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AHAJIN3 METOJA0OB OYUCTKHU INOA3EMHBIX BO/{
OT U3BBITOYHBIX HUTPATOB

Ananu3 3P QpeKTUBHOCTH pPa0OThl BOJOOYKMCTHBIX CTAHIIMKA HACEJIEHHBIX NyHKTOB Ka3zaxcrana
MOKa3aJl HEBO3MOXKHOCTh TOMYyUYEHUSI UMH HOPMATHBHOTO KaueCTBA OYHUIIAEMOM BOJIbI CYIIECTBYIOIIUMHU
TPaJUIMOHHBIMA METOJIaMU 0€3 TPHMEHEHHUS METOJIOB TIIyOOKOH OYMCTKH BOIBI OT 3arps3HEHUM
NPUPOJHOTO ¥ AHTPOIIOTCHHOI'O0 MPOUCXOXKACHHUS. MHOrMe TMOBEPXHOCTHBIE BOJOHUCTOUYHHUKU B
Kazaxcrane 3arpsi3HEHBI aHTPOIONEHHBIMU 3arpsA3HCHUSMU, B OTHOIICHHHM KOTOPBIX OapbepHas poib
CYILIECTBYIOIINX BOJOOYNCTHBIX COOPY)KEHHI upe3BbIdaiiHo mana. [lom3emMHbIe BOABI IO CPaBHEHUIO C
MOBEPXHOCTHBIMH 00J1a/1al0T OONbIIeH 3alIMIIEHHOCTHIO M CTa0MIBHOCTBIO KauecTBa BoAbl. OJJHAKO Tak
KaKk B TIOCIEINHHME TOABl YCWIMJIOCH 3arpsi3HEHHE I[IOA3EMHBIX BOJOMCTOYHHUKOB MHUHEPATHHBIMU
A30TCOICPKALUMY COSTUHEHUSAMU, OOJBIIMHCTBO KOJIOALEB (0KOJI0 65 U 7 % apTe3naHCKUX CKBAXKHH)
coJiepaT M30BITOYHBIC KOJIMYECTBA HUTPAT-UOHOB, KOTOPBIC MPEBHIIIAIOT B HECKOJIBKO pa3 MPEAebHO
JOMYCTUMYI0 WX KOHIICHTPAIMIO, MPEIyCMOTPEHHYIO JUIS THUTheBBIX BOJ (45mr/n). OCHOBHBIM
HMCTOYHUKOM TOSIBJICHUSI COCIWHEHUN a30Ta B BOJIE SIBIIAETCS CEIbCKOE XO3SHCTBO, MPUMEHSIONICE
a30THbIE yao0peHus. [IpucyTcTBre a30TCOIEPIKAIMX BEIISCTB B MUTHEBOM BOJIC HEXKEIATEILHO, TaK KaK
OHM BIIMSIOT OTPHUIATEIHHO HA OpPTaHW3M U 370poBhe dYenoBeka. [lomx BO3mEHCTBHEM BBICOKHUX
KOHIIGHTpAI[Mil HUTPATOB BO3HUKAaeT 3a00JieBaHWUE BOJHO-HUTPATHOW METTEMOIVIOOMHEMHUEH, TaK Kak
HUTPAThI O] BIUSHUEM MHUKPO(DIJIOPHI KHILIEYHUKA IEPEXOJAT B HUTPUTHI, TOCICIHHUE, MOCTymHas B
KpPOBb, BEyT K 00pa30BaHUIO METTEMOIJIO0MHA, YTO YMEHBIIIAET CHA0KEHUE TKaHEH KUCIOPOIOM.

B 3apyOexHOl nuTepatype WMEIOTCS CBEICHUS, 4YTO HUTPAThl, Jaxe MNpU KOHIEeHTpanuu 10
MI/JI B TIEpECUETE Ha a30T, ABJSIOTCS SJIOM JUIS MaJICHBKHX JIETEH; CUCTEMAaTHYECKOE JKE YIIOTpeOJICHH e
B3POCJBIMA BOJIbI C TAaKOW KOHIIGHTPAIMEH HHUTPATOB OMACHO JUIsl WX 3J0POBBS, OCOOCHHO JUIS
OCpEeMEHHBIX YKCHIIUH.

VY najieHue xe HUTPATOB, IIPH UX COJACPNKAHUU > 45 MI/JI, TIpeAcTaBiseT co00i BECbMa CIOXHYIO
po0JieMy, TaKk KaK OHM HE 00pa3yIOT OCaJIKK M KOMIUICKCHBIC COCIUHCHMSI.

CyliecTByeT psii CIIOCOOOB OYKMCTKH BOJIBI OT HUTPATOB, KOTOPhIE pa3jinyaroTcs  CBOECH
CYIIHOCTBIO, TEXHUYECKUMHU CpPEICTBAMH, CTOMMOCTHIO W CTEIEHBIO OYHUCTKU. B cooTBercTBUM C
WHJUBUIYyAIbHBIMA TPEOOBAHUSMU W OCOOCHHOCTSIMH OOBEKTa CIICI[UAIMCThI OCTAHABIMBAIOT CBOM
BBIOOp HA OZJHOM W3 HUX.

HawnGonee mnonyssipHbIM CHOCOOOM OYHCTKH BOJABI OT HHUTPATOB SBISICTCS HCIOIb30BAaHUC
MOHOOOMEHHBIX ycTaHOBOK. OH OCHOBaH Ha IMOCJICJO0BATEIBHOM (DHILTPOBAHUHM BOJBI Yepe3 BOJOPOI-
KaTHOHHUTHBIH, a 3aTeM HCOs5-, OH- mmi CO5> — aHHOHHUTHBII ¢buneTp.

DTOT METO/I OUYUCTKH BOJBI OT HUTPATOB IIMPOKO UCHONB3YETCS B IPOMBIIIIIEHHOM U SHEPT€THUECKOM
CEKTOpEe, TOCKOJBKY JEMOHCTPUPYET BBICOKOE KAadeCTBO BOJOOYMCTKH. B 3aBucMMOCTH OT 1enel
BOJIOOYHCTKH IPOIIECCHl BOJOPOA-KaTHOHUPOBAHUS U THUAPOKCHI-AHUOHUPOBAHMSI UMEIOT Pa3HYIO0 CTEIECHb
CITOXHOCTH.

Ha mnepBom sTame OYMCTKM BOIBI OT HUTPATOB B BOJOPOJ-KATHOHUTHBIX (PHIIBTPAX KATHOHBI,
KOTOpbIC COJIEp)KATCS B HCXOJHON BOjie, OOMEHMBAIOTCA HAa BOAOPOA-KaTHOHBI. I[lpu 3TOM B
OT(UIBTPOBAHHON KUJIKOCTH 00pa3yercss SKBUBAJICHTHOE KOJIMYECTBO KHCJIOTHI W3 AaHHOHOB, C
KOTOPBIMH OBLTH CBsi3aHBI KaTHOHBI, a CO” 00pa3oBaBIIMiicS B XOI€ PA3IIOKEHHs THAPOKAPOOHATOB
yaansercs B 1ekapOOHU3aTOpax.

Bropoii 3Tan O4MCTKH BOJABI OT HUTPATOB CBSI3aH C WCIOJIb30BAHMEM AHHUOHUTHBIX (DUIBTPOB
(MCTIONIB3YIOTCSL TaK ke W TPU OYMCTKE BOJABI OT TSXKEIbIX METaUIOB), TNIE€ aHWOHBI 0OPa30BABIIMXCS
KuciaoT oOMeHuBarorcs Ha MoHBI OH-, TO ecTh 3anepkuBaeTcs QuibTpoM. Ha 3TOM OYuCTKa BOIBI OT
HUTPATOB 3aBEPIIACTCS.

B 3aBucuMocTH OT HEOOXOUMOI TITYOUHBI OUUCTKU BOJBI OT HUTPATOB CIICI[UAIMCTHI UCIIOIb3YIOT
OJTHO-, JIBYX- M TPEXCTyNEHYaThle ycTaHOBKM. OOIIMM IS BCEX MX SBJSICTCA TPUMEHEHHE
CHJIBHOKHCIIOTHBIX BOJOPOA-KATHOHUTOB. TaK, JUisi OYMCTKA BOJABI OT HUTPATOB M OYMCTKH BOJIBI OT
()eHONIOB  HA  MPOMBINUICHHBIX W  JHEPTETHUCCKUX  MPEANPUATHUSX  BOJOMOATOTOBKA  MOXET
OCYIIIECTBIISITHCS:

- 110 OJHOCTYIEHYAaTON CXeMe — OIMH KaTHOHUTHBIN M OINH aHHOHUTHBIN (PHIBTPHIL;

- 110 JIBYXCTYIIEHYATON CXEME — I10 JIBa KATHOHUTHBIX U JIBa aHUOHUTHBIX (DUIIBTPA;



- MO TPEXCTYNEeH4YaTol CcXeMe, Korja B Xoae padoT MO OYMINEHHWIO BOABI OT HHUTPATOB
WCTIOJIB3YIOTCSL OT/IENIbHO KATHOHWUTHBIN M aHHOHUTHBIN (QHIIBTPHI THOO B OHOM (MIIBTPE COBMEIIAIOTCS
KaTHOHUT U aHUOHHUT.

ConeconepkaHue Mmocjie OYMCTKH BOABI OT HUTPATOB IO OAHOCTYMEHUYATOH CXEeMe COCTaBIIsIET
2-10 mr/m;, o neyxcrynenuaroi - 0,1-0,3 mr/im; mo Tpexcrynenyaroii - 10 0,05-0,1 mr/i. [Toatomy s
OBITOBOH OYHMCTKH BOABI OT HUTPATOB HCIIOIb3yeTCsl OMHOCTYIIEHYATAast CXeMa.

Hmeer nanHas cxemMa OYMCTKA BOJBI OT HHUTPATOB M CBOM HeAOoCTaTKW. OHHM BBITEKAIOT W3
cliefyrome  ocoOeHHOCTH cXembl Tpomecca. [lomaBmnsiomiee OOJIIIMHCTBO ~ KOHCTPYKIIHH
HWOHOOOMEHHBIX (HIBTPOB AJISl OYUCTKH BOJBI OT HUTPATOB — NapajieIbHO TOYHBIE (IPSIMOTOYHEIE), TO
ecTh oOpabaTbiBaeMasi BOJa M pereHepupyonil pacTBOp ABMXKYTCS B (GMIBTPE B OAHOM HAIPABICHUN —
CBepXY BHH3 (KaK ¥ MIPU OYMCTKE BOABI OT XKeje3a).

B mponecce mpoaBMKEHHsT pereHepallMoOHHOTO pacTBOpa uepe3 cJOi HMOHWTA CBEpXy BHU3
KOHIIGHTPALIMOHHBIM HaIlop CYHIECTBEHHO yMeHbluaercsi. Ha ¢uHaIbHOW cTaguu pereHepanuoHHBINR
pacTBop CTaJKHBAaETCd CO CIOEM HOHHTA, COJECpXKallMM HEeOOJbIIOe KOJMYECTBO HOHOB, KOTOpHIE
JOJDKHBI OBITh BBITECHEHBI M3 TOTO CJIOS, OJHAKO BHITECHEHUS! HE MPOUCXOIUT. JTO MPUBOJNUT K TOMY,
YTO CJCIYIOIIMI TIOTOK, MOJyIekAIInii 00paboTKe B X0JI¢ OYMCTKH BOJABI OT HUTPATOB, 00OJaaaer Oolee
HU3KHUM Ka4eCTBOM.

[MosTOMy opmHOCTyleHUaTass HOHOOOMEHHasi OYHMCTKAa BOABI OT HHUTPATOB COMNpSDKEHA C
WCTIOJIb30BaHHEM OOJBILIOr0 KOJMYECTBA PEareHTOB, a TaKKe OOJBIIMM 00HEMOM BOJBI AJISI OTMBIBKH
HWOHHUTA OT OCTATKOB PereHepaliioHHOr0 PacTBOPa, a KaueCTBO BOJAOOYHCTKH OCTABIISIET )KENaTh JIyUIlIero.
JIByxcTymneHuaTasi ¥ TpEXCTyleH4aTasi CXeMbI TO3BOJISIIOT TIPEO0NETh 3TH HETOCTATKH.

OnHuM u3 Hanboee MPOILYKTUBHBIX U 3PPEKTUBHBIX CITIOCOOOB OYMCTKH BOJBI OT HUTPATOB — 3TO
MeTo/ 00paTHOro ocMmoca. [IpenMyiecTBa MeTOja COCTOST B MPOCTOTE OCYLISCTBIICHHSI MEPOIIPHATHUS U
KOHCTPYKIIM yCTaHOBOK, a TakKXe IPOCTOTE OKCIUTyaTalid CHCTEMbI, HHU3KHUX DJHEprosaTparax,
HEOOJIBIINX ra0apUTOBR. DTOT METOJI UCIIOIB3YETCS TaK KE IIPH 00€3KEIIC3NBaAHHH.

MeronoM 00paTHOTO 0cMOca TOJIB3YIOTCS AJISl OUMCTKH BOJBI OT HUTPATOB MPHU COJIECOICPKAHUH
10 40 /1. Ero cymHoOCTh COCTOUT B MCIOJIb30BaHUH CHENHAIbHBIX MOITYPOHUIIAEMBIX TEPEropOaOK-
MeMmOpaH. B Xojie 04MCTKM BOJABI OT HUTPATOB 3THM METOJIOM PACTBOPHUTENb M PACTBOpP Pa3AcisoTCs,
MOCKOJIBKY TEpBBIH MeMOpaHa MpoIycKaeT uepes ceds, a BTopoil — HeT. PacTBopuTens neperekaeT uepes
MeMOpaHy 10 TeX TOp, TMOKa KOHIIEHTPAIlMH PacTBOPOB 1O 00€ CTOPOHBI MEPEropoikd He OyayT
OZIMHAKOBBIMH.

OcMoTHYecKoe JaBiIeHHE — ATO KOJMUYECTBEHHAs XapaKTEPUCTHKA SIBJICHHS OOpPaTHOrO OocMoca,
KOTOpOe co3faeTcsd Jjisi M3MEHEHHs CKOPOCTH Iepexoja KHIKOCTH uepe3 meMOpany. IlogoOHoe
MPOTHUBOJIABJIEHUE, CO3/IaBaeMOE B XOAE OYUCTKH BOABI OT HUTPATOB, PABHO TOMY AABIICHUIO, KOTOPOE
HYXXHO TPWIOXKHTh K PacTBOPY, UYTOObI NPUBECTH €ro B PAaBHOBECHE C YHCTHIM PAaCTBOPHTEIIEM,
OT/IETICHHBIM OT HEro MONyNPOHUIIAeMON MEMOpaHOii.

Meron OYHMCTKH BOABI OT a30TCOMAEpPXKAIINX BEIIECTB C MOMOIILI0 OOpPaTHOTO OCMOca HMEET
PSI  Cepbe3HBIX HEIOCTATKOB, TAKHX, KaK CYIIECTBEHHOE H3MEHEHHE HMCXOAHOTO0 KadecTBa BOIHI,
HEOOXOJAMMOCTh TPEABAPUTEIILHON 00pabOTKH BOJBI C IENBIO HCKIIOYCHHS 3aCOPCHUS MOJYJIeH WU
oOpacraHusi MeMOpaH, HaJHMYWe KOHIIGHTPUPOBAHHBIX CTOKOB, TpeOYIOIIMX  yAaJeHUs |
nepepabOTKH, TMOITOMY JaHHBIM METOJ He MOIYYMJI PaclpoCTpaHEHHS.

B nmpakTHKe BOJOOYHMCTKH HIMPOKO HCIONB3YIOTCS OHONIOTMYECKHE METOIBl  YyAaJeHUs
MUHEpaIBHBIX a30TCOAEPKAIINX BEHIECTB. JTH METOMBI MOAXOAAT OOoJbIIe A CTOYHBIX BOJA. OAHAKO
€CTh YCTaHOBKH, KOTOpPbIC MPUMEHSIOTCS W JJIsl OYMCTKH MUTHEBBIX BOJ. [IpOM3BOICTBEHHBIN OMBIT
JNeHUTpU(UKAIMM THTHEBOH BOJBI MEHee OOMIMpEeH, KpoMe TOro, NPHUMEHEHHI0 JTOro MeEToja
MPENSTCTBYIOT emE Takue HepelI€HHBIE BOMPOCH, KaK CEIEKTUBHOCTh M 0€30MacHOCTh OaKTepui,
obecrieueHre ycIOBUH MPOYHOTO CHEMJICHHS OaKTepHadbHOW MHUKPOQIOPBI C 3arpy3Kod, a Takxke
WCTIOJIb30BaHME CyOcTpaTa Ui pa3BUTHA OakTepuil TOHOPOB AJIEKTPOHOB HETOKCHYHBIX AJISI MTUTHEBBIX
Bo. [Ipu moAroToBKe MUTHEBOW BOABI BO3HHMKAET MPOOJIEMa MPUCYTCTBUS OMOMACCHI, MOCKOJIBKY MPH
OTCTaWBaHUHM OHA YJalseTcss He MOTHOCThIO, M TpeOyeTcs 3HAYMTENFHOE BpEMS JUISL MPOBENCHHS
neHuTpupuKamuyu. JIpyruM HEIOCTATKOM SIBISIETCS HEOOXOIMMOCTh IOCIEAYIoIel 00s13aTelbHOI
XHUMHAYECKOW OYMCTKH BOJIBI UTSL yaJIeHHs O0IEe3HETBOPHBIX OaKTEpHii.

W3BecTeH 3JIEKTPOXMMUYECKHIM CIIOCO0 OYHMCTKH BOABI OT HUTPUTOB, 3aKJIFOYAIONIUICS B
MPOIMYCKaHUU BOABI Yepe3 DJIEKTPOJIH3ep, Tlleé OHA MMEET KOHTAKT C KaToJOM, WMEIOUIMM OOJBIIYIO
MOBEPXHOCTh. B kadecTBe MaTepHana KaTtoga MCHONB3YIOT Meb, )KeNe30, IMHK U IPyrue METajllbl, a B
KauecTBe aHojia — rpadur.



Ha ocHoBaHMM M3710’KEHHOTO MOYKHO 3aKJIFOYUTh, YTO YHUBEPCAIbHBIX METOJOB OUYMCTKU BOABI OT
HUTPATOB HE cymiecTByeT. KakbIil u3 METOI0B MMEET CBOM MPEUMYIIIECTBA U HEMOCTATKU. J1Jis penieHus
MPO0JIEMbI OYMCTKU BOJBI OT HUTPATOB AJICKTPOXUMHUECKUN METOJ SIBJISICTCS 0OJIee MePCIEKTUBHBIM: OH
— Oe3pearcHTeH, SKOHOMHUYEH, TEXHOJOTHS OSJICKTPOXUMUYECKOH OYHCTKH MOXET OBITh JIETKO
ABTOMAaTH3HUPOBAHA, KOJTUYECTBO 00Pa3yoIIerocs IjiaMa MUHUMAJIBHO.
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Pesome
Byn makananma skepacTbl CynapblHIArbl HHUTpATTapJaH Ta3apTy YIIIH NpaKTHKaAa KeH KOJJIaHbUIATHIH
ozmicrepre capanramaiap okacamraH. Con omicTepiai NaiianaHyAblH KEMIIJIIKTEPI MEH apTHIKIIBUIBIKTAPhI
OaranaHraH.

Summary

In this article the analysis often used in practice of methods of purification of underground waters is carried
out. Identified the advantages and disadvantages when using these methods.
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