaIIapIiaybIHA, DKOJIOT MSITBIK JKaF A IbIH
HaIlIapJiayblHa )XoHE 0acKa J1a TOTCHIIIE JKaFIaiiapra oKel COFaIbl.

Ty#in ce3mep: TONKBIHAAP, TOJKBIHHBIH KarajayFa ocepi, TOJKBIHHBIH HETi3ri
AJIEMEHTTEPI, TOJIKBIHIAP/BIH KOHCTPYKTUBTIK HapaMeTpiiepi, TOIKbIHIBI TOJKbIHIAAD
JKOHE JKBIDKBIMAJIBI JKOHE LTI 3JIEMEHTTEPACH TOJIKBIH/bI 0acaThIH KYPbUIFbLIAP
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AnHoTamusa. B HayuHO#l paboTe NPUBOIATCA OCHOBHBIC 3JIEMEHTHI CBOOOIHBIX
JBYMEPHBIX BOJIH, OINpENAEJICHHE pacUeTHHIX I[1apaMeTpOB BETPOBBIX BOJH, OLIEHKA
BO3JICIICTBHUS BOJIH HAa €CTECTBEHHBIE I'paHu Oepera, peKOMEH AN 11 MEXaHHYECKOTO
raieHusi YHEPrHU BOJIH, MyTeM BHEIAPEHUS DKOJOIMYECKHM YHCTBIX BOJHOTACSIIMX
YCTPOMCTB W3 TMOIBUKHBIX, THOKHX 3JIEMEHTOB W OJIOKOB B OBIBILIEM YHOTpPEOJICHUU.
Hexoroprie ocobennoctu CeBepo-BocTouHoil 30HBI Kacmuiickoro mops. CeBepHblit
Kacnuii, 3anumas 24,3 % mtomaau, umeer juimb 0,5 % odbema Kacnuiickoro mMopsi.
Oo6mras mwiomnaas 91942 km?, 06beM Boabl 397 kM. TmyOrHa MOPS 3/1€Ch HE MTPEBAIIIAET
4-10 M. Penbed 1Ha — cnaboBoNTHHUCTAs! aKKYMYJISITHBHASI pAaBHHHA C PSAIOM OEpPEeroB U
OCTpOBOB. J[OHHBIE OTIIOKEHHUS MPEACTABICHB B OCHOBHOM aJIEBPOJIUTAMH, MTECKaMH,
WJIOM M KPYITHBIMU OaHKaMH, COCTOSIIMMHU W3 CKOIUICHHI OUTBIX W IEJBIX PAaKOBHH.
Hanocsl pex Bonru u Ypaiia, Baiarommx 3/eCb B MOpe, 00pa3yoT MHOKECTBO OTMEIIeH
U OTMeJIeH, KOTOpbie MPH OOIEM MEIKOBOJbE 3TOTO paioHa OMACHBI JJIS TUIaBaHHS
cynoB. bepera Ceseproro Kacnust HM3KME U TIOJIOTHE, U3BHIUCTBIE, aKKyMYJISTUBHBIE,
JIETKO 3aTaluiuBaeMble, BXoAs B cocTaB lIpukacnuiickoil HI3MEHHOCTH, UMEIOT OUYE€Hb
madsie (0,001...0,0001) yKJIOHBI ¥ TPOCTHPAIOTCS HA 3HAYUTEIBLHEBIE PACCTOSHUS BIIIYOb
cym. [Tpu BeTpe ¢ Mopst 06pa3yIoTcs HATOHHBIE BOJIHBL, a C CyIIH — HarOHHBIE BOJIHEL.
3neck B cpenHeM HaOmonaetcs 3—4 HaroHa u 4—5 HaroHoB B Mecsl, mo3ToMy 80—85
% BpeMeHU roja U3-3a BBILICTIEPEUNCICHHBIX 0COOCHHOCTEH MPUOPEKHON 30HBI ype3
BOJIbI HEYCTOWYMB M MOCTOSIHHO MHUTPHPYET. B pe3ynsrare MOBBIMICHHUS YPOBHS MOPS
YBEJIMYUBACTCS AKTHBHOCTb, ITTyOMHA HATOHOB U UHTEHCHUBHOCTh TCUCHUH; N3MEHSETCS
THAPOXMMUYECKUHN PEKUM YIaCTKOB PEK M MEJIKOBOJIUH, & TAKIKE 3arPS3HEHUE TSKEITBIMU
MeTaJlJIaMH, HE(PTENPOAYKTaMH, IMECTUIMAAMHU, IPYTMMH BPEAHBIMH W ONACHBIMH
BEIIECTBAMU M UX COCAMHEHUSMH, MOCTYMAIONIMMH B MOPE C PEYHBIM CTOKOM, & TaKXkKe
BbIMBIBAEMBIMH M3 IOYBBI 3aTOILISIEMBIX TEPPUTOPHIA, PACTET;, pa3MbIBAIOTCS Oepera
C pACIIOJIOKEHHBIMU Ha HUX CTPOCHUSIMH, TEPSIOTCS MOATOIJICHHBIE U OOBOIHEHHBIC
CEJIbCKOXO3SUCTBEHHBIC YTO[bs, YTO MPUBOJUT K YXYAUICHUIO MPUPOAHBIX U
COLIMAJbHO-3KOHOMHYECKHX YCIOBHM TPHJIETAIOMUX TEPPUTOPHH, yXYALUICHUIO
MEIUKO-3KOJIOTMYECKOW 0O0OCTAaHOBKH U APYTUM UPE3BbIUAHHBIM CUTYAIIUSIM.

KiroueBble cjioBa: BOJHBI, BIMSHUE BOJIHBI Ha Oeper, OCHOBHBIE 2JIEMEHTHI BOJHEI,
pacueTHbIe TapaMeTpsl BOJIH, BOJIHOJIOMBI M BOJTHOTACSIIME YCTPOMCTBA U3 IOABMKHBIX
U THOKHX DIIEMEHTOB
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Introduction

Frequent and strong winds in Western Kazakhstan cause surge waves on the Caspian
coast. The shores of the northern Caspian, being part of the Caspian lowland, are gentle,
easily flooded, have very small slopes (0.001 ... 0.0001), and extend for considerable
distances. When wind occurs from the seaside, surge waves are formed, and from
the land side, surge waves are formed. Here, on average, 3—4 surges and 4-5 surges
are observed per month, therefore, 80—-85 % of the time of the year, due to the above
features of the coastal zone, the water line is unstable and constantly migrates. Under
average wind conditions, the range of this migration is 3—5 km, in extreme conditions,
when the wind is blowing, the amount of drying can reach 8—12 km, and the amount of
land flooding can reach 20-25 km.

As a result of increasing the sea level, the duration and depth of the bunks, the
intensity of the currents occurs, the hydrochemical regime of river sections and fine
leads changes, the pollution of heavy metals, petroleum products, pesticides, and
other harmful substances and their compounds entering the sea with river drainage,
as well as lead from the soil of the flooded areas, are distinguished. Turned out and
flooded agricultural lands are hiding. All this leads to a deterioration in the medical and
environmental situation, another state of emergency.

The purpose of this work is to give recommendations for the mechanical damping
of wave energy, through the introduction of environmentally friendly wave damping
devices from movable, flexible elements and blocks in former use.

Materials and methods

Coastal hydraulic structures can be divided into two groups:

1. Shore protection structures used to protect coasts and adjacent territories from the
destructive effects of waves and currents, as well as built to expand urban port areas and
protective structures, the main purpose of which is to protect the water area from waves,
currents, drifts, and moving ice.

2. Protective structures that protect the port water area mainly from waves are
called breakwaters if the structure is not connected to the shore, and breakwaters if the
structure is adjacent to the shore. Structures adjacent to another structure are called a
spur, sometimes short piers are also called that (Ammaniyazov, 1999).

Coastal protection structures. Methods for protecting coasts and structures are
divided into two groups: passive protection methods, when the coast is strengthened
by wave protection structures that dampen wave energy directly by their design, and
protection methods, when the coast is strengthened by structures that control sediments,
as a result of which a protective strip of the beach is formed in front of this section of
the coast, on which the waves approaching the coast are destroyed.

Wave protection structures include coastal walls, slope structures, and slope
reinforcements, as well as coastal dams. Longitudinal wave-protective (wave-breaking)
walls are called gravitational structures with a relatively steep, close to vertical, or steeply
curvilinear outline of the face. Sloping structures are called longitudinal structures with
an inclined position (up to 450 to the water level) of the face.

Sloping structures and fortifications are used both to protect the natural coastal ledge
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and to protect the slopes of artificially filled dams or other earthworks (Zhigitbaeva et
al., 2021).

Active jet-guiding, nano-retaining structures include transverse structures — booms
and longitudinal-shore-protecting breakwaters.

Booms are arranged for the formation and expansion of the beach due to the
accumulation and retention of sediment (ordinary booms) or are intended to prevent
erosion of existing beaches (conservation booms).

In the technique of strengthening the coast, mainly breakwater structures are used,
designed to form a protective strip of the beach and which are combinations of actually
made barters with booms.

The most reliable protection of the shore is provided in the presence of a sufficiently
wide strip of the beach, on which the wave energy is extinguished. Therefore, when
designing measures to strengthen the coast, wherever possible and appropriate, active
protection methods should be used that provide for the expansion and consolidation of
the strip of coastal beaches.

Wave protection passive structures. Wave protection structures are divided into
coastal, directly adjacent to the coastal slopes, and wave damping barriers.

Longitudinal coastal structures are exposed to waves and wave flows of run-up
and therefore must be sufficiently strong and stable, as well as withstand the effects of
abrasion, which is most intense in the near-shore zone with deep banks with pebble-
gravel sediments (Altunin, 1962).

When constructing longitudinal coastal structures, it is necessary to take into account
not only the effects of waves on these structures but also the effects of the structures
themselves on the natural environment in the zone of their construction. This impact
primarily lies in the fact that by deflecting and discarding the run-up flows of developed
waves, such longitudinal coastal structures as wave-protective walls themselves
contribute to the erosion of the beach and the coastal slope in front of them.In conditions
of open coasts formed by easily moving sandy and sandy-silty sediments and exposed to
waves with a height of 1.5 m or more, the longitudinal walls of the wave-breaking type
should not be located within the lower two-thirds of the width of the run-up zone. The
use of wave-protective walls extended towards the reservoir beyond the shoreline is not
recommended in such conditions (Dyunin, 1963).

On the shores with sandy and sandy-silty sediments, instead of walls, it is
recommended to use slope structures and fortifications that do not cause consequences
that are so dangerous for the stability of the beaches in the run-up zone. If it is impossible
to do without such fencing, special measures are taken to protect the beach and the
bottom surface from erosion, as well as to ensure the stability of the walls themselves
from being washed away.

On shores with pebble sediments, sloping ones are located under the cover of a fairly
wide stable beach for sloping concrete and reinforced concrete structures with a width
of at least 3h, and for other types — at least Sh (here h is the wave height).

Wave-protective (wave-breaking) walls are usually arranged in the form of
gravitational structures on rocky bedrock or on special artificial foundations, sufficiently
reliably secured against under washing.
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To reduce the intensity of the impact of abrasion, the edges of the wave walls located
in the waterfront strip are given a smooth gently curvilinear outline with a horizontal
laying >(0.4-0.6)Zk, where Zk is the height of the curvilinear outline of the wall. The
upper part of the curvilinear outline of the wall is given the form of a wave reflector,
which throws the main masses of water toward the reservoir (Kalikov, 1986).

On shores with pebble sediments and a wave height along the surf line of more than
2 m, the walls located near the shoreline are covered with a solid lining. In the case
when there is a stable beach 5h wide in front of the wall (counting from the shear level),
no special lining is required, as well as on sandy banks.

The elevation of the upper edge of the walls of the wave-breaking type above the
calculated water level is usually taken not less than the value:

7,=0,75h+0,75,

Where h is the estimated wave height along the surf line in m.

At the same time, in the conditions of open deep banks of tide less reservoirs, the
elevation Z0 is taken to be at least 3 m.

It should be noted that in conditions of open shores of a deep type if there is a surface
beach in front of the wall with a width of more than 10 ... 15 m. The elevation of the
walls above the water level to a height of Z0=3m is quite enough.

If there is no beach, then the wave splashes become so powerful that the territories
and slopes protected by the walls are flooded with large masses of water and washed
away.

The dimensions of the cross-section of wave-protective walls are usually determined
by calculating the stability, which must be ensured by both underground pressures from
the coast and under the action of wave loads along the coastal face of the structure.
In the latter case, the calculation is carried out on the assumption that there is no soil
backfill behind the wall (Kireev, 1986).

Results and discussions

Slope structures and slope reinforcements. Longitudinal structures of the sloping
type are usually shaped so that they do not create a ledge in the profile of the coastal
slope and therefore are not subjected to any significant earth pressure from the coast.

Slope structures differ from slope fortifications in that their lower (rear) face, located
relative to the horizon at an angle somewhat greater than the angle of the natura slope of
the soil, perceives some small load from the coastal side.

Slope structures are built of concrete or masonry and differ from slope fortifications in
a somewhat more massive structure. Sloping fortifications are usually surface coverings
from stone blind areas; concrete and reinforced concrete slabs and asphalt.

From the point of view of the wave-protective action and hydrodynamic conditions
of interaction with waves, all structures and fortifications of the slope type, in principle,
work in the same way and can be considered structures of the same type.

The height of the sloping structure or fortification is determined in such a way that
its upper edge is located above the upper limit of the storm wave run-up on the sloping
structure.
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To reduce the height of the run-up, it is recommended to give the structures a stepped
shape. For the same purpose, slope reinforcements are sometimes supplemented with
special anti-roll strips made of large stones or blocks embedded in the fortification
structure.

Sloping structures can be made of concrete or reinforced concrete with inclined,
inclined-step or other outlines of the water face. The load from such longitudinal
structures is transferred either directly to the ground or through a pile foundation.

The elements of a slope structure of any type must be sufficiently strong and stable
when exposed to wave loads. They must also be secured from their “turning out” towards
the side of the reservoir when the waves roll back under the action of the counterpressure
of the water that has fallen under the structure, as well as from damage to them by ice.

Sloping fortifications made of various types of drafts contribute most to dampening
wave energy and therefore it is advisable to use them in the zone of breaking waves with
slopes steeper than 1:1.5.

Fortifications with impenetrable surfaces can be formed from concrete, reinforced
concrete, asphalt, monolithic riprap and pavement of various types, covering slope
surfaces with slopes corresponding to the material used and the method of forming the
bank slope profile.

All types of slope fortifications must be reliably protected from erosion. This is
achieved by the installation of sheet piling, impervious to soil, protective coatings of
soil surfaces.

To protect shallow sandy shores, fortifications are widely used in the form of
pavement coverings of various types of slabs laid directly on the coastal slopes of rock
fill, as well as from asphalt and asphalt concrete structures.

Wave barriers. Wave-damping barriers, or breakwaters, designed to dampen the
energy of waves with an elevation of the crest above the water level, are used relatively
rarely, since to carry out sufficiently effective damping of waves, heavy and expensive
structures are needed, taken to considerable depths.

More effective in this case are breakwaters made from sketches of large stone blocks
or shaped massifs (in particular, from tetrapods and tribars).

Active jet guides. Conditions determining the choice of active protection structures.
With an oblique approach of the wavefront to the shore, alongshore currents are
formed, which cause erosion of the bottom, washing out of beach materials, and other
undesirable erosion along the longitudinal protective structures. The choice of the type
of structures for protecting the coast is determined primarily by the natural conditions in
the fortification zone and technical and economic indicators (Imanaliyev, et al., 2022).

In most cases, it is possible to reliably protect the shore by creating a stable beach
accumulation, both with the help of booms and with the help of breakwaters with traverses.
Usually, the cost of strengthening with booms is less than the cost of strengthening with
breakwaters, however, under certain conditions, the use of breakwaters may be more
appropriate. For example, breakwaters should in most cases be preferred in areas with
underwater landslide development. Breakwaters with traverses are in most cases more
effective than booms in areas with steep underwater slopes.
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Some features of the northeastern zone of the Caspian Sea. The Northern Caspian,
occupying 24.3 % of the area, has only 0.5 % of the volume of the Caspian Sea. The
total area is 91942 km?, and the volume of water is 397 km?. The depth of the sea here
does not exceed 4—10 m. The bottom relief is a slightly undulating, accumulative plain,
with a series of banks and islands. Bottom sediments are mainly siltstones, sands, silt,
and large banks, consisting of accumulations of broken and whole shells. The sediments
of the Volga and Ural rivers flowing into the sea here form many shoals and banks,
which, given the general shallow water of this region, are dangerous for the navigation
of ships. Between the delta of the Ural River and the Buzachinsky Peninsula, there
is a shallow (8 m) vast depression called the Ural furrow. The shores of the Northern
Caspian are low and gentle, winding, accumulative, and easily flooded, being part of
the Caspian lowland, they have very small (0.001 ... 0.0001) slopes and extend for
considerable distances inland (Ivkina, 1998). When wind occurs from the seaside, surge
waves are formed, and from the land side, surge waves are formed. Here, on average,
3—4 surges and 4-5 surges are observed per month, therefore, 80—85 % of the time
of the year, due to the above features of the coastal zone, the water line is unstable
and constantly migrates. Under average wind conditions, the range of this migration is
3-5 km, in extreme conditions — during the down surge, the drying value can reach
8-12 km and the land flooding value - is up to 25-50 km. As a result of sea level rise,
there is an increase in activity, the depth of surges, and the intensity of currents; the
hydrochemical regime of sections of rivers and shallow waters is changing, and pollution
by heavy metals, oil products, pesticides, other harmful and hazardous substances and
their compounds entering the sea with river runoff, as well as washed out from the soil
of flooded areas, is growing; banks with buildings located on them are washed away,
flooded and flooded agricultural lands are lost, which leads to the deterioration of the
natural and socio-economic conditions of the adjacent territories, the deterioration of
the medical and environmental situation, and other emergency situations (Imanaliyev
et al., 2022).

The rise in the water level during surges for coastal areas, the height marks of which
slightly exceed the mark of the mean sea level, is sometimes a catastrophic disaster. This
is especially true of the northeastern shallow, bay-like part of the Caspian Sea with the
very gently sloping shores of the Caspian Lowland, off the coast of which the largest
surges in this sea are noted (Utegaliev et al., 2002).

Over the past 10 years, the most catastrophic surges have been observed on the
Kazakhstan coast (1990, 1991, 1993, 1996, 1999, 2003, 2007, 2009). Losses from
flooding of the coast by surge waters amount to tens of millions of dollars.

The main elements of regular, two-dimensional free waves include wave height,
wavelength, wave steepness, wave period, wave propagation velocity, orbital velocity,
acceleration of wind waves, etc (Ivkina, 2001).

Wave height, 4, m — the vertical distance between the top and bottom of the wave.
Wavelength, A ,m — horizontal distance between two adjacent wave tops.
The steepness of the waves &/ A is the ratio of the height of the wave to its length.
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The period 7 of a wave is the amount of time it takes for the crest of a wave to
travel a distance of a wavelength.

ro [P 2 (1)
g A

where, H — is the depth of the reservoir, m.
Wave propagation speed - the speed of movement of the wave crest in the horizontal

direction, equal to A /7 .
The orbital velocity of a fluid particle at the considered point of the wave at depth
(from the resting level) is determined by the formula (under the wave crest)

h chz%(H - z) o
v, =——>F—— Ms. (2)
T sh @
A

Dispersal of wind waves D km - the length of the water surface covered by the
action of the wind, causing the formation of waves.

Determination of design parameters of wind waves. In the presence of a reliable
long-term series of direct observations of wave parameters in existing reservoirs, these
data are statically processed and curves for the availability of wave elements in different
directions are constructed (Baidosova et al., 2007).

In the absence of such data, in particular, when designing structures on newly created
reservoirs, these parameters are calculated based on the analysis of wave-forming
factors: wind speed, duration of its action, wave acceleration, and depths of the reservoir.

The wind speed and its duration for different directions are determined by statistical
processing of observational data from the nearest hydrometeorological stations. Data
from stations located on low coasts or islands are preferable (Sennikov et al., 2008 ).

When calculating the wave elements of small reservoirs, the duration of the wind
action may not be taken into account.

The acceleration of the wave is determined by the directions of the eight main points
and by the direction of the greatest extent of the reservoir.

For the conditions of deep reservoirs and deep water zones, the following ratios can

be taken for approximate calculations 4/ A : for seas 1/10-1/20; for large reservoirs
1/10-1/15.
To switch to the parameters of waves of other coverage, you should use the data in

Table 1, where h, — is the height of the calculated coverage wave; / - average wave
height.

Table 1 - To the calculation of the availability of a wave
Wave height assurance, % 1 2 3 10 20 30 40 50 60
2,52 12,28 (191 [1,69 |1,38 |1,21 |1,05 [0,93 0,81

h./h
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Approximate values of maximum observed heights and wavelengths for oceans,
seas, and inland waters are given in Table 2.

Table 2 - Wave parameters

Name of the water area
Height, h ,m Length, A ,m
Atlantic, Pacific and Indian Oceans 20,0 500
Bering Sea
Barencevo sea 14,0 250
Caspian Sea 13,0 200
Black Sea 11,0 130
Baltic Sea 9,5 140
Large lakes and reservoirs 8,5 120
5-5,5 60-70

The determination of the wind surge AH (increase in the average level of the

reservoir due to the action of the wind) can be carried out according to the formula
2

AH =k WD

2gH

cosa s (3)

Where, k #9-107; « - the angle between the axis of the reservoir and the direction

of the wind; W - wind speed, m/s; D — wave overclocking, km.

Impact of wind waves on natural coastal slopes. The simplified method for calculating
bank reformations given below makes it possible to determine approximately the
amount of bank erosion during a given period of erosion (in years) using the formula
below (Zhigitbaeva et al., 2021):

0= kpkdtdzi , m’/m length, 4
A - calculated average long-term wave energy, ts*m in year, calculated from wind
observations at nearby hydrometeorological stations. For this, the weighted average

wave power is determined N;-for waves of a given height, taking into account the

distribution of these waves in time along the points, j facing the reservoir according
to the formula:

Lp; cosg,

N, =795h>°
xp ;

, ts*m, ®)

Where, p; — frequency of rhumb waves lying in the height interval h, + Ah u

h, — Ah; Ah - arbitrary, sufficiently small value; ¢ — the angle formed by the direction
of wave acceleration and normal to the coastline (in plan) (Kireev, 1986).

Then it is defined as E
E=2T N, , ts*m/year, 6)
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where, T’ — the duration of the wave height /4, , h/year;

k e shore soil erosion index, m*/ts*m, wave work. Guide values & b

for very easily eroded rocks (fine-grained sands, light sandy loams, loesses) — from
0.0065 to 0.003;

for rocks of medium erosion (heavy loam, clay, sands with gravel and pebbles) —
0.001-0.0005;

for rocks that are difficult to erode (pebbles, clayey sandstones, moraine clays) —
less than 0.0005.

Empirical coefficient k; = aH;, where H,- the average height of the coast within
the area under consideration; a — for easily eroded rocks is taken equal to 0,03, with
difficult to blur 0,05.

The abrasion part of the shoal is located between the upper and lower limits
of erosion, determined for this part of the reservoir as follows: the upper and lower
levels of the mirror are found with a probability of 6 and 96 %, respectively. One-third
of the average wave height is added to the upper level and the upper limit of erosion is
obtained, and from the lower level the average wave height is laid down and the lower
limit of erosion is obtained (Joldassov S., and et all 2023).

Wave effects on slope-type structures. The following instructions apply to slopes

with a steepness 1,5 <m < 5.

Depth H, after which there is a sharp increase in velocities on the slope, which is
determined by the formula

L2
H 1= o8 ha , M (7)
m®
Critical depth at which the wave breaks down,

2
H, = h(0,47 +0,023 Zj HTT m (8)

The impact of the jet discharged from the crest of the wave during its collapse on

the slope is determined for the point B of the slope at a depth #,, =Y. At this point,
the maximum velocity and the greatest intensity of pressure are observed upon the
impact of the collapse jet (Kalikov, 1986).

Point coordinates B

vy =L ©)
m
—UZA UZA
+ —+2gy
P Agmz ! (10)
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where, y,— point ordinate A, characterizing the position of the wave crest at the
moment of the beginning of the collapse;

yOZHKerth; (11)

h.,, — elevation of point A above the level of rest

h, = {0,95 —(0.84m - 0,25)%} : (12)

 — the horizontal projection of the initial velocity of the jet discharged from the
wave crest;

(13)

v, = gL 27rH \/ﬂg i 2 27rH

27r

The maximum speed of the jet when the wave hits the slope at point B

v, = n{m{gfj } (14)

where, 1 =1-(0,017m —0,02)% .
The maximum jet speed at rest
10k rery
Uy = \/> Y (15)
2r+m

where, k, —roughness coefficient, taken according to the table 3.

Table 3 - Roughness coefficient values

Coating type
k.,
Continuous impervious smooth coating 1
Concrete plates 0,9
Pavement (stonework) 0,8
Broken stone sketch 0,55
Sketch from concrete masses 0,5

Jet velocities below rest level, starting from depth z = H, calculated by the formula
nrh
v, =———, m/s. (16)
— S
g A
Maximum wave run-up height /,, on slopes is measured from the level of rest and

is determined by the formula
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2
hy = k"’hifi ,M, (17)
m h

where, k, - roughness factor.
The maximum local pressure at point B from the impact of the jet at the moment of
wave breaking is determined by the formula

2
(O]

5 cosz(p’ (18)

pB.u.uaK = 1’7;/

where, (0 — the angle between the tangent to the direction of the jet at point B and
normal to the slope, equal to

@=90"—(a+ ) (19)
The angle is calculated from the dependence f3
1gh=— ffj . (20)

The upper limit of the capital fixing of the slopes is set to the height of the roll-out

of the wave /,,, determined by formula (19), into which the value of the wave height
corresponding to a 50 % probability is substituted, and determined using Table 1. To
establish the boundary of facilitated fastening in the same formula, the wave height is
taken with a 10% probability. When designing sloping structures on reservoirs, taking
into account wave effects, the wave height assurance indicators are taken according to
Table 4 (Zhigitbaeva et al., 2021).

Table 4 - Accounting for wave actions

Design characteristic Provision, %
The height of the wave run-up on the slope when determining the elevation of the crest 1
of the structure 1
Stability and strength of capital fixing plates 2
Stability of rock placement of the capital fastening 5
Stability and strength of lightweight fasteners

New standard elements and blocks are used for coastal and wave protection
structures. When designing and building hydraulic structures on uninhabited areas of
sea coasts with a very gentle shelf zone and long coastal areas, the use of existing
coastal fortifications, breakwaters, and wave dampers described above due to their very
high material consumption, complexity of structures and bulkiness from a technical and
economic point of view is not profitable. Therefore, in such areas, it is necessary to use
as much as possible typical elements and blocks made from local materials (Kiselev et
al., 1984).

Coastal wave absorbers from standard elements. In some cases, it may be sufficient
to use the simplest wave absorbers located on the sea near the coastline. The figures
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show the description and design of such wave absorbers from standard elements and
decommissioned tires.

Coastal surge absorber made of standard elements (Figure 1,2), which is a system
of many elastic steel vertical bars in a plastic shell, embedded in a reinforced concrete
base, which are assembled in rows and installed along the coast. Quenching excess
wave energy into many small jets and intensively mixing it.
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Fig. 2 - Coastal surge absorber made of typical elements (steel rods embedded in a reinforced concrete
base)
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All structures of the breakwater and wave dampers are designed for shallow water
areas and due to the simplicity of their construction, the possibility of manufacturing
them at the installation site, including from local materials, they can be widely used in
engineering practice in the development of new oil fields on the northeast coast of the
Caspian Sea (Ivkina, 1998).

At the same time, the most complete effect is obtained with the combined use of
wave suppression and coastal surge structures in the complex. An example of this
is the complex of structures shown in Figure 3, where a breakwater in the form of a
longitudinal through wall of tires was erected parallel to the anti-surge dam on the sea,
and traverses were installed across them, serving as a damper of longitudinal currents.

FURE

] =
;\; —

1 - wave damper; 2 - traverses; 3 - piles; 4 - anti-surge dam made of local materials.
Fig. 3 - Scheme of combined protection from coastal wave absorbers from used tires and anti-surge
coastal dams

af

Breakwaters and wave suppression devices made of movable, flexible elements and
blocks

When ecologically damping wave energy and developing uninhabited coasts of
great length and shallow shelf areas of the seas inherent in the northeastern part of the
Caspian Sea, the use of wave-damping structures made of standard through elements
and blocks is of great importance, which significantly reduces the cost of their total
cost and reduces the construction and commissioning time operation of such facilities
(Koibakov, 2003).

Figure 4 shows two types of gabions G-1 and G-2, adapted to marine conditions,
which are rectangular lattice boxes with side dimensions of 2000x1000x500 and
1000x1000x500 mm. The box consists of ribs along the edges, made of steel corners
with profile number Ne 7 or more, to which metal rods with a diameter of at least 20 mm
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and a clearance of 100 ... 150 mm are welded. Depending on the specific purpose, the
boxes can be filled with balls made of extra strong rubber and plastic with a diameter of
at least 1.5 times the width of the grate opening with a bulk density close to 1, i.e. close
to the volumetric weight of water or other material (Dunkovsky et al., 1967).

In the first case, they are used as components of a sloping surge absorber to dampen
the excess energy of surge waves, in which, when a wave runs onto a slope, it flows
around gabion lattice boxes and a lot of balls inside it breaks into thousands of small
streams and calms down within the slope from the seaside (Schmidt, 1970).

In the second case, gabions are used as components of a breakwater installed in the
open sea. It is a vertical two-row lattice wall, with gabions arranged in a checkerboard
pattern. Individual drawers are vertically welded together with shaped sheets.
Horizontally, gabion boxes are fastened with the help of a channel or brand to piles
located at an equal distance from each other parallel to the shore (Ivkina, 1998).

When a wave runs on vertical columns arranged in a checkerboard pattern, it breaks
up into large jets, and when flowing around the lattice part and balls inside the box,
it breaks into many small jets, while the wave flow is intensively altered and the jets
collide with each other. As a result, an intense and abrupt damping of the excess energy
of the wave occurs (Imaaliev et al., 2022).

Fig.4 - Designs of wave-damping typical gabion blocks
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Fig. 5 - The design of the breakwater from the “V” shaped elements and the kinematic scheme of its
operation

1

The breakwater (Fig. 5) is made of links, which is a cable 3 attached at both ends
to anchor-bollards 2. The main typical “V” shaped elements 1 are strung on the cable
butt to each other. A feature of the “V” shaped element is its execution in such a way
that two airtight horns are welded to the base, a pipe segment with a length equal to
two element diameters, spaced apart from the vertical by an angle of /2, while 30 ... 40
degrees (Rador, 1968) . Then in the link, one-half of the horns is located to the right of
the vertical, and the other to the left. The kinematic scheme of the breakwater operation
is shown in Fig. 5. In calm weather, the breakwater is, due to the design features, in a
vertical position. Under the influence of a wind wave, the wave flow, flowing through
the left-handed horns, breaks up into many small jets, which, in turn, encountering
right-handed horns on the way, pile on them and turn the breakwater to the right. At the
same time, the flow again breaks up into small streams, i.e. there is an intensive mixing
of the wave flow, and a significant part of the excess energy of the wave is affected.
The turn to the right occurs until the active pressure of the wave equalizes with the
passive hydrostatic pressure, the repulse of the system of elements, and this moment
occurs when the bottom of the wave approaches the axis of the breakwater when the
repulse force becomes greater than the active pressure force. From this moment until the
approach of the next wave, the entire breakwater turns in the opposite direction. Then
another cycle is repeated. Influencing the flow in this way, the breakwater works with
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a double effect: a) the division of the wave flow into many small jets, their intensive
mixing, and b) the swing of the breakwater around the center of the base to the right and
left, i.e. reverse pendulum effect (Koibakov et al., 2007).

A wave damper with artificial movable roughness consists of a longitudinal barrier
(Fig. 6) located approximately perpendicular to the prevailing wind direction, containing
typical elements of mesh boxes 1, filled with balls 2 half of their volume, which are
attached to piles 3, is a rigid structure in the form of a rectangular parallelepiped with
channel ribs; meshes are made in the form of lattices of vertical rods welded to the ribs
of the box, while the clearance of the lattice should not exceed 0.6 of the diameter of
the balls, with a density close to 1, filling the box by half its volume; the height of the
wave absorber H is taken equal to the water depth at the installation site plus 0.5 ...
manufacturing of steel structures not less than 6 m and a multiple of 3 m (Zhigitbaeva
et al., 2021).
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Fig. 6 - Wave damper with artificial movable roughness. Kinematic diagram of the wave absorber
operation

The wave damper works as follows (Fig. 6). When a wind wave runs onto mesh
boxes, the flow is forced to flow around them, and due to the thoroughness of the
structure, it passes through the lattice and flows around a lot of balls freely floating in
the closed volume of the box with a density close to that of water, which consumes a
significant part of the excess wave energy; at the same time, the bulk of the balls under
pressure is pressed against the right wall and the roof of the box and intensive mixing
takes place, taking the rest of the wave energy, and when the wave rolls back, the balls
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are pressed against the left wall, intensively mixed under the action of a reverse current.
Thus, there is an effective damping and calming of the wind wave (Ivkina, 1998).

Conclusion

For the use of new environmentally friendly types of wave protection structures,
the northeastern zone of the Caspian Sea is recommended. The Northern Caspian,
occupying 24.3 % of the area, has only 0.5 % of the volume of the Caspian Sea. The
total area is 91942 km2, and the volume of water is 397 km3. The depth of the sea
here does not exceed 4-10 m. The bottom relief is a slightly undulating, accumulative
plain, with a series of banks and islands. Bottom sediments are mainly siltstones, sands,
silt, and large banks, consisting of accumulations of broken and whole shells. When
wind occurs from the seaside, surge waves are formed, and from the land side, surge
waves are formed. Here, on average, 3—4 surges and 4—5 surges are observed per month,
therefore, 80-85 % of the time of the year, due to the above features of the coastal
zone, the water line is unstable and constantly migrates. Under average wind conditions,
the range of this migration is 3—5 km, in extreme conditions - during the down surge,
the drying value can reach 8-12 km, and the land flooding value - is up to 25-50 km
(Koybakov et al., 2023).

As a result of sea level rise, there is an increase in activity, the depth of surges, and
the intensity of currents; the hydrochemical regime of sections of rivers and shallow
waters is changing, pollution by heavy metals, oil products, pesticides, other harmful
and hazardous substances and their compounds entering the sea with river runoff, as
well as washed out from the soil of flooded areas, is growing; banks with buildings
located on them are washed away, flooded and flooded agricultural lands are lost, which
leads to the deterioration of the natural and socio-economic conditions of the adjacent
territories, the deterioration of the medical and environmental situation, and other
emergency situations (Mellor, 1965).

The rise in the water level during surges for coastal areas, the height marks of which
slightly exceed the mark of the mean sea level, is sometimes a catastrophic disaster. This
is especially true of the northeastern shallow, bay-like part of the Caspian Sea with the
very gently sloping shores of the Caspian Lowland, off the coast of which the largest
surges in this sea are noted (Ivkina, 1998).

Over the past 10 years, the most catastrophic surges have been observed on the
Kazakhstan coast (1990, 1991, 1993, 1996, 1999, 2003, 2007, 2019). Losses from
flooding of the coast by surge waters amount to tens of millions of dollars. Therefore,
we recommend new standard elements and blocks used for coastal and wave protection
structures. When designing and building hydraulic structures on uninhabited areas of
sea coasts with a very gentle shelf zone and long coastal areas, the use of existing
coastal fortifications, breakwaters, and wave dampers described above due to their very
high material consumption, complexity of structures and bulkiness from a technical and
economic point of view is not profitable. Therefore, in such areas, it is necessary to use
as much as possible typical elements and blocks made from local materials.

Some typical elements and blocks are given at work. In particular, as a typical
element, you can use old car tires, from which you can make blocks of three types,
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which are called tripod, tetrapod, and pentapok. They, as indicated in the main part of
the scientific work, are not environmentally harmful, the cost is low and installation
does not require large funds.
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