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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

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, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

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

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX 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 HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
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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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S. Joldassov'", S. Tattibaev!, Z. Bimurzayeva!, M. Bayzhigitova!, G. Loginov?

'M.Kh. Dulaty Taraz Regional university, Taraz, Kazakhstan;
2Kyrgyz-Russian-Slavic University, Kyrgyz.
E-mail: arnur_68@mail.ru

ANALYSIS OF EXISTING METHODS FOR CALCULATING THE
ROUGHNESS COEFFICIENT OF CHANNELS ALONG THE PERIMETER
OF THE CHANNEL

Abstract. The scientific work examines the issues of the channel roughness
coefficient and the uniform movement of water in channels with bottom roughness.
The analysis of existing methods for calculating the roughness coefficient of channels
along the perimeter of the channel is given. The methods of determining the roughness
coefficient of famous scientists such as P.N. Belokon, G.K. Lotter, N.N. Pavlovsky
for channels consisting of two or three slopes along the perimeter of the channel
are presented and analyzed. When designing channels with a soil base, the reduced
roughness coefficient of the channel, which forms the basis of the resistance of the
plantar structure along the length of the channel, plays a decisive role. Currently, there
are a number of computational relationships proposed for hydraulic calculations of
water flow along the perimeter of the channel. A number of researchers claim that the
soil of the channel bottom simulates the flow movement in different channels with the
flow movement under the ice layer. But, it should be borne in mind that the soil of
the channel bottom has its own characteristic (specific) features of water movement in
open channels with different roughness and under ice cover. The calculation formulas
proposed by a number of authors for channels with different lengths along the perimeter
cannot be used directly for hydraulic calculations of the flow under the ice cover, and
vice versa, the equations of water flow under the ice cover do not apply even for channels
with different roughness along the perimeter.

In general, the solution to the main computational relationship is to determine
the perimeters and areas included in separate disparate sections. Determining the
perimeters of individual parts does not create any special difficulties and is defined as the
corresponding face of a geometric figure. Taking into account the fact that the edge of
the wall should lie on the considered sole of the channel. But to determine the area of the
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figures adjacent to the walls in an individual appearance is quite a complicated matter.
Approaches of well-known scientists in the scientific literature, such as P.N. Belokon,
G.K. Lotter, N.N.Pavlovsky and E.E. Schiperko are based on the phenomenon of flow
and large assumptions about the equality of the hydraulic radii of individual parts and the
whole channel, as well as the equality of the average speeds of individual parts and the
whole flow, but in fact they are not. Current measurements in the laboratory, performed
by us and other authors, show that they differ in magnitude and allow significant errors
in calculations. Thus, we came to the conclusion that an attempt to solve the problem
of the reduced roughness coefficient using generally accepted approaches did not allow
us to obtain the desired results: it is not enough to use only the equation of uniform
motion, and, therefore, it is necessary to consider other ways to solve the problem.
In our opinion, the simplest method is used by all authors who have dealt with the
calculation of channels of varying degrees of complexity.

Key words: channel, uniform motion, roughness coefficient, steady motion, average
velocity, channel perimeter, channel cross-section, hydraulic radius.

C. Koanacos", C. Torrivaes!, 3. Bumyp3aesa', M. Baiiskururosa', I. Jlorunos?

'"M.X. dynaru ateinaarsl Tapas eHipinik yauBepcurterti, Tapa3, Kazakcran;
*Keiprbi3-Peceii-CnaBsH yHuBepcuteti, KpIpFbI3cTaH.
E-mail: arnur_68@mail.ru

MEPUMETPI BOMBIHIIA KAHAJIJIAPIBIH BYKBIPJIBIK
KOD®@OUUMEHTI OPTYPILITTH ECENTEYAIH KOJJIAHBICTAFBI
OJIICTEPIH TAJIJIAY

Annorauusi. FeuibiMu Makanazna TaGaHbl OYKbIpIbl KaHaJIAapAarbl O1pKaJbIIThI
KO3FaJIbIC YKOHE apHaHBIH OY>KBIPIBIK KOAQPUUUEHTIH (KOAPPHULINESHT ILEPOXOBATOCTH)
aHBIKTay Macesenepi KapacTolpbiiaasl. [lepumerpi OolibIHIIA KaHATJAPABIH OYKBIPIBIK
K03(UIHMEHT] OPTYPIUIIriH eCenTeyIiH KOJJaHbICTAFbl 9AICTEPiH Talay KYPri3iiemi.
Benrini ransivaap - I1.H. benokons, ['K. Jlorrep, H.H. [laBnoBckuiinepain nepuMeTpi
OolibIHIIA eKi-Y 106K TeH TYPaThIHKaKTay bl apHaIap yILiH Oy KbIPIBIKKOA (P GUIMEHTIH
aHBIKTay/AbIH ojicTepi KenTipineai. Tomblpak apHaga eTeTIH KaHAIAapisl kobamay
Ke3iHJe, KaHall Y3bIHIbIFbl OOWBIMEH Ta0aHbl KYpPBUIBIMBIHBIH KapChUIBIFBI HETi31H
KYpalTBIH apHAHBIH KENTipiIreH OY>KbIPIBbIK K03()(QUIHEHT] eIy posibai aTKapaabl.
Kazipri yakpiTTa, apHaHblH IepuMeTpi OOWBIHIIA Cy aFbIHBIHBIH THAPABIMKAIIBIK
ecenTeylnepi YIiH YChIHBUIATBIH OipKaTap ecenTey OainanbICThUIBIKTaphl Oap. bipkarap
3epTTeyIIiIep, apHACHIHBIH OY>KBIPIBIFBI OPKENKi KaHaJJAapAarbl aFblH KO3FaJbIChIH,
MY3 Ka0aTbl acTBIHJIAFbl aFbIH KO3FaJIBICBIMEH YKcaTaabl. bipak, MbIHAHBI €CKepe KeTy
KepeK, apHa Oy KBIPJIBIFEI SPTYPJIi alIbIK KaHaJAapaarkl >KoHEe My3 Ka0aThl aCThIHAFbI
Cy KO3FaJIbICHIHBIH ©31HIIK ToH (crenudukanbik) epekmenikrepi Oonanel. [lepumerpi
OolibIHIIA OYKBIPIBIFBl SPTYPII apHajap VIUiH OipkaTap aBTOpIapMEH YCHIHBUIFaH
ecenTik ¢opmynanap — My3 KabaTbl acTBIHAAFBI aFbIHIbI THAPABIUKAIIBIK ECENTEYIIEp
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Ke3iHJe TiKeJel MmaianaHblTybl MYMKIH €Mec, JKOHE KepiciHile nepruMeTpi OoMbIHIIa
OYOKBIPJIBIFBI 9PTYPJIi apHaANap YIIiH e My3 Ka0aThl aCTBIHIAFbI Cy aFbIHBI KO3FaJIbICHI
TeHJIeyJepi KOJAIaHbUIMAIbI.

JKanmer aiiTkaHma, HEri3ri ecenTiKk OaiIaHBICTBUIBIKTHI MICIIY, JKEKE OYXKBIPIIBIK
MOH/Ii KUMaJlapFa eHEeTiH CyJaHFaH NepuMeTpiiep MEH ayAaHAap bl aHBIKTayAaH TYPabl.
XKeke OenmikTepiH cyTaHFaH NEPUMETPIIEPiH aHBIKTAY, aca KOI KMBIHIIBUIBIKTAP TYFbI3a
KOMMai bl )KoHE OJ1ap TeOMETPHSUIBIK (PUTYPaHbIH THICTI KbIPBI PETiHIE aHBIKTAIAIbI.
MpblIHaHbI eckepe KeTy Kepek, KaObIpra KbIpbl apHaHBIH KapacThIPbUIATHIH TabaHbIHA
Xatysl THiC. bipak, »xeke Oy KbIpIBIKTaFbl KaObIpFaiapra TYHiCeTiH purypanap aygaHblH
aHBIKTAy, ©T¢ KHbIH Macelne. FeutbiMu opeOuertepaeri Oenrini — [1.H. benokons,
K. Jlorrep, H.H. IlaBnoBckuii xone E.D. IlumepkonapablH Tacinnepi, aFbIHHBIH
KYOBUTBICBIHA KOHE JXEKe OOJIKTep MEH TYTac apHaHBIH THIPABIMKAJIBIK pPajnyChl
TEHJIIT1 )KOHE Jie KeKe OOTIKTep MEH TyTac aFbIHHBIH OpTallla KbUIIaMIBIKTapbl TEHIT1
Typajibl YJIKEH pyKcar Oepynepre (DOMyIIEHUs) HEri3lenreH, Oipak ojap ic XKy3iHae
oHall Oommaiinel. bi3 sxoHe ne Oacka aBTOpIapMEH OPBIHAAIFAH J1a00PaTOPHSIBIK
KaFaainapaarel aFrbIMAarbl eJIIeylep KOpCeTKEeHACH, ojap eAeyip IIeK IamachlHIa
epeKLIeTICHE Il JKOHE oJlap ecenTeyep Ke3iHae alTapibIKTail KaTediKTepre xKoll Oepei.
CoHbIMEH, MbIHAIall KOPBITBIHABIFA KEJIEMi3, KaJIbl KaObUIJaHFaH TICUIAEep/i KonJaHa
OTBIPBII, KENTIPIAreH OYKbIPIBIK KOA(PPHUIUEHTI Typaibl MOCECH] HICHIyTe TaMbIHbIC
xKacay, 0i3re KaKeT HOTIKeNepAl alyFa ko OepMeni: OipKalbINThl KO3FaJIbIC TCHICY1H
FaHa Maiijanany )KeTKUTIKCI3, JKOHEe COFaH opaii, KOMBUIFaH MOCEJICHI IIey/IiH 0acka 1a
KOJLAAPBIH KapacThIpy Kepek. bi3aiH ofbIMbI3IIa, opTYpil OYKBIPIBIKTAFbl apHAaIapbl
ecenTey MacelenepiMeH aifHaIbICKaH OapiIbIK aBTOpIIap KYT1HETIH eH KapamaibiM dIic.

Tyiiinai ce3mep: kanam, OIpKaNbINTBI KO3FalbIC, OYKBIPIABIK KOA(GHUIIHMEHTI,
OPHBIKKaH KO3FaJbIC, OpTalla KbUIIaM/IbIK, apHA IEPUMETPI, apHAHBIH OTiM (KOJIICHEH)
KHMMachl (MOMepevHoe CeYeHne), THAPABIUKAIIBIK PaTuyc.

C. Ixxonnacos!”, C. Tarru6aes!, 3. bumyp3saesa', M. Baiizkururosal, I'. Jlorunos’

'Tapa3ckuii peruoHanbHblil yauBepcutet umMenn M. X. Jlynaru, Tapa3s, Kazaxcraw;
*Keipreizcko-Poccuiicko-CnaBsHekuid yHHUBEpcUTET, KbIprbizckas.
E-mail: arnur_68@mail.ru

AHAJIN3 CYIMECTBYIOIIUX METOJOB PACYETA KOO®OUIIMEHTA
IEPOXOBATOCTHU KAHAJIOB I1O HEPUMETPY PYCJIA

Annorauusi. B HayuHoli paboTe paccMaTpuBalOTCS BONPOCHl KO3 UIHEHTa
LIEPOXOBATOCTHU PyCia U PABHOMEPHOE JBHKEHUE BOJBI B KAHAJIAX C LIEPOXOBATOCTHIO
nHa. JlaH aHanu3 CyIIECTBYIOIIMX METOOB pacueTa KOd(PQHIUEHTa IIepOXOBATOCTH
KAaHAJIOB 110 IepuMeTpy pycia. IIpuBoaurcs u naercs aHaiu3 METONOB OIPEACICHUS
ko3¢ PUIHMEHTa MIePOXOBATOCTH U3BECTHBIX Y4eHBIX, Takux kKak I1.H. bemokons, I'K.
Jlorrep, H.H. ITaBiioBckuii 1ist pycei, COCTOSALIUX U3 JBYX-TPEX OTKOCOB I10 IEPUMETPY
pycia. IIpy npoekTupoBaHUH KaHAJIOB C TPYHTOBBIM OCHOBAHUEM OIPEAEIISAIOLLYI0 POb
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UrpaeT NPHUBEICHHBIH KO3()(UIMEHT MIEPOXOBAaTOCTH KaHala, COCTABIISIONINNA OCHOBY
COTIPOTHUBIIEHHUS MOJOIIBEHHON KOHCTPYKIUH 0 JJIMHE KaHaya. B HacTosIee Bpems
CYIIECTBYET Psii PACUETHBIX CBsI3€H, MpearaeMbIX Ul THAPABIUYECKHX PacdyeToB
pacxojia BOJbI 10 MepUMeETpyY KaHaza. P vuccienosareneil yTBep:KIaeT, 4To IPYyHT JIHA
KaHalla UMUTHPYET ABMKCHHE IIOTOKA B Pa3HbIX KaHalaX C JBMKEHHEM IIOTOKA MO
cnoem nbaa. Ho crienyer yuuToiBaTh, UTO TPYHT JTHA KaHAJIa UMEET CBOU XapaKTEepPHBIE
(cienuduyeckre) 0COOCHHOCTH JIBMKCHHS BOJBI B OTKPBITHIX KaHAJIaX C Pa3iUuHON
[IEPOXOBATOCTBIO M TOJ JICASIHBIM TTOKPOBOM. PacueTHbie (OpMyIIbl, TPEIIOKEHHbIC
PAZOM aBTOPOB JIJIs1 KAHAJIOB € PA3HOH MPOTHKEHHOCTHIO 110 IEPUMETPY, HE MOTYT OBITh
HCII0JIb30BAHbI HEITOCPEICTBEHHO ITPU THIPABIMUYECKUX pacueTax MOTOKA MO JIEASTHBIM
MTOKPOBOM, W, HA00OPOT, YPaBHEHUS JIBUKEHHUS ITOTOKA BOJIBI TIOJT JIEASHBIM TTOKPOBOM
HE TIPUMEHSIOTCS J1aXe 11 KaHAJIOB C pa3HOM IIEpOXOBATOCTHIO 110 IIEPUMETPY.

B o0iem, perienne 0CHOBHOM pacdeTHON B3aMMOCBSI3H 3aKITI0UAETCS B OTIPEICIICHUH
MEpUMETPOB U IUIONIA/IeH, BXOSAIIMX B OTACNbHBIE pPa3pO3HEHHBIE CEUCHHUS.
Omnpezenenne MEPUMETPOB OTAETHHBIX YacTEH HE CO37aeT OCOOBIX CIOKHOCTEH M
orpenernseTcs Kak COOTBETCTBYIOIIAs TpaHb TeoMeTpuueckord ¢uryper. C yueTom
TOTO, YTO PeOpO CTEHBI JOJDKHO JIe)KaTh HA paccMaTpHUBaeMoOi IMojomBe kaHaita. Ho
OIPENICIUTD IUIOMIAh (GUTYD, TPUMBIKAIOIIUX K CTEHAM B MHJIUBUYaJIbHOM OOJUKE, —
JIEJIO TOBOJIBHO clIo’kHOE. I10/1X01bI M3BECTHBIX B HAYYHOH JINTEPAType YUEHBIX, TAKUX
kak II.H. benokons, I'K. Jlorrepa, H.H. ITaBnoBckwmii u E.D. Illunepko ocHOBaHBI Ha
SBJICHUH TTOTOKA W OONBIIUX JOIMYyIIEHUSIX O PaBEHCTBE THIPABINYECKUX PATUYCOB
OTJENbHBIX YACTEH U LIEJIOT0 KaHalla, a TAK)KE PABEHCTBE CPEIHUX CKOPOCTEN OTACIBHBIX
yacTell M LEJI0ro MOTOKa, HO Ha CaMOM JIeJIe OHHM dTO HE Tak. TeKyline u3MepeHus B
J1Ta00PATOPHBIX YCIOBUSX, BBIOJHEHHBIC HAMU U JIPYTUMHU aBTOPAMH, IOKA3bIBAIOT, UTO
OHH pa3INYaloTCs M0 BEJIWYHMHE U JIOMYCKAIOT 3HAYUTENIbHBIC OIIMOKH TPU pacyerax.
Taxum 00pa3zoM, MBI IPUIIIIN K BBIBOAY, YTO TOMBITKA PEIIUTH BOIIPOC O MPUBEICHHOM
KOX(PGUIINECHTE TIEPOXOBATOCTH C HCITOJIE30BAHUEM OOIICTIPUHATHIX ITOIXOIOB HE
[103BOJIMJIA HAM MOJIYYHTh JKEJIA€MbIE PE3YIbTAThI: HEAOCTATOUHO UCIIOJIb30BATh TOJIBKO
ypaBHEHUE PaBHOMEPHOTO ABMKCHUS, W, CICAOBAaTEIbHO, HEOOXOAUMO PacCMOTPETH
Jpyrue IyTy pelleHus IOCTaBIeHHOM 3a1aun. Ha Hall B31isiL, caMblil IPOCTOW METOL,
K KOTOpOMY TpHOEraroT BCE aBTOPHI, 3aHMMAaBIIHECS BOMPOCAMHU pacyeTa KaHaJIOB
Pa3TMYHON CTETICHN CIIOKHOCTH.

KuroueBblie ci10Ba: kaHaI, pABHOMEPHOE JBIKEHUE, KOO PHUIIMEHT IIepOXOBATOCTH,
YCTAHOBUBLICECS NIBUKEHUE, CPENHSASI CKOPOCTh, MEPUMETP PycCia, MOMNEPEUHOE
CeueHHe pycia, THIpaBINYeCKHU paanyc.

Introduction. In principle, most channels and canals used in hydraulic engineering
have the same stiffness coefficient of the frame and base. As a result of long-term
operational use, it is possible that the roughness coefficient along the perimeter of the
channel will change due to changes in flow during the growing season.

The coefficient of stiffness of the bottom and frame of the channel, as well as the
water permeability and filtration properties of the base layer are also affected. The main
goal of our research is to determine the roughness coefficient on the perimeter of the
channel in a common way (Altshul et al, 1973).
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Due to the fact that large main canals built for inter-basin distribution of river flow
are designed in earthen channels, protection of canals from wave actions of various
types (due to wind, ship traffic, wave movement) becomes more relevant. One of the
reinforcement measures for channel frames is covering them with protective covers,
which, in addition to protecting the banks from wave erosion, can also solve the design
stability problems of the channel, and are more economical compared to unreinforced
channels with a cross-section through overgrown with vegetation, loose soils and in deep
excavations, especially on alignments allows designing effective channels (Imanaliyev
et al, 2022).

When designing canals passing through a soil channel with a small part of the cross-
section fixed, the coefficient of stiffness of the channel, which forms the basis of the
resistance of the base structure along the length of the channel, plays a decisive role
(Chow, 1969). Currently, there are a number of computational relationships proposed
for hydraulic calculations of water flow along the perimeter of the channel. A number
of researchers compare the flow movement in channels of different channel stiffness
with the flow movement under the ice sheet. However, it should be noted that water
movement in open channels with different channel thicknesses and under the ice layer
has its own characteristic (specific) features (Koibakov et al, 2020). Calculation formulas
proposed by many authors for channels with different stiffness along the perimeter
cannot be directly used in hydraulic calculations of the flow under the ice sheet, and on
the contrary, the equations of water flow under the ice sheet are not used for channels
with different stiffness along the perimeter. Allowances (admissions) made during the
compilation of these formulas cannot be accepted (Koibakov et al, 2020).

Materials and methods. The research method is theoretical, and processing of
existing materials was carried out.

Method of roughness averaged over the perimeter of the channel. The meaning of
this method is that, knowing the values of the individual parts of the channel along the
perimeter (nl and n2) and the corresponding wetted perimeters, the roughness coefficient
of such a channel can be determined by the following expression (Altshul et al 1984):

— (nlll +n2//{2) (1)
(Zl +)(2)

This method is considered very rough and approximate. The resulting roughness
coefficient of the channel is more dependent on the hydraulic radius than the wetted
perimeter of the channel (Baizhigitova, 2020).

G.K. Lotter’s method. G.K. Lotter (Altshul et al, 1973) uses the composite channel
calculation method when calculating channels with different stiffness along the channel
perimeter. The water flow of the composite channel is equal to:

n,,

0=0 +0, ()

where: O, and Q,— flows in the first and second parts of the flow. We can express the
flow of water using the Schezi formula:
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®-C, NR-J=w,-C,-JR -J, +@,-C,-\[R,-J |

where: @ — cross-sectional area; R — hydraulic radius of the entire cross-sectional
area; C, — the appropriate quoted Schezi coefficient for the entire cross-section
(Baizhigitova, 2020);

o, and w,— areas of cross-sections of flow parts located in the region of influence of
homogeneous stiffness;

R, and R, — hydraulic radii of sections 1 and 2 of the cross section;

C, and C, — Shezi coefficients of parts 1 and 2 of the cross section;

J - piezometric slope.

Since the movement in the first and second parts of the channel cross-section and due
to the effect of the slope is the same, the previous equation can be written as (Altshul et
al, 1973):

3/2 3/2
C;szR3/2 =CxR™ +CG R, )
where: x - wetted perimeter of the entire cross section; x, and x, - wetted perimeters
in sections 1 and 2 of the cross section.
Dividing the given equation into two parts and denoting the / ratio by a, we get:

c, - C1R3/32/2+aC2R23/2 @)
! R'*(1+a)

As we can see from equation (4), to find “C_pr” it is necessary to know the hydraulic
radii of individual parts of the cross-section, in addition to the wetted perimeters of
parts with different thicknesses (Altshul et al, 1973). In this case, the hydraulic radii of
individual parts of the cross section are determined as found for the composite channel
(Ibrayev, 2022). For very wide channels, the wetted perimeter may be assumed to equal
to the width of the channel, and the hydraulic radius to be equal to the average depth
of water in the area under consideration. In this case, equation (4) is written as follows
(Baizhigitova, 2020):

0= (Clblhlyz + C2b2h23/2 )\/j Q)

where b and b,- are the widths of compartments 1 and 2, respectively, and are the
water depths in compartments 1 and 2, respectively.

For channels covered with an ice layer, G. K. Lotter (Altshul et al, 1973) takes the
hydraulic radii of individual parts of the flow as equal to the hydraulic radius of the
entire flow:

R =R,=R (6)

Since the wet perimeter of the channel is and the ice perimeter is equal, the hydraulic
radius of the entire section is equal:
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0
R =—— (7
Xt
In this case, equation (7) becomes:
¢, -CraC o
(l + a)

In addition, the methods of P. N. Belokon and N. N. Pavlovsky (Altshul et al, 1987)
were published independently (Grishanin, 1992).

P.N. Belokon’s method.

We consider the channel section of any shape, we take the roughness of the wetted
perimeter in the first part as n, and in the second part as n, (Haicai et al, 2018).

We find the backflow (fall) per unit length of the channel by the following formula
(Koibakov and et all, 2020).

J=— (€))
o
where: F' - the sum of fictitious friction forces on the channel walls. We denote the
average false friction force per 1 m? area of the channel wall by t_1 in the first part and
T_2 in the second part, respectively (Altshul et al, 1973).
F=z+7,%, (10)

Then equation (11) can be written as follows:

T X _l_TzZz —

/4 /4

T T (0

If Y =AY and X, = QX , we can get it there: @, —l-i-a2 2 =-_"J=RJ.
/4 /A 4

In case of turbulent steady motion, it taken as follows, i.e

2 3

T L T )

A= —12 and —= = —22

y oG r G

where: U; and U, - are average velocities in the first and second parts of the flow.

Then the previous equations become:
2 2

2 =RJ (16)
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If C, and C, are expressed by Manning’s formula, then equation (16) takes the
following form

2 2 2,2
n.v n,v

a9 Y by (17)
175173 2RIl

2 2
it va |- o

Further, P. N. Belokon wrote: if we say that, the ratio of cross-sectional areas

according to (Altshul et al, 1973) sections of different stiffness is equal, then — = §.

Then o +w =® when, o, -9 and _ 0 )
b 1+0 w2_1+0w

P.N. Belokon gets the values of R, and R, from the following expressions:

w o
R=—=——R R =—2=
: X a1(1+9) and % X a2(1+9)

Full settlement will be equal: 0=0, +0,.
We can express the flux with the Chezy-Manning formula:

R (12)

1 1

0 =—oR"J" and O, = —@,R;*J""? (13)
n, n,

Since the slopes of the first and second parts of the cross section are the same, we

2/3

divide the first part of the equation (13) by the second and get it: gl N ?mwl or we

, My I W,

can put w,, w, xaue R, R, found above in this equation (Altshul et al, 1973):

23
A
0, a,

After converting the equations, the resulting roughness coefficient is equal to:

n=n, (a1 + czzt//3/2)3/2 (14)
N.N. Pavlovsky’s method.
N.N. Pavlovsky summarizes the coefficient of stiffness, the form shown below,

obtained from the basic equation of steady motion for open channels (Altshul et al,
1984):
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RI=F% (15)
4
When the walls of the channel are different, this equation should replace by another
one, for this, it is necessary to separate the liquid between the two sections and formulate
the equation of motion for the given part by directing the acting forces in the direction of
the flow. Then, instead of equation (16), we get (Jafari and et all, 2018).

T,+art
R.] — 1 2
7(1+a) (16)

where: 71 and 72 — and the average resistivity in the wall sections, respectively, a —

apparently, the ratio of the wetted perimeters in the two parts to each other, ie a = 4

(Altshul et al, 1984). %
When the walls are homogeneous, the magnitude of the average resistivity related to
2
the average depth by the following dependence © — ')72
y C
Accordingly, 71 and 72 can written as follows:
L (17)

y ¢y
N.N. Pavlovsky assumes that the average speeds of each part are equal throughout
the flow before taking the connection v =0, =v,.
We find the equation (17) by substituting the following equation (16):

2
=Y %+% , that follows v =C,C, %W/RJ (18)
l+al C? C: aC? +C:

Here, N.N. Pavlovsky +RJ The quantity in front of it is called the “quoted coefficient
of Shezi” and it C,, indicates that, therefore, equation (19) can be written as follows
(Altshul et al, 1984):

U=Cnp'\/ﬁ (19)

where ¢, =cC,C, /%
aty +C,

C, and C, to determine the values, it is necessary to know the values of the
corresponding hydraulic radiios R, and R,. To determine them, N.N. Pavlovsky considers
that the size of the cross-sectional area of individual parts of the channel is proportional
to the size of the wetted perimeter, then (Altshul et al, 1984):

@ _ X, that follows “L 41 @ _ X1 (20)
@, X o ¥ o x

Then we can:
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R :ﬂ:

1

:R Rzzﬁz

@ “
nox FE 4
Then,R, =R, =R (22)
Knowing the value of the hydraulic radius and one of the well-known formulas when
determining the Shezy coefficient ¢ = %RJ’ , the following expression can be obtained for
the roughness coefficient using (Altshul et al, 1973):

l+a
C, =R 23
" n +an’ 23)

By introducing the mentioned coefficient of stiffness, N.N. Pavlovsky brings equation
(23) to the following form: ¢ = L g¥

‘ﬂ.np

where: ,; = /M (24)
l+a

If the walls of the channel consist of three different parts and the wetted perimeters
of the three parts, respectively, are different, then the resulting roughness coefficient
expression can be written as:

2 2 2
g o [mtamtan (25)
" l+a

here itis: 41 = 43,

y4

In conclusion, N.N. Pavlovsky writes that his proposed method for determining
the coefficient of stiffness is likely to change in the future after additional research
(Sarsekeev et al, 1990).

Results and discussion. As the available experimental studies show, in the case
of different types of roughness in the channel cross-section, the hydraulic conditions
of the flow movement are complicated by the formation of new sections with various
obstacles, and as a result of this, the planar and vertical distribution of velocities on the
cross-section undergoes drastic changes (Mai and et all, 2019). In it, in the surface layer
of the flow, the center of gravity of the velocity graph moves to the lower side of the
roughness value, so the area of influence of the high roughness region spreads over the
majority of the flow section (Mikhalev, 1981).

The line of zero, indirect voltages correspond to the maximum values of the speeds.
Along this line, the flow divided into two parts, each of which begins to act under the
influence of one roughness (Musin, 2012). Based on this rule, we can consider each part
of the flow lying on the line of zero lateral voltages as a separate channel and apply to
them the derived formula for uniform motion, the Chezy formula (Musin et al, 2002).
In order to summarize the main calculation relationship, we make the following point,
regardless of the different roughness of the channel bottom, the state of steady movement
of the flow maintained, and that is, the roughness of the channel walls remains the same
for the entire area under consideration (Altshul et al, 1984).
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At the same time, we accept tolerance values accepted in general hydraulics. The
magnitude of slope contributing to movement in individual parts of the flow is the same
everywhere; the velocities on the individual surface of any straight section of the cross
section are the same for the first and second parts of the flow and are equal to the highest
(maximum) speed (Altshul et al, 1973).

In general, in order to determine the average roughness of the channel base and frames
we assume that the cross-sectional area of the channel roughly divided the moisture

content of the channel X1> 42543 and the roughness coefficients 7> 7y -+Tly .

When calculating the, well-known scientists Horton and Einstein made the
following recommendations (Wang and et all, 2018), the velocities in the sections under
consideration are the same and the average speed at any point is equal, while the stiffness
coefficient we determine can be defined as:

—2/3

1.5 1.5 1,542/3
_ (n” + 2, +o+ xyny)
- 2/3

| & 1.5
> (xany)
1—

x Ve

(26)

Pavlovsky, and Miihlhofer, Einstein, and Bank (Sun and et all, 2020) suggest the way
to find the channel stiffness coefficient as follows:

q1/2

1/2

N
(Zxny)
21: o _ ()(1”12 +Zzn§+---+ZN”12v) 27)

1/2 1/2

Ve X

S
Il

In addition, one scientist Lotter suggests to define it as follows (Altshul et al, 1973).

R5—3 R5/3
n=- £ s;3N 5/3 15/3 55 (28
Z IRy IR N 1R, - XnRy
1 Ny n n, Ny

where, Rl? Rz""RN_ hydraulic radii of the obtained plots. For any section

R =R,=..=R, = Rwillbe.

The roughness of the bottom of the channel may change due to ice freezing on the
water surface in the channel. In order to explain this phenomenon, Lotter (Altshul et al,
1973) concluded that the roughness values of channels with a deep channel and frozen
surface can be found as follows (Yerzhanova et al, 2017).
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Table 1 - Approximate values of the roughness coefficients of the bottom of channels with ice on the

surface
Ice formation Flow rate in the channel, cm/s | Coefficient of roughness

Glossy finish:

ice floes 0,39-0,6 0,01-0,012
0,6-high 0,014-0,017
0,39-0,6 0,016-0,018
0,6-high 0,017-0,02

There is floating ice, the surface is rough and - 0,023-0,025

rough

For example, n, and n,— stiffness coefficients of the channel with a layer of ice and
the channel free of ice. Using equations (1) and (3) above, you can find the stiffness
coefficient of the ice layer. However, the coefficient calculated in this way may
sometimes have a negative sign, but this does not have any effect (Altshul et al, 1973).

To get closer to the true solution of this problem, according to Pavlovsky (Altshul et
al, 1984), it is necessary to assume that the total resistance to fluid movement is equal to
the sum of the resistance forces formed by the bottom of the channel and the ice layer,
then it turns out that

kv*ly = ko'ly, +k’ly, (29)

Where subscripts 1 and 2 refer to channel bottom and ice sheet, respectively (Chow,
1969). If the flow and roughness of the channel are known, then the Manning formula
can be used to determine the slope of the flow during uniform movement in the prismatic
channel with the given average equilibrium value (Musin and et all, 2005).

A slope determined in this way called a normal slope. A uniform surface flow at a
normal slope can be either turbulent or laminar depending on factors such as flow, slope,
viscosity, and surface roughness. If the flow velocity and depth are relatively small,
viscosity becomes the dominant factor and the flow moves in laminar mode. A brief
look at the details of water movement in canals shows that it is a very complex process
(Altshul et al, 1984).

In general, the solution of the main design relationship consists in determining the
wetted perimeters and areas that fall into individual roughness-valued cross-sections.
Determining the wetted perimeters of individual parts does not cause too many
difficulties, and they defined as the corresponding facet of the geometric figure. It should
note that the edge of the wall should lie on the considered base of the channel.

However, it is a very difficult problem to determine the area of figures that meet walls
of individual thickness. The methods of P.N. Belokon, G.K. Lotter, N.N. Pavlovsky and
E.E. Shiperko known in the scientific literature (Altshul and et all, 1973). Based on
large assumptions (assumptions) about equality, but they have not confirmed in practice.
Current measurements in laboratory conditions, performed by us and other authors,
show that they differ significantly, and they allow significant errors in calculations.
So, we come to the following conclusion, trying to solve the problem of the stiffness
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coefficient using generally accepted methods did not allow us to get the results we
needed: it is not enough to use only the equation of steady motion, and therefore, it
is necessary to consider other ways of solving the problem. In our opinion, it is the
simplest method to which all authors dealing with the problems of channel calculation
of various complexity should apply.

Conclusions. In natural conditions, many factors affect the roughness coefficient of
the channel bed, taking them into account, the well-known scientist Kovan proposed to
find the given roughness coefficient with the following relationship [2]:

n=(n, +n, +n, +n, +n, )m, (30)

they are, n,— the value of the roughness coefficient for canals where the bottom soil
is natural and shiny; n, — a coefficient that takes into account the fact that the bottom of
the canal is made of different soils; n, — coefficient that takes into account and calculates
the parameters of the channel section; n,— coefficient that estimates the probability of an
obstruction downstream; n,— coefficient that takes into account the nature of the mode
of movement of water in the channel and the barrier effect of vegetation on the bottom;
m— coefficient that evaluates the consequences of the meandering of the considered
water channel (Altshul et al, 1973).

The components of the roughness coefficient representing the resistance state of the
channel base, depending on the characteristics and conditions of formation of channels
and open channels, likely accepted based on the table below (Altshul et al, 1984).

Table 2 — Finding the coefficient of friction for a given duct channel

Factors that influence the value of the Characteristics of Determining The value of the
coefficient of stiffness of the channel | sequences influencing | the stiffness | coefficient to be taken
base channel bed roughness coefficient for calculations
Soil at the bottom of the canal channel | Soil n, 0,02
Broken stone 0,025
Crushed gravel 0,024
Raw gravel 0,028
The level of inhomogeneity of the | Unremarkable (glossy n, 0
canal bed surface surface) 0,005
It was barely noticeable 0,01
Average 0,02
It was noticeable
Change of channel cross-section Slowly n, 0
By accident 0,005
Repeated many times 0,01-0,015
Effect of obstacles in the channel Unremarkable 0
Only a little n, 0,01-0,015
As you know 0,02-0,03
Considerably 0,04-0,06
Effect of vegetation on the channel | Down 0,05-0,01
bed Average n, 0,01-0,025
Top 0,025-0,05
So much 0,05-0,1
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The degree to which a channel or Unnoticeable m 1
channel course is bent Observable 1,15
Very high 1,3

Itis necessary to calculate n, when determining the value of the coefficient, the degree
of inhomogeneity of the surface of the channel base to found can calculated. The value
is estimated with a homogeneous surface; but only a small fraction of these amounts is
obtained for deeply dug, slightly flushed canal frames or water mules (Sun et al, 2020).

When selecting the value of the coefficient n,, which describes the change in the
parameters of the channel or channel cross-section, the elements of the channel cross-
section are determined (Koibakov et al, 2020).

The coefficient n,, which takes into account the presence of obstacles in the canal
channel, is described when there are obstacles such as sediment accumulation, tree roots,
roots protruding from the surface, various large stones, fallen and horizontal standing.
When determining the factor n4, which takes into account the influence of vegetation
growing in the canal channel and foot, the level of herbivory controlled (Wang et al,
2018).

To perform calculations, we set the speed of the water depth in the channel at 0.2h
as 10.2, that is, the bottom is taken at a distance of 0.8 h from the bottom of the channel,
where h is the average water depth (Altshul et al, 1984). The velocity at a depth of 0.2
h given by the following relationship

24h
”0,2 = 5,75Ump lg T (3 1)

The required water velocity at a depth of 0.8h at different (Yerzhanova et al, 2017)
velocities can found as follows

Uog = 5,750, Ig Gk—h (32)
We pass from the circular channel to the trapezoidal channel

0,778x —1,382 (33)

o
gk 1—x

They are x=u, /u,, .
Substituting the value R=h into the given equation (33), we obtain (Chow, 1969):

0 178(x+0,95)

(34
U, x-1
The comparison results
v h1/6
Lo (3%5)

v 381n

mp

69



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

Equating the first parts of equations (34) and (35) found according to the calculation
results, we get the formula value of n (Altshul et al, 1984):

. (x _ l)hl/é
6,78(x +0,95)

Because of summarizing the equation for finding the roughness coefficient at the
base of the open channel, we obtained equation (Altshul et al, 1984). As we can see from
the equation, it mainly depends on the ratio of the velocities at the depths of 0.2x and
0.8x in the channel and the value of the average depth in the channel. In order to check
the accuracy of this equation, the results of physical control on the relationship between
channel stiffness and average depth used as a basis.

(36)
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