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MapTtuHoB C. 0., K.T.H., poueHT, KyHuubkun C. 0., K.T.H., C.H.C.
(HauioHanbHW yHiBEPCUTET BOAHOIO rocnoaapcTea Ta
NPUPOAOKOPMCTYBaHHS, M. PiBHe)

3HE3ANI3HEHHA BOAU B JIOKAJIbHUX CUCTEMAX
BOAOMOCTAYAHHA

B cTarTi po3rnsaHyTOo 0C06IMBOCTi BNalWITYBaHHA 3HE3aNi3HIOBaJIbHUX
YCTaAHOBOK B JIOKaJIbHUX cCUCTEMaX BoaonocTavyaHHA. [IlpuBeaeHa cxema
Ta ONMCAHA KOHCTPYKLIA CXeMU 3He3aNi3HEHHA BOAMW 3 HanipHMM NiHO-
nonicTMposbHUM PinbTPOM Ta aepauiclo BOAU HA PeUunKi, pesynbTaTm
11 BNpOBaMXXeHHA.

KnwuoBi cnoBa: nip3eMHa Boaa, 3He3ani3HeHHs, aepauis Bogu, niHono-
NiCTUPOJIbHE 3aBAHTAXKEHHSA, HanipHUM QinbTp.

IlnauBinyanbHe O6yAiBHMUTBO rpoMagsiH BMMarae 3abe3nedeHHs
LOPOXKHbLOK IHPPACTPYKTYPOK Ta iHXKEHEPHMMU KOMYHIKaUisMU: eneKkT-
ponocTa4yaHHSM, BOAONOCTAa4YaHHAM, KaHanizauieto Towo. Mpu BigcyTHOC-
Ti TAKMX KOMYHiKauUin 6yaiBHUUTBO YCKNAAHKETLCSA, 36iNblWYETLCA TEp-
MiH ByaiBHMUTBA Ta MOro0 BapTiCTb, MOTipWYOTLCA YMOBM MPOXKUBAHHS.
AKWO UeHTpani3oBaHe €eNEeKTPOMNOCTa4YaHHS BBAXAETbCA HeobxigHoM
YMOBOIO, TO CUCTEMU BOAOMNOCTAYaHHA Ta KaHanisauil 4oCMTb 4YacTo Bna-
LITOBYHOTLCS JIOKAIbHUMM.

Mpwn 3a00BINBHINM AKOCTI NiA3eMHOI BOOM NIOKanbHa cucTeMa BOLOO-
nocTavyaHHA 34e6inbworo CKNafaeTbCcs 3i CBEPASIOBUHM 3 PO3MILLEHUM B
Hi 3aHYPEHMM HACOCOM, MApoaKyMynsaTopa, CUCTEMU aBTOMATU30BAHO-
ro ynpaBNiHHA HacocoM, TpybonpoBOAiB Ta BOAOMPOBIAHOI apMaTypw.
Mpwn HeBIANOBIAHOCTI MOKA3HMKIB SKOCTI Mig3eMHOl BOAM BMMOraM cno-
)XMBaya, CxemMa BOJOMOCTAYaHHSA NOBMHHA AOMOBHIOBATMCA BOOO0YMC-
HUM 061agHAHHAM.

Mip3eMHi BOAW XxapaKTepu3ylTbCs, SK NPaBUA0, AOCUTb NOCTINHK-
MU | BUCOKMMM ANSa rocnofapCbKO-MUTHOrO BOAOMNOCTAYaHHA Pi3NYHNMMU
i BaKTEpPIONOriYHMMMN MOKA3HUKAMM 3 OCUTb PiISHOMAHITHUMU XiMIYHUMUK
NMoKasHMKaMu, iKi B BinbwoCTi BUNaaKiB i, 0c06nBO ANs rMUOUHHUX ro-
PU30HTIB, He 3anexaTtb Big norogHux ymos [1, C. 120]. AkicTb 3HayHOI
YaCTUHU Nig3eMHUx Bod YKpaiHu BignoBigae Aito4MM BMMOraM WoAo nu-
THOT BOAM 33 BUHSATKOM BMICTY 3asisa (Haiuacriwe go 3 mr/am’) [2, C. 7].
HapgMipHa KinbKicTb 3anisa y BoAi He nuvwe CNPUYMHAE NOSIBY HEMPUEM-
HOro 3amaxy, 3apoCTaHHS BOOONPOBiAHUX TPY6, @ N HEraTUBHO BMJIMBAE
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Ha CTaH 340POB'S NOAMHM, | NOTPebye NpoBeeHHS 3He3asli3HEHHA BOAMU
[3,C. 3; 4,C. 95].

MeTop 3He3ani3HEHHS PEeKOMEeHAYETbCSH 0OMpaTh 3anexHo Bif Xi-
MIYHOro CKNagy BOAW, CTYNeHS 3He3aNni3HeHHSs, NPOAYKTUBHOCTI BOS0O-
YMCHOT CTaHLII TOLLLO, HAa OCHOBI TeXHOMOriYHUX BUNpobyesaHs [5, C. 120].

[Onsa 3He3anisHeHHA BOAM B /IOKAJSIbHMX CUCTEMAX BOAOMNOCTAaYaHHSA
MOXXYTb BUKOPMUCTOBYBATUCA Ge3HANipHi Ta HaMipHi TEXHOMOrIYHI cxeMu,
AKI BiQpI3HAOTECA KOHCTPYKUIE inbTpa, TUNOM 3aBAHTAXXEHHS, 3pyy-
HiCTIO eKcnayaTauii, piBHEM aBTOMaTU3aUil, HAsBHICTIO [OA4AaTKOBOMO 06-
nagHaHHs, rabapmMtaMm Towo.

bBe3HanipHi cxeMn 3He3ani3HeHHA BOAW 3 MIHOMNOMICTUPONbHUMMU
$inbTpaMn Nokasanu cBo ePEeKTMBHICTb HA NPAKTULUI ONS LEeHTpaniso-
BaHUX cucTeM BogonoctayaHHsa [6, C. 66]. MpoTe, B NOKanbHUX cXxeMax
BOOOMNIATOTOBKM BOHW BMMarawTb O0AATKOBOro BCTAaHOBJIEHHS HAaKOMW-
yyBaya O4YMLLEHOI BOAWN Ta NiIABULLYBASIbHOIO HAaCOCY 3 aBTOMAaTUKO, LLO
36inbwye BapTicTb BCiel cucTemu. pn BUKOPUCTAHHI HanipHUX CXeM
3He3ani3HeHHS YCKNAAHIETBCA BRalTyBaHHA aepauil Bogu. B Takux
cXxeMax MoBiTPS Yy BOAY MOXe BBOOUTUCS 3 BUKOPUCTAHHSAM KOMMNpecopa
(puc. 1) abo exekTopa.
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Puc. 1. Cxema 3He3anisHeHHs BoOM 3 HanipHMM GiNbTPoOM Ta aepaLieo KoMnpe-
copoM: 1 — cBepANOBMHA; 2 — 3aHYPEHUI HacocC; 3 — pene TUCKY; 4 — rippoaky-
MynaTop; 5 — nonnBanbHa Tpyba; 6 — o6BigHA NiHiA; 7 — aepauinHa KosloHa 3
noeiTpoBiggintoBayeMm; 8 — HanipHU 3He3ani3HBaNbHUM GiNbLTP 3 KNanaHoM
ynpaBniHHA; 9 — KaHanisauinHa Tpy6a; 10 — BoAONIYMABHUK 3 iMNYJIbCHUM BU-
xopoM; 11 — komnpecop

CtabinbHa poboTa eXXeKUiMHOro aepaTopa MOXJIMBA MPW MOCTIMHIN
pPO3paxyHKOBIN BUTpATi Ta 3HAYHOMY nepenagy TUCKY BOOM, WO yCKnag-
HIOE MOro BUKOPUCTAHHS B JIOKANbHUX CUCTEMax BOAOMOCTadYaHHA. B
LbOMY BiQHOLWEHHI BUFQHO 34INCHIOBATM MiACUNEHY aepauild YaCTUHU
BOOM 3 BioBeAeHHAM B cBepanoBuHy [7, C. 2], wo BMMarae MiHiManbHuX
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3aTpaT Ha aepauinHe obnagHaHHS.

Po6oTa 3He3anisHBanbHoro obnagHaHHA BioOyBa€TbCS HacTyn-
HUM YMHOM (puc. 2). Mpu BKAKYEHOMY HacoCi 2 YacTMHA Mig3eMHOI Boau
yepes exeKuinHunm aepaTtop 7 no peuupkynsiuinHoMmy Tpybonposogy 9
BiABOAUTLCS B cBepAsioBMHY 1. B cBepanoBuHi BinbyBaeTbCs nepeMilly-
BaHHS NPoaepoBaHOl BOOM 3 iHLWOK 4YacTUHOW nia3eMHol Bogu. CyMiw
BOOM HAAXoAuTb B rigpoaKyMynow4yun 6aK 4 i npn OOCATHEHHI MaKcu-
ManbHOr0 TUCKY BiOKNOYAETbCA Hacoc 2. Mpu BiAKPUTTI CNOXUBaYamu
CaHITapHO-TEXHIYHUX NpUNaAiB, BoA Nig TUCKOM MOCTYNae Ha HanipHUn
niHononictuponbHun ¢inbTp 10, ge BinbyBaeTbCs Il 3HE3aNi3HeHHA. [Ana
3MEHLUEeHHS 3aranbHOI BUCOTU HanipHoro ¢inbTpa AOUiIbHO BUKOPUCTO-
ByBaTW APiBHOrpaHynbHe 3aBaHTAXXEHHS, OCKiIbKM Moro notpibHa Buco-
Ta 6yne MeHwow. 3He3anisHeHa Boga no Tpybonposoay 11 HagxoauTb
A0 CnoXXueava.
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Puc. 2. CxeMa 3He3aNi3HEHHSA BOAN 3 HAMNiPHUM NiHOMNOAICTUPONbHUM iNbTPOM
Ta aepaui€to Ha peuunkni: 1 — cBepANoOBUHA; 2 — 3aHYPEHMN Hacoc;

3 — pene TUCKY; 4 — rigpoakyMynsaTop; 6 — 06BiAHa NiHisA; 7 — eXXeKUinH1in aepa-
TOp; 8 — perynoBaNbHUN BEHTUNb; 9 — peunpKkynauinHum Tpybonposia; 10 — Ha-
NipHUI NiHononicTuponbHUM GinbTp; 11 — Tpyb6onposia
3He3ani3HeHoi Boau; 12 — npoMmnBHUM Tpybonpoeig; 13 — kaHanizauinHa Tpy6a;
14 — TpybonpoBia ckupy nepworo ¢inbTpaTy
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HeobxiaHui cTyniHb peunpkynauii (BigHoWeHHS BUTPaTU BOAM, WO
NoAaETbCa B rigpoakyMynaTop, A0 Nofayi Hacoca) 3anexaTume Big ede-
KTUBHOCTiI po60TM aepaTopa, KOHLEHTPaLil 4BOBANIEHTHOMO 3ani3a, iHWKNX
PEYOBMH, WO NOMIMHAKTb KUCEHb, Towo (puc. 3).

ToMmy aonsa 3MeHweHHA KoediuieHTa peuupKynsauil i, BigNoOBIAHO,
3MeHLEeHHs cobiBapToCTi 3He3aNni3HeHHs BoAMW, NOTPIOHO BMKOPUCTOBY-
BaTW BUCOKOE(DEKTUBHI aepauinHi NpUCTPOI 3 MaKCMMaNlbHUM HACU4YeH-
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HSIM KMCHEM NOoBITPS BoAW. [1ns uboro gouUisibHO BUKOPUCTOBYBATK aepa-

TOPMW EXEKLiINHOro TUny, AKi MoXyTb 3a6e3nevyyBaT HAaCUYEHHS KUCHEM
BOAW 0,0 KOHLUEHTPALin 61M3bKMX [0 PIBHOBAXHOI.
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Puc. 3. 3anexHicTb KoedilieHTa peuMpKynsLii BogM a Big KOHUEHTpaUil
3anisa B nia3eMHin soai [Feg] Ta KOHUEHTPaLiT PO3YMHEHOIO KUCHIO B
peumnpKynauinHin Tpy6i [Op]

HanipHnin ¢inbTp MoXXe po3TawoByBaTuCs nepef abo nicna rigpo-
aKyMynwt4oro 6aky, Wo BM3HAYaE AesKi 0COBNMBOCTI peXXuMiB MOro
po6oTH.

Tak, npu BCcTaHOBNEHHI HanipHoro ¢iNbTpa NicNg rigpoakyMynto-
yoro 6aKy, B 0CTaHHbOMY 6yae Hakonu4yyBaTUCS aepoBaHa (HeouulieHa)
BOAa, Aie MOXe nepebyBaTu TpuMBanui Yac (3anexuTb Bif BOAOCMOMXKU-
BaHHA). Lle npu3BoanTMMe 00 NPaAKTUUYHO NOBHOIO OKUC/IEHHS 3aKUCHOMO
3anisa, Wo noripwye yMOBU BUKOPUCTAHHSA KOHTAKTHOMO 3He3ali3HEHHS
Boau. QinbTp NpauoBaTUME B NEPEPBHOMY PEXUMI 3 PiI3HUMM LWBUOKOC-
TAMU PiNbTPYBAHHS, LLO 3a5eXXaTUMe Bif, KiIbKOCTI Ta CTYNeHIB BiGKpUT-
TS CaQHITAPHO-TEXHIYHMX NPUOOPIB, O BM3HAYAE PO3PAXYHKOBY MPOAYK-
TUBHICTb ¢inbTpa. [MpoMmMBaHHA @inbTpa BUMKOHYETLCA MNIA3EMHOK BO-
pot. CnoyaTKky BMTpavYaTUMETbCS BOAA 3 FigpoaKyMynow4yoro 6aka go
3HUXKEHHS TUCKY A0 TUCKY BK/IHOYEHHS 3aHYPEHOro Hacocy. To6To iHTeH-
CMBHICTb NPOMMBAHHSA Byae 3MeHLYBATUCSA 40 MOMEHTY BKJTIOUYEHHS 3a-
HYPEHOro Hacocy, a Aani byae npakTM4Ho ogHakosoto. licns NnpoMuBaH-
HA NOTPIOHO BMOANATU HAANULWIKKM Mig3eMHOI Boau 3 HagdinbTpoBoOro
NMpPOCTOPY, AJ1S YOro BUKOHYETBLCS CKUA nepworo ¢pinbrtpaty abo, sk npu-
MHATO 3apa3 Ha3MBaTW, NPsSAMe NPOMUBAHHS.

MakcumanbHa nnowa ¢iNbTpyBaHHA 04HOMO dinbTpa 06MeXYETbCA
NPOAYKTUBHICTIO 3aHYPEHOr0 HacocCy Ta NOTPiOHOK IHTEHCMBHICTIO Npo-
MUBaHHA (NPoMMBHOI BUTpaTH) aAns ogHoro ¢inbrpa. Tak, NPy KOHUEHT-
pauii 3anisa y nig3emHin sogai 1 mr/om® Ta pPO3paxyHKOBIN BUTpaTi CaHi-
TapHO-TeXHiYHWUX npubopis 0,1 AM>/c, HOLINBLHO BRALWTOBYBAaTM OAMH
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$inbTp 0200 MM, npu BuTtpari 0,25 aM>/c — oauH @300 MM, Npy BUTPATI
0,5 am*/c - nea @300 m.

MNpn BCTaHOBNEHHI HanipHoro ¢iNbTpa NiCASA rigpoaKyMyno4Yoro
6aKa B 0OCTaHHbOMY Oyae HaKonNMuyBaTMUCS 3He3asli3HeHa BOAa, WO Kpa-
e HiXK B nonepeaHboMy Bunagky. QinbTp npaytBaTtuMe B NepepBHOMY
PEeXMUMi 3i CNagHOK WBWUAKICTIO, WO 06yMOBNEHO HAaNOBHEHHSM rigpoa-
KyMmyntow4doro 6aka. [poMuBaHHS ¢inbTpa BMKOHYETLCA CMNOYaTKy 3a-
NUWKaMKN 3He3ani3HeHol BoOAW 3 rigpoakyMynt4oro 6aka, a gani — ni-
A3EMHOI0 BOAOIO Bif 3aHypeHOro Hacocy. K i B nonepeaHbOMY BUMNAaAKY,
¢inbTp NoTpebye CKMAy HeouMLEeHO! BoaM 3 HaadINbTPOBOro NpocTopy
¢inbTpa Ta, [OAATKOBO, 3 rigpoakyMmynttuyoro 6aka. [py BUKOHAHHI
NMPOMMBAHHSA 33 [AHO CXEMOK B rigpoaKyMmyn4yoMy 6aKy byae Hako-
NMYyBaTUCHA HEOYMLIEHA BOAQ, WO BUMMaratume, nicns 3akiH4eHHS npo-
MUBaHHS, CKWOAHHSA L€l BOAW B KaHani3auito.

EdekTuBHicTb po6oTn 3He3ani3HwYoro ob61afHaHHA 3a OCTaH-
HbOK CXEMOI AO0CAIAXKYBANOCS B HATYPHMX YMOBAX AN KOTeOXKy, B KO-
My MPOXMBaKTb TpU NoaMHU. Boga 3abupaetbcs 3 BOAOHOCHOIO ropu-
30HTY, AKUM NpeacTaBneHMn Kpengow 6inoto TpilwmHyBaTol, rMMbUHA
cBepnnioBuHU 65 M. loKasHMKKM AKOCTI Nig3eMHol BoAM HaBeneHi B Tab-
nnui.

Tabnuus
XiMiYyHi NOKa3HUKU AKOCTI Nia3eMHOI BoOuU
Ne HanMeHyBaHHS [Mo3HaYeHHs oAuMHUL BUMI- 3HaYeHHS
3/n MOKa3HMKa PHOBAHHSA
1 | AMOHIN mr/gm° 0,15
BogHeBUIM NOKa3HUK
2 pHn oa. pH 7,3
XopcTKicTb 3aranb-
3 P Monb/m> 6
Ha
4 | 3ani3o 3aranbHe mr/gm° 2
5 | KonboposicTb rpaa. 2
6 | JlyxHicTb 3aranbHa Monb/M° 7
7 | MapraHeub mr/gm° He BUABJI.
8 | HitpaTu Mr/om° 1,4
OKkucnoBaHicTb
9 mr0,/am° 2,3
nepMaHraHaTHa
10 | Cyxui 3anuwwok mr/gm° 352

OTxKe, AKicTb Nig3eMHOl BOAM He BiAMNOBiAA€ BMMOraM CroXXuMBaya
33 KOHLUEHTpaUi€ew 3arajibHoro 3anisa. [JoctaTHbO BUCOKi 3HAaUYEeHHS BOA-
HEBOro MOKa3HWKA Ta JIY>KHOCTi [03BONIATb BUKOPUCTOBYBATU MeTOA
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KOHTAKTHOr0 3He3aNi3HEHHS BOAM.

B konopssi Hap cBepAsioBUHOK 6YB 3MOHTOBAHMW aepauiiHuiA BY-
30n (puc. 4). HanipHun niHononictMponbHUii GinbTp 6yB BUrOTOBNEHUN 3
cTanesol Tpybu @273 MM i BCTAaHOBNIEHUA B NigBasibHOMY MPUMILLEHHI
(puc. 5).

QinbTp NPOMMBAETHCS OAMH pPa3 Ha TMXXAeHb. bynu BigibpaHi npo-
6 Ta BM3HAYeHa KOHUEHTpauis 3anisa: nicns MNpPOMUMBaHHA —
0,15 Mr/aM>, B KiHLi dinbTpyBaHHs (Ha cboMuit aeHb) — 0,04 Mr/am°, To6-
TO HanipHMW GiNbTp 3 aepaLlicto BOOM Ha peunkni 3abe3neyvye AOCTaTHIO
CTYMNiHb 3HE3ali3HEHHS BOAM.

Puc. 4. AepauiniHun Byson

Puc. 5. HanipHui niHononictMponb-
HUN GiNbTP

KoHUEeHTpaLuis pO34YMHEHOro KUCHIO Y PeuupKynsauinHin BoAi CTa-
Hoeuna 9,9 mr/aom’, B Boai nepen dinbTpoM — 3,2 Mr/am°, y dinbTparti —
3,0 Mr/,u,M3. Mpw UbOMY, CMIBBIGHOWEHHSA KOHUEHTPALIl 3aKNUCHOTro 3ani3a
[0 3aranbHOro 3ani3a ctaHoBuna y Boai neped ¢inbtpoM 57%, y dinbT-
paTi Ha no4aTtky ¢pinbTpyBaHHsa — 38,7%, B KiHui — 31,8%.

MNpu npoMuBaHHi ¢pinbTpa 6ynmn BigibpaHi Nnpobn NpoMUBHOI BOAM
Ta nobynoBaHui rpadik KiHeTUKM BUMUBAHHA 3abpyaHeHb (puc. 6) 3 ni-
HOMONICTMPOJSIBHOIO 3aBaHTAXEHHS.
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Puc. 6. KiHeTuka BUMMBaHHS 3abpygHeHb 3 HanipHoOro
niHononicTuponbHoro ¢inbTpa
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padik Ma€ 4YiTKMM O0OUH NiK, WO CBIYUTL NPO AOCTATHIO ITHEHCUB-
HiCTb NpoMuBaHHS. lNpu cepeaHin IHTEHCUMBHOCTI NpoMMBaHHSA 17 n/(c-m?),
noTpibHa TpMBanicTb NPOMUBAHHSA CTaHOBUTb BNIM3bKO 2 XB.

OT)XKe, 3HE3aNi3HEHHS BOAM B JIOKANIbHUX CUCTEMAX BOAOMOCTaYaH-
HA Mae psia 0cobnMBOCTEN, B MOPIBHSAHHI 3i CXeMaMW 3He3ali3HeHHS B
LeHTpani3oBaHUX cucTteMax BOAOMOCTa4YaHHA. B nokanbHMX cucTtemax
BOOONOCTAYaHHS AOLUiINIbHO BUKOPUCTOBYBATU TEXHOJIOMYHY CXEMY 3He-
3ani3HEeHHS BOAM 3 HaMipHMMM NIHOMONICTUPONbHMMMK inbTpaT Ta ae-
paui€o Ha peuukni. K Nokasanu OOCAIAXEHHS, TaKa CXeMa [03BONSE
npy 3MEeHLWeHNX 3aTpaTax OTPMMYBATK 3He3asni3HeHy BOAY 33a40BiNIbHOI
AKOCTI.
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TOBNacHMK HauioHanbHMI yHiBEpCUTET BOOHOI0 rocnofapcTsa Ta NPUPOOOKO-
puctyBaHHs. — N2 u 2014 01556 ; 3aa8n. 17.02.14 ; ony6n. 25.07.14. Bron. Ne 14,

PeueH3eHT: A.T.H., npodecop Kosanbuyk B. A. (HYBIT)

Martynov S. Y., Candidate of Engineering, Associate Professor,
Kunytskyi S. 0., Candidate of Engineering, Senior Research Fellow
(National University of Water and Environmental Engineering, Rivne)

DEFERRIZATION IN LOCAL WATER SUPPLY SYSTEMS

For deferrization of water in local water systems can be used free-
flow schemes and pressure technological schemes, which differ by
filter’s construction, the type of download, ease of use, automation
level, the presence of additional equipment, dimensions, etc. At using
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pressure deferrization schemes is complicated placing aeration of
water. It is advisable to carry out enhanced aeration of the water with
outflow into the well that requires minimum costs for aeration
equipment using pressure foam polystyrene filters with aeration at
recycle. Necessary level of recirculation depends on the efficiency of
the aerator’s work, concentration of ferrous iron and other substances
absorbing oxygen, etc. Effectiveness of work the foam polystyrene
pressure filter with aeration at recycle investigated in natural
conditions. The quality of underground water did not correspond the
consumer requirements for total iron concentration (2.0 mg/dm?>).
Enough high pH values (7.3 units) and alkalinity (7.0 mol/m?) allows
using a method of contact water deferrization.
Samples were selected and determined concentration of iron: after
washing 0.15 mg/dm?, at the end of filtering (on the seventh day) 0.04
mg/dm3. Thus, the foam polystyrene pressure filters with aeration at
recycle provide a sufficient degree of water deferrization at a lower
water cost.
Keywords: underground water, deferrization, aeration of water,
polystyrene foam loading, pressure filter.

MaptbiHoB C. 0., K.T.H., aoueHT, KyHuukun C. 0., K.T.H., C.H.C.
(HaunoHanbHbIA YHUBEPCUTET BOOHOMO X03ANCTBA U
npUpoaonosib30BaHus, r. PoBHo)

OBE3XXEJIEBUBAHUE BOAbI B JIOKAJIbHbIX CUCTEMAX
BOAOCHABXXEHUA

B craTtbe paccMoTpeHbl 0CO6EHHOCTH YCTPOMCTBA 06e3)Kene3nBanLmnx
YCTaHOBOK B JIOKaNIbHbIX cUCTEMax BoaocHabxkeHus. NpuBeaeHa cxema
M ONMUCaHa KOHCTPYKLUMUA cxeMbl 06e3)Kene3nBaHus BoAbl C HANOPHbIM
NEeHONONUCTUPONIbHLIM GUNBTPOM M aspaumen BOAbl Ha peuuKne, pe-
3ynbTaTbl €e BHeApPEeHUS.

KnrwoueBbie cnoBa: noaseMHas Boaa, o6e3)kenesmBaHus, aapauus Boabl,
NEeHONONUCTUPOSIbHOE 3arpy3Ku, HanopHbIn GUNLTP.

227



