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METO/Ibl UCCJEJOBAHUM TMJIPOTEXHUYECKHX COOPYKEHUM
N ONPEJAEJEHUE UX ITIAPAMETPOB

H.Y. Kaiitvinosa, b.A. bomokanosa, Y.K. Hypounos, K.I. Mamacanues

AHHOmMayusi. PaccMoTpeHbl MeToAbl WUCCNEAOoBaHWA  MMOPOTEXHUYECKUX COOPYXEHWA AnA  onpeaeneHvs
napaMeTpoB BOA03a0OPHbLIX COOPYXEHWN K3 TOpHbIX pek. [lpoBedeH pacyeT YCTOMYMBOCTM HWXHero Obeda
BOJ03abOPOHOr0  COOpY-XeHWss  Ans  obecneyeHWs  HafexHOCTU  akcnnyataumm  Bogosabopa.  OnucaHbl
KOHCTPYKTUBHbIE 0cobeHHOCTU 1 HeOOo-CTaTKu CyLeCTBYHOLMX aBTOMATU3NPOBAHHbIX BO,EI,O3aGOprIX rmapoysrnos. Ha
OCHOBe pacyeTa YCTONYMBOCTU HKHEro bbea BoA03aboOPHOrO COOPYXEHNA peKoMeHAOoBaHa TOMWMHA KpenneHus
AHa HWXHero 6bed)a n mMartepuanbl OnA OMOACKUM CTEHKW. MaTepmanbl ctaTtbM MOryT OblTb MCMNONb30BaHbI B
npoekTax Mo peabunuTaumm ¥ MNPOEKTUPOBAHWIO COOPYXKEHWI MarblX BOAOXO3AWCTBEHHbIX CUCTEM B TOPHO-
NpearopHon 3oHe, a Takke B y4ebHOM mpouecce Ans CTy-AeHTOB, oby4vatomxcs no HanpaeneHuo [TC.

Kntouesblie croea: Bofo3abopHbIE COOPYXEHWS; YCTOMUYMBOCTL; AMMMpUYecKas MHGOpMaums; MatemaTuyeckasl Mo-
Jernb; Hanop; HWKHWUI Bbed; AedopMaLmsi; TEKTOHKKA; TMOPOY3en.

I'MAPOTEXHUKAJIBIK KYPYJIMAJIAPAbI U3NJII06 METOJA0PY
KAHA AJTAPABIH TAPAMETPJIEPUH AHBIKTOO

H.Y. Kaiivinosa, b.A. bomokanoea, Y.K. Hypyounoes, K.I. Mamacanues

AHHOmayusi. Byn makanaga Too AapbisnapbiHaH cyy anyyyy KypynmanaphblH NapameTpriepyH aHbIKToO YYYH rMapo-
TEXHUKanbIK KypynywTtapabl u3ungee metogaopy kapanat. Cyy anrbiuTbiH 3KChyaTaumusiChiHbIH MLLEHUMAYYNYryH
KamCblI3 Kbinyy YUYH Cyy anyy4y KOHCTPYKUMSIHbIH TOMEHKY GaCCEeNHUHWH TYPYKTYYnyryH acenTee xypryaynreH. Kongo-
Hynyn aTkaH aBToMaTTalTbIpbIraH cyy anyyyy ruapocucTeManapablH KOHCTPYKUMATBIK ©3re4enyKTepy aHa Kemuu-
nukTepy GasHaanat. Anyyvy KOHCTPYKUMSIHBIH bINAbIAKbl arbIMbIHBIH TYPYKTYYNyryH 3CENTOeHYH HETU3NHAE bINAbIViKbI
arbiMablH TYOYHYH BEKUTKMUTEPUHUH KanblHAbITbI XaHa AyGanablH Kyp4oocy y4yH MaTepuanaap cyHylranar. Makana-
HbIH MaTepuanaapbl TOO 3TEeKTEPUHAErV 30Hanapaarel YakaH cyy Yapba cvcTemanapbiHblH KypyriManapbiH peabunu-
Tauumsnoo xaHa fonbooproo 6otoHYa fon6oopropao, OWOHAOW 3re MMAPOTEXHMKanbIK KypynManap 6GarbiTel 6otoHYa
OKYyM >KaTkaH CTYAEHTTEP Y4YH OKyY NpOLECCUHAE KOMAOHYMYLLY MYMKYH.

TytyHOyy ce3dep: cyy anyyyy KypynManap; TYpyKTYynyK; aMnMpuKanbik MaanbsiMaT; MatemaTvkanbik mogenb; 6acsim;
TOMeHKY bbed; AedopmaLnsi; TEKTOHUKA; CYY TYMYHY.

RESEARCH METHODS OF HYDROTECHNICAL STRUCTURES
AND DETERMINATION OF THEIR PARAMETERS

N.U. Kaiypova, B.A. Botokanova, U.K. Nurudinov, Zh.G. Mamasaliev

Abstract. The paper considers methods for studying hydraulic structures to determine the parameters of water
intake structures from mountain rivers. The calculation of the stability of the lower pool of the water intake structure
is determined to ensure the reliability of the operation of the water intake. The design features and shortcomings of the
existing automated water intake hydrosystems are also considered. The calculation of the stability of the downstream
of the intake structure is determined, where, on the basis of this calculation, the thickness of the fastening of the bottom
of the downstream and the materials for the wall lining are taken. The materials of the article can be used in projects for
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the rehabilitation and design of structures for small water management systems in the mountainous foothill zone and
in the educational process of students studying in the GTS direction.

Keywords: water intake structures; stability; empirical information; mathematical model; pressure; downstream;
deformation; tectonics; hydroelectric.

[Ipu npoeKTHPOBaHUH, CTPOUTEIHCTBE, IKCIUTYaTAllMU U PEKOHCTPYKIUHU THAPOTEXHHYSCKUX COOpYXKe-
HUH IIIPOKO MPUMEHSIOTCS Pa3INUHbIe COBPEMEHHBIE TEXHOIOTHH, a MCIOIb30BAHNE COBPEMEHHBIX CTPOH-
TEJIbHBIX MaTePHAJIOB U KOHCTPYKTUBHBIX JIEMCHTOB HAa MX OCHOBE CYIICCTBEHHO IMOBBIMIACT IKCILIyaTaIlH-
OHHYIO HaJIeXKHOCTh U YCTOMYMBOCTh THAPOTEXHUIECKUX coopyskeHui [1].

B MupOBO#i paKTHKE CYIIECTBYIOT PA3IMYHBIC METOIBI 1 METOJMKH pacueTa JUls CHIDKCHHUS PHUCKa aBa-
PHUIHBIX CHTYyaIlMi HAaA3EeMHBIX U MOA3EMHBIX THAPOTEXHIMUCCKUX COOPYXCHUH NP ceiicMUIecKuX, nedop-
MAIIMOHHBIX CHJIAX M TEKTOHHMYSCKHX CMEIICHHSIX C YYeTOM pelibe)a MECTHOCTH, YTO CTAHOBUTCS TOBOJIHHO
aKTyaJbHOH 3a/1aueii, 0COOCHHO JIJIsl TOPHBIX palioHOB [1].

W3yuyeHnne camMbIX aKTyalbHBIX BOIIPOCOB MPUMEHHUTEIHFHO K THAPOY3JIaM U UX COOPYIKSHHUSIM MPOUCXO-
JIUT KaK B JJAOOPaTOPHBIX, TAaK M B HATYPHBIX YCIOBUSIX THAPOTEXHUIECKUX COOPYKEHHH, UTO MO3BOIIET 00¢C-
CIICYHUTH KOHTPOIIb KAYE€CTBA COOPYKECHHI B IIEPHO]] CTPOUTEILCTBA U JATbHEUIICH HX dKCILTyaranuu [2].

JlaGopaTtopHbIe HCCIenOoBaHMS (PU3MUSCKUX MOJETIeH BOI03a00PHBIX COOPYKECHHUI, B COOTBETCTBUH CY-
[IECTBYIOIUMH METOJMKAMU HUCCIICIOBAHMI, BKIIIOYAIOT B CeOsI CIICAYIOIINE SKCIIEPUMEHTHI [3]:

»  OMITUPHYECKYIO IPOBEPKY M3BECTHOW TEOPHH;

»  COCTaBJCHHUE MMOKMCKOBOTO IUIAHA MO COOPY SMIHUPHUYCCKON MH(POPMAIMU IJIsl YTOUHCHUST HAMEUCHHBIX
BapUAHTOB KOMITOHOBKH HJIH KOHCTPYKITHA.

[Ipu mMaTeMaTHuecKoM MOJCIMPOBAHUY OIUCHIBAIOTCS MPOTHO3UPOBAHUE U aHAIN3 (DU3UYCCKUX IMPO-
IIECCOB, pa3BUTHE COOBITHIA Ha HATYpHBIX 00bekTax [ TC B BuIe QyHKIIMOHAIBHBIX 3aBUCUMOCTEH, KOTOpPhIC
U3YYaroT CYyNHOCTh UCCICIYEMBIX BOIIPOCOB M BKJIOYAIOT YETHIPE OCHOBHBIX JTara [4]:

»  (dopMynupoBaHHE 3aKOHOB, CBS3bIBAIOIIMX OCHOBHBIC OOBEKThI MOJICIIH;

»  HCCIIEJIOBaHUE MAaTEMATHUYCCKUX 3a/1a4 IS CO3AAHUS MATEMATHUECKON MOICIIH;

»  ompejereHne COrMacOBAHHOCTH YCTAHOBJICHHBIX 3aKOHOMEPHOCTEH, KOTOPBIE TIOKa3bIBAIOT, YOBICTBO-
pSIET JIM IPUHSTAS TUIOTETUYECKAsl MATEMAaTHIECKasi MOJIENTb KPUTEPIO MPAKTUKU O TOM, COIVICYFOTCS JIU
pEe3yIBTaThl HATYPHBIX HCCIIECIOBAHUH ¢ TCOPETHUCCKUMHI BBIBOJIAMH U KONWYECTBEHHBIMHU TTapaMeTpoa-
MH MaTeMaTHYCCKON MOJICIH B Mpe/esiaX TOYHOCTH HAOIIOCHUI;

»  ompezeneHne KOPPEKTHOCTH 3a/1a4 U MOJICPHHU3AIMH MAaTeMaTHYECKOW MOJIENH B C HAKOIJICHHUEM JJaHHbBIX
U3y4aeMBbIX [POIIECCOB UIH SIBJICHUH.

PaccmorpuM, Hampumep, pacdeT YCTOWYMBOCTH HIDKHETO Obeda BOI03a00pPHOTO COOpyKeHHs. Brumy
TIOJHATHS MOPOTa BOJ03a00PHOTO PEYHOTO MPOJIETa HAJl CPEJHUM JHOM ObIToBOrO pycia peku AP =1,5m
00yCJIOBICHHOTO TPeOOBAHUSAMHU TapaHTUPOBAHHOTO 3a00pa BOJBI B KaHaJ, CTAOMIM3AIMH PYCIOBOTO IMPO-
1ecca B MOABOASAIIEM 3apEryIUPOBaHHOM PYCIIe, a TAKKE BO M30€kKAHUE 3aHECEHUsI pPyCiia B HIKHEM Obede
COOPY’KEHHSI, YBEIIMINBACTCSI HAIIOP THAPOY3JIa, a B HIDKHEM Obe(e COOpyKEHHUS ITPOMCXOINT Pa3MBIB PycClia.
s obecrniedenust 6€30MaCHBIX YCIOBUI pabOThI COOPYIKEHHSI OT Pa3MbIBa M Pa3pyIICHHS IIPOU3BOUTCS pac-
4YeT YCTOMYMBOCTH HIKHETO Obeda [5].

[pu pacyere onpenensroTcs IyOMHA U JJIMHA Pa3MbIBa M YCTAHABIUBAIOTCS OTMETKA HU3a KPCIICHUS
IHa pycia U DIyOuHa 3aJO0KCHHS KOHIIEBOTO COOPYKEHHS, OAOMPACTCS] KPYITHOCTh KaMHSI ISl KPETUICHHUS
BOPOHKHM pa3MbiBa. PacueTy pa3MmbIBa MPEIIISCTBYET aHAIHM3 OTIOKCHUS B Pycie — aJUTFOBHAIBHBIC WU
CKaJIbHBIC TPYHTHI, B 3aBUCHMOCTH OT KOTOPBIX HAa3HAYAIOTCS YIENBHBIC PACXOIbl BOIBI BOTOCOPOCHBIX OT-
BepcTuit [6].

Jns anmroBHANIBHBIX TPYHTOB pycia YIACHbHBIC pPacXogsl PEKOMEHIYIOTCS NMPHUHHMATh B IIpeaerax
qr=35—-15m%c na 1 metp, a Ju1a ckanbHbIX rpyHTOB — qT=15—30 M%*c Ha 1 MeTp. VienbHbIE pacXo/bl 3a-
BHUCSIT OT IIMPUHBI BOJOCOPOCHBIX OTBEPCTHH.
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Pucynok 1 — PacuerHas cxema HiKHEro Obe(a Bo103a00pHOTO COOPYIKCHUS

[lpu NpUHATON BeNMYMHE NOAHATHSA TOpOTr Bogocopoca AP = 1,5 m u ycranosnennoii otmertke nopora,
a Taxoke IyOuHe Bojbl mepen coopyxkenuem H, = 3,2 M, cocraBnsercs pacueTHas cxema W MPOU3BOJMTCS

pacuer HIXKHEro obeda (pucyHok 1).
OmnpenensieM JUTMHY BOpoHKH pasMbiBa Hb mo dopmye [7]:

%
Lp:(3,5+5).Ap.(%j3, ()

rie L, — pacuerHas mimHa BOpOHKM pasMbiBa HiKHero Obea, M; AP — BbicoTa mopHsTHs mopora,

AP =1,5m; g — ynensHbIii pacxon BogocGpocHoro coopyskenus, npu Oy, M*c Ha 1 MeTp, onpeaensercs
o popmyse:

_ Qs
=" @

c

snech Qg — pacxon 1 %-Hoit o6ecnieuennoctu, O, = 58,0 m*/c; B — mmpuna Bonoc6pocHbIX OTBEpCTHiA,
COCTOSIIUX M3 PEYHOTO OTBEPCTHS, PABHOTO 4 M, X0OJOCTOro cOpoca, PaBHOTO 6 M, M KaTacTpo(pUIECKOro BO-
J0CIIUBa IUUPUHON 3 M.

B=40+30+6,0=13,0Mm,
TOTIIA, ITOJICTABUB 3HAYCHUS B (opMyITy (2), IOITydnM:

58,
13

=4,4 v¥cnHalwMm;

g — yckopenue cuibl Txectu, & = 9,81 m¥/c, Torna mmHa BopoHkH pa3MmbiBa OyeT paBHa:

Y
M} ~8 u

L =515
’ 9,81

Omnpenenum m1youny pasmeiea B Hb o ¢hopmyite [7]:
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rac hp - rﬂy6m—1a BOPOHKHU pa3MbIiBa B HB, AP — BricoTa MOAHATUA TOpOTra HaJA CpEAHUM IOHOM pycCia,

AP =1,5M; g — ynenbHbIl pacxon oTBepcTHs BoaocOpoca, IpH Q,,, M/c Ha 1 merp; gT'= 14 wm¥c;

%’
q=14,5m*cwHal . m; de — IMaMeTp KaMHS JUIsl KpEIUICHUsS] BOPOHKH, onpeiersieTcst mo Gopmysie [7]:

d, =038 Jq* =0,38-34,4* =1,06 m; 4)
Z,— BeNMYMHA NIEPeNaa, ¢ y9eTOM CKOPOCTH MOIX0/Ia, ONPEAENSIETCs 10 (GopMmye:

qz % 442 %
ZO=AP+1,5~(EJ —H0=1,5+1,5.[mj -3,2=1,92 v (5)

5

3aecs H, — rmyOuna Bozbl B BepxHeM Obede ¢ yU4eTOM CKOPOCTH TOIX0/1a:
H, =3,2m;
D — tonmuna KpenneHus BOPOHKH pa3MblBa, onpeensercs 1o Gopmyie:
D=2-d,6=2-1,06~2,5 v (6)

ki — KO3 PUIHMEHT, YYUTHIBAIOIINI BECOBOE COJICpKaHUE HAHOCOB B MOTOKE, ki = 0,8.
Toraa riry6rHa pa3MbIBa BOPOHKHU OyIeT paBHA:

, _1,8:4,4775 1,507 (1, 92

0,2
) == BT T o 25) 0,8=2,47~2,5 w.

BricoTa koHIIeBOTO 3y0a paBHa:
T,=AP+h,+Ah =15+25+1,0=5m. (7)

s mpenoTBpalieHus pa3MblBa JHA HIDKHETO Obe(a MPUHIMAEM KPEIICHHE BOPOHKH Pa3MbIBa HIDKHE-
ro Obeda Ha JuIMHY 7,5 MeTpa KpyIHOrabapuTHBIM KAMHEM C YCIOBHBIM TUAMETPOM de =1,2-1,5 m. B kon-
Ie MpeIyCcMaTprUBaeM /0CTOHHBIN OMOsSICOK-CTeHKY I = 1,0 M (puCcyHOK 2).

Bs ‘
‘ ‘ BepX JxaMOBbI
\ JUHO
\ Y
\ HHU3 JaMOBbI
Bo
KOHTYp IXaMOBI

Pucynok 2 — PacueTHasi cxema Onosicka-CTEHKH
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Bo1060ii BOTOCOPOCHOTO OTBEPCTHUS KPENUM TecanbiM kamHeM d = 0,6 M BO n306eKaHNEe MCTHPAHMS Ha-
HOCaMH.

Omnosicok KonupyeT GopMy MOMEPEIHOrO CEUCHHS PYCIIa C yU4eTOM TOJIIHHBI KPEIUICHUSI U 3aK1a/IbIBacT-
Csl Ha IIyOUHY CTPOUTEIBHOM BBICOTHI 1aMOBI.

BoiBoabl. Takum 00pa3oM, Ha OCHOBaHHMH pacdeTa YCTOHYMBOCTH HWKHETO Obeda BOI03a00pHOTO CO-
OpY)KEHHSI IPUHSTHL: TONIINHA KPEIUICHHS JHA HHKHETo Obeda 1 MaTepualibl JJIs OTMOSICKA-CTCHKH.

[Moctynuna: 15.06.22; peuensuponana: 27.06.22; npunsara: 29.06.22.
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