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HATIIOPHBIE BACCEVHBI JEPYBAIIMOHHBIX MAJIBIX T9C

Pycmamobex yyny A6ounasap, K.T. Illakumos

MpUBOAATCA OCHOBHbIE TEXHOMOMMYECKIME OMnepaLm, BbIMOHAEMble HaMOPHbIMU 6acceiHamMu B COCTaBe MaJiblX
SC. OnncaHbl N3BeCTHblE KOHCTPYKLIMM HaMoOpPHbIX 6accenHOB, NprMeHAeMblx Ha Manbix IC. PekomeHpoBaHa
KOHCTPYKLUA HanopHOro bacceriHa Ans ycTporCTBa Ha MMapO3HepreTUYeckoMm y3re Ha peke Ycek.

Kniouesbie criosa: HanopHbiil 6acceiiH; Manble MC; aepuBaLus; aBaHKaMepa; BOLOMPUEMHUK; LWYrocObpoc; KaTa-

CTPOGUUECKII BOAOC/VB; MPOMbIBHASA rafiepest.

PRESSURE SWIMMING POOLS OF DERIVATIVE
SMALL HYDROELECTRIC POWER STATIONS

Rustambek uulu Abdinazar, K.T. Shakitov

The main technological operations performed by pressure swimming pools within small hydro power stations
are given. The known designs of pressure basins used at small HPPs are described. The design of the pressure
basin for the device at the hydropower unit on the Usek River is recommended.

Keywords: ppressurized swimming pool; small hydropower plants; derivation; forehand; water intake; shugosbros;

catastrophic weir; washing gallery.

Vcrionp30BaHne THAPOIHEPTETUYECKOTO ITOTEH-
[paia TOPHO-TIPEATOPHBIX YYaCTKOB PEK COMPSIKEHO
C YCTPOWCTBOM JIEPUBAIIIOHHBIX CXeM CO3JaHHS HAIlo-
pa wHa I'DC. Ilpu >TOM, Kak mpaBuio, Ha Manbeix [ DC
yCTpauBaeTcsi OTKpbITas JEpHUBAlMsS C HAIOPHBIMH
OaccelfHaMU B KOHIIE JCPUBAIIMOHHOTO KaHaa [1].

Haropublie GacceiHbl conpsraioT Oe3HaNnopHYIO
JIEpUBAIMIO C TYpOWHHBIMH TpyOompoBomamu. B cuc-
TeMe BOJONPOBOIAMINX COOPYKCHHH OHH BXOMAT
B COCTaB HANOPHOTO CTAHI[MOHHOTO y37a THIPOCTaH-
UM W BBINOJHSIIOT CJIEAYIONIME TEXHOJIOTHYECKHe
onepanuu [1]:

1) HampaBJeHHE pacxola BOJIBI U3 JICPUBALIUH B TYP-
OMHHBII TPYOOIIPOBOI M pABHOMEPHOE pacIpee-
JICHHUE €T0 MY OTACTHHBIMA HUTKAMU;

2) 3azxeprkaHMe IJIABYYEro copa, MOCTYIUBIIIETO B Jie-
PHUBAIIMIO 110 MyTH €€ CJEJOBaHUS C IMpHIIeraro-
IIAX CKJIOHOB,;

3) BBIKIIOYECHHE TYpOMHHOTO TPYOONPOBOAA B CITy-
Yae aBapuy ¢ HUM U Ha TIEPUOJ] €T0 PEMOHTA;

4) cOpoc wW3NHMIIKAa BOABI HYepe3 XOJIOCTOH BOHO-
cOpoc mpHu HEcaMOperyaupyIoLIecs qepuBaIni,
B 1IEJISIX OTPAHUUCHHUS T10/{beMa YPOBHSI B HEM;

5) 3ammTa BXOIHOH YacTh TpyOONpOBOJa B 3UMHUM
TIEPHOJL OT 3aCOPEHUSI U 3aBajia IIYTOi U JIbIOM.
B oOmem cimyuyae HamopHBIA OacceifH COCTOUT

13 HECKOJIBKUX BOMONMPUEMHBIX KaMmep, aBaHKaMepbl

¥ XOJI0CTOTO BogocOpoca (pucyHok 1) [2].

Ha HamopHbIx ©OacceiiHax, yCTaHaBIMBAEMbIX
B KOHI[E CAMOPETYIHPYIOLIUXCSl KaHAJIOB, XOJIOCTOM
BOJIOCOpOC HE YCTPAUBAIOT.

BononpuemHsle KaMepbl SBISIOTCS OCHOBHOM
4acThI0 HAMOPHOTO OacceliHa. B HUMX pacromaraeTcs
BCe 000py/0OBaHME, MpEJHA3HAYCHHOE AJS yIpaBiie-
HUA TTOTOKOM BO/IbI, U K HUM IIPUCOCANHATOTCS pr60-
IPOBO/IBI, TTHTAtOIIME TYpOUHBL. C BEPXOBOIl CTOPOHBI
BOJIONIPHEMHBIC KaMepbl NMPHUMBIKAIOT K aBaHKaMepe,
a C HU30BOW — OTPaHMYMBAIOTCS TaK HA3bIBAEMOH Ha-
IIOPHOH CTEHKOM, B KOTOPYIO 3a/I€JIbIBAIOTCSI OTOJIOBKU
TpyOOTIIPOBOIOB.

KonnuecTtBo kamep B HamopHoOM OacceiiHe nena-
10T PaBHBIM YHUCIYy HUTOK B TypOMHHOM TpyOOITpOBO-
Je. CMexxHbIe KaMephl OTAEISAIOT APYTr OT Apyra Impo-
MEXyTOUHBIM ObldkoM. Kakayio kamepy oOOpyayroT
LIUTOBBIM 3aTBOPOM, COPOYIEP>KUBAIOILEH PELIETKON
1 IIaHA0PaMH.

[Ivpuna BogonpUeMHON Kamepsl b NpuHUMaeT-
cst mpumepHo pasHoit (1,5+1,8) D, rne D — auametp
Tpybonposona. Imybuny Bojel h B Hell HasHayaroT
C TakMM pPAcueToOM, YTOObI HauOOJbIIAs BO3MOMKHAS
CKOPOCTh TEYEHHUS] UK Ha y4YacTKe IOJXO0a K COpoy-
JepKuBaroleit pemerke He npesbimana 0,8—1 m/cex
I[IPY PYYHOU OUMCTKE PELIETKH OT Mycopa u 1,25 m/cex —
pyu MexaHnveckoil ounctke. [Ipm Gombmmx ckopo-
CTSX TEUCHUS BO3HHKAET OTACHOCTH 3a0MBKH PEIICT-
KH MyCOpOM, a 3UMOH JibioM. Kpome Toro, Gosnbinme
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Pucynok 1 — JIByxkaMepHbI{ HalOpHBIN Oacceiin: 1 — nepuBallMOHHBIN KaHAT; 2 — aBaHKaMepa,
3 — BozoIIpUEMHBIE KaMepbl; 4 — HAllOpHAs CTEHKA; 5 — TypOUHHBIH TPyOONIpoBOL; 6 — IPOMEKYTOUHBIH OBIUOK;
7 — BOAOCIIHB XOJIOCTOr0 BOJOCOpoca; § — MIyrocOpOCHOM 10TOK; 9 — TpaHIIes: X0JI0CTOro Bogocopoca;
10 — OBICTPOTOK XOIOCTOrO BojocOpoca; 11 — pemerka; 12 — muToBO# 3aTBOpP; 13 — BUHTOBOW MOIBEMHUK;
14 — Bo3aymiHas Tpy0Oa; 15 — TOHHBIC IPOMBIBHBIC TaJlepeH;
16 — BUHTOBBIE MOABEMHUKHU 3aTBOPOB IOHHBIX MTPOMBIBHEIX Tasiepeit; 17 — ma3sl A1l peMOHTHBIX [IaHI0P

CKOPOCTH YBEJIMUYMBAIOT IIOTEPH HAopa B Kamepe
1 3aTPYy/IHSIOT OYUCTKY PELIETKH OT Mycopa.

Haubonee panuoHanbHBIM B THIPaBIMYECKOM
OTHOLICHUU SIBIISICTCSI MPSIMOJMHEHHBIA TO/BOJ T10-
TOKa K BOJOIIPHEMHBIM KaMepaM C YIJIOM pacXoxe-
HUST OOKOBBIX CTEHOK okoio 10°. Takas aBaHKamepa
PaBHOMEPHO pacHpeiessieT BOAY MEkKAY BCEMHU BO-
JIOTIPUEMHBIMHU KamepaMu OacceiiHa u obecrieunBaeT
BOCCTAHOBIICHHE YaCTH KWHETHYECKOIl SHEpPruu Io-
ToKa. B mpakTuke He Bcerjga yaaercsi OCyILIeCTBUTh
aBaHKaMepy II0 CXeMe, ITOKa3aHHOM Ha pHCYHKE
2, a. B menax ymenpmenus o0bema paboT 1Mo Ha-
MOpHOMY OacceifHy MHOTJa MPUXOANUTCS AEIaTh yroi
>10°. Yacto Tomorpaduyeckue ycIOBHsS MeECTOpa-
CHOJIOKEHHSI HAIOPHOTO OacceifHa M XapakTep Moj-
X0J/la JICpUBAllMKA K HAaNOpHOMY OacceiliHy 3acTaBiisi-
I0T TpUJaBaTh aBaHKaMepe KPHBOJIMHEHHOE odep-
TaHWE B TUTaHE (PUCYHOK 2, 0) WJIM pacroiararh ee
o yrioM B 90° K MPOAOIBHON OCH BOJAOTIPHEMHBIX
Kamep (pUCyHOK 2, 8) [2].

B xome mpoektupoBaHus Kackama manbix [DC
Ha peke Ycek AsMaruHCKOM obOmactu PecryOmuku
Kazaxcran aBropamu ObUI PacCMOTPEH BapHaHT KOM-
TIOHOBKHM HAINOPHOTO OacceiiHa, IpeUIoKEeHHbIH paHee
B KauecTBe cTaHJapTHOM pacuerHoi cxembl H.II. Jlas-
poBemm u I 1. JloruroBEIM [1, 3].

Ilo BBIMONHSIEMOMY TIPOEKTY paccMaTpUBAIIM Ba-
PHAHT Tofa4X BOABI Ha Tuapoarperarsl mMaibix [DC
MaKCHMaJIbHOTO pacxojia BOJIbI, PABHOTO PACXOIY PEKH
Veek 75 Y%-Hoii obecniedenHocTH 15 M/c. Tlomauy oObe-
MOB BOJIbI TUTAHUPOBAJIU MO 1-if HUTKE TypOWHHOTO TpY-
OompoBoma TIPH TMOCIEAYIONIEM pa3IeleHHH O00BEMOB
BOJIBI HA TpH rujipoarperara repes 3naanem MIOC.

B mpouecce mpoexkTHpoBaHUS OBUIM CIECTAHBI
CIEAYIOINE PacueThl (PUCYHOK 3).

Hlupuny aBaHKamepbl NPUHUMAIN  OOJbIIE
no Bepxy B_=> Bﬂep. [Ipu sTOM €e pa3mep yBSI3bIBAIU
C pa3MepaMu TYPOMHHBIX TPYOOIIPOBOIOB TIO (popMyIIe

[1]:B, >(14.16)n,D,, =15x2=3,0m, (1)
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TJIe 71, — KOJIMYECTBO TYPOUHHBIX; D — NPUHATHIA /11~
ameTp TypOMHHOTO BofoBoza. [Ipu ycTpoiicTBe OHOM
HUTKH TPYOONpPOBOAA JUIA CO3[aHHUS HOPMATHBHBIX
CKOpPOCTEH BOAHOTO MOTOKA AUAMETP TPYObI IPUHUMA-
JIM PaBHBIM 2 M.

Jnuny npuémHON aBaHKaMepbl IPUHUMAIH PaB-
Hoit [1]:

[, =(1,5..2,0)B, =1.5x3=4,5 m. 2

[iryOumy BOJIBI B KamMepe /1, OTIPENIENSAIN U3 yCIIo-
BHUS JIOIYCTUMOI CKOPOCTH VK TIpH MOJX0/e K COpOy-
JICP’)KUBAIOIINM PEIIETKAM, KOTOpasi U3 YCIOBHS MeXa-
HUYECKOW OYUCTKH paBHa [1-3]:

— QF oC — 15’34

b BV, 4, 3x1,5

rae Q... — PacXol THAPOCTaHIMK; V — MomycTUMast

CKOPOCTh MPH MOAXOAE K COOPYKAIOUIMM PEIIETKaM,

no pexomenpamusm [1, 4], pasnas V_= 1,0+1,5 w/c;

Az — 3amnyOreHHe COpPOYIAEPKUBAIOMIEH PEMIETKH
T10/1 yPOBEHb BOJIbI, IPUHSATO paBHbIM A3z = 0,5 m.

[TockonbKy B MPOEKTE paccMaTpuBalil HECaMo-
PETYJIUPYIOUIYIOCS JISPUBALIUIO, CTPOUTEIILHYIO BBICO-
Ty CTeHBI OacceifHa d ompeAessiii ¢ yIETOM BBICOTHI
0OpaTHON BOJIHBI TOBBIMIEHHS, KOTOpas BO3HMKACT
IpU OCTaHOBKE arperatoB. Takum oOpa3om, CTpOU-
TeNIbHasl BBICOTA d B IEPBOM MPHOJIMKEHUH ObLIa MpH-
HsITa PaBHOM:

d=h+h,+5=3.9+0.85+0.25=5,0m, (4)
e /i, — BBICOTA BOJHBI MOBBINIEHHS, OTPENEIAETCS
n3 opmyisr [1]:

= foe 153465 5)
BC. 3.6
rae C_— cKOpoCTh pacHpOCTPaHEHHUs BOJIHBI TOBbIIIE-
HUS:

C, =4lgh —V, =+981-39-15=60mc, (6)
J—cTpoutenbHblii 3anac, 6= 0,25 v, npu Q... <30.m'/c;
6=0,4m, ipu Q,, >30 m'/c.

Janee onpenessiin 3arnyOiieHne BepXa HallopHO-
ro TpyOoonpoBoaa (LIEIbIrK) O/ YPOBEHb BOJBI B Ha-
MIOpHOM OacceifHe U3 yClIoBUSI HEJJOMYIICHHS 3acachl-
BaHUS BO3yXa B TPyOOIpoBo, o ¢opmyre [1]:

2 2 2 2

h, =(2..3) Vo Vs :2-5 1,3

2g 19,62
e V, — CpesHsis CKOPOCTb BOZEI B TYPOMHHOM TpY-
6ompoBoze.

BonmocbpocHoe ycTpolicTBO HarmopHOTo Oacceiina
3alPOEKTUPOBAHO B BHJIE BOJOCIIMBA MPAKTUYECKOTO
poduiIst M OTBOAAIICH YacTH B BHZIE OBICTPOTOKA,
cOpachIBaloIero Boxy B peky. Pa3mepbl Bopociusa
OIIPEACISIN B 3aBUCUMOCTH OT MAaKCHMAaJbHOTO pPac-
Xona, MPUHAMAEMOTO PaBHBIM pacxony Q... Hmwamy
BOJIOC/IMBA b IPUHNUMAIY PAaBHOW UIHHE aBaHKaMeEpBHl,
Teb=1L.

+0,5=39, 3)

:1,19 M, (7)

Pucynok 2 — CxeMbl moiBosia BOJBI K BOIOTIPUEMHBIM
KaMepaM HallopHOTo 0acceiHa: a — IPSAMOIMHEHHBIH
HIOZIBOZ BOAIBL; O — KPUBOJIMHEHHBIH TTOJBOX BOIBL;

6 — I10/ABOJ, BOZIbI oA yrioM 90°. 1 — nepuBanioOHHBII
KaHaJ; 2 — aBaHKaMepa; 3 — BOJOIPUEMHbIE KaMephbl;
4 — TypOHMHHBIH TPYOOIIPOBOL

BeicoTy BogoOCINBa B KOHIIE aBaHKaMEPbI IIPUHU-
Malli paBHOH ryOuHe Bobl B Kamepe P, = h . Jlanee
13 (hOpPMYITBI HEIIOITOTICHHOTO BOJIOCIIHMBA TIPaKTHye-
CKOTO MPOGHUIIS:

O=mb\2gH,;". ®)

Cuavana Mbl ONpENENsn TONHBIA Harop H,
a 3aTeM reoMeTpUUYEeCKuil Hanop /7 Ha BOOCIIUBE, PaB-
HBII:

2
H=m, -2 ©)
2g
[Tpu pacyere coOIOIaIN YCIOBHS:
»  eciaM TOJNy4YeHHBIH Hamop OylIeT MEHbIe IMpH-
HSTOTO CTPOMTENIBHOTO 3araca d, TO ATOT 3amac
U CTPOHTEIbHAS BHICOTAa d HAMOpHOTO OacceiiHa
JOCTaTO4YHBI;
» ecmu H>J, To HEOOXOMMO YBEIMYMBATH CTPOH-
TENbHYIO BBICOTY CTCHOK OacceiiHa.
B xone pacueToB Oblia IOJy4eHa BeIMYMHA!

my2gH" 04-443-1
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Pucynok 3 — TunoBasi cxema HarmopHoro dacceiiHa
nepusanronHHo manoit 'DC: 1 — nepuBaiOHHBIH
KaHaw, 2 — aBaHKaMepa; 3 — BOJAOIPHEMHUK;

4 — myrocopoc; 5 — karacTpopUUECKUil BOIOCIHB,;
6 — IPOMBIBHAsI TasIepest; 7 — MAHIOPHBIHN mas3;
8 — copoyneprkuBaromas pemeérka; 9 — 3aTBop;

10 — TypOGuHHBIE TpyOOTPOBOAKL; 11 — X0MOCTOM BOO-

cOpoc (OBICTPOTOK)

OTBozAIIast YacTh B BUAE OBICTPOTOKA MO TAHHOI
cxeMe Obljia 3alpOEKTHPOBAaHA MapauleIbHO TYpOUH-
HOMY TpyOOIIpOBOY..

[wpuny nryrocOpocHoro oreepctHs b , mepe-
KpBIBAEMOTO  KJIAIAaHHBIM ~ 3aTBOPOM,  OTNPEACIISIIH
n3 (GOPMYITBI BOLOCIIHBA C IMUPOKUM TTOPOTOM:

0,, =ms,2gH,"; (11)
_ Q _ 3-0,47

T 2™ 036443045
rae m — K03(h(QUIHMEHT pacxoia HEMOIBIKHOTO BOJIO-
CIMBa C IIMPOKOM IOPOTOM, COTVIACHO [2], paBHBIH
m = 0,36; Q  — pacxojl LIyroBOJssHON Macchl, cOpachl-
BaeMoil 4epe3 myrocopoc, papubii QO = (3..4)0 ;
Q,, — PacxoJ UIyTH, NOCTYTAONIEH 10 €PHBAIMOHHO-
My KaHaIly B HAallOPHBIA OacceifH:

Q,=B.h,V, B =3-018-088=0,47wmc,(13)
e B, — mMpUHa aBaHKaMepbl; V,,, — MOBEPXHOCTHAS
CKOpOCTh B aBankamepe, V= 0,8V ; h  — Tommmna
IIyTOBOTO KOBpA, 110 HOpMaM [UIsl IO’KHBIX PaiiOHOB
[2], pagnas h = 0,18...0,2 m; H  — Hamop myroor-
BOJISIIIIETO TIOTOKAa Ha TpeGHe HIyrocOpOCHOrO OTBEp-
crus, comtacHo [2] H,, =~ 2,5 h,,.

=29~30 M, (12)

ue
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PucyHnok 4 — KoHCTpyKIHs 3a1IpOEKTHPOBAHHOTO
HaropHoro OacceliHa JyIsi KacKaaa
nepuBannoHHBIX ['DC Ha peke Ycek

Bricora nmopora myrocOpoca paccuutaHa paBHOM
t,=h—H =39-045=345m.

K BHezspeHuio B IpOM3BOACTBO HAMHU OblIa PEKo-
MEH/IOBaHA YCOBEPIICHCTBOBaHHAsS KOHCTPYKIIHSA Ha-
mopHoro Oacceiina kackaga Maibix [ DC (pucyHok 4).

Takum 06pa3om, IpH MPOSKTUPOBAHUH THIPOTEX-
HUYECKHX COOPYKEHHI HEOOXOMMO YUUTHIBATH MECT-
HBlE ToONorpaduyeckre W TIeoJIOTHYECKHe U THIPO-
MopdomeTpruIecKkne xapakTepuctuku. Ilpm sTom
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IIPUMEHEHNE YHHU(HUINPOBAHHBIX KOMIOHOBOYHBIX
CXeM HEIOMYCTHUMO, TaK Kak 3TO MOXKET NPHUBECTU
K aBapuUIHBIM CUTyallUsM M HapyUICHUIO 3KCIUTyara-
LIMOHHBIX XapaKTEPUCTUK TPH padOTe THAPOY3IIOB.

Jlumepamypa

1. Jlaspos H.II. Bomo3abopHbIe U BOIOTIPOBOISIIIIE
COOPY)KEHHS B TOPHO-TIPENTOPHOW 30HE: yd4eO.
noco6wue / H.IT. Jlapos, I"1. Jlorunos. bumikek:
N3n-so KPCY, 2016. 142 c.

I'pomos B.H. Cenbckue THAPOIICKTPOCTAHIINH /
B.A. I'pomos, A.H. ®nekcep. M.: Tocyn. uza-so
CEJIbCKOXO035IMCTBEHHOU IUT-pbl, 1956. 503 c.
Jlocunos  I'M. T'mppaBiavueckue IPOLECCHI
npu Bojo3adope u3 ropusix pek / [NM. Jlorunos.
bumkex: U3n-sBo KPCY, 2014. 196 c.

Jlaspos H.II. BoxoBoe Bomo3abopHOE CO-
OpyXeHue KOBIIOBOro THIla Ha peke Kypurab /
H.IT. JlaBpoB, A.M. Poxman, B.A. bunenko,
I'N. Jlormros // Becruuxk KPCY. 2002. T. 2.
Ne 4. C. 83-85.

Becmnuux KPCY. 2018. Tom 18. Ne 4 133



