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2 Clarivate
Analytics

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

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

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



Bbac pexakrop

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

PenaxkunuaablK alKa:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

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

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

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

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



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

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

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

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

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

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

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

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

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

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

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

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© N.Zh. Zholamanov*, S.M. Koibakov, S.T. Abildayev, G.A. Sarbassova, M.T. Omarbekova, 2023
Tapasckuii peruoHanbHblil yHuBepcuteT umenu M. X. lynatu, Tapa3, KazaxcraHn.
E-mail: Nurassa@mail.ru

RECOMMENDATIONS FOR THE USE AND DESIGN OF FISH PROTECTION AND FISH
PASSING STRUCTURES UNDER GEOLOGICAL CONDITIONS

Zholamanov Nurzhan Zhakanuly — master. M.Kh. Dulaty after named Taraz Regional University. Taraz, Kazakhstan

E-mail:Nurassa@mail.ru, https://orcid.org/0000-0003-1993-0606;

Koibakov Seitkhan Meldebekovich — Doctor of Technical Sciences, Professor. M.Kh. Dulaty after named Taraz
Regional University. Taraz, Kazakhstan

E-mail: Koibakov(@mail.ru, https://orcid.org/ 0000-0002-2786-0313;

Abildaev Sultan Talasbaevish — PhD. Associate Professor. M.Kh. Dulaty after named Taraz Regional University.
Taraz, Kazakhstan

E-mail: sultan_feb@mail.ru, https://orcid.org/0000-0002-7525-5097;

Sarbassova Gulmira Azimbaevna — candidate of technical sciences, associate professor. M.Kh. Dulaty after named
Taraz Regional University. Taraz, Kazakhstan

E-mail: gulimjan@mail.ru, https://orcid.org/0000-0001-7517-234X;

Omarbekova Marzhan Tiribolsynovna — candidate of technical sciences, associate professor. M.Kh. Dulaty after
named Taraz Regional University, Taraz, Kazakhstan

E-mail: marzhan.030@gmail.com, https://orcid.org/0000-0002-6117-1618.

Abstract. According to the latest data, the development of aquaculture in Kazakhstan is carried out
in four directions: pasture, pond, industrial and recreational. For the past five years, fish production has
fluctuated from 410 to 838 tons per year. At the same time, more than 50 % of fish are grown in two regions
— Almaty and Turkestan. Natural reservoirs of Kazakhstan are divided into two categories: reservoirs of
international and republican significance, which include transboundary reservoirs and reservoirs located in
more than one region of Kazakhstan (Caspian Sea, Kapshagai and Shardara reservoirs, K. Satpaev Canal),
as well as reservoirs of local significance. Below is a map of the main rivers and lakes of Kazakhstan. There
are 48,262 lakes in the Republic of Kazakhstan, of which 45,248 have an area of less than 1 km2. There
are 21 large lakes with an area of more than 100 km2. The total area of reservoirs of local importance is
about 700 thousand hectares. The largest number of lakes is concentrated in Kostanay and Akmola regions.
There are also significant resources in the delta of the Syrdarya and Ili rivers. The aquaculture of
Kazakhstan develops according to territorial and climatic principle. The territory of the country is divided
into six pond-rearing zones according to the length of the growing season. According to pasture fish
farming, all lakes are divided into a zone for growing whitefish, carp and salmon. In particular, carp and
whitefish are grown in Central and Northern Kazakhstan, cyprinids, including herbivorous fish, in Southern
Kazakhstan, and rainbow trout in the foothill waters of Southern and South-Eastern Kazakhstan. When
growing fish, one of the main issues is the protection and release of fish products. On reclamation canals,
water intakes and small rivers, the most promising means of protection and passage of fish, arranged in
open watercourses and canals. If it is necessary to protect various fish species, it is advisable to use fish
protection complexes, which include several types of fish protection structures and devices. The stage-by-
stage protection of fish is effective both by simple (auxiliary) and rather complex (main) structures of fish
protection structures.

Keywords: fish pass structures, fish protection structures, fish guide rapids, canals, water intakes,
fish barriers, new designs of fish pass structures

© H.2K. Koanamanos*, C.M. Koiioakos, C.T. 96innaes, F'.A. Capoacoa, M.T. Omapo6exoBa, 2023
M.X. ynatu ateiHnarsl Tapa3 eHipiik yHuUBepcuTeTi., Tapas, KazakcTas.
E-mail: Nurassa@mail.ru

TEOJIOTUSLJIBIK "KAF JAMJIAPIA BAJIBIK KOPFAY )KOHE BAJIBIK OTKI3Y
KY¥PbBUIBIMJAPBIH TAUJAJIAHY KOHE KOBAJIAY BOUBIHIIIA YCBIHBICTAP
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AnHotanus. CoHFBI MOJIMETTEpre CyWeHcek, KaszakcTaHma akBaKyJIbTypaHbl NaMBITy TOPT
OaFpITTa XKY3€re achblpbUIa/ibl: KaWbUTBIMABIK, TOFAHIBIK, OHIIPICTIK >koHEe pekpeanusibiK. CoHFbI Oec
JKbLIIA OaNbIK OHIIpici kbUIbIHA 410 ToHHanaH 838 ToHHAra JeHiH aybITKBIN OTHIP. By peTTe GallbIKThIH
50 maiipI3maH actambl €Ki oOnbicTa — AsMatel MeH Typkictanma ecipineni. Ka3zakcTaHHbIH TaOufru Cy
KoMasapsl eKi KaTeropusra 0eJiHe i XalblKapallblK XoHe PecyOIMKaNbIK MaHbI3bI O6ap ¢y KoHMamapsl,
oNlapra TpaHCIIEKapaJblK cy Koiimanapel MeH KazakcTaHHbIH Oip OOJBICBIHAH acTaM ayMakTapblHIa
opHanackaH cy Kovimanapel (Kacrmii Tenisi, Kammraraii sxone Illapmapa cy koiimanapei, K.CorbOacr
KaHalbl), COHAal-aK cy KoWMasapbl >KaTaJbl. KeprilikTi MaHpI3el 6ap. Temenne KasakcTaHHBIH Herisri
©3eHIepl MEH KeJJIEepiHiH KapTachl OepiireH. XalblKapajblK >KOHE PecIlyONMKalblK MaHbI3BI Oap cy
0o0BeKTiIepi AybBUT IIapyallbUTBIFBl MUHHCTPJIIri OpMaH MIapyallbUIBIFBl KOHE JKaHyapiap JyHHECI
KOMHTETIHIH, al >KEepPriuliKTI MaHbBI3BI 0ap cy OOBEKTiIepl MKEpriikTi MEMJICKETTIK OpraHIapibiH
Ky3bipbiHaa. Kazakcran PecmyOnmukaceiana 48262 xenm Oap, oHbIH 45248-iHiH aymaHbsl 1 kM2-meH as.
Aynanbl 100 km2-1eH acatbid 21 ipi ken 6ap. XKeprismikTi MaHbI3bI 0ap Cy KOMMaIapbIHBIH XKaJIIbl ay1aHbl
mamamer 700 MbIH rekTapabl Kypaiasl. Kennepaid eH ken canbl KoctaHaii skoHe AKMOJIa 00JIbICTapbIHIA
morbIpiaanrad. Celpaapus MeH lie e3eHaepiHiH aTeipayblHAa Ja alTapibIKTai pecypceTap 0ap. 3epTTeneTin
allMaKTbIH TEOJIOTHSUIBIK >KarJaiiblHa OalIaHBICTBI IIYHKBIPJIBI, TOFAHIBIK >KoHE Oacmangak OaibIK
acynapbl Oap. Toran OayblKk eTkeaepi Oip-OipiMEH KbICKAa apHanap apKbUIbl JKaJFacKaH OipkaTap
Oacceitnaep O6obIn TabbUIabL, OJ1ap 9AeTTe OereT aiiHanachbIHIa OpHajIacKaH. bacnannak 6anbIk eTkenaepi
ayaca KaJKaiapMeH OelliHTeH OaccelHep Ti30eri TypiHe *acaFaH, ojap Tayibl aiiMaKTapa cajlblHFaH.
TeMeH KbUDKBbIFaH Ke3ze OanblK Oipre-OipTe asaiibim, Oip OacceliHHEH eKiHImiciHe aybicanbl. JKoFapbl
KeTepiareHe, OallblKk TOMEH KalKajlaplaH >KOFaphlga OpHajackaH OacceiiHre oHall cekipemi. banbik
JKOJIBIHBIH KYJIBINTApbl MPUHLIMIN OOHBIHIIA TachIMajinay KylblITapblHa ykcac. Onap CyAblH YIIKEH
aFbIHBIH KKET €TEI1, OMapIblH OTKi3y KaOiieTi cablcThipMalibl Type a3. KasakcTaHHBIH aKBaKyJIbTypachl
AyMaKTBHIK-KIMMATTBIK TMPHHIOUN OOWBIHIIA JaMmbll Kededi. Em aymarpl BereTaunusulblK Ke3eHHIH
Y3aKTBIFBIHA Kapall alThl TOFaH ecipeTiH aiimMakka OemiHreH. JKaHbLIBIMIBIK OallbIK IIapyarlbLIBIFbIHA
colikec OapIIbIK Keep aK OajblK, TYKbI XKoHE aOBIPT OAIBIK ©cipeTiH aiitMakka OemiHreH. ATam aifTKaHa,
Opransik sxxone Contyctik Kazakcranma cazan MeH ak 6anbik, OHTycTik Kazakcrana UunpuHuITEp, OHBIH
imriHge menkopekTi Oanbikrap, OHrycTik koHe OHtyctik-IbiFeic KazakcranHblH Tay OekTepiHzeri
cynapbIH/Ia KeMItipKocak (openb ecipiiesni. banbik ecipy ke3iHae OanbIK OHIMIEPiH KOPFay JKOHE IIBIFapy
OacTbl MacesenepIiH Oipi 00BN TaObLIaAbl. MenOpaUsUIbIK KaHAIIap/1a, CY aJIFBIIITAP 1A )KOHE IIaFbIH
©3CH/Iep/e allbIK Cy aFbIHIApl MEH KaHAIJapAa OPHANACTHIPBUTFaH OalbIKTap bl KOPFayAbIH )KOHE 0Ty IiH
€H MePCIEeKTHBAIIBI KypaJiapbl. OPTYPIIi OATBIK TYpIIepiH KOpFay KakeT OOIFaH )Karaaiiia, OablK Kopray
KYPBUIBIMAAPHI MEH KYPBUIFBUIAPBIHBIH OipHeIIe TypiH KAMTUTBIH OalIbIK KOpFay KelIeHAepiH KOIJaHFaH
xoH. banbIikTapapl Ke3eH-Ke3eHIMeH Kopray OaibIK KOpFay KYpBUIBIMIAPBIHBIH KapanaibiM (KeMEKII)
JKoHe OipmamMa Kypaeni (HeTi3ri) KYpsUIBIMAAPEIMEH JIe THIMII.

Tyilin ce3aep: GaybIK OTKeIN KYPBUIBICTAPHI, OANBIK KOpFay KYPBUIBIMAAPHI, OAIIBIK OaFbITTAYIIIBI
arblHIap, KaHanjgap, cy aiy, OalblK TOCKAybUIAAphl, OalblK OTKeJAepi KYpBUIBIMAAPHIHBIH KaHa
KOHCTPYKIHSITAPBI

© H.2K. Koaamaunos*, C.M. Koiioakos, C.T. Aouabaaes, F.A. CapoacoBa, M.T. Omap0oexoBa,
2023
Tapasckuil pernonansHbld yHuBepcuteT uMeHn M.X. lynaru, Tapas, Kazaxcran,
E-mail: Nurassa@mail.ru
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Annortanus. [lo mocnegHnM JaHHBIM Pa3BUTHE aKBaKyJabTyphl KazaxcraHa ocyniecTBisieTcs Mo
YeThIPEM HallpaBJICHUSAM: [IaCTOMIIHOMY, IIPYI0BOMY, HHAYCTPUAIbHOMY U peKpealltoHHOMY. Ilocieanue
ISTH JIET MPOM3BOACTBO PbIOBI Konebnercss ot 410 no 838 Tonn B rox. Ilpu stom Gonee 50 % pouiObI
BHIpAIIMBAIOTCA B JBYX oOmactsix — AusmatuHckoid u TypkecraHckoil. EcrecTBeHHBIE BOZOEMEI
Kazaxcrana nenstcs Ha J1Be KaTerOpuu: BOJIOEMbI MEXIYHAPOAHOI'O U PECIyOJIMKaHCKOIO 3HaYEHUs, Kyla
BXOJST TPaHCIpaHUYHbIE BOJIOEMBI 1 BOJIOEMBI, pacIIOIo’KEHHbIE OoJiee yeM B ofHOM obnactu Kasaxcrana
(Kacnmiickoe mope, Kammaraiickoe u LllapnapuHckoe Bogoxpanunuiia, kanan uM. K. Carnaea), a Takxke
BOJI0€MBI MECTHOT'O 3HaueHUs. Hike mpuBOIATCS KapTa OCHOBHBIX pek U 03ep Kazaxcrana. B PecryOnuke
Kasaxcran umeercs 48262 o3ep, u3 Kotopsix 45248 mmeror miomans Mene 1 kv, HacuureiBaercs 21
KpYITHOE 03epo ¢ miomaapio 6osee 100 km2. O01mas miomaab BOJ0OEMOB MECTHOTO 3HAYCHUS COCTABIIACT
okoio 700 Teic.ra. Hanbomnpmiee xonmyecTBO 03ep cocpeaoTodeHo B KocTtanaiicko M AKMOIMHCKHX
oOnacTsix. 3HaYUTeNbHBIE PEYCPChl UMEIOTCs Taike B aenbre p.Colpnapus u Mnu. B 3aBucumoctu ot
Te0JIOTUYECKUX YCIIOBHM HCCIIEAYEMOT0 PErroHa pas3lindaloT pPbIOOXOABl JIOTKOBBIE, TMPYAKOBHIE U
nectHUYHBIE. [IpyaKoBBIe pHIOOXOBI MPEACTABIAIOT COOOW psii GacceiiHOB, COEANHEHHBIX MEXIY cOOOH
KOPOTKMMH KaHaJIaMH, OOBIYHO MX YCTPAWBAIOT B 00XOJ| TUIOTHHBI. JIeCTHHYHBIE PHIOOXOBI JENAt0TCS B
BUJIE psijia OacceiHOB, pa3JieIEHHBIX HEBEICOKUMH TIEPETOPOIKAME UX CTPOSIT B TOPHBIX MECTHOCTSIX. [IpH
JBIDKEHUH BHU3 PbI0a MOCTENIEHHO CHIKAETCS, TIEPEXosl U3 OAHOro OacceliHa B npyroil. [Ipu nemxeHnn
BBEpPX pbI0a 03 TpyAa MepenphIruBacT Yepe3 HEBLICOKUE MEPEropoIKY B PACHOI0KEHHBIHN BhIIIE OacCEiH.
Pr160X0/1HBIE TITIO3BI TIO IPUHITUITY PA0OTHI CXOHBI C CYIOXOTHBIMH IITI03aMu. OHU TPEOYIOT OOJIBIIOTO
pacxona BOABI, TPOIYCKHAs CIIOCOOHOCTh HMX OTHOCHTEIHHO HEBeJWKa. AKBakynbTypa Kazaxcrana
pa3BuBaeTCs 10 TEPPUTOPUATIBHO-KIMMATHIECKOMY NPUHLUITY. TeppuTOpHsI CTpaHbI pa3ieieHa Ha eCcTh
PBHIOOBOJTHBIX 30H TPYAOBOTO BBIPAIIMBaHU, 10 MPOJOJDKUTENLHOCTH BETeTallMOHHOTO mepuojna. Ilo
nacTOMIHOMY PBIOOBOJICTBY BCE 03€pa pa3/ieleHbl HAa 30HY BBIPAIIMBAHUS CUTOBBIX, KAPIOBBIX U
nococeBbix. B gactHocTH, B LlenTpansHom n CeBepHoMm Kazaxcrane BhIpalMBalOT Kapiia U CUTOBBIX, B
HOxHoMm KazaxcraHe — KapmnoBBIX, BKJIIOYAs PACTUTENBHOSIHBIX PBIO, a B MPENTOPHBIX BOJOEMax
Oxnoro u FOro-Bocrounoro Kaszaxcrana — pamyxHyto dopens. [lpu BelpanmyBaHuu peid OMUH 13
[JIABHBIX BOIPOCOB, 3TO 3aIllMTa U MPOIYCK pblOHOTrO ToBapa. Ha MenmopaTuBHBIX KaHanax, Bogo3abopax
U MaJIbIX peKax HanOoJjiee NepPCIEeKTUBHBI CPEJICTBA 3AIIUTHI M IIPOITYCKa PbIO, YCTpauBaeMble B OTKPBITHIX
BOJIOTOKaX W KaHanaX. [Ipn HEoOXOUMOCTH 3alIUThI PA3IMYHBIX BUIOB PhIO 1es1eco00pa3HO IPUMEHSITh
PBIO03AIIUTHBIE KOMIUIEKCHI, BKJIIOYAIOIINE HECKOIBKO BUIOB PHIOO3AIIUTHBIX COOPYKEHHH U YCTPOHCTB.
O dexTuBHA OATANTHAS 3AIUTA PHIO KAK MPOCTHIMU (BCIIOMOTaTENbHBIMH), TAK M JOCTATOYHO CIOKHBIMHU
(OCHOBHBIMH) KOHCTPYKIMSIMUA PHIOO3ALTUTHBIX COOPYKEHHH.

KiroueBble  cioBa:  pbIOONPOIYCKHBIE — COOPY)KEHUs,  pbhIOO3ALIUTHBIE  COOPYKEHHS,
pHIOOHATIpaBISAIONIME TOPOTH, KaHalbl, BOA03a00pbl, pHIOO3AarpaAUTENI, HOBBIE KOHCTPYKIHU
PBIOOIPOITYCKHBIX COOPYKEHUI

Introduction

Most fishways are made in the form of long gentle channels, this allows the fish to get to the other
side of the obstacle by rolling (when moving downstream) or jumping (when moving upstream) over
relatively low obstacles. The speed of the water flow in such channels should be sufficient to carry the fish
downstream, but low enough to allow the fish to continue their way upstream. Depending on the geological
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conditions of the region under study, there are flume, pond, and ladder fish passes. Pond fish passages are
a series of pools connected by short channels, they are usually arranged around the dam. Ladder fish
passages are made in the form of a series of pools, separated by low partitions; they are built in mountainous
areas. When moving down, the fish gradually decreases, moving from one pool to another. When moving
up, the fish easily jumps over low partitions into the pool located above. Fish-way locks are similar in
principle to shipping locks. They require a large flow of water, their throughput is relatively small
(Goryachev, 2012).

155 species of freshwater fish live in the reservoirs of Kazakhstan. Commercial catches from rivers,
lakes, and reservoirs include 52 fish species. In addition, 10 species of fish are grown in Kazakhstan, as
well as several sturgeon hybrids. The table below shows the main farmed fish species in Kazakhstan
(Joldassov et al., 2019).

Table 1 - Main farmed fish species in Kazakhstan

Common name Growing area

Whitefish North-Kazakhstan region

Carp All of Kazakhstan, except Mangistau

Silver carp white Almaty, Shymkent, Kyzylorda

Cupid white Almaty, Shymkent, Kyzylorda

Rainbow trout Karaganda, East Kazakhstan, Almaty, South Kazakhstan

Pavlodar, Karaganda, Aktobe, East Kazakhstan, Almaty, South Kazakhstan, Mangystau,
Atyrau, West Kazakhstan

Russian sturgeon | Karaganda, Aktobe, Almaty, South Kazakhstan, Mangystau, Atyrau, West Kazakhstan
Sturgeon hybrids Karaganda, Aktobe, Almaty, South Kazakhstan

Beluga Atyrau, West Kazakhstan

Stellate sturgeon Atyrau, West Kazakhstan

Siberian sturgeon

In addition, the artificial reproduction of whitefish, sturgeon, and cyprinids (silver carp) is carried
out. Burbot planting material is obtained in small quantities. Experimental work is underway on the
artificial reproduction of the zander (Lavrov et al., 2003). In 2014, 302 million juvenile fish were reared
(Table 2).

Table 2 - Reproduction of juvenile fish

Total, thousand Juvenile fish reared by species

ieces stellate beluga | trout ca silver ca Ka ca other species
P sturgeon g P Py P P
302 059 5048 1334 30196 145 526 8 094 181 36 111 646

The main commercial fish species are rainbow trout and cyprinids. In recent years, they accounted
for over 80% of the total production. Now all planting material for trout aquaculture in Kazakhstan is
purchased in Europe (Denmark, Poland) or the USA (Howard Mooers et al., 2009).

Wild specimens are used to obtain the products of carp. In recent years, Russian breeds, the
Sarboyan carp, and the Altai carp have been brought to the fish hatcheries of Northern Kazakhstan (Haefner
et al., 2002).

On reclamation canals, water intakes, and small rivers, the most promising means of protection and
passage of fish, are arranged in open watercourses and canals. If it is necessary to protect fish of various
fish species, it is advisable to use fish protection complexes, which include several types of fish protection
structures and devices (Smirnov et al., 2004). The stage-by-stage protection of fish is effective both by
simple (auxiliary) and rather complex (main) structures of fish protection structures (Haefner et al., 2002).

Research methods and conditions

A fairly simple and effective auxiliary means of fish protection and fish passage can be the design
solutions for the inlet heads of dreamless water intakes proposed by A.S. Obrazovsky, A.M. Motinov, N.Zh.
Zholamanov and others, at which sufficiently effective protection of juvenile fish is provided. For example,
a significant fish-protective and fish-producing effect can be obtained by using bottom-fed buckets arranged
in flowing water bodies (Haefner et al., 2002). It is recommended that the wall forming the bucket be
curved, and the water intake itself should be designed by the reverse bucket scheme with a curved wall.

To ensure a uniform outlet of air along the length of the conduit, it is arranged tapering. Given the
complexity of manufacturing pipes of variable diameter, air ducts are made up of sections of different
diameters. When calculating the diameters of air ducts within each section, the following values are
determined:
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airflow through one hole

Q@.a. = luug.o.fo » (1)
where is the flow rate, is taken equal to 0.60-0.64; \u003d 0.785d02 - cross-sectional area of the hole;
number of holes in one section

N.=lnla,, @)

where is the length of the section; - number of rows of holes;
airflow through the last section

0.,=0,,N.; 3)

section duct diameter

Dci = QCi ;
0,785u,
flow through each section

0.=0,,(m+1-i) 5)

where is the total number of sections; — serial number of the section;
consumption of one compressor working on one of the air duct threads

QK =n cl» (6)
where n=1.4 is the safety factor; — air flow passing through the first section.

The brand of the compressor is determined by the flow rate and the required pressure (Howard
Mooers et al., 2009).

At low water intake rates (up to 3 m?/s), for example, the Asa River, it is advisable to design a fish
protection structure such as a flat grid obliquely installed to the direction of the flow. The maximum length
of such a grid should not exceed 24—30 m (Joldassov et al., 2023).

For example, for the calculation, it will be necessary, the estimated water intake rate, the minimum
length of the protected juveniles, the maximum length of the protected juvenile fish, the water depth in the
channel (mesh chamber) Hk, installation angle of the mesh fabric, fish outlet consumption, mesh with cells
of size m, wire diameter d, throughput coefficient n, permissible mesh clogging coefficient Kz, etc.

The required area of the mesh fabric is determined by the dependence (Rozanov, 1985).

JI+HE +
SC — QB §C él’l KSKK’

Uy, N

“4)

(N
where is the hydraulic resistance coefficient of the grid:
& =(92-78n)/Re,+0,7(1,05 - n); (8)
where is the Reynolds number determined for the flow at the input to the grid cell:
Re, =u alv; )
here is the average filtration velocity at the input to the grid cell:
U (sin@+ncos@+1)

Hep = 2(1+ncosh) ;

U max = 0.2 m/s is the maximum flow velocity at the inlet to the grid cell, determined from the condition

(10)

min
ulmax < uxp (11)
u,r;m =14 Z;mn =14 09015 = 0,21 - critical speed for the minimum size of the protected fish
model; =0.78 — coefficient of hydraulic resistance, taking into account the turn of the flow in front of the
grid and taken by the following data: ~ 90- & 60° 70°  80°  90°
¢ 0,55 070 0,90 1,10

Kk = 1.2 — coefficient taking into account the shading of the wall by structural elements, taken in
the range of 1.05-1.6 and depending on the design solution of the fish protection structure (Vvedensky,
1999).
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The mesh length will be
L =S./(H,~P). (12)

where P is the height of the threshold, taken equal to 0.1-0.3.
The cross-sectional area of the fish hatch at the entrance will be equal to (Shkura, 1979):

a)szp/l/lp , (13)
max
where U p = Ku xp 1s the flow rate at the entrance to the fish hatch;

M,r;ax =14. l;nax - critical speed for the maximum size of protected juvenile fish (Vvedensky, 1999).
The width of the entrance to the hatchery

bp=0)p/Hc‘ (14)

The width of the fore-chamber will be equal to:

ba = bap +bp (15)
where b, = L, -SIN 6 _is the width of the chamber (Vvedensky, 2009).

Results

In case of insufficient level differences, devices are used for the forced removal of juvenile fish
from the hatchery.

It is recommended to use moving water-jet washers to wash the mesh. The task of calculating the
device is to determine the diameter of the collector pipe, dispensing holes, the flow rate supplied to the
collector, and the pressure in it.

We have carried out laboratory studies to determine the main parameters of fish guides of fish
passage structures. The purpose of the work was to study on a model installation of the operating conditions
of diffusion guide thresholds that ensure the movement of fish to fish passages (Yerzhanova et al., 2017).

At modern river waterworks, the efficiency of fish passage facilities is increased by installing
special fish guides. The latter makes it possible to achieve a directed movement of fish from the entire
width of the tailwater to the place where the entrance part of the fish passage is located. As such devices,
guide nets or gratings are used; electric fish barriers; light, sound, pneumatic other barriers; attractive cuts
in the bottom; flooded fish-guiding rapids. The operating experience of hydraulic systems with the types of
guide devices listed above has shown that the degree of their efficiency is different. So, networks and
gratings clog up quite quickly and create backwater. Especially great difficulties with their use arise during
periods of ice drifts and water blooms (Vvedensky, 2009).

Disadvantages of electric fish barriers: a narrow range of applications due to the potential difference
created in them (the latter is different both for individual fish species and for fish of different sizes and ages
of the same breed); the complexity of the design, if necessary, to ensure the passage of the fin and pike, the
slope of fish; significant cost of construction and operation.

Fish barriers based on the use of light, sound, ultrasonic and pneumatic stimuli are currently only
being studied. There is no experience of their reliable operation (Shkura, 1979).

Attractive cuts (channels) in the bottom are ineffective because they are relatively quickly brought
in by bottom sediments.

The accumulated experience of fish guides has shown that in the process of their design and
construction it is necessary:

— the design of the fish guides ensured the directional intensive movement of fish of various breeds
and sizes to the fish passage structure or fish reservoir under various hydraulic operating conditions of the
latter;

— structural elements of the fish guides did not injure the fish;

— fish guides did not interfere with the provision of normal navigation conditions, the passage of
floods, ice drift, sludge, and floating bodies;

— the design of the fish guides was simple, easy to use, and economical.

To the greatest extent, these requirements are met by fish-guiding devices such as diffuser
thresholds. In the present research work, it is necessary to investigate this type of fish guide using "model"
fish, which are used as juvenile fish intended for passage through the fish passage.

Description of the experimental setup
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The work is carried out in a mirror hydraulic flume with a width of at least 0.8—1.0 m, a working
length of 5-6 m, and a horizontal bottom. The head part of the tray, they are equipped with a damper and a
measured spillway. At the beginning of the tray, a model of a spillway low-threshold dam is mounted,
having 5—7 identical spans, covered by gates. The central span, which has bulls elongated to a hundred tons
downstream, is a fish passage structure (Imanaliyev et al., 2019). To accurately record the movements of
juvenile fish, the bottom of the tray should have a grid of 10x10 cm, drawn in dark lines on a light
background of its plane. At the end of the tray, a starting chamber for fish is equipped.

The order of the work. The work begins with studying the recreation of fish - their ability to feel
the speed and direction of the flow and react to them. To do this, by maneuvering the valve in the head part
of the tray, the speed is increased in its steps and, after its stabilization, several "model" fish are released

from the starting chamber at each stage. First, the drifting speed is set, that is, such a minimum speed IQCH
, in the flume at which the drift downstream of juvenile fish begins to be observed, imitating the behavior

of adults, and then attracting speeds lgnp . After that, such a flow rate is set in the tray so that the average
speed in it is lgcp = 095 ’ 19(;” , and the speed in the zone of the fish pass is equal lgnp .
Next, the optimal diffuser angle of the thresholds and the height of the fish-guiding thresholds are

sought (Hirt C.W., and et all, 2011).
When looking for the optimal diffuser angle, four schemes are examined: without thresholds; with

0 0 0
a diffuser angle & = 20 ,30 ,5 0 (Figure 1). The height of the rapids in each of these three cases is
the same and equals 0.3H, where H is the water depth downstream behind the fish passage.
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Figure I - Location of the main concentrations and zones of fish movement in the zone of the culvert at different angles
of diffusivity of the rapids
1 - spillway dam; 2 - fish passage facilities; 3 - fish-guiding rapids; 4 - zones of fish movement; 5 — main
concentrations of fish.

Then determine the optimal height of the threshold. To do this, four schemes are also examined
with a threshold height taken sequentially equal to 0.15 N; 0.2N; 0.3N and 0.5N, and the diffuser angle
taken constantly (Figure 2).

The following aspects of the behavior of “model” fish are taken as criteria for the optimality of the
desired threshold parameters (Shkura, 1979):

- the reaction of the flock to the presence of a fish pass;

- flock density (width and total area occupied by the flock);

- the direction of movements of the school and individual fish, the configuration of the area
occupied by the school;

- the speed is chosen by the flock and the main places of its concentration.
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Figure 2 - Location of the main concentrations and zones of movement of fish in the zone of the culvert at different heights of the
guide rapids:
a—hP=0.15H;b-hP=0.2H;c—hP=0.3H; d — h IT=0.5H (other designations are the same as in Fig. 1.)

To obtain answers to all these questions, it is necessary to release a flock of fish with an
equal number of individuals into the stream from the downstream side of the model dam in each of the eight
cases listed above using the starting chamber. The latter are caught with a net from a special aquarium and
transplanted into the starting chamber (Lavrov et al., 2003).

We observe the migration of the flock, fixing the main zones of its movement and configuration,
using for this a grid drawn on the bottom.

Processing of results. In each of the four experiments, based on the results of observations, the
location and concentration of a school of fish are plotted (Howard Mooers, 2009).

Comparison of the behavior of fish in the zone of the fish passage in each case should draw
conclusions on the work, answering the following questions (Hirt et al., 2011).:

- what is the height of the rapids, on which the fish practically do not react?

- at what height of the rapids is the reaction of fish to the fish-guiding device the most active?

- at what diffuser angle of the guide rapids is their greatest effect on the directional movement of
flocks to the fish passage structure observed?

Discussion of scientific results

The teaching staff of the Taraz Regional University named after M.Kh. Dulaty, under the guidance
of Professor S. Koybakov, applied for and received a patent for the invention of fish passage facilities, and
conducted scientific research on these models. In the course of experiments in TarRU named after M.Kh.
Taking the above logistical theoretical studies of scientists from other countries, experimental work was
carried out. In the process of work, the obtained useful models of fish passage structures were taken as a
basis (Joldassov et al., 2023).

They consist of separate pools of the following sizes: width — 1.2 ... 13.5, length—2 ... 2.5
m, water depth — 1.2 ... 1.75 m, drop — 0.3—0 .5 m for sturgeon and carp and 0.15 ... 0.25 m for pike perch,
marinka, crucian carp, etc. In the transverse walls separating the pools, pop-up holes are arranged, which
are located alternately at the right, then at the left walls (for sturgeon - at the bottom, for carp - at the
surface). Hole sizes from 0.2x0.3 to 1x1.5m. And also to increase the efficiency of attracting fish, in
addition, on both sides of the stepped trays, a transit part is made in the form of a fast current (Lavrov et
al., 2003). This is done for large fish that are used to climbing up on a smooth surface on their own. The
required result is achieved by arranging a fish passage structure with ladders in the form of stepped trays,
consisting of separate pools of the following sizes: width — 1.2 ... 13.5, length — 2 ... 2.5 m, water depth —

92



ISSN 2224-5278 2.2023

1.2 .. .1.75 m, difference — 0.3-0.5 m for sturgeon and carp and 0.15 ... 0.25 m for pike perch, herring, etc.,
as well as in the transverse walls separating the pools, float holes are arranged, which are located alternately
at the right, then at the left walls (for sturgeon — at the bottom, for carp — at the surface) (Joldassov et al.,
2023). And also to increase the efficiency of attracting fish, in addition, on both sides of the stepped trays,
a transit part is made in the form of a fast current for large fish that are used to climb up on a smooth surface.
Fig. 3 shows a plan of a fish passage facility in the form of stepped flumes and a cross-section of a stepped
flume. In Fig. 4, section I-1 is a longitudinal profile (Haefner et al., 2002).
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Figure 4. Longitudinal profile of the fish pass.

The fish pass structure consists of a longitudinal wall 1, a transverse wall 2, stepped trays 3, inflow
holes 4, and a transit part on both sides of the stepped trays in the form of a fast current 5. The device
operates as follows. The device of the fish passage structure made of stairs in the form of stepped trays 3,
consisting of longitudinal 1 and transverse 2 walls, is made for the successful passage of fish from one wall
to another. Floating holes 4, arranged in the transverse walls 2, located alternately at the right, and then at
the left walls — favorably act for the migration of fish upstream (Goryachev, 2012). The transit part in the
form of a fast current 5 on both sides of the stepped trays is arranged for large-sized fish that are used to
climbing up on a smooth surface without getting into the pool trays (stuped trays).

During laboratory studies, a scaling of 1:100 is shown in Figure 5, and laboratory results were taken.

Figure 5 - Laboratory model of a fish pass 1:100.
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Analytical model of the proposed technical solution. Hydraulic jets, flowing from jet-forming
nozzles and interacting with each other, form a total flow. The total flow creates a zone of partially equal
pressures in front of the inlet of the fish passage, which makes the passage of fish and other aquatic life into
the upstream unhindered. The mathematical condition for the formation of a zone of partially equal
pressures is written in the following form (Vvedensky, 2009):

Vo = +/gH, (16)

where, Vyo- is the initial axial velocity of the total flow; g is the free fall acceleration (m/s2); H-
value of the pressure attributable to the transverse dividing wall (m). The initial axial velocity of the total

flow Vyo- itself is found by the formula:
2 1

Vod3 b3n
Yoo =935 thioby’ (17

where, V(Uo ) is the initial axial velocity of the total flow;

¢ is a dimensionless coefficient determined empirically;

V_0 - initial velocity of hydraulic jets from jet nozzles (m/s);

d_(o_n) — diameter of jet nozzles (m);

b_e-distance between axes of hydraulic jets (m);

n - is the number of hydraulic jets in a row;

oh is the distance between the planes of propagation of hydraulic jets (m).

The value of the dimensionless coefficient depends on many factors, the main of which is the
dimensions of the inlet and the configuration of the location of the jet nozzles (Vvedensky, 2009). As
experimental studies show, the values of the dimensionless coefficient with a sufficient degree of accuracy
for solving most practical problems vary in the range of 0.001 to 4.00. To organize the passage of fish along
the fish passage of the fish pass, it is necessary to have a stable attracting flow passing through it in transit.
For its formation, an additional pressure H is created, the value of which is determined from the following
expression:

VZ

AH =H — %, (18)

where AH is the value of the additional pressure;

g is the free-fall acceleration (m/s2);

Thus, the additional head AH is the difference between the actual head H attributable to the
transverse dividing wall and the heat generated by the total flow.

The value of AH must be set depending on the type of fish moving along the fish passage. In table.
the optimal values of AH are presented depending on the required attracting flow, calculated according to
known methods (Ko et al., 1985).

Table 3 - Optimal values of AH depending on the type of moving fish

Optimal values Maximum values
Type of fish | attracting speed, m/s additional head carrying additional
AH,m speed, m/s head AH,m
min max min max min | max min max
Salmon 0.90 1.40 0.26 0.63 1.10 | 1.60 0.39 0.82
Sturgeons 0.70 1.20 0.16 0.46 090 | 140 | 0.26 | 0.63
Partial 0.50 0.80 0.08 0.20 090 | 1.20 | 0.26 | 0.46

Conclusion

The ability to use hydraulic jets to compensate for significant pressure fluctuations at the
hydroelectric complex in only one inflow hole will allow the following:

— significantly reduce the length and material consumption of the fish passage;

— to ensure the possibility of a passage through the new fish passage facility — the fish passage not
only for salmon but also for other migratory and semi-anadromous species of fish;

- fully link the operation of the fish pass to the features of the hydroelectric complex with the cyclic
operation;

— preserve the naturalness of the conditions for the passage of migrants and fulfill environmental
requirements.

The proposed changes in the design of fish passages based on the technology of hydraulic jets and
their operating modes for passing fish through hydroelectric facilities make it possible to create a controlled
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high-speed flow regime in the fish passage, which will provide favorable conditions to the maximum extent
for the passage of various types of anadromous and semi-anadromous fish through the target of the
hydroelectric dam at significant fluctuations in the levels of the pools.
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