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AHHOTALUA

BBeneHue. lMNpeagmetom uccrnefoBaHust SIBNSAOTCA BOA03abOPHbIE COOPYXKEHUSI NMPUPOAHBIX BOA — MOBEPXHOCTHBIX W
noasemMHbIX. [Moxanyn, He CyLlecTBYeT HW OHOrO WHXEHEPHOro COOPYXKEHWS, Haf, COBEPLUEHCTBOBAHWEM KOHCTPYKLMM
N TEXHUYECKOro OCHALLEHNs! KOTOPOro (B LieNsX NOBbILEHNs] HaAeXHOCTHN) He paboTanu 6bl MHXeHepsbl, yyeHble. Bogosa-
BOpHbIE COOPYXEHNS B JAHHOM KOHTEKCTE He UCKMoYeHre. POCT nroLaam XXunown 3acTpovikv, pasBuTe NPOMbILLNEHHOCTH,
CenbCKOro X03sCTBa, rocyAapCTBEHHbIE NPOrpamMmMbl, HanpaBrieHHbIE Ha CHUXKEHWE CTENEHW OTPULLATENbHOTO BO3AENCTBUS
Ha OKpYyXaloLLlyt0 NPUPOAHYI0 Cpeay, CO3AatoT NPeanochIki ANS CTPOUTENLCTBA HOBbIX, PEKOHCTPYKLMW AENCTBYHOLLMX
BOOO3abopoB. HakonneHHble 3a nocrnegHue [ecsTb NeT HayyHble pa3paboTKM POCCUMACKMX U 3apyBexHbIX Y4YeHbIX,
MOCBSLLEHHbIE CO3[aHNI0 HOBbIX KOHCTPYKLMI COOPYXeHWI AN 3abopa BoAbl, HyxaatTcs B 0606LweHnm.

Matepuansl u metoabl. [poBeaeH aHaNUTUYECKMIN 0630p HOBbLIX Hay4HbIX TPYZAOB (MEPUOANYECKUX U30AHUIA, NATEHTOB,
AVCCePTaLMOHHbBIX WCCNeaoBaHuii), B KOTOPbIX NPUBOAUTCA OMNWUCAHWE WHHOBALMOHHBIX KOHCTPYKLWIA BOA03abOPHbLIX
YCTPONCTB, 06ecneymBaioLLyX TEXHOMOrMYECKUA U (M) 9KOHOMUYECKUI adDdPeKT.

PesynbTatbl. YCTaHOBMNEHO, 4TO Gonbluee 4YMCrO HOBbIX M30OpEeTeHMIn HaueneHo Ha MoBbilleHne GapbepHOn ponu
BOJ03abOPOB MOBEPXHOCTHBLIX BOA MO OTHOLUEHWMIO K B3BELUEeHHbIM, [OHHbIM HaHocam W pbiGHOW monoan. dddekT
OYMCTKM BOAbLI BOA03abOPHBLIM COOPYXEHNeM, Kak npasBuno, obecneynsaeTcs punbTPOBaHNEM, OTCTaMBaHUEM, a TaKke
KOMMIEKCOM 3TUX NpoLeccoB. MNpeanaraembie y4eHbIMU KOHCTPYKLIMM PbiBO3aLLMTHBLIX YCTPONCTB BKITIOYAOT OAHOBPEMEHHO
punbTpyloLwme nperpagbl U CpeacTsa BO3LENCTBUS HA MOBEAEHYECKME peakLum pblOHOW MONoaun. VIHTepec y4eHblx Takke
nposiBNeH k paspaboTke KOHCTPYKLMM BOA03a0bOPOB NOA3EMHbIX BOA, CMIOCOOCTBYIOLLMX YBENUYEHNIO febUTa COOPYXKEHUSI.
BbiBoAbl. BbinonHeHbl 0630pHOE onmncaHue W aHanu3 HOBbIX KOHCTPYKTUBHbIX PeLleHUii BOJ03abO0pHbIX COOPYXEHWUH,
0603Ha4yeHbl pekoMeHaaumn no mx npuMeHenno. CobpaHHble cBeAeHWS MOTYT HaWTh MpakTU4ecKoe MpUMEHeHVe npu
NPOEKTMPOBAHNN HOBbIX BOA03a60pOB, MOAEPHN3ALMN AENCTBYIOLMX YCTPOWCTB.

KIMKOYEBBIE CITOBA: Bogo3abopHble COOPY>KeHUS, B3BELLEHHbIE U AOHHbIE HAHOCHI, PblO03aLLUTHBIE COOPYXKEHUS, BOPb-
6a ¢ wyron, ropHble peku, NoA3eMHble BOAbI
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ABSTRACT

Introduction. The subject of research is water intake structures of natural waters — surface and underground. At present,
there is perhaps not a single engineering structure that engineers and scientists would not work on improving its design and
technical equipment (in order to increase reliability). Water intake structures in this context are not an exception. The growth
of residential area, development of industry, agriculture, state programmes aimed at reducing the degree of negative impact
on the environment create prerequisites for construction of new and reconstruction of existing water intakes. Scientific de-
velopments of Russian and foreign scientists devoted to the creation of new designs of water intake structures accumulated
over the last ten years need to be generalized.

Materials and methods. An analytical review of new scientific papers (periodicals, patents, dissertation research), which de-
scribe innovative designs of water intake structures that provide technological and (or) economic effect, has been carried out.
Results. It was found that a greater number of new inventions are aimed at increasing the barrier role of surface water intake
structures in relation to suspended, bottom sediments and juvenile fish. The effect of water purification by a water intake
structure is usually provided by filtration, sedimentation, and a complex of these processes. The designs of fish protection
devices proposed by scientists include both filtering barriers and means of influence on the behavioural reactions of juvenile
fish. Scientists are also interested in developing groundwater intake structure design that contributes to increasing flow rate
of the structure.
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Conclusions. The overview description and analysis of new design solutions of water intake structures are made, recom-
mendations on their application are outlined. The collected data can find practical application in the design of new water

intake structures and modernization of the existing facilities.
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BBEJIEHUE

BoznozabopHbie COOpYKeHHs! CIIyKaT MEPBBIM 3Be-
HOM CJIO’KHOM IIETTOYKH CHCTEMbI BOIOCHAOKEHNS, BBU-
JTy 4ero odecrieueHne BEICOKOH HaJISKHOCTH MX (DyHKIIU-
OHHUPOBAHMS HE MOXET OBITH ITOCTABJICHO 110/l COMHEHHE.
OT npaBHILHOCTH BBIOOPA PACIIOIOKEHHUS BO03a00pa,
€ro KOHCTPYKIMU U 000PY/IOBAaHMS HAIIPSIMYIO 3aBUCST
3(pPEKTUBHOCTH U IKOHOMUYHOCTH IPOIIECCa BOJOIO-
TOTOBKH, 9KOJIOTHYECKOE COCTOSHHE BOJIOMCTOYHHKA
U TIEPCIIEKTHUBBI €0 MCIONB30BAHMS KaK TaKOBOTO B Oy-
nymeM. Hemaroe BiamsiHEe BO/103a00pHBIE COOPYKEHHS
OKAa3bIBAIOT U Ha oOHTaTeNel BOJHOTO 00BbEKTa — €ro
¢mopy u dayny. OcoOyro 0CTPOTY HAICKHOCTD (QYHK-
UOHUPOBAHUS BOJ03a00PHBIX COOPYKCHHH HMMeeT
B ycroBusax CeBepa U Ha TOPHBIX pekax. C ydeTom He-
0c1a0eBaEMOro TEXHOTEHHOTO BO3/ICHCTBHS HA TIOBEPX-
HOCTHBIC U TIOJI3EMHBIE BOJBI K COOPYXKEHHUSIM 3a00pa
BOZIbI HA CETONHSIIHMI I€Hb MPEIbSIBISIIOTCS TpeOOBa-
HUS TI0 TIOBBIIIEHUIO NX 0apPbEPHON PO B OTHOLICHUU
rpumeceil npupoaHoi Bofpl. Llenu npoaoBoiabCTBEHHON
0e301acHOCTH TOCyAapcTBa (B IJIaHE 00eCIeueHHsT Hace-
JICHUS ppIOOH 1 PRIOOTIPOTYKTaMH) YKa3bIBAIOT Ha aKTy-
aIBHOCTH 000pYyI0BaHUsI BOJI03200pOB d(h(heKTHBHBIMU
CpeICTBAMH PHIOO3AIIHTHI.

3HAUNTENbHBIN BKJIAJ B CO3/IaHNE HAYYHOW JIUTeE-
parypsl, TOCBAIICHHOW BO103a00paM MOBEPXHOCTHBIX
n noazemubix Boa, BHecan C.K. A6pamos, H.H. bun-
nemaH, B.C. Anekcees, K.C. Boromo6os, M.I". XKyp-
6a, JK.M. I'oBoposa, H.H. Jlanimuun, M.I1. CemeHOB,
H.A. IInotuukos, O.U. Bnosun, M.A. JlymkuHs,
A.®. Iopsinun. OTumu yueHsiMu A0 Hadana 2000-x rr.
MOATOTOBJICHBI 3aMevaTelIbHbIe YUSOHUKN U yueOHbIe
ocoOus, COCTaBUBIINE OCHOBY JUISl aKaJIeMHUECKON
TIOJITOTOBKH CIIEIIHAICTOB B c(hepe BopocHaOkeHusL. 13-
ydeHue n3aaBaeMon 3a mocuenaue 10—15 ner yuebHoi
JUTEPATyphl TOKA3aJI0, YTO B YAaCTH KOHCTPYKTHBHBIX
0COOEHHOCTEH BO/I03a00PHBIX COOPYKEHUH aBTOpaMu
B OCHOBHOM OIHCBIBAIOTCS CTEPEOTHIHBIEC KOHCTPYKIIMN
BOZI03200PHBIX YCTPOUCTB, 3apEKOMEHI0BABIIIHE CeOs
MHOTOJIETHEN MpakTUKoi. BmecTe ¢ TeM nmocrtynaresnb-
HOE JIBI)KCHNE HayKH BJIEUET 3a cOOOH CO31aHNe NHHO-
BaIMii BO Bcex c(hepax TEXHUKHU U TEXHOJIOTHA, KOTOphIe
HE CIIeyeT OCTaBIIATh Oe3 BHUMAHHS. 3a1a9a HaCTOSIIEeH
paboThl — 0030p HAKOIICHHBIX 3a MOCJICAHEE IEeCATH-
JIETHE HAYYHO-TEXHUYECKUX JOCTHKEHHUH B cepe co-
OpYyXKEeHUH JUTst 3200pa BOJIBI U3 Pa3TMUHBIX UCTOYHHKOB.

MATEPHAJIBI U METO/JbI

B nemsix coopa nHpopManuu 0 COBpEMEHHBIX Ha-
YYHO-TEXHHYECKHX pa3padboTkax B cepe Bomo3adbop-

HBIX COOPY)KCHNH OBUIN M3y4YeHBI HayYHbIE TPYIbI POC-
CHICKHX U 3apyO0eKHBIX YUCHBIX 3a mocienHue 10 jer.
OTpakeHHEe aKTyalbHBIX TCHACHIIUN, OTIBITA MPOCKTH-
POBaHUS U CTPOUTEIHCTBA BOA03a00PHBIX YCTPOICTB
MOXXET CIIOCOOCTBOBATh MOJACPHU3ALMH ACHCTBYIOLINX
COOPY)KEHHH JUIA TOBBIIECHHUS MX MTPOU3BOANUTEIBHO-
CTH, HaJIGXKHOCTH pabOThl, PEICHUIO OTACIbHBIX BO-
MIPOCOB MPOCKTHPOBAHUS HOBBIX BOJI03a00POB.

PE3YJIBTATHI HCCJIEJOBAHHUA

3ab0p BOJBI U3 TOPHBIX PEK COMPSIKEH ¢ TAKUMHU
TPYAHOCTSMH, KaK OOJBIIOE KOJIMYECTBO B3BEHICHHBIX
U JIOHHBIX HAHOCOB, HEPAaBHOMEPHOCTh CTOKA, Pa3MbIB
OeperoB U pyciia, MPUIHHON YEro SBJSETCS BBICOKAs
CKOPOCTb TeueHust Bonbl [1, 2]. B mensix noBellieHust
HAaJIeKHOCTH paboThl BOA03a0OPHBIX COOPYKEHUH
U3 TAaKUX BOJOMCTOUYHHUKOB YUEHBIMHU IPEUIOKECHBI HH-
HOBAIIMOHHbIE KOHCTPYKIIMH BO/I03a00PHBIX YCTPOUCTB.

B my6mukanum [3] coobmaercst 06 m3o0peTe-
HUM HOBOM KOHCTPYKLIMHU BO/103a00pa M3 TOPHBIX PEK
(puc. 1). OTIMYKTENBHBIN dJIEMEHT BO103a00PHOTO CO-
OpYXEHUSI — BAJIBIIOBBIN 3aTBOP, paclioyiaratoniuics
MEepHEeHIUKYISIPHO pyciy peku. I[loBepXxHOCTB 3aTBOpa
HMECT BOAOIIPONYCKHBIC HICTIN, MO3BOJIAIOINE TTPpH-
HUMAaTh BOJY MIOBEPXHOCTHBIX CJIOE€B BOJHOI'O ITOTOKA,
KOTOpast COAEPKUT MaIyl0 KOHIEHTPAIHMIO JOHHBIX
1 B3BEUICHHBIX HAHOCOB. BanbioBerii 3aTBOp popmu-
pYeT BEepXHHUU M HIKHHUN Obed, IpU 3TOM B BEPXHEM
OCaXJIAFOTCSI BCE KPYITHBIE IIPUMECH, IEPEHOCHUMBIE T10-
TOKOM BOJIbI. J{J1sl eproANYECcKON OYUCTKY THApOy3ia
OT HAaHOCOB M HJIa TIPEyCMOTPEHA BOBMOKHOCTh MO/~
ema 3aTBopa.

[Ipencrasiser UHTEpEC MPEUIOKEHHBIN YUICHbI-
MU [4] Bog03a00pHBIH y3em, pa3paboTaHHBIN A TOP-
HBIX pek. Ha puc. 2 npeacrasieHa cxema KOMIOHOBKH
COOPY’KEHUSI, BKJIIOYAIONIETO YEThIPE TIOTHHBI, TPO-
MBIBHYIO KaMepy, OTCTOMHUK U LuIt03-perynarop. Ha-
3HAYEHHE TePEUHCICHHBIX DJIEMEHTOB 3aKI0YaeTCs
B ciiefylomeM. [ryxas miioTnHa nepeKkphiBaeT pycio
pexu s GOpMHUPOBAHUS BEPXHETO M HIDKHETO Obeda,
BOZIOCIIUBHAS U IUTOBAS IOTUHBI IIPETHA3HAYCHBI [UIS
MPOITyCKa BOJBI B BOIONPHEMHYIO TIOTHHY. Bogonpu-
eMHasl IJIOTHHA C JOHHO-PEIIeTYaThIM BO03a00pOM
CIIYKHUT OCHOBHBIM 3JIEMEHTOM COOPYKEHHS: 4acTh
BOJTHOTO ITOTOKA MOIAAaeT B BOJ03a00p U OTBOAMTCS
B IIPOMBIBHYIO Kamepy, Apyrasi 4acTb TPaH3UTOM HpO-
XOIUT B HIKHHN Obed. B mpoMeIBHOI Kamepe mpouc-
XOJIUT CHMIKEHHE CKOPOCTH MOTOKA U OTBEACHUE €ro
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Puc. 1. Cxema ropHoro Bozno3abopa: a — miaH; b — npoaoibHbIi paspes [3]; / — BepxHUii Obed; 2 — BaJbIIOBBII 3aTBOP;

3 — mieneBoe oTBEpCTHE; 4 — BO03a00pHast rajnepes; 5 — CErMEHTHBIN JIHCT; 6 — TPAaBUENIOBKH; 7/ — OTBOASAIINN KaHAI;

8 — HKHUH Obed

\ 7

T

Puc. 2. Cxema Bomo3abopHoro ruapoysia [4]: [ — riyxas

IJIOTHHA, 2— BOJOCJ/IMBHAA IIJIOTHHA, 3 — IIUTOBAs IIJIOTU-
Ha; 4 — BOJOIPHEMHas [UIOTHHA; 5 — IPOMBIBHAS KaMepa;
6 — OTCTOMHUK; 7 — MLII03-PETYIATOP; 8 — BEPXHUIA Obed
THAPOY3I1a; 9 — HIDKHUK Obed ruapoysna

B orcToitHUK. OTCTONHHMK criocoOCcTByeT 3 hekTHBHO-
MY OCaX/ICHUIO B3BECH M HAHOCOB.

Bononpuemnast iiotuna (prc. 3) o0opymnoBaHa pe-
ETYaTbIM NECPEKPBITUEM, OGCCHC‘II/IBa}OH_II/IM BIIYCK 3a-
JITAaHHOTO pacxofia Bojbl. B pabore [4] Takxke npuBeeH
THJPABINYECKUN pacyeT OMMCAHHOTO BOJOIPUEMHOTO
THJpOYy3JIa.

[IpemnoxxeHa ycoBeplICHCTBOBaHHASI KOHCTPYK-
st BOJI03a00pa U3 TOPHOI peKH s Lesei KanejabHO-
ro opoiuieHus [5]. YdueHbIMu ObllIa TOCTABIICHA 3a/1a4a
IO TOBBINICHUIO TEXHUKO-YKOHOMUYCCKUX ITOKa3aTe-
Jiel BOH03a00PHBIX COOPYKCHHH C IIeNIbI0 obecteue-
HUS MU TIPUEMIIEMOU CTEIICHU OYMCTKH BOJBI OT ME-
XaHWYeCKnX mpumecei. KoHCTpyKImst Boo3abopHOTO
coopykeHUs (puc. 4) mpeArnoiIaraeT OCHAIICHUE BO-
JOTIPUEMHIKA (QUIBTPYIOLIMMHE TaHEISIMHU, TIPECTaB-
JISIOMIAMHU COOO0H TOBEPXHOCTH U3 HECKOJIBKUX KacCeT.
D70 BO032a00pHOE COOPYKEHNE UMEET MPEUMYTIECTBA!
TIPUEM BOJIBI OCYIIECTBISIETCS M3 IIOBEPXHOCTHBIX CIIO-
€B ITOTOKA (XapaKTePU3YIONTIXCS MAJIBIM COZIepKaHIEM
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B3BECH); OOECIICUCHUE TPaH3UTa TUIABAIOIIETO copa
BHU3 110 TEUEHHIO BOJIBI B KaHAJE; 3a/IepyKaHIe JOHHBIX
HAHOCOB Ha MMOBEPXHOCTH (UIBTPYIOIINX KacceT. AB-
TOpaMH N300pEeTEHHs MTPEIaraeTcsi BO3MOXKHOCTh pas-
MemneHus! QUIBTPYIONIUX KacCeT HE TOJBKO Iapajliellb-
HO 3epkairy Bojbl (puc. 4), HO U B OOKOBBIX CTCHKAaX
kaHauna (puc. 5). IIpn 3TOM akueHTHpYyeTCsS BHUMaHHE
Ha TOM, 4TO (HIBTPYIOIINE KacCeTHl (B 3aBUCHMOCTH
OT BBICOTHOH OTMETKH PACIIONIOKEHHUS) MOTYT o0ecte-
YUBATh 3200p BOIBI C PA3IMIHBIX TITyOHMH KaHATA.
[Matent [6] momyuen Ha m3oOperenne «Bomo3a-
OGopHOE ouNCTUTETBHOE coopykerne» (puc. 6). Coopy-
JKeHNE MOJKET HaXOAWUTh MIPHUMEHEHHE s 3a00pa BOJIBI
13 HUCTOYHUKOB C OONBIIINM KOJTMYECTBOM B3BEIICHHBIX
HAHOCOB, OHO MPEAHA3HAYCHO I PA3MEIICHUS B MOJ-
BOJSIMX KaHAJIaX, Pa3esIeHO Ha BE YaCTH — IPUEM-
Hylo / ¥ Kamepy uuctod Boxsl 2. OuncTKa Boabl 00e-
CHEYUBAETCs COPOYACPKHUBAIOIUME peleTkaMu 8, 10
Y OTCTauBaHHEM B kamepe /. J{71s mepuoanyecko npo-
MBIBKH ITPUEMHOM KaMephlI ITPEeyCMOTPEH KOJIIEKTOp /1.
VYyenbimu Poccuiickoro HayuyHO-MCCIE10BaTENb-
CKOTO MHCTHTYTa MpobiieM Mmemuopanuu [7] mpen-
JIO’)KeHa KOHCTPYKIHS BOJ03a00PHOTO COOPYKEHHUS
13 MOBEPXHOCTHOTO MCTOYHUKA IS IIeJIeld Mennopa-
un. KoHeTpykius coopyxenus (puc. 7) obecrieunBaet
3a/iep KaHre B3BEIICHHBIX BEIIECTB M3 COCTaBa BOJEI,
YTO JIOCTUTAETCS C MOMOIIBI0 COPO3arpaAuTeNbHON
PCIUICTKH U PACIOJIOKCHHON 3a HEeWl (QUIBTPYIOIICH

Pemerka
/ Tanepes
X /‘{
- / { ‘\

o N

Boponpuemnas minoruna

Puc. 3. Cxema BomonpreMHO IIOTHHBI [4]
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Puc. 4. Cxema Bo103a00pHOTO COOPYKEHHS M3 TOPHOTO BOJIO-
ToKa [5]: / — BOJOMPHEMHHK BOJI03a00PHOTO COOPYIKEHHUS;
2 — TpyOuaTble BOZOOTBOABI; 3 — BOAONPUEMHBIH OacceiiH
OpOCUTENBHOI cHcTeMbl; 4 — BoJ0COOpHas ranepes; 5 —
(unbTpyIoLIne MaHeIn BOAONPHEMHHKA; 6 — ONOPHBIE YCTOU

all
l/

g
/0
Y

Puc. 6. Bono3zabopHoe odncTUTENbHOE coopyskeHue [6]:
1 — otcroiiHas kamepa; 2 — Kamepa YUCTOH BOAbl; 3 —
BEepTHKaIbHAs MEperopoaka; 4, 5 — CeKUuu Boa03adopa;
6 — OKHO; 7 — maTpy0oK; § — MyCOpOyIepKHBaoLIas pe-
mietka; 9 — ochb BpamieHus; /() — IONOTHUTENbHAS COPOY-
JIep KUBAIOILAs pelIeTKa; // — KOJIEKTOp MPOMBIBHON BOJIBL;
12 — HanpaBnsomas CTeHKa; /3 — OTBOAAIINN KOJIEKTOD;
14 — MyCcOpOOTBOIHBI JTOTOK; /5 — MOABOIAIINI BOJOBO;
16, 17 — WONKY ; { — YKIJIOH

naneny. OUIbTpYyIOas MaHeNlb MpeCTaBIseT co0on
KacCceTy M3 KPYyHMHOSYEUCTON CETKH, 3al0IHEHHYIO
(DUITBTPYIOIMHE 2JIEMEHTAMH — ITIOPOJIACTOBBIMH HITH
pe3uHoBbIMH mapukamu auamerpom 10-30 mm. Ot™me-
YyaeTcsl, YTO MIApUKH 3aIOJHSIOT HE BCe BHyTPEHHEE
MIPOCTPAHCTBO KacceThl. ABTOpaMH M300pETEeHHUS MOA-
YEepKUBAIOTCS IIPEUMYIIECTBA KOHCTPYKIINH, 3aKJII0ua-
ouMecs B MpocToil u 3h(HeKTUBHON OYHMCTKE KacceT
OT KOJIbMATaHTa: JIJIsI BBITIOJHEHMS] YUCTKU KacCeTa BbI-
HUMAETCSI KPAaHOM M3 BOJBI, B BEPTUKAIBHOM IIOCKOCTH
noBopayuBaercst Ha 180°, 3a cuer 4yero WApUKU NpH-
XOIAT B MHTEHCUBHOE JIBIKEHHUE (COMPOBOXKIAIOIIEeCs
TPEHUEM JPYT O APYra) U OCBOOOXKAAIOTCS OT CKOIHB-
LIMXCS 3arPs3HEHUMN.

BomozabopHo-ouncTHOE coopykeHue [8], o yT-
BEPXKACHHUIO Pa3pabOTYMKOB, CIIOCOOCTBYET OUHCTKE
BOJIBI OT TIJIABAIOIIETO MYyCOpa, YBEIUUEHHIO MTPOITYCK-
HOHM CITIOCOOHOCTH U YIPOIICHUIO YCJIOBHH IKCILIY-
aranuu (puc. 8). CoopyKeHHE NpeacTaBIseT coOon

Puc. 5. O6mwmii Bux Bomo3abopa 13 KaHama A/ MOJAauu Mpes-
BapUTEIILHO OYHIICHHOW BOJIBI B KANCIBbHYI OPOCUTEIBHYIO
cucremy [5]: I — opocuTeNnbHbIN KaHal; 2 — OTKOCHI KaHa-
na; 3 — BO103a0OPHBII OTOJIOBOK; 4 — BOJAONPHUEMHHUK; 5 —
(GunbTpyIoIIKe NaHean; 6 — BOIOOTBOSIIII TPYyOOPOBO.I
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Puc. 7. Cxema B0g03a00pHOTO COOpYKECHHS (IIPOIOIBHBIN
npocduis) [7]: I — Bogoem; 2 — CeKIMH BOJAOIPHEMHHUKA
(aBaHKaMepbl HACOCHOM CTaHIMM); 3 — JHHIIE aBaHKaMe-
pBL; 4 — 3a0panbHas CTEHKa; 5 — copo3arpaauTenbHas pe-
meTka; 6 — (QUIBTPYIONIUE MaHeNn; 7/ — BXOJHOW MOpor;
8 — xecTKHil (cTepKHEBOH) 0aIacT BOZOPETYIUPYIOIIETO
9KpaHa; 9 — MOABbEMHO-OITYCKHOM MeXaHU3M dKkpaHa; /0 —
KO3JIOBOH KpaH; // — BcachIBalOLINEe BOAOBOBL; /2 — HAco-
cbI; /3 — HacocHasi CTaHIMSA; /4 — HaOPHBIN TPyOOIIPOBOL;
15 — 3a1BUXKKHA

MOJIYKPYIJIBIM KOJIOAEL, pa3/IeIeHHbIA Ha CEKLIUU Tep-
dhopupoBaHHbIMH cTeHKaMu. CEKIUH MpeIHa3HAYCHBI
JUISl pa3MELICHHsI B HUX KOP3HH, BBITIOJHEHHBIX U3 I'€0-
CHHTETHYECKUX MaTepUasoOB U 3aIIOJHEHHBIX TIEHOIIO-
JUCTUPOJIBHOM 3arpy3koi. Kop3nHsl 060pynoBaHbI meT-
JISIMM JUIs1 BO3SMO’KHOCTH MX TIOIbeMa B LIEJISIX 3aMEHBI
3arpy3KH IpH 3aCOPEHHUH.

Takum oOpa3zoM, paboTa ONHCAHHBIX KOHCTPYKIMH
B0103a00PHBIX COOPY>KEHUH /ISl BOJIONCTOYHUKOB, Xa-
PAKTEPU3YIOLINXCS BEICOKHMMH 3HAYEHHUSIMI B3BEIIICHHBIX
BEI[ECTB, OCHOBAHA Ha CO3/IaHUH YCIOBHH IS OCYIIECT-
BJICHHMS TAKHX ITPOLIECCOB OYMCTKH BOJBI, KAK OTCTaMBa-
HUE U QIIBTpOoBaHUE. B kadecTBe GUIBTpYIOIIEH CperbI
pacnpocTpaHeHbl CHHTETHYECKUE MaTepualibl: IEHOIO-
JIMCTUPOJI, CHHTETHUECKUI KaydyK, TTOPOdJIacT.

3a00p BOIBI M3 TOBEPXHOCTHBIX UCTOUHUKOB Ce-
Bepa COMpPsDKEH ¢ 0CO00H CIOKHOCTBIO, 00YCIOBICH-
HOW BBICOKOW BEPOSITHOCTBIO pa3pyllIeHUs] BOJOIPH-
€MHHKOB TOPOCSIIMMHUCS JISTOBBIMH TTOJISIMH, A TaKXKe
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Puc. 8. Bono3abopHo-ouuctHOE YCTPOUCTBO [8]: / — mepdopupoBaHHas eperopoaka; 2 — GUIbTPyIOmue ceKuum; 3 — Oe-

peroBas CTeHa; 4 — KOJIOACIT, 55— KPBbIIIKa, 6 — (I)I/IJ'[I)prIOHH/Ie IIaHCJIN, 7 — T€OCUHTECTHYCCKHEC KOP3UHBI C ICHOIIOJIUCTE-

POJILHOM 3arpy3Koit

JIeJOBBIMU 3K3apanusiMu. [Ipu mpoekTupoBaHun BORO-
3a00pPHOTO COOPYKEHHUS IS TAKUX PafOHOB HEOOXO-
JIMMO YYUTHIBATh OCOOCHHOCTU TPUPOAHBIX (DaKTOpPOB,
B YaCTHOCTH MEP3JIOTHO-THAPOJIOTHYECKHE YCIOBUS
BOAOHMCTOYHHKA.

B pabore [9] onmucana KOHCTPYKIUS PYCJIOBO-
ro Bojo03abopa, pa3pabOTAaHHOrO [JIs pa3MEIICHUs
B akBaropuu OOcKoit ryObl. OTn4yuTeNnbHON 0cOOeH-
HOCTBIO COOPYKeHUS (pUC. 9) SIBISIOTCS 3alIUTHBIE JKe-
71e300€TOHHbIE KPEIUICHHs BOAOIPUEMHOTO OTOJI0BKA
1 BOJJOBOZIOB. BOKpYT BOZONIPHEMHHKOB MPEJIararoTcst
K YCTPOMCTBY 1B psiJja CBAWHBIX (hyHIAAMEHTOB, CO-
cTosAnnx 3 OypOHaOMBHBIX CBail M pOoCTBEpKOB. s
JIOTIOJIHUTENIBHOM 3aIINThl BOJONPHEMHHUKOB OBEPX
POCTBEPKOB YKJIA/IBIBAIOTCS PEIIeTYaThIE KapKachl. Bo-
JIOBOJIBI OTPAXK/IAIOTCSA POCTBEPKAMH NPSIMOYTOIBHOTO
cedenus, mupuHoit 1,35 M u BeicoTo#t 0,85 M. Mexmy
co00ll POCTBEPKH COCIHMHSIOTCS KEJIC300CTOHHBI-
MU OagKkaMHU-CBSI3IMU. ABTOpPaMHU YTBEP)KJIAeTCs, YTO
MIPEAIOKEHHAsT KOHCTPYKLUS 3alIUTHBIX COOPYKEHUN
CHOCOOCTBYET HaJIeKHOI 3aluTe BoJ03abopa OT JIes1o-
BBIX BO3ICHCTBUIL, HO NIPH ATOM €€ CTOMMOCTh Oosee
YeM B JIBa Pasa MPEBHIIAECT CTOMMOCTh CTPOUTEIIBCTBA
BOI03a00pa ¢ HACOCHOM CTaHITHEH 1-ro mombpema.

T'oBOpst 0 30HaX MEP3IIOTHI, HENB3S! HA YIOMSHYTh
00 ycTpoiicTBax IIYro3allWTHl B 30HE Pa3MEIICHUS
BO/103a00PHBIX COOPY)KeHHU. B 11emom mryra sBisieT-

00

csl mpoOJIeMOi He TOJIbKO BojoucTouHNKOB CeBepa,
HO Y BOJOTOKOB M BOAOEMOB JIPYI'UX pETUOHOB, TEM-
mepaTypa BOIBI B KOTOPHIX MOXKET cHIKarbes 10 0 °C.
PhIxuble cKOTUIGHHS JIb/Ia Y BOJONPHUEMHBIX OKOH CIIO-
COOCTBYIOT CHMKEHHUIO WX TPOITyCKHOH COCOOHOCTH
M MOTYT HOJHOCTBIO MPENATCTBOBATh MOCTYIUICHUIO
BOJIbI B BOIONIPUEMHUK. B Tabnuiie nepednciieHbl Mepo-
MPUSATHSA 1T0 CHY)KEHHIO BIMSHUS IIyTH Ha (PyHKIINOHH-
poBaHKe BO03a00POB Pa3HON MPOU3BOANTEIHHOCTH.
[Ipu npoekTupoBaHUU BOJ103a00PHOI0 COOPY-
JKEHHSI HEMaJoe BHUMAaHHE JIOJDKHO YACISTHCS PhI-
603amuTHBIM ycTpoiicTBaM. Ilo maHHBIM HpHUPO-
JIOOXPAHHBIX OPTaHOB yIIepO PBHIOHOMY XO3SHUCTBY
¢ 1 M*/¢ 3abupaeMoii U3 UCTOYHHMKA BOJBI COCTABIISIET
6onee 24 toic. py6. [10]. CIT 101.13330.2012' xoHkpe-
TH3UPYET CTENEeHb YP(PEKTHBHOCTH PBHIO0O3AIUTHBIX
YCTPOMCTB: HEOOXOAMMO 00ECIeUnTh HEeNOIyIICHNE
TMIOTIa/IaHMs B BOJI03a00PHOE COOPYIKEHUE PHIOHOM MO-
JIOAM ¢ JIMHOM Tena oT 12 MM npu 3ddeKTHBHOCTH
He meree 70 %. B HacTosmee BpeMsi HaXOAAT IPHMEHE-
HHUE TP THUIA PHIO03AMNTHBIX COOPYKEHUH: MEXaHH-
YecKue, THApaBINIecKre n (hu3noaoruyeckue (Tmose-
JneHdyeckue). K MexaHnuecKkuM coOpy>KEHUSIM OTHOCSIT

"' CIT 101.13330.2012. TToamopHbIe CTEHEI, CYIOXOAHbIE LILITIO-
3bl, PHIOOTIPOITYCKHBIC U PHIOO3AIIUTHBIC coopykeHus. URL:
https://docs.cntd.ru/document/1200095534
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Puc. 9. [Inan BOZONPHEMHOTO OTOJOBKA C 3aIIUTHBIMU JKEJIe3006 TOHHBIMU KOHCTPYKIUSAMH [9]
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Mepomnpusitus o 6opbde ¢ 1Iyroii Ha Bogo3adopax pa3invHON IPOU3BOANTEIEHOCTH

[Ipon3BoauTENHLHOCTH
B0/103200PHOTO
COOPYKEHUS

KomnuecTro uryru

Mepompusitae o 6oprde ¢ nryroi
B BOJIONCTOYHHKE

I'mapodoOHBIe MOKPHITHS PEIIETOK

CTpyeHanpasJsolme yCTponcTBa

Boznosozayuinblie 3aBechl

Cpennee

Manas DUIBTPYIOLIUE OrOJIOBKH

I/IMHyJ'[I)CHaSI IIPOMbBIBKA, IIPOMBIBKa O6paTHI:IM TOKOM

LlyrooT6oitHNKH

Bonpmmoe Hepe‘{I/ICIIeHHI)Ie METOOBI + I[y6JII/Ip0BaHI/Ie BOJOIIPUEMHUKOB

IyrooT6oitHuky + 1yO6aupoBaHue BOAOIPUEMHHKOB

OuUNbTPyIOIIHE OTONIOBKY + AyOIHpOBaHNE BOJOIPHEMHUKOB

WMy iecHast IpOMBIBKA, IPOMBIBKA OOPAaTHBIM TOKOM +
+ myGmupoBaHue BOIOIPUEMHUKOB

Cpennee -
O00rpeB CTEPIKHEH PEIIETOK
Cpennsist

O06orpeB BoJbI Mepe]] BOI03a00PHBIM COOPYKEHHEM + TyOIHpOBaHUE
BOZIOTIPHEMHHKOB

BO,I[OBOSIIyHIHI)IC 3aBECHI + Hy6HI/IpOBaHI/I6 BOJOIIPUEMHUKOB

KOMGI/IHaL[I/Iﬂ BBIIICTIEPEYUCIICHHBIX METO0B + Z[y6J'II/Ip0BaHI/Ie
BOJOITPUEMHUKOB

bonpmoe

IyrooTGoitHUKN + 0060TPEB CTEP)KHEN PEeIIeTOK

[IyrooT6oitHuku + 060rpeB BOIBI epe]] BOJ03a00PHEIM

Cpennee
COOpYIKEHHEM

Bonpmas

BoznoBo3ayunsle 3aBeckl + 000rpes

bonbuioe BonomnpueMHslii KoBII

¢dunpTpylonye u cetuarsie peioozarpaautend. OHU  HOE COOPYIKEHHUE MPEATNOaraloT KOMILUIEKC, COCTOSIINA
13 [IBYX, & HHOTZIA U BCEX TPEX TUIIOB COOPYKEHUM.

Ha puc. 10 npencrasneno 3amarentoBanHoe [13]
YCTPOMCTBO IS 3aIIUTHI PHIOHON MOJIOIH OT IMOTaja-
HUS B BOZ03a00pHOE COOpYKEHUE. YCTPOHCTBO Mpea-
moJIaraeT HaJM4uue dKpaHa /, COCTOAIIETO U3 ChEMHBIX
dunpTpyrommx Kaccet 2. PazMep sueiikn cetyaToro
MOJIOTHA AOJDKEH cocTaBisaTh HE MeHee 1 MM. Ilepen
PBIOO3ANMUTHRIM KPAaHOM MOMEpeK peku (KaHama)

MOTYT JOTIOJHHUTEIBHO OCHAIIATHCS PHIOOOTBOIOM.
K ruapaBnuueckuMm ycTpoMCTBAM OTHOCST 3alaHU,
KO3BIPBKH, PhIO03arpauTeNI 30HTUYHOTO 1 JKaIO3NH-
Horo TunoB. Pusnonornyeckue peido3arpaguTeiabHbIe
YCTpOMCTBAa OCHOBAHBI HA 331€HCTBOBAHUN KaKUX-JTHOO
pazapakuTesiell — BO3IEHCTBUU Ha CIIyX, 3pEHUE, OCs-
3aHue pbIObl. K Takum ycTpoiicTBaM OTHOCST JIEKTPH-

YeCKHe, CBETOBEIC, 3BYKOBBIC PHIOO3arpaguTen. Yue-
ueie [11, 12] cxoasiTcs BO MHEHHH, YTO COBPEMEHHBIE
TEH/ICHITUH 3aIIUTHI PHIOBI OT TOTIAaHUs B BOI03a00p-

‘ 1
_A,
: | 2
A 5

yCTpOeHBI Nep(OopHUpOBaHHbIE TPYOBI J, IO KOTOPBIM
MOIaeTCsl 030HOBO3/AYIIHAS CMECh C KOHICHTpalHueH
o3oHa 0,001 Mr/1. ABTOpHI H300pETEHHUS COOOIIAIOT,

A-A

__7L._.._

5

A

Puc. 10. YcTpoicTBO A7 3aIIMTHI MOJIOIH PHIO OT MOMagaHus B Boo3abopHoe coopysxeHue [13]: / — prIO03aIUTHBIN SKpaH;

2 — QurpTpyronme KacceTsl; 3 — MCTOYHHK CKATOTO BO3AYyXa; 4 — TeHeparop 030Ha; 5 — nephoprHpOBaHHbBIC BO3LYXOBOJIBI
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YTO YCTPOHCTBO CIIOCOOCTBYET HE TOJBKO APPEKTHB-
HOW pbI0O3anIuTe, HO M MOJJICPKAHUIO CTAOMILHOTO
9KOJIOTHYECKOTO COCTOSTHUS BOJHOTO 00BEKTa, 00e-
crednBas oOe33apakuparomuii d¢pdext. Ixcmepu-
MEHTaIbHO JI0Ka3aHO, YTO I0/1a4a 030HOBO3IYITHON
CMECH C YKa3aHHOH KOHIICHTpAIueil ryOnuTenbHa s
MHUKpPOOOB, BUPYCOB, Tapa3uToB pri0. Hamboee eneco-
00pa3Ho (PyHKIIMOHNPOBAaHHE PHIO03ANIUTHOTO YCTPOIi-
CTBa B TEIUIBII MTEPUOJ T01a (BECHOH, JIETOM).

VYuensivu BonrT' TV [14] pazpaborano peroo3ariur-
HOE ycTpoiicTBo (puc. 11), criocoOHOe mpeaoTBpaIaTh
nomnajianie B Bo103a00p pbIOHOI MOJIOIH € pa3MepoM
Tena MeHee 15 mm. KoHCTpyKuus BKIIOYAaeT CTaNbHON
Kapkac /, OOTSHYTBIA MEJIKOSIEHUCTOH ceTKoH 3. BHyTpH
KapKaca pacrioiaraeTcs CTpyereHepaTrop, MpeacTaBIIsaio-
it coboi Bpararonytocs pamy 2. O6pasyrommecs npu
BPAIICHUH paMbl TIOTOKH BOJABI HE TTO3BOJITIOT MaJlbKaM
PBIOBI PHOMIHKATECS K BOH03a0opy. CTpyereHeparop Bpa-
IaeTCsl Ha MOIIUITHAKAX 3, 6, CKOPOCTh BPAIICHHS TTO/I-
JISKUT PETYINPOBKE MEXaHU3MOM 7. Jlnamerp oTBepcTHs
B BEPXHEH YacTH phIO03ALIUTHOIO YCTPONUCTBA JOJDKEH
PaBHATHCS HAPYKHOMY JJHAMETpPy BCACBIBAIOILIETO TPYOO-
MPOBO/Ia HACOCHOW CTaHIIMH.

B tpyne [15] npuBoauTcs onucaHue BOAOMPH-
€MHOT0 oroyioBka (puc. 12), o0GecrneuynBaronero Bbl-
COKYIO 0apbepHYI0 (PYHKIIHIO IO OTHOIICHHIO K PBIOE.
Co3znaTtenu TMoJIe3HON MOAETH PEKOMEHIYIOT €€ MpH-
MEHEHHE B PHIOOX03AHCTBEHHBIX BOIOTOKaX. Bomompu-
E€MHBIH OTOJIOBOK COIEPIKUT PHIOO3ANTUTHYIO PEIICTKY,
CMOHTHPOBAHHYIO Ha IITAHTe TOABEMHOTO MEXaHU3Ma.

e ] |

6

Puc. 12. BomonpuemHslit oronoBok [15]: / — pama ¢ moms-
E€MHBIM MEXaHU3MOM; 2 — Boi03abopHas Tpyda; 3 — pemer-
Ka; 4 — OTBEPCTHSL; 5 — KOJBIIO; 6 — MIAPHUKH; 7 — BEPXHSSA
KpBIIIKa; § — IUIMTA Or0JIOBKA; 9 — MITaHTa C BUHTOBOH Ha-
peskoii; 10 — y3en kperuienus; /] — raiika; /2 — koJeco
BpamieHus; /3 — 0eperoBoil MOCTHK
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Pri0o3amunTHas peneTka BBITOIHEHA U3 CTPYH C HAHU-
3aHHBIMH Ha Hee mapukamiu. [lox Bo3nelicTBreM rumpo-
JUHAMHUYECKUX HArpy30K CTPYHbBI BHOPUPYIOT U OTITY-
ruBatoT peIOy. [1lapuku B CBOIO 04epe/b CIIOCOOCTBYIOT
HE3aCOopsIeMOCTH PELIETKH, MOCKOJIbKY MX TOABHK-
HOCTb II03BOJISIET MYCOPY MPOXOANUTH BHYTPB OTOJIOBKA.

OnucaHHbIE BbIIIE HOBbIE KOHCTPYKIUHU PBIOO-
3aIIMTHBIX COOPY)KEHHH I BOJ103a00pOB UMEIOT 00-
IIYI0 0COOEHHOCTB: UX KOHCTPYKIUSI OJIHOBPEMEHHO
BKJIIOUaeT (pU3MYECKYIO Mperpaay i peIOHOH MoIIo-
JI1 ¥ CPEJICTBO, OTHyTrHBaolIee ee (BO3AeHcTRyIoee
Ha OpTaHbI YyBCTB).

Bornbioe 3HaueHue 1715 X035 CTBEHHO-TTUTHEBOTO
1 MIPOM3BOJICTBEHHOTO BOJIOCHA0KEHMS, & TAK)KEe MEITH-
Opalyy UMEIOT MoJ3eMHbIe BOABI. [lo/13eMHBIE BOBI
BBHJy OOJbIIEH CBOEH 3aIIMIIEHHOCTH OT aHTPOIIO-
TEHHOTO BO3AEUCTBHSI (110 CPAaBHEHHIO C TIOBEPXHOCT-
HBIMH BOJIAaMH) XapaKTepPH3YIOTCs JOCTATOYHO BHICOKH-
MH (B TOM YHCIIe CTAaOMIBHBIMU) OPTaHOJIEITHYECKIMHU
nokaszaressivMu. st ux 3ab0pa MCHOIB3YIOT Pa3yiny-
HBIC BO103a00pHbBIE YCTPONUCTBA: CKBAKUHBI, TOPH30H-
TaJbHbIEC U JIyueBbIE BOJ03a00PHI, MIAXTHBIC KOJOIIBI
n Kantaxu. [loxanyi, Haubospnieid npobiemoii pu
9KCILTyaTalliy BO03a00pOB MTOA3EMHBIX BOJ SIBIISICTCS
KOJIbMaTaXX JPCHAXKHBIX YCTPOWCTB U 3a(DHIBTPOBBIX
oOmacrell BOMOHOCHBIX 1mopos. Oco0yro 0CcTpOTy Ipo-
OreMa KoJibMaTaka MMeeT Ipu 3a00ope BOJIBI U3 Mecya-
HBIX BOJIOHOCHBIX Topr30HTOB. Kpome Toro, Hepocrar-
KOM BOJ103200POB BBICOKO 3aJIETAIOLIUX TTO3EMHBIX BOJI
CIIy)KHUT MX HEOOJbIIOH eOuT.

VYuensvu [16] npeanioxkeHa KOHCTPYKIHST KOMOH-
HUPOBAHHOTO TOPH30HTAILHOTO Boj03abopa (puc. 13).
BopmocOopHas ranepest BBHIIOJIHSACTCS B BHJE JIOTKA,
MEePEeKPBITOro MeTaJIIMYecKoi ceTkoi. [ToBepx cerkn
YKJIQIBIBAIOTCS TAOMOHHBIC TIOQSIKHA. OTIHIUTEIIbHAS
0COOCHHOCTh M300pETEHHSI — JOTOJIHUTEIBHOE OC-
HallleHHE BOAOCOOPHBIX rajepeil KaHajlaMH, YKJIaIbl-
BaeMBIMH TIEPIICHIUKYISIpHO. KaHaab! mpeacTaBisioT
c000ii raOnOHHBIC TIO(SIKHU, YKIaJIbIBAEMbIC Ha BOJO-
HenpoHHLaeMble OcHOBaHMsL. OHM CIIOCOOCTBYIOT yBe-
JMYEHUIO TUIOIAM BOJOIPHUEMHON MOBEPXHOCTH H,

Puc. 13. ['opu3oHTaIBHBIN MOA3EMHBII BO03a00p KOMOU-
HHUPOBAHHOI KOHCTPYKIUH [16]: / — OTKPBITHIHA JIOTOK;
2 — MeTaJI4yecKas penetka; 3 — raOuoHHbIe TIOQIKH; 4 —
rulkue TIOQAKH; 5 — rabnoHHBIE TIOMSKU TOTTOTHUTETBHBIX
BOJIOCOOPHBIX KaHANIOB; 6 — KaHaJbl; / — BOAOCOOPHBII KO-
nozaen; § — Bo103ab0pHEINA TPyOONPOBOA; 9 — TITMHHUCTHINA
TPyHT
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KakK pe3ysbTaT, MOBBIIIECHUIO 1e0uTa BO103a00pHOTO
coopyxeHrs. Bomo3abop moaxoauT st BOIOHOCHBIX
TOPU30HTOB ITyOMHO# 710 10 M.

IIpencraBnser nHTEpPEC KOHCTPYKLUS HOAPYC-
moBoro QuIBTpylomero Bopo3abopa [17] (puc. 14),
MTO3BOJISTIOIIETO OCYIIECTBISITh OMHOBPEMEHHO 3a00p
BOJIbI U3 PYCJIa PEKH U TPUHUMATH [TOJIPYCIIOBBIEC BOJIBL.
Bopmocbopnas ranepest ycrpanBaeTcsi BAOJIb pyciia
pexu. OHa mepeKprIBaeTCs IByMs psSaaMi TaOMOHHBIX
KOHCTPYKIMH (TIPOAOJIEHBIMU U TIonepedHsiMu). Hop-
MaJIbHO K BOAOCOOPHOM Tajepee YKIaJbIBalOTCs J10-
MTOJTHUTENbHBIE BOAOTPUEMHHKH, TIPeTHA3HAYCHHBIC
JUTS TIpEEMa TIOJIPYCIIOBBIX BOM. ABTOPBI PEKOMEHIYIOT
K YCTPOWCTBY ONHCAHHOE BO03a00PHOE COOPYKEHHE
JJIA TIPOMEP3aI0INUX UCTOYHUKOB, ITOCKOJIBKY OHO ITO-
3BOJISIET 00ECIEeYnBATh MOCTOSHHBIM MPUEM BOIBI
3a cyeT cOopa MO/IPYCIOBBIX BOJ.

B pabote [18] mpennaraercst KOHCTPYKITUS KOOI~
[[a-CKBaYKUHBI, TIO3BOJISIONIETO COKPATUTH CTOMMOCTD
ycTpoiicTBa Boj103abopa rpyHTOBBIX Boja. CoopykeHHe
coyeraer B ceOe MPU3HAKU MIAXTHOTO KOJIO/IA U CKBa-
xuHbI (puc. 15). Bogo3abop BkIOUaeT cienyroine
SJIEMEHTHI: CTBOJI-IIAXTY [/, MpEeIHA3HAYCHHYIO IS
HaKOTUICHHS BOJIbI, TOJHUMAIOIIECHCST U3 BOJJOHOCHOTO
TOPU30HTA, & TAKIKE IPOXOJA BOJIOMOBEMHBIX COOPY-
JKSHUH WA pa3MeIIeHHs Hacoca; meppoprupoOBaHHYIO

Puc. 14. Toapyciooii GUIBTpUPYIOIIKiT BO103a00p KOMOU-
HHUPOBaHHOI KoHCTpyKuuu [17]: ] — BomocOopHas rajiepes;
2 — MeTaluIn4ecKkas perieTtka; 3 — ruokue Tk, 4, 5 —
rabMOHHBIC TIOQSIKK; 6 — HANpPaBJISIOMMN OPOT; 7 — BO-
JIOTIpUeMHHK; 8 — rnepdopupoBanHble TPyObl; 9 — pedpa
JKECTKOCTH; [ — YKJIOH

L
e

/// _? g
N

Puc. 15. Konoxnen-ckBaxuna [ 18]

TTOJMATHIICHOBYIO TPYOY 2, SBISIOIIYIOCS BOJOTIPHEM-
HBIM 3JIEMEHTOM; OTCTOWHHUK-3anIyIIKy 3, B KOTOPOM
HaKaIIMBAIOTCS YaCTULBI IPYHTA, IIPOCKaKUBAIOIINE
yepe3 ApeHaxkHyto 00chInKy 4 (puc. 15). TexHuko-3K0-
HOMHUYECKHUI APPEKT COOPYKEHHUsI COCTOUT B COKpa-
IICHUH MaTepHaIOeMKOCTH BOJ103a00pa, 4TO 0COOCHHO
LIEHHO IpY 100bIYe BOJBI U3 TIIYOOKO 3aJIerarolinX BO-
JIOHOCHBIX TOPH30HTOB.

B ny6nukanum [19] npeanaratorcsi K HCIOIB30-
BaHMIO CIIMPAJIbHO-HABUTHIE (DMIIBTPYIOIINE SIEMEHTHI
(puc. 16). 3asBieHa UX 1OCTAaTOYHO IIUpPOKas cdepa
MPUMCHCHHS: B KauyeCTBE (PHIIBTPOB BEPTUKAIBHBIX
1 TOPU30HTAJBHBIX (B COCTaBE JIYYEBBIX BOI03a00pPOB)
CKBaKMH, PEIICTOK Ha BOIOIPHEMHBIX OKHAX PyCIOBBIX
1 OeperoBbIX BOa03a00poB. OTIMYNUTEIEHON 0COOCHHO-
CTBIO (PUIIBTPOB CIYXKHT MPOBOJIOKA TPEYTOJILHOTO Ce-
YCHUs, IIpUBapuBacMas K METAJUIMUYCCKUM CTPUHICpaM,
SIBJISIFOLIUMCS KapKacoM KOHCTpykiuu. [IponszBoauTens
¢unsrpos II1 «TOKO-OUJIBTP» coobmaer 06 oco-
0OOM THAPaBIMYECKOM PEIKMME, CIIOCOOCTBYIOIIEM HH3-
KO KOoJbMaTaluy MOPOBOTO IPOCTPAHCTBA HapsAY
C BO3MOYKHOCTBIO OBICTPOH POMBIBKH.

[Ipencrasiser MHTEpEC HCCIEAOBAHUE YUEHBIX
Hpanckoro yHuBepcuTeTa, MpoOBEICHHOE B LENAX pe-
IIEHNS TIPOOJIEMBI YCTPAaHEH!S! CBUHIIA M3 COCTaBa TOJ-
3eMHOH BOJBI, JOOBIBAEMOI MTOCPEICTBOM IIAXTHBIX KO-
nonues. [IpuurHa HaCHIIEHNS! CBUHIIOM IO/I36MHBIX BOJL
entpanbHoro MpaHa Mx KOHTAKT C BYJIKaHUYECKUMU
noponamu. B padore [20] npemiaraeTcst HCIOIb30BaTh
KIMHONITHIIONNT B KauecTBe (puibTpa Komoaues. Jlokaza-
HO, 4TO 3(()eKTHBHOCTH MOTIIOIICHHUSI CBUHIIA MOYKET JI0-
crurarb 85 %. KnmmHonTiionur, Kak NpupoaHbIi COpOEHT,
paccMarpuBascs B paHee U3JaHHbIX Tpynax [21, 22].

Bono3abopHble CKBaXXMHBI, SKCIUTyaTaIHsi KOTO-
PBIX 10 KaKMM-JTHO0 PUYNHAM TIPEKPAIaeTCs, IPUHSITO
TaMITIOHMPOBaTh. BMecTe ¢ TeM, CorTacHO MPOBEICHHBIM
uccienoBanusaM [23], 3aTaMIOHUpOBaHHAs CKBa)KWHA
HAHOCHT YPOH OKPYXXaIOIIEH Cpelie U CO3aeT MPeNIo-
CBUIKH JUIS1 HEBO3MOYKHOCTH HCIIONB30BAHMS TEPPUTOPHN
JUTst 3a00pa oA3eMHOM Bobl. [IpobiiemMa TaMIOHUPO-
BaHHBIX CKBa)XMH COCTOMT B cliefytomieM. Yare Bcero
M3 J3KCILTyaTalluu BBIBOOATCSA CKBa)XWHBI, TPYHTOBOC
MPOCTPAHCTBO BOKPYT KOTOPBIX 3aKOJIbMAaTHPOBAHO,
0 TIPUYMHE Yero MpeebHO CHIXKAETCS AeOUT BOJO-
3abopa. [TockonbKy pereHepanysi 3akoIbMaTHPOBAHHBIX
30H TpeOyeT MpPUBJICYEHUS 3HAYUTEILHBIX JEHEKHBIX
CPEJICTB, K COXAJICHUIO, MPEKPAIIEHUE NCIIOIb30BAHNS

Puc. 16. ['padpnueckoe n3o00pakeHHE MOTOKA B CIIUPATBHO-
HaBHUTHIX (QUIBTPYIONIHX dMeMeHTax [19]
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SaKOHBMaTI/IPOBaHHBIX CKBA’>XUH SABJISICTCA HOBCCMCCTHOf/'I
npakTukoil. [Ipu 3TOM 007aCTh 3aKOIBMATHPOBAHHOM
OKOJIOCKBOXKWHHOU CpefIbl, peBbImatomnieid Ha 500 MM
JTMaMETP CKBaKUHBI, — ITO 30HA CKOIUICHUS HEPaCTBO-
PHUMBIX COSTUHCHHH, TSKEIBIX METALIOB. CKOMUBIINECS
0CaJIKH CIOCOOCTBYIOT U3MEHEHUIO COCTaBa MOJ3EMHBIX
BOA, UBMCHCHHUIO FI/I)IpO}II/IHaMI/I‘ICCKI/IX napaMeTpOB BO-
JIOHOCHOTO TOPH30HTA B (PU3UKO-MEXAaHUIECKIX CBOWCTB
BOJIOHOCHBIX TPYHTOB. AHAJOTHIHYIO TIpOOIIeMy Tpe-
CTaBJISIFOT W OCTOHHBIC CTOWKH, 00pasyrolmuecs B pe-
3yJIBTAaTe TaMIIOHAXKA CKBaXKHH IICMEHTHBIM PACTBOPOM.
Penrenue onucaHHON HEraTUBHOW MPAKTHKH UCCIICIIO-
BaTCJIn BUOST B yBeJ’[I/I‘IeHI/II/I chKa 3KCHHyaTaI_II/II/I CKBa-
YKHMH, 9TO JOJIKHO JIOCTHTaThCS TUIAHOBBIMU PETeHEPAIIH-
SIMH OKOJIOCKBRKWHHBIX 30H, IPOBOINMBIMHI Ha OCHOBE
HAJTYYIIAX JOCTYITHBIX TEXHOJIOTHHA.

3AKJTIOYUEHUE U OBCYXJIEHUE

O030p Hay4HBIX MyOJIMKAIMK 32 MOCIEAHHE JIe-
CATh JIET MMOKAa3aj, YTO TEHJICHIUS Pa3BUTHS HHIKE-
HEPHBIX PCIICHUI B 00JACTH COOPYIKCHHH Ist 3a00pa
MOBEPXHOCTHBIX BOJ HAalpaBlieHa HA CO3JaHHE KOH-
CTPYKIHI BOJ03a00POB, CITOCOOCTBYIONMINX CHIDKE-
HUIO KOHIEHTPAIlNH B3BEHICHHBIX BEIIECTB, Mycopa
B 3a0MpaeMoil Boje, MOBBIIICHNUIO HAJIEKHOCTH pa-
0OTHI B CypOBBIX KIMMaTn4eckux yciaosusx Cesepa.
WHTepec y4eHBIX TakKe MPOSIBICH K COBEPIICHCTBO-
BaHHIO PHIOO3AIIMTHBIX COOPYXKEHUI, TOBBIIICHUIO
ux OapbepHoil GpyHKIMH. UTO Kacaercs Bom03abopoB
MOJ3EMHBIX BOJ], TO 3[J€Ch MOKHO OTMETUTh HOBBIE
KOHCTPYKTHBHBIE PELICHNS, 00CCTIEUNBAIOIINE TTOBbI-
[IeHue 1eounra.
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OB ABTOPE: HOmus A.]IeKCﬂH}IpOBHa PoiuibueBa — KaHauaaT TEXHUYECKUX HayK, IMPErogaBaTeiib Kaq)ez[pm BOJ10-

cHaO)keHMs U BolooTBeAeHNs; HaumoHaabHbli HcciienoBaTe/bckuii MoCKOBCKHUI rocy1apcTBeHHbINH CTPOUTE/Ib-
Hblii yausepeuter (HUY MI'CY); 129337, . Mockaa, SIpocnasckoe mocce, 1. 26; PUHIL ID: 4138-6634; Scopus:
57214228101, ORCID: 0000-0002-1315-6907; yuliya.ryltseva@mail.ru.

INTRODUCTION

Water intake structures are the first link in the com-
plex chain of the water supply system, therefore, ensuring
high reliability of their operation cannot be questioned.
The efficiency and cost-effectiveness of the water treat-
ment process, the ecological condition of the water source
and the prospects for its future use as such depend dir-
ectly on the correct choice of the location of the intake,
its design and equipment. Water intake facilities also
have a significant impact on the inhabitants of the water
body — its flora and fauna. The reliability of water intake
structures functioning is especially acute in the conditions
of the North and mountain rivers. Taking into account
the unrelenting anthropogenic impact on surface and
ground waters, water intake structures are currently subject
to requirements to increase their barrier role with regard
to natural water impurities. The objectives of food secur-
ity of the state (in terms of providing the population with
fish and fish products) indicate the relevance of equipping
water intakes with effective means of fish protection.

Significant contribution to creation of scientific lit-
erature devoted to surface and ground water intakes was
made by S.K. Abramov, N.N. Bindeman, V.S. Alek-
seev, K.S. Bogolyubov, M.G. Zhurba, J.M. Gov-
orova, N.N. Lapshin, M.P. Semenov, N.A. Plotnikov,
Y.I. Vdovin, I.A. Lushkin, A.F. Poryadin. These sci-

entists prepared the most remarkable textbooks and
manuals, which formed the basis for academic training
of specialists in the field of water supply until the early
2000s. The study of educational literature published for
the last 10—15 years has shown that in terms of design
features of water intake structures the authors mainly
describe stereotypical designs of water intake devices,
which have proved themselves by many years of prac-
tice. At the same time, the progressive movement of sci-
ence entails the creation of innovations in all spheres
of engineering and technology, which should not be left
without attention. The author of this paper set a task
consisting in reviewing the scientific and technical
achievements in the field of water intake structures
from various sources accumulated over the last decade.

MATERIALS AND METHODS

In order to collect information on modern scientif-
ic and technical developments in the field of water in-
take structures, scientific works of Russian and foreign
scientists for the last 10 years were studied. Reflection
of current trends, experience in design and construction
of water intake facilities can contribute to moderniza-
tion of existing facilities in order to improve their per-
formance, reliability of operation, and to solve some
issues of design of new water intakes.
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Fig. 1. Mountain water intake scheme: a — layout; b — longitudinal section [3]; / — upstream water; 2 — rolling-drum gate;
3 — slotted opening; 4 — intake gallery; 5 — segmented sheet; 6 — gravel traps; 7 — discharge channel; § — downstream water

RESEARCH RESULTS

Water intake from mountain rivers is associat-
ed with such difficulties: a large amount of suspended
and bottom sediments, uneven flow, bank and channel
erosion, which is caused by high water velocity [1, 2].
In order to improve the reliability of water intake struc-
tures from such water sources, scientists have proposed
the following innovative designs of water intake devices.

The paper [3] reports the invention of a new design
of water intake from mountain rivers (Fig. 1). The distinct-
ive element of the intake structure is a roller gate located
perpendicularly to the river bed. The surface of the pen-
stock has culvert slits that allow it to receive water from
the surface layers of the water flow, which contains a low
concentration of bottom and suspended sediment. The roll
gate forms an upper and lower embankment, with the up-
per embankment depositing all coarse impurities carried
by the water flow. The penstock can be lifted for periodic
cleaning of sediment and silt from the hydrosystem.

The water intake unit proposed by scientists [4]
and developed for mountain rivers is of interest. Fig. 2
shows the layout scheme of the structure, which in-
cludes four dams, a flushing chamber, a settling tank
and a sluice-regulator. The purpose of these elements
is as follows. The blind dam overlaps the river channel
to form the upper and lower embankment, the spillway
and panel dams are designed to allow water to pass
into the intake dam. The bottom-slatted intake dam
is the main element of the structure: part of the water
flow enters the intake and is discharged into the flush-
ing chamber, while the other part transits downstream.
The flushing chamber reduces the flow velocity and
diverts it to the sedimentation tank. The sedimentation
tank facilitates efficient sedimentation of suspended
sediment and sediment load.

The intake dam (Fig. 3) is equipped with a lattice
slab, which ensures the inlet of a given water flow rate.
In [4] the hydraulic calculation of the described inlet
weir is also presented.

In [5] an improved design of water intake from
a mountain river for the purposes of drip irrigation is
proposed. Scientists set the task to improve the tech-
nical and economic performance of water intake struc-
tures in order to ensure an acceptable degree of water
purification from mechanical impurities. The design
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of the water intake structure (Fig. 4) involves equipping
the water intake with filter panels, which are a surface
of several cassettes. The presented water intake struc-
ture has the following advantages: water intake is car-
ried out from the surface layers of the stream (charac-
terized by a low content of suspended solids); ensuring
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Fig. 2. Water intake hydrosystem scheme [4]: / — blind dam;
2 — spillway dam; 3 — gate dam; 4 — water intake dam;
5 — flushing chamber; 6 — sump; 7 — gateway regulator;
8 — upstream water of hydrosystem; 9 — downstream water
of hydrosystem
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Water intake dam

Fig. 3. Water intake dam scheme [4]
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the transit of floating sod downstream of the water in
the channel; retention of bottom sediments on the sur-
face of filtering cassettes. The authors of the invention
propose the possibility of placing filter cassettes not
only parallel to the water mirror (Fig. 4), but also in
the side walls of the canal (Fig. 5). At the same time,
it is emphasized that the filter cassettes (depending
on the elevation of the location) can provide water in-
take from different depths of the canal.

Patent [6] was obtained for the invention “Water
intake treatment plant” (Fig. 6). The structure can be
used for water intake from springs with a large amount
of suspended sediment. The water intake structure, which
is designed to be placed in supply canals, is divided into
two parts — intake / and clean water chamber 2. Water
purification is ensured by sedimentation grids 9, /0 and
sedimentation in chamber /. Collector // is provided for
periodic washing of the receiving chamber.

Scientists of the Russian Research Institute of Land
Reclamation Problems [7] proposed a design of a wa-
ter intake structure from a surface source for land rec-
lamation purposes. The design of the structure (Fig. 7)
provides detention of suspended solids from water
composition, which is ensured by a sedimentation grid
and a filter panel located behind it. The filtering panel is
a cassette made of coarse-mesh mesh, filled with filter-
ing elements — poroelastic or rubber balls with a di-
ameter of 10-30 mm. It is noted that the balls do not
fill the entire internal space of the cassette. The authors
of the invention emphasize the advantages of the design,
consisting in simple and effective cleaning of the cas-
settes from colmatant: for cleaning the cassette is taken
out of water by a tap, turned vertically by 180°, due to
which the balls come into intensive movement (accom-
panied by friction against each other) and are freed from
accumulated contaminants.

According to the developers, the water intake and
treatment facility [8] promotes water purification from
floating debris, increases the throughput capacity and
simplifies the operating conditions (Fig. 8). The structure
is a semicircular well divided into sections by perforated
walls. The sections are designed to accommodate baskets
made of geosynthetic materials and filled with polysty-
rene foam. The baskets are equipped with hinges for lift-
ing them in order to replace the load in case of clogging.

Thus, operation of the described designs of water in-
take structures for water sources characterized by high val-
ues of suspended solids is based on creation of conditions
for such water purification processes as sedimentation and
filtration. Synthetic materials such as polyester foam, syn-
thetic rubber, poroelast are used as a filtering medium.

Water intake from surface water sources in
the North is particularly difficult due to the high probabil-
ity of water intakes being destroyed by ice fields and ice
exaggerations. When designing a water intake structure
for such areas, it is necessary to take into account the pe-
culiarities of natural factors, in particular, permafrost and
hydrological conditions of the water source.

In [9] the design of a channel water intake devel-
oped for placement in the water area of the Gulf of Ob
is described. The distinctive feature of the structure
(Fig. 9) is the protective reinforced concrete fasten-
ings of the water intake head and water conduits. Two
rows of pile foundations consisting of bored piles and
footings are proposed around the water intakes. For

Fig. 4. Scheme of a water intake structure from a mountain
watercourse [5]: / — water collector of intake structure; 2 —
tubular drains; 3 — water intake basin of irrigation system;
4 — catch gallery; 5 — filter panels of water intake; 6 —
abutments

Fig. 5. General view of water intake from the channel for

supplying pretreated water to the drip irrigation system [5]:
1 — irrigation channel; 2 — channel slopes; 3 — water
intake mouth; 4 — water intake; 5 — filter panels; 6 — water
pipeline

ST RN

RNNNRRAN

Fig. 6. Water intake treatment facility [6]: / — sludge
chamber; 2 — clean water chamber; 3 — vertical baffle;
4, 5 — water intake sections; 6 — window; 7 — pipe; § —
waste-retaining grid; 9 — axis of rotation; /0 — additional
sedimentation grid; // — wash-water collector; /2 — guide
wall; /3 — discharge header; /4 — trash disposal tray; /5 —
water supply line; /6, 17 — shelves; i — declivity
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Fig. 7. Scheme of water intake structure (longitudinal section)
[7]: I — reservoir; 2 — sections of the water intake (pump
station antechambers); 3 — antechamber bottom; 4 — curtain
wall; 5 — waste-retaining grid; 6 — filter panels; 7 —
entrance threshold; § — rigid (rod) ballast of water screen;
9 — screen hoisting mechanism; /0 — gantry crane; // —
suction water ducts; /2 — pumps; /3 — pumping station;
14 — pressure piping; /5 — valves

additional protection of the inlets, lattice frames will
be placed on top of the footings. Water conduits are
enclosed by rectangular cross-sectional piles, 1.35 m
wide and 0.85 m high. Between themselves, the spans
are connected by reinforced concrete tie beams.
The authors claim that the proposed design of pro-
tective structures contributes to reliable protection
of the water intake from ice impacts, but, at the same

L

)
A

time, its cost is more than twice as high as the cost
of construction of a water intake with a pumping sta-
tion of the Ist lift.

Speaking about permafrost zones, one can-
not fail to mention the devices of snowstorm protec-
tion in the zone of water intake facilities location. In
general, ice squelch is a problem not only for water
sources in the North, but also for watercourses and res-
ervoirs in other regions, where water temperature can
drop to 0 °C. Loose ice accumulations at water intake
windows contribute to the reduction of their capacity,
and may even completely prevent water from entering
the intake. Table lists the measures to reduce the influ-
ence of noise on the functioning of water intakes of dif-
ferent capacities.

When designing a water intake structure much
attention should be paid to fish protection devices.
According to the data of environmental authorities,
the damage to fisheries from 1 m*/s of water withdrawn
from the source is more than 24 thousand rubles. [10].
Code of Regulations SP 101.13330.2012" specifies
the degree of effectiveness of fish protection devices:
it is necessary to ensure the prevention of ingress into
the water intake structure of fish juveniles with a body
length of 12 mm or more, while ensuring an efficiency

'SP 101.13330.2012. Code of Practice. Retaining walls, ship-
ping locks, fish passage and fish protection structures. URL:
https://docs.cntd.ru/document/1200095534

Fig. 8. Water intake and treatment structure [8]: / — perforated partition; 2 — filter sections; 3 — shore wall; 4 — well; 5 —

lid; 6 — filter panels; 7 — geosynthetic baskets filled with expanded polystyrene
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Fig. 9. Water intake mouth layout with protective reinforced concrete structures [9]

72



Review of new design solutions for water intake structures

P. 60-76

Measures to combat slush ice at water intakes of various capacities

The amount of slush
ice in the water source

Capacity of water intake
structure

Interventions against slush ice

Hydrophobic rack coatings

Guide devices

Medium

Air-water curtain system

Small

Filter heads

Pulse flushing, reverse current flushing

Anti-slush ice devices

Large

The listed methods + duplication of water intake structures

Anti-slush ice devices + duplication of water intake structures

Filter heads + duplication of water intake structures

Pulse flushing, reverse current flushing + duplication of water intake

structures

Medium
Medium

Heating of rack bars

Water heating before water intake + duplication of water intake

structures

Air-water curtain system + duplication of water intake structures

Large

Combination of the above methods + duplication of water intake

structures

Anti-slush ice devices + rack bars heating

Medium

Anti-slush ice devices + water heating before water intake

Large

Air-water curtain systems + heating

Large

of at least 70 %. At present, three types of fish protection
structures are used: mechanical, hydraulic and physio-
logical (behavioural). Mechanical structures include
filter and mesh fish barriers. They can be additionally
equipped with a fish outlet. Hydraulic devices include
fences, canopies, fish barriers of umbrella and louvre
types. Physiological fish barrier devices are based on in-
volvement of any stimuli — impact on hearing, vision,
touch of fish. Such devices include electric, light, sound
fish barriers. Scientists [11, 12] agree in opinion that
modern tendencies of fish protection from getting into
water intake structure assume a complex consisting
of two, and sometimes all three types of structures.

Fig. 10 shows a patented [13] device for protect-
ing fish juveniles from entering a water intake structure.
The device assumes the presence of a screen 1 consisting
of removable filter cassettes 2. The mesh size of the net
should be at least 1 mm. In front of the fish screen, per-
forated pipes 5 are arranged across the river (canal),
through which an ozone-air mixture with an ozone
concentration of 0.001 mg/l is supplied. The authors
of the invention report that the device contributes not
only to effective fish protection, but also to maintaining
a stable ecological state of a water body, providing a dis-
infecting effect. It is experimentally proved that the sup-
ply of ozone-air mixture with the specified concentration
is destructive for microbes, viruses, parasites of fish. It
is most expedient to operate fish protection device in
the warm period of the year (spring, summer).

Water intake bucket

VolgGTU scientists [14] have developed a fish
protection device (Fig. 11) capable of preventing juven-
ile fish with body size less than 15 mm from entering
the water intake. The design includes a steel frame /
covered with a fine-mesh net 3. Inside the frame, there
is a jet generator, which is a rotating frame 2. The water
streams formed by the rotating frame prevent fish fry
from approaching the water intake. Stream generator
rotates on bearings 5, 6, the speed of rotation is subject
to adjustment mechanism 7. The diameter of the hole
in the upper part of the fish protection device should
be equal to the outer diameter of the suction pipe
of the pumping station.

In [15] there is a description of a water intake head
(Fig. 12), which provides a high barrier function in rela-
tion to fish. The creators of the utility model recommend
its application in fishery watercourses. The water-re-
ceiving head contains a fish-protective grating mounted
on a boom of the lifting mechanism. The fish protection
grid is made of strings with balls strung on it. Under
the influence of hydrodynamic loads, the strings vi-
brate and deter fish. The balls, in their turn, contribute
to the unclogging of the grid, as their mobility allows
debris to pass inside the header.

The above-described new designs of working
protection structures for water intakes have a common
feature: their design simultaneously includes a physical
barrier for fish juveniles and a means of deterring them
(affecting their senses).
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Fig. 10. Device used to prevent juvenile fish from entering water intake structure [13]: / — fish-protection screen; 2 — filter
cassettes; 3 — compressed air source; 4 — ozone generator; 5 — perforated air ducts

Fig. 12. Water intake head [15]: / — frame with lifting mech-
anism; 2 — water intake pipe; 3 — grid; 4 — holes; 5 — ring;
6 — balls; 7 — top cover; § — headliner plate; 9 — rod with
screw thread; /0 — fastening unit; // — nut; /2 — rotation
wheel; /3 — shore bridge

e G WL

Fig. 13. Horizontal underground water intake of combined
construction [16]: / — open flume; 2 — metal grid; 3 — ga-
bion tubes; 4 — flexible tubes; 5 — gabion tubes of additional
water intake channels; 6 — channels; 7 — water intake well;
8§ — water intake pipeline; 9 — clay soil
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Groundwater is of great importance for domestic
and industrial water supply and land reclamation. Due
to its greater protection from anthropogenic impact
(compared to surface water), groundwater is character-
ized by rather high (including stable) organoleptic par-
ameters. For their intake, various water intake devices
are used: wells, horizontal and beam intakes, shaft wells
and drip pits. Perhaps, the biggest problem at operation
of groundwater intakes is ring matage of drainage de-
vices and behind-filter areas of water-bearing rocks.
The problem of colmatage is particularly acute when
water is withdrawn from sandy aquifers. In addition,
the disadvantage of water intakes of highly buried
groundwater is their low flow rate.

Scientists [16] proposed a design of combined
horizontal water intake (Fig. 13). The water intake gal-
lery is made in the form of a flume covered with a metal
grid. On top of the grid, gabion typhoons are laid.
A distinctive feature of the invention is the addition-
al equipping of the catchment galleries with channels
laid perpendicularly. The channels are gabion mats laid
on watertight bases. They help to increase the water in-
take surface area and, as a result, increase the flow rate
of the water intake structure. The intake is suitable for
aquifers up to 10 metres deep.

The design of the under-channel filtering water in-
take [17] (Fig. 14), which allows simultaneous water
intake from the river bed and receiving under-channel
water, is of interest. The water intake gallery is con-
structed along the river bed. It is covered by two rows
of gabion structures (longitudinal and transverse). Addi-
tional water receivers are laid normal to the catchment
gallery, designed to receive underflow water. The auth-
ors recommend the described water intake structure for
freezing springs, as it allows to provide constant water
intake due to underflow water collection.

In [18] the design of a borehole-well is proposed,
which allows to reduce the cost of groundwater intake.
The structure combines the features of a shaft well and
a borehole (Fig. 15). The water intake includes the fol-
lowing elements: shaft-mine /, designed for accumula-
tion of water rising from the aquifer, as well as the pas-
sage of water-lifting structures or pump placement;
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Fig. 14. Sub-channel filtering water intake of combined con-
struction [17]: / — catchment gallery; 2 — metal grating;
3 — flexible bales; 4, 5 — gabion bales; 6 — guiding sill;
7 — water intake; 8§ — perforated pipes; 9 — stiffening ribs

o1
o W77/,

Fig. 16. Graphic representation of the flow in spiral-wound
filter elements [19]

perforated polyethylene pipe 2, which is a water-receiv-
ing element; sump-shut-off 3, in which soil particles
accumulate, jumping through the drainage cover 4.
The technical and economic effect of the construction
consists in reduction of material intensity of water in-
take, which is especially valuable for water extraction
from deep aquifers.

In the paper [19] spiral, wound filter elements are
proposed for use (Fig. 16). Their wide enough scope of ap-
plication is declared: as filters of vertical and horizontal

(as a part of beam water intakes) wells, as grids on water
intake windows of channel and coastal water intakes.
A distinctive feature of the filters is a triangular cross-sec-
tion wire welded to metal stringers, which are the frame
of the structure. The manufacturer of the filters (MF “TEKO-
FILTER”) informs about the special hydraulic mode,
which promotes low colmatation of the pore space along
with the possibility of fast washing.

A study by scientists at the University of Iran is
of interest in order to solve the problem of lead elim-
ination from the composition of groundwater extracted
through mine wells. The reason for lead saturation
of groundwater in Central Iran is its contact with volcanic
rocks. In [20], it is proposed to use clinoptilolite as a well
filter. It is proved that the efficiency of lead absorption
can reach 85 %. Clinoptilolite as a natural sorbent was
considered in previously published works [21, 22].

It is customary to plug water wells that are no longer
in operation for any reason. However, according to studies
[23], a tamped well damages the environment and creates
preconditions for the impossibility of using the area for
groundwater abstraction. The problem of plugged wells
is as follows. Most often, wells are decommissioned if
the ground space around them is obstructed, which reduces
the flow rate of the water intake to the limit. As regenera-
tion of obstructed zones requires attraction of considerable
money, unfortunately, termination of use of obstructed
wells is a widespread practice. At the same time, the area
of obstructed near-well medium, exceeding by 500 mm
the well diameter, is a zone of accumulation of insol-
uble compounds, heavy metals. The accumulated sedi-
ments contribute to the change of groundwater compos-
ition, change of hydrodynamic parameters of aquifer and
physical and mechanical properties of water-bearing soils.
Concrete struts formed as a result of cement slurry plug-
ging of wells pose a similar problem. The researchers see
the solution to this negative practice as increasing the life
of wells, which should be achieved by planned regenera-
tion of well zones based on the best available technologies.

CONCLUSION AND DISCUSSION

The review of scientific publications for the last ten
years has shown that the tendency of development of en-
gineering solutions in the field of surface water intake
structures is aimed at creation of water intake structures,
contributing to reduction of suspended solids concen-
tration, debris in the intake water, increasing reliability
of operation in severe climatic conditions of the North.
Scientists are also interested in improving fish protec-
tion structures, increasing their barrier function. As for
groundwater intakes, it is possible to note new construct-
ive solutions providing increase of flow rate.
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