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NOA3EMHbIE BO[Ibl — COCTABAOLWAA YACTb TEONIOTMYECKOW CPEAbI

#OCHOBHbIE KOMMNOHEHTLI COCTaBa NPECHbLIX MOA3EMHbIX BOA

#OCHOBHbIE NMpoLEecChl, onpeaenstoLmne yernosns PopMUPOBaHNA XMMUYECKOrO COCTaBa NPECHbIX
noa3emMHbIX BoO

BINAHWNE COCTOAHMA NOA3SEMHbLIX BOA HA SKOCUCTEMY YENOBEKA
¥3HayeHne XMMNYECKOro cocTaBa BoAbl NPU e NCMONb30BaHUM

JOCHOBHbIE HOPMAaTUBHbIE OKYMEHTbI Poccun n BcemMnpHoOm oprannsaumm 3apaBooxXpaHeHus,
permamMeHTupyruine coctaBs NMTbEBLIX BOA

JOK30reHHbIE TMnep- U rMNOMMUKPOINIEMEHTO3bI

IKnaccudmkaumnsa nog3eMHbIX MUTbEBbLIX BO NO KA4YECTBY

YKomnnekcHble MeTOobl OLIEHKM Ka4YeCcTBa NOA3EMHbIX BOA

!BnusiHue 3arpasHeHns NoA3eMHbIX BO Ha OKPYXatoLLLYi0 cpeay

XAPAKTEPUCTUKA OCHOBHbIX BUOOB TEXHOFEHHOIO BO3OEVNCTBUA HA
NMOA3EMHBLIE BOAObI
#3aLUMLLEHHOCTb NOA3EMHbIX BOA

BnnsiHue Ha Nof3eMHble BOAbl FOPHOA0ObIBaAOLLEN NHAYCTPUN

IBrivsHue npomMbILLINEHHOCTM Ha NOA3EMHbIE BOAbI

YN3MEHEHME TMAPOrEOXNMUNYECKNX YCITOBUIA HA YPOAHN3NPOBAHHLIX TEPPUTOPUSAX

JBnusHne Ha nog3emHble BoAbl CENbCKOXO3ANCTBEHHOINO NPOM3BOACTBA U TMOPOTEXHNYECKUX
COOpYXXeHum

BWAObI ¥ METO[bI 9KONOIrO-rMAPOrEONOrMYECKMX NCCIEAOBAHU
*MOHWTOPWHI COCTOSIHUSI NOA3EMHbIX BOZ

pMHLMMbI SKONOrO-rMApPOreosIorn4eckoro KaptTorpadmpoBaHng

'porHo3Hble Moaenu

'MuHMMH3aumsa oTpULaTENBHOrO BO34ENCTBUSA HA NOA3EMHYIO rmapocdepy




BBEOEHWE

Boaa, sBNsiSiICb 0AHUM M3 CaMbIX pacnpoCTpaHEHHbIX BELECTB B Npupoae, NpeacTaBniseT
cobon yHuKanbHoOe coeanHeHue, bnarogapsi KOTOpoMy Ha 3emsie 3apoauiachb U CyLWecTByeT
Takoe siBJieHne, Kak XXn3Hb, BCe TO, YTO Mbl Ha3biBaeM 6uocdepoii. Bce npnpoaHbie BoAabl
TecHenwunM obpa3oM B3aMMOCBS3aHbl U 06pa3ytoT rmapocdepy, CrIOWHY BOAHYIO
obonouky 3emnu. Boga B Buae monekyn H,O oTMmedaetcsa B n1mtocdepe n atMmocdepe, a
bnocdepa bonee yeM Ha Tpu YETBEPTM COCTOMT U3 BOoAbl. Tnapocdepa — AnHaMM4YHas
cucTteMa, B KOTOPOM Mexay BOAHbIMM MaccaMm Bcex obosiouek 3eMan noaaepKXmMBaeTcs
AVHaMuyeckoe paBHoBecue. C yyacTUeEM BOAbl COBEpPLUAETCS KPYroobopoT BeLLEeCTB U
3Heprum B npupoae. 3HaunTeNbHYIO ponb B rnobasbHOM KpyroBOpoTe BOAblI MrpaeT
noA3emMHas cocraBnslwas. 34eCb MOXXHO BblAENUTb MOA3EMHbIN CTOK aTMOCHEPHbIX
ocagkoB K npeobpasoBaHMsa BOAbl BO BpeMS TaKMX re0/10rmyecknx npoLeccos, Kak
ceavMeHTauus, NnepekpucTannmsaums nopos n 1.4. Cneayert Takxe yrnomMsHyTb 06
o6bpazoBaHMK BOAbI U3 MAHTUIMHbIX ra30B. TaknMm obpasom, NOA3EMHbIE BOAbI,
XapaKkTepu3yscb 0CO6bIMM YCNOBUSMU MUTPaLIMK U pa3HOO6pPasHbIMU YCI0BUSMMU
(hOpMUPOBAHMSA XMMNYECKOIO COCTaBa, SIB/ISKOTCS COCTAaBHOWM YacCTbio €AMHON rnapocdepsbl
3emnu. B HacTosiee BpeMs BCce 60/blUy0 OCTPOTY nNpuobpeTtaeT npobneMa npecHow BoAbl.
Ha XXXV ceccun NeHepanbHon Accambnen OOH 6bino o6bsBneHo, 4to 6onee munnnapaa
Noaen nNnaHeTbl CTpagaeT OT HeaocTaTka A06poKayecTBEHHOW BOAbl, HEO6X0AMMOW ANns
MUTbS N XO3SIMCTBEHHbIX HYXA. TONbKO ANS NOAAEPXKAHUS XKMU3HMN YEIOBEKY €XECYTO4YHO
Heob6XxoaMMO OKOM0 2 N1 BOAbI, @ XMUTe/lb COBPEMEHHOIO 6/1aroyCTPOEHHOI0 ropoAa B CyTKMU
pacxoayet oT 100 ao 1000 n. Ewe 6onblie pacxoa NpecHo BoAbl B MPOMbILWIEHHOCTH:
[J1S NPOM3BOACTBA O HOM TOHHbI CTanu pacxogyetcsa 150-200 m3 Boabl, Mean — 500,
6ymarn 450-1000, UCKYCCTBEHHOrO BOIOKHa 2000-6000 M3, B cBs3M ¢ rnobanbHbIM
3arpsisHeHMeM NOBEPXHOCTHbIX BOA LEeHTpanM3oBaHHOE BogocHabxeHmne Bce B 6osbLuen
CTErNneHn OpMeHTUPYETCS Ha noa3eMHble Boabl. Tak, B Poccum 6onee 60% ropoaos
MCNOnb3yeT ANa BOAOCHAbXXeHMS noa3eMHble pe3epByapbl. B opyrmx ctpaHax gons
noA3eMHOro BoAgocHabxeHuns ewe Bbiwe. OQHAKO B YC/IOBUAX PacTyLLen TEXHOreHHOM
Harpy3Kku Ha OKpy><atoLyto cpeay noAa3eMHble BOAbl TaKXKe MoABEPratoTCcs 3arpsa3HEHUIO U
nucTouwleHuto. B cBsS3M € aTUM npu pelleHnn NnpobnemM oxpaHbl U paLMoHaabHOIo
MCNONb30BaHMNS OKpYXatollen cpelbl NOA3EMHbIE BOAbI, KOTOPbIE SABAAOTCA OAHOW 13
Hambornee NCNoNb3yeMbIX, YSI3BUMbIX U AMHAMUYHbBIX COCTaB/ISIOWMX Fre0/TI0rMYeCcKom
cpenbl, 3aHMMatoT ocoboe MecTo. lNMpecHble Noa3eMHblE BOAbl ABNSKOTCS OCHOBHbIM
06BEKTOM U3YYEHUS SKONOMMUYECKON FMAPOreonornn. K0/10rM4eCcKy o rugporeosioruo
MOJXHO OMPEAESNTb KaK yYEHUE O POJIN TMAPOreoI0rM4eCKmX yC10Bmi B CyLLECTBOBAaHUN U
paszButnun 6uocgepnbl rnpu HeratTMBHOM B/IMSIHUM TeXHOreHesa [43, 44].

OCHOBHbIMU NpeaMeTaMn U3YyUYeHMS IKOJIOMMYECKOM MrMaporeonormm sBAsOTCS

BnuvsiHMe ecTeCTBEHHbIX U TEXHOMEHHbIX MMAPOreosIorMyecknx ycnosum Ha 6unocdepy u,
npexge BCero, Ha YyenoBeka.

MaporeosiorMyeckme acnekTbl U3MEHEHWUSI CBOMNCTB reosIorMYecKkoi cpeabl noa
BO3D.el7ICTBVIeM yenoBevyeckomn AeATenbHOCTH.

MporHo3 1 npodunakTuka oTpMUaTeESIbHOro BO3AENCTBUS HA NMoA3EMHbIE BOAbI.

MpUHUKUNBbI OXpaHbl U paLMOHaNbHOrO UCMOSIb30BaHNS MOA3EMHOM rnapocdepsl.
DKoJIorMyeckas rmaporeosiornst ABAsIeTCs KOMMIEKCHOW, MEXANCUMMIIMHAPHOM HayKOW,
OXBaTbIBAKOLWLEN LEeNbIn paa pa3aenoB rmaporeonormm, 3Koa0rmm, TOKCUMKOMOMMM, XMMNHK,
paAno3aKoIOrMn U Apyrmx Hayk. B cBs3m ¢ 3TuM, ns-3a 60nbworo obbema
paccMaTpunBaeMblX BOMpocos B AaHHOM yl-leﬁHOM nocoéum MaTepumnan U3J10KeEH B TE3UCHOMN
¢opme. OCHOBHOE BHUMaHWE yaeneHo KOMMAIeKCHOMY noaxoay K npobnemam. [ins 6onee
I'J'Iy6OKOFO 3HaKOMCTBa C UMeLWNMMNCA AaHHBbIMWN YNTATENO PEKOMEHAYETCA O6paTVITbCFI K
cneunanbHbIM Hay4HbIM, CNPaBOYHbIM U yl-leﬁHbIM I'Iy6J'II/IKaLLVI$|M. OTUM 06BbACHATCA
3HaUUTENbHbIE pa3Mepbl CNUCKa NUTepaTypbl.

I. NOA3EMHbIE BOAbl— COCTABJIAIOLLASA



YACTb FEOJIOFMYECKOW CPEAbI

B nocnenHee BpeMsi BEPXHIOK YacTb 3EMHOM KOpbl BCE Yallle pacCMaTpuBaloT KakK 3/1IEMEHT
cpenbl 06UTaHMA Yyenoseka. B cBsi3n ¢ 3TUM B nuTepaType NPOYHO YKOPEHMNOCh MOHATME
"reonornyeckas cpepa". Akagemmnk E.M.Ceprees otmeyan, 4YTo noj reo/10rM4eckoi cpeaon
c/1eqyeT MoHUMAaThb BEPXHIO YacTb JIMTOCHEPDLI, KOTOpasi pacCMaTpmnBaETCs Kak
MHOIrOKOMIMOHEHTHAas ANHaAMM4YecKasl CUCTeMAa, HaxoAsLLasiCs rnos BO34erCTBUEM
MH)XXEHEPHO-XO035IMCTBEHHOM AESTE/IbHOCTH YESIOBEKA U, B CBOKO 0YEPEAb, B U3BECTHOM
cTerneHu onpegensouas 3Ty AesitesibHoCcTb. H.U.[TNOTHNKOB, YTOYHSAS NOHSATME
"reonornyeckas cpefa", xapakTepm3yeT ee KaK HEOTbEM/IEMYIO YaCTb OKpYXKaloLlen cpeabl
n bruocdepbl, oxBaTbiBalOLWYy BEpXHME pa3pesbl rmaporeocdepbl, B KOTOPYH BXOAST
yeTblpe BaXKHENLWMX KOMMOHEHTA: ropHble Nopoabl (BMeCTe C No4YBOM), NOA3EMHbIE BOAbI
(BMECTe C XMAKMMU Yyr1eBoaopoaamn), NpnupoaHble rasbl U MUKPOOPraHmM3Mbl, MOCTOSIHHO
Haxoasiwmecs B paBHOBECUM U (DOPMUPYHOLLNE B €CTECTBEHHbIX M HapYLUEHHbIX YC0BUSAX
AVHaMuyeckoe paBHoBecue [42]. YunTbiBasl, YTO MMEHHO COCTOSIHME 3TOr0 paBHOBECUS U
onpeaensieT coCcTaB NOA3EMHbIX BOA, MX MOXHO pacCcMaTpmMBaTb He TOJIbKO Kak Hamnbonee
MCMOIb3YEMYIO, YA3BUMYIO N AMHAMUYHYIO COCTaB/ISOLLY Fe0NI0rMYEeCKOn cpeabl, HO U Kak
OCHOBHOW MHAMKATOpP €e COCTosAHUSA. [pn opraHu3aunum LEHTPOB MOHUTOPUHIA COCTOSIHUS
reoslorM4yeckon cpeabl OCHOBHOE BHMMaHWe yaenseTcs NoA3eMHbIM BoAaM, B NEPBYIO
oyepeab NPECHbIM, KOTOPbIE MOMUMO BCEr0 MPOYEro SIBASKTCA U LEHHENLLMM NONE3HbIM
MCKOMNAEMbIM.

’I.1. OCHOBHbIE KOMIMOHEHTbI COCTaBa NpPeCHbIX NOA3EMHbIX BOA

HecMmoTps Ha Manyto MMHepanusauuto, 4o 1,5 r/n, npecHble nog3eMHble BOAbI
npeacTaBAstoT cO60M CTOXHY MHOMOKOMIMOHEHTHYK CUCTEMY, BK/THOYAKOLLYIO Lesbin
KOMMJIEKC HEOPraHNYeCKUX U OpraHNYeCcKnUx COeANHEHMU, ra30B M XXMBOIO BeLLeCcTBa.
HecMoTps Ha Manyt MMHepanusauuto, 4o 1,5 r/n, npecHble nog3eMHble BOAbI
npeacTaBnatoT cob6oi CNOXHYO MHOTOKOMMOHEHTHYIO CUCTEMY, BK/TIHOYAOLLYO LeNbln
KOMMJIEKC HEOPraHNYeCKUX U OpraHN4YeCcKnUx COeANHEHMU, ra30B M XXMBOIO BeLLeCcTBa.

HeopraHunueckue Bewecrea — MakKpo- ¥ MUKPOKOMIOHEHTbI. B 3aBMCMMOCTM OT
KOHLIEHTpauMmn HeOpraHM4YeCcKMX BELWeCTB B NOA3EMHbIX BOAAX BblAENSOT
MaKpPOKOMMOHEHTbI (AECATKM U COTHU Mr/A) N MUKPOKOMMOHEHTbI (MeHee 1 mr/n).
MaKpOKOMMOHEHTbI ONpeaensioT XMMUYECKNI TUN BOAbl U, KakK CleACcTBME, ee OCHOBHbIe
noTpebutenbckme CBOMCTBa. B nepsyto ouepeab, K HUM cnegyet oTHectn Ca?t , Mg?t , Na*,
K*, CI", SO4* n HCO>. KOHLEHTpaLumn n BO3IMOXHOCTb HaKOMIEHUS B NOA3EMHbIX BOAAX
MaKpOKOMMOHEHTOB ONpeAensaTCs reosioro-ruaporeosormyeckuMm yCnoBmMsMmn 4aHHOIo
panioHa M BO MHOIOM 3aBUCST OT MUHepasibHOro CocTaBa BoAOBMeLllarowmx nopoa. K
MUKPOKOMIMOHEHTaM MOXHO OTHECTU BCe ApYyrue 3/ieMeHTbl. B HacTosilwee BpeMsa B BOAE UX
obHapy>xeHo 6onee 80. bosnbllas YacTb U3 HUX COAEPXUTCS B BOAE B KOHLIEHTpauMsaX
MeHee 1 mkr/n. B Tabn. 1 npvBeaeH NopsaoK MakKCMMasbHbIX KOHLEHTPaUMMn XMMUYECKMX
3/1eMeHTOB, 0bHapyXMBaeMbiX B MPECHbIX NOA3EMHbIX Bodax [22].

Tabnuua 1
dnemeHT C,Mr/n OneMeHT C, mr/n OneMeHT Slr/n SnemeHT M;‘/J‘I
N n-100 In <0,00n Nd <0,00n Sc 0,00n
Al o,n; n I o,n Ni 0,0n Sr n-10
Ba 0,n Yb 0,00n Nb 0,0n Sb 0,0n
Be 0,00n Y 0,0n Sn 0,0n T 0,0n
B n Cd 0,0n Pd <0,00n Ta 0,00n

Br 0,n K n-10 Pt <0,00n Te 0,00n



\ 0,00n Ca n-100 Pr <0,00n Tb <0,00n

Bi <0,00n Co 0,00n Pm <0,00n Ti o,n
w 0,0n Si n-10 Ra n-101° Th 0,0n
Gd <0,00n La 0,0n Re 0,00n Tu <0,00n
Ga 0,n Li 0,n Hg 0,00n C n-100
Hf <0,00n Lu <0,00n Rb 0,0n U 0,0n
Ge 0,00n Mg n-100 Ru <0,00n P o,n
Ho <0,00n Mn 0,n Sm <0,00n F n-10
Du <0,00n Cu 0,0n Pb 0,0n Cl n-100
Eu <0,00n Mo 0,0n Se 0,0n Cr 0,0n
Fe n-10 As 0,0n S n-100 Cs 0,0n
Au 0,00n Na n-100 Ag 0,0n Zn o,n

Zr 0,00n Er <0,00n

M3 npuBeAeHHbIX AaHHbIX BUAHO, YTO He Nobas NpecHas rnoA3eMHas BoJa MOXET
MCMNONb30BaTbCA ANS MUTLEBOrO BOAOCHABXEHUS, TaK KakK CoAepXaHMe MHOIMX
MMWKPOKOMMOHEHTOB B €CTECTBEHHbIX YC/TOBUAX MOXET MPEBbILWATh yCTaHoBAeHHble MAK
(NnpenenbHO JOMNYCTMMblE KOHLIEHTpauumn).

OTAENbLHOM rPynmnoi cpean HEOPraHUYECKMX BELLECTB C/lIeAyeT BblAENUTb PAAN0AKTUBHbIE
3neMeHTbl. KOHUEHTpauMM paanoakTUBHbIX 3/1EMEHTOB U3MEPSIOTCS HE B BECOBbIX
eMHMLUax Ha 06beM, a B KOMIMYECTBE pacnafoB M30ToMa 3a CEKyHAY B eanHuue obbema.
OavH pacnag B cekyHAy B paanosornu nonyyun HassaHue 6ekkepenb (Bk). Takum
06pas3oM, KOHLIEHTpaUUN paanoakTUBHbLIX 3/IEMEHTOB B BOJIE U3MEPSAOTCA B 6ekKepensx Ha
nnTp. Hanbonee pacnpocTpaHEHHbIMU €CTECTBEHHbIMU PaAMOaKTUBHbLIMU M30TOMaMK B
NPUPOAHBIX BOAAX ABASIOTCSH M30TOMbI Kanua ¢ aToMHbIM Becom 40 (*°K), paaus (**°Ra),
pagoHa (?%2Rn), ypaHa (%*8U). Kak npaBunio, nx cyMMapHas KOHLIEHTPaLua He npesbilaeT
10 Bk/n, oAHaKo B MecTax, rie B reo/lIorMYeckoM pa3spese BCTPeYalnTCa paAnoaKkTUBHbIE
MUHEepasbl, KOHLEHTpauus eCTeCTBEHHbIX PaAN0O3/IEMEHTOB B BOAE MOXET AOCTUraTb
Tbicaun n 6onee bk/n.

OpraHuyeckue BewecTBa. [1pecHble Noa3eMHble BOAbl BCEraa coaepXaT TO UM NHoe
KOJIM4EeCTBO OpraHM4YeCcKoro BelecTBa. B ecTeCTBEHHbIX YCNIOBUSX UX COAEPXKaHMeE, KaK
npaBwsio, yMeHbllaeTcs ¢ rnybuHon. CocTtaB opraHMYeCKnx BeLeCTB AO0BOJIbHO C/TOXEH U
MOXeT 6bITb NpeAcTaBfieH BCEMU KlacCaMu OpraHMyeckmnx coeamHeHunin. Hanbonee
pacnpocTpaHeHbl BbICOKOMONEKYNAPHbIE KUCIOTbl (HanpMMep, rYMUHOBbIE KUCOTbI U
dynbBokMCcnoTbl). OHM MOCTOSSHHO NMPUCYTCTBYIOT B FPYHTOBbIX BOAAX B KONMYECTBE OT
O[HOI0 A0 HEeCKoNbKux Mr/n. B nocnegHune roabl B NMoA3€MHbIX BoAaX OOHaApyXeH uenbli
PS4 @aMUHOKUCIIOT, ABSIOWMXCS CTPYKTYPHbIMUK 3nemeHTamMmn 6enkoB. Kpome T0ro, B
NMpPecHbIX NOA3EMHbIX BoAax HedTerasoHOCHbIX MPOBUHUNI, KakK NpaBuio, NPUCYTCTBYIOT
HadTEeHOBbIE KUC/IOThI U pa3/inyHble YrNeBOAOPOAHbIE COeANHEHMS.

Tak Kak onpegeneHne OTAeNbHbIX OPraHMYeCKUX COeANHEHMN B NOA3EMHbIX BOAAX
3aTpyAHEHOo, TO, Kak NpaBu/io, OLeHMBAeTCsa UX CyMMapHoe uncno. Hambonee
pacnpocTpaHeHa CyMMapHas oLeHKa OpraHM4eckmx BeLecTB C NMOMOLLbIO BESINYMHbI
okucnaemoctn (MrO/n) konnyectsa opraHnyeckux yrnepoga (Copr ) ¥ @3oTa (Nopr).
Hanbonee TOYHOIM XapaKTepuCTUKOM 0bLero cogep)xaHms OpraHM4yeckmx BewecTs B
NoA3eMHbIX BOAAX ABAAETCA KONNYecTBo Copr.

MukpoopraHusmbl. I3 MMKpOOpraHnaMoB Hanbosnbllee 3Ha4YeHne B MPeCHbIX NOA3EMHbIX
BOAAX MMeIT BaKTepumn, TakXe BCTPEYatoTCS MUKPOCKOMUYEeCKMe BOAOPOCN, NpocTenune
M BMpYChbl. PasnmyatoT aspobHble n aHaspobHble 6akTepun. MNepBbiM AN pa3BuUTUSA
TpebyeTcsa KNCI0poA, BTOPbIE CYLLECTBYIOT NP ero OTCYTCTBMW, BOCCTaHaB/MBas
cynbdaTbl, HATPaTbl N ApyrMe KMCnopoacoAepxallme Bellectsa. B npecHbix noa3eMHbIX
BOAAX 30Hbl aKTMBHOIO BOAOOOMEHa pa3BUBAIOTCHA FHUIOCTHbIE, CanpoduUTHbIE,
AeHUTpudnumnpyrowmne n knetyaTkosble 6aktepun. Obuiee yncno 6aktepuini MoXeT



AOCTUIraTb MUNJIMOHA Ha 1 Mn BOAbl, MNKPOCKOMNYECKNX BO,D,OpOCﬂeVI — TbICAY Ha OANH
JINTP, NPOCTENLLNX — COTEH M TbICAY Ha OoAWH NUTP. Yncno 6akTepuii B BoAe 3aBUCUT,
rnaBHbIM 06pa3oM, OT HaNMuUMSA B HE NUTATENbHbIX BellecTB. bone3HeTBOpHble BakTepuu,
ANna pa3BUTUA KOTOPbIX HY>XEH XUNBOM 6€J'IOK, COXpaHAKTCA B NoA3EMHbLIX BOAaX, KaK
npaswuno, He 6onee 400 cyT.

Ma3sbl. OCHOBHbLIMM ra3aMun, pacTBOPEHHLIMU B MPECHbIX NOA3EMHbIX BOAaX, SABAAKOTCA
Kncnopog, a3oT, YrJIEKUCNbIM ra3 U cepoBoAopos. B He3HaunTenbHbIX KONnyecTBax
BCTpPeYalTCs 1 BCe OCTasibHble rasbl. [10 reHeTUYeCKnM npmuaHakam BblAENSOT rasbl
Bo3ayLwHoro npouncxoxaenus(0,, N,, CO,), 6uoxmmmdeckmne (CO,, H,S, Ny) n rasbl
aaepHbix npespaweHui (He, Ra). Hanbonee HeratmBHoe BAnsHWe Ha notpebutenbckue
CBOWCTBa BOAbl OKa3bIBAET Ha/IMUYMe B HEN CepoBOAOpOAa. DTO CBSI3aHO He TOJIbKO C
opraHonenTu4eckMMm nokasatensamm. CepoBoAoOpPOA Bbi3blBAET MHTEHCUBHYO KOPPO3ULO
MeTa/umyeckmx obcagHbix Tpyb n apyroro obopyaoBaHus B pe3dyabTate 06pasoBaHus
rmgpoTpomnuTta (FeS-nH,0).

B npecHbIx Nog3eMHbIX Bogax rnpeobnafatoT pacTBOpPeHHbIe POPMbl XMMUYECKMX
anemeHToB. KonnovaHble ¢opMbl MPUCYTCTBYOT B OCHOBHOM TOJ/IbKO B FPYHTOBbIX BOAAX.
naBHbIM 06pa3oM 3TO COeAUHEHUS 3/IEMEHTOB C OpraHUYecKUMU BELWECTBAaMN NYMYyCOBOIO
psfa, ocobeHHO ¢ QyNbBOKMCIOTaMMN, @ TaKXKe NOIMMEPHbIE COeANHEHUS KpeMHe3eMa. B
WCTUHHOM pacTBOpE BELEeCTBO MOXET HaxoAMTbCSA B BMAE MPOCTbIX M KOMMIEKCHbLIX MOHOB,
a TaKXe HehTpanbHbIX MOHHbIX Nap U MOMEKY/I.

’I.2. OCHOBHbIE Npoyecchl, onpeaensowme ycnosmus bopMmmposaHus
XMMMUYECKOIro COCTaBa NPEeCHbIX NOA3EMHbIX BOA

MpaKTnyeckn Bce NnpecHble Noa3eMHble BOAbl MO CBOEMY MEHE3UCY OTHOCATCH K
MHPUNbTPALWOHHBIM, T.e. 0bpa3oBaBLIMMCS B pe3ynbTaTe nHdUAbTpaLUnmM aTMOChEpPHbIX
ocagkoB. B panbHelweM XMMUYECKNiA COCTaB MHMUNLTPAUNOHHBIX BOA (popMMpyeTcs noa
AencremeM puanKo-XmMMmMYeckmx n BUMOXMMMYECKnX rMpoLeccoB, NPUBOASLLNX K
paBHOBECUIO MeXAy BOAOW, BOAOBMELLAOWNMM NOpPOAaMUM, Fra3aMu U XMBbIM BELLECTBOM.
Cpeav HUX B MepBYI o4yepenb cneayeT BblAeNTb: pacTBOPEHWE — MpoLecc nepexoaa
BeLlecTBa M3 TBepaomn dasbl B XUAKYH, CONMPOBOXAAMLWNIACA pa3pyLleHMeM
KPUCTaN/IMYeCKON CTPYKTYpbl TBEPAON da3bl, BbllenauymBaHne — nsbuparesbHoe
M3BNEeYEHNE KaKoro-anbo KOMNOHEHTa U3 TBEPAOro BeLleCTBa, COXPaHSOLWEro Npu 3TOM
CBOIO KPUCTaN/IMYECKYIO CTPYKTYPY, KpUCTanNM3aumo — NpoLEeCcC BblAENEHUst TBEPAOW
¢da3bl N3 HACbIWEHHOrO pacTBopa, copbumnio n aecopbumio — npouecc n3bmnpatesbHOro
MOr/IOWeEHNS UK BblaeNeHNs ra3006pasHbiX U paCTBOPEHHbLIX BELLECTB TBEpPAOW da3zom,
WMOHHbIN 06MeH — Mpouecc 3KBMBaNEHTHOro obMeHa BELECTBOM MexAy TBEPAON U XUAKOWN
¢dazamm, Buoxmmmyeckme nNpoueccbl — MpoLecchbl, CBA3aHHbIe C OKUCIEHWEM UK
BOCCTaHOBJIEHMEM BeLLeCcTBa NoA AeNCTBMEM MUKPOOPraHmM3MoB. Bce BbllwenepevyncneHHole
MpoLecchl B3aMMOCBSi3aHbl 1M, B CBOKO OUYEpeab, ONMpPeaensitoT XapakTep OKUCIUTENbHO-
BOCCTaHOBUTESIbHbIX peakLuMii, NpoTeKaloLWwmx B CaMOM BOAHOM pacTBope. [eoxmMmnm
MpecHbIX NOA3EMHbIX BOJ NOCBsLLEHa MoHorpadusa [22], a TakXe oTAeNbHble rNaBbl B
pabotax [2, 18].

[anee paccMOTpUM Murpaumio BeLECTBa B MOA3EMHbIX Bogax. lNoa3eMHble BOAbI
npeacTaBAsioT cob0oM CIOXHY NOABMXHYIO cpeay. Murpaums Bewlectsa NnponcxoaunT
NpeMMyLLeCTBEHHO BCeACTBUE KOHBEKLMU, T.e. NepeMeLLeHNs BEeLWeCcTBa BMeCTe C BOAHOM
¢da3zoin. MNMpun o4eHb MasnbiX CKOPOCTSX NOTOKa BO3pacTaeT posb Auddy3nm — Murpaumm
BewecTBa 6bnarogaps HaAM4YMIO rPaanEHTOB KOHUEHTpauuu. B peanbHOM ananasoHe
ckopocTen dunbTpaunm Noa3eMHbIX BOA MacCOMepeHOoC OCYLEeCTBSEeTCS rfnaBHbiM 06pa3om
NyTeM KOHBEKLWU, T.€. BMECTE C MOTOKOM XWNAKoCTU. CpeaHas AeNcTBMUTeNbHas CKOpPOCTb
notoka V onpeaensietcs ypasHeHunem: V = kI/n , rae k — koaddpuumeHTt dunotpaumm, I —



HaMoPHbIN rPaAMEHT, N — aKTUBHAast MOPUCTOCTb.

B npouecce murpaummn nponcxogmt anddysmoHHoe n punbTaumMoHHOE paccemBaHue
BellecTBa, T.e. ero gucnepcusa. dunpTpaunoHHasa aucnepcusa obycnosneHa BeTBIEHUEM
3N1eMeHTapHbIX CTPYeK BOAbl B pe3ysibTaTe HEOAHOPOAHOCTU MOJISi CKOPOCTEN MOTOKA
BHYTPW NMOPOBOro NpoCcTpaHcTBa (MUKPOANCNEPCUS) N HEOAHOPOAHOCTU MOp B
BoZOBMeLLaoWwmx nopogax (Makpoancnepcus). Takmm obpasom, Npu Murpaumm BellecTsa B
noAseMHbIX Bogax obpasyeTcs opeosn ero pacCemBaHms C YMEHbLUEHNEM KOHLEHTpaunin K
ero kpasMm. bonee noapobHO Teopma macconepeHoca nanoxeHa B pabortax [6, 11, 24, 33].

NMoMmmmo amMcnepcum, MMrpaums BellecTsa B NOA3EMHbIX BOAAX COMNPOBOXAAETCS
XUMUYECKUMN, BUOXMMUYECKUMU N DUBNKO- XMMUYECKMMWN NMpoLeccamm, HanpasieHHbIMN
Ha NMpuBeAeHMe B paBHOBECHOE COCTOSIHME CMCTEMbl BoAa - nopoAa. B ciyyae nonagaHus B
noA3eMHble BOAbl 3arpsA3HAILWMX BEWECTB COBOKYMHOCTb MePeUYNCNEHHbIX Bbllle
npoueccoB o606L1aeTcsa NOHATUEM CaMOOUULLEHME.

CamoouneHne noa3emMHbliX BOA OT HEOPraHMYeCcKMX BeLLeCcTB NPOMCXOANT, Kak npaswunio,
BC/1eACTBME OCaXXAEHMS KOMMOHEHTOB pacTBOpa Ha reoxmmmyeckmx bapbepax. MNoHsaTne o
reoxmuMmyeckmnx bapbepax 6b1510 cchopmynumposaHo A.U.MepenbMaHoM [40]. FeoxmMmnyeckmi
6apbep — 3TO 30Ha, B KOTOPOM Ha KOPOTKOM PacCTOSHUU MPOUCXOAUT pe3Kas CMeHa
rMAPOreoXMMmNYECKNX YCNOBUIN MUFPaLMn XMMUYECKUX SNIEMEHTOB, YTO Bbi3blBaeT
oCaXxaeHue 3TUX 3N1IEMEHTOB B TBepAYH dasy. NeoxmMmyeckmne 6apbepbl BO3HUKAKOT He
TONIbKO Ha rpaHuue pasHbix a3, HO U B O4HOPOAHOM cpeae, HanpuMep, nNpu naMeHeHum Eh
— pH yCcnoBuin NoA3eMHbIX BOA WIN KOHLEHTpauMin OTAENbHbIX KOMMNOHEHTOB pacTBopa.
OCHOBHbIMW reoxuMmyecknmu bapbepamu, NpUBOAALLMMUM K CAMOOUYNLLEHWNIO MPECHbIX
MoOA3EMHbIX BOA, ABSIOTCS OKUCIIUTENbHBIN (KUCTOPOAHbIN), BOCCTAHOBUTENbHbIN,
Leno4yHomn (rmaponmTnyeckmnii n kapboHaTHbI), cynb@uUaHbIN, KNCbIN, COPOLMOHHBIN
rMAPOKCUAHBIN U COPOLMOHHBIN TNMUHUCTBIN.

OKuncanTesbHbIM 6apbep 3aK4YaeTcs B oKMcneHnm 6onee pacTtBOpMMbIX BOCCTAHOBIEHHbIX
coeMHEeHNI B MeHee pacTBOpUMbIe OKMUC/IeHHble. Hanpumep, cnocobHOCTb
OKOMIOHENTPanbHbIX U OCOBEHHO LLesTOYHbIX MOA3EMHbIX BOA 0CaXAaTb 3/1eMeHTbl —
rmaponusaTbl ¢ MMHUManbHbIM MNP rngpokcnaos (Mn, Fe, Al). B pe3ynbTaTe Takux
MpoLEeCCOB a)ke Ha y4yacTKax 3arpsi3HeHus AaHHbIMW 31eMeHTaMu NoA3eMHble BOAbl MOryT
COXPaHSATb CBOM NMepBOHAaYasibHbIN COCTaB.

BoccraHoBuTeNnbHbIV 6apbep XapakTepulyeTcs npeobpa3oBaHMeEM bonee pacTBOPUMbIX
OKUC/EHHbIX POPM 3/IEMEHTOB C NEPEMEHHON BaNEHTHOCTLIO B MEHee pacTBOpUMble —
BOCCTaHOB/eHHble. Hanpumep, Cr B OKONIOHENTPanbHbIX KUCIOPOACOAEpPX)aLLMX BOAAX
HaxoauTca B BuAe aHMoHoB HCrO™ n CrO2™* (Cr®*). Mpu cHuxennn Eh npoucxoant
o6pa3oBaHne Mano-pacTBOPUMbIX coeamHerunit Cr(OH); u Cr,05 (Cr3).

LjesouHOM ruapoanTndeckmii 6apbep BO3HUKAET NMpu yBenmdeHumn pH cpeabl. MNMpn 3TOM
MHOrMe 31eMeHTbI, MUrpupytLlme B Buae komnnekcos (Be®t, Hg?*, Cr3*, Fe3*, Mn3*, Cu?"),
NnepexoasT MOSTHOCTBIO UM YAaCTUYHO B TBEpAylo da3y B Buae ruapokcnaos (BeF™ +20H =
Be(OH), + F).

[encrtBue Leso04Horo kapboHaTHoro bapbepa OCHOBAHO Ha 0bpa3oBaHUM TPyAHO-
pacTBOPMMbIX KapboHaTOB KaTMOHOIMEHHbIX 3/IEMEHTOB U 3/IEMEHTOB —
komnnekcoobpasosartenen (Fe, Mn, Co, Zn, Pb n ap.).

CynbpuaHbivi 6apbep oCHOBaH Ha o6pa3oBaHMM TPYAHO-PACTBOPUMbIX CYJIbPNAOB MHOIMMNX
3/IEMEHTOB — KOMIiekcoobpasoBaTesiein n aHMoHoreHHblx anementoB (Cd, Cu, Hg, Ni, Pb,
Zn, Mo, As, Sb). YcnoBus aencteumsa aToro 6apbepa co34atoTcs B 30HAX CynbdaT-peaykumnm,
a TakXe npu NoaToke CcybduaHbIX BOA.

CopbUMOHHBIN rnapoKcuaAHbIN 6apbep OCHOBAH Ha TOM, YTO CBeXeOoCaXAeHHble
rMMAPOKCUAbI NONMBANIEHTHbIX 3/1IEMEHTOB ABAAOTCHA 3P dekTUBHbIMM copbeHTamMmun. B nepeyto
oyepenb K HUM OTHOCATCA rmgpokcmabl Fe, Mn, Al. B kncnon cpege AaHHble rMapOKCUAbl
Hanbonee NMHTEHCMBHO coocaxaatoT W, As, Se, Mo, Cr, Sb n ap. B weno4yHon cpene



coocaxgatoTcs Ba, Sr, Zn, Cu, Pb n gp.

Copb6UMOHHbIV TIINMHNUCTLIN 6bapbep 06yCnoBAEH HaAnYMeEM OTpULATENBHOrO 3apsga Ha
NOBEPXHOCTWN MIMHUCTbIX MMHEpanoB. B pe3ynbTate KaTMOHHOro obMeHa 34ecb MOryT
ocaxaaTtbcs Li, Be, Zn, Cu, Cd, Pb, Hg, Co, Ni, Tl n T.A4.

Kak npaBuio, B NPUPOAHbIX YC/IOBMSIX BCEraa MMeeT MecTo He OAMH, @ HECKOJIbKO
reoxummyeckmx 6apbepos. C no3mumMm caMoovnLeHns NoA3EMHbIX Bo4 Hanbonee

3 DEKTUBHBLIMU ABAIOTCSA OKUCITUTENBbHbIE Bapbepbl A5 3/IEMEHTOB C NepeMeHHOMN
BANIEHTHOCTbIO U COpOUMOHHbIE AN 60MbLUINHCTBA 3/IEMEHTOB, COAEPXKALLUNXCS B BOAE B
MUKpoKonM4yecTBax. [ns opraHMyeckmxX BeleCcTB XapaKTepHbl TakXXe npoLecchl
camopasfioxeHus. B 3ToM cnyyae BewwecTBO NpoAos/KaeT MUTPMpoBaTh, HO yXXe B Buae
MPOAYKTOB XUMUYECKNX N BUOXMMMYECKUX peaKkLun.

Ba)>kHOWM XapaKTepUCTUKOM MpOLECCOB CaMOOUMLLEHNS SBJISIETCSH CKOPOCTb UX NPOTEeKaHUs.
CKOpPOCTb XMMUYECKMX peaKkLMin yMeHbLIaeTCs Npu NOHMXKXEHUM TemnepaTypbl. Ans
NpUBANXKEHHON OLEHKN BAUSIHUS TEMNepaTypbl Ha CKOPOCTb XMMUYECKON peaKkLUmMm MOXHO
noab30BaTbCs NMpaBuioM BaHT-MFodda, n3 KOTOporo cneayeT, YTo NPU NMOHMXEHUN
TemnepaTtypbl Ha 100C CcKOpOCTb peakumn ymeHbluaeTcsa B 2-4 pasa. [nsg 6noxmMmnyeckmx
peakuMii xapakTepHa 3aBMCUMOCTb MX CKOPOCTU Kak OT TeMnepaTypbl, Tak 1 OT
coAepXxaHusa kncriopoga. [ns Kaxaoro Buaa MMKpPOOPraHM3MOB XapaKTepeH CBOW
TeMnepaTypHbIA Anana3oH Xn3HeaeaTesIbHOCTU. [1pyM HECOOTBETCTBUM TeMMNepaTypPHbIX
YCNOBUIN B NOA3EMHbIX BOAAX STOMY AMAna3oHy XU3HedesATeNbHOCTb MUKPOOPraHM3MOB
3aMeansieTcs B AeCATKU U COTHUM pas.

I1. BIMAHUNE COCTOAHUA NOA3EMHbLIX BO4 HA
SKOCUCTEMY YEJTIOBEKA

B cBa3n ¢ rnobanbHbIM 3arpsi3HEHMEM MOBEPXHOCTHbLIX BOA LIEHTPanAn30BaHHOE
BOoAOCHabxeHne BCce B 60MbLUEN CTENEHN OPUEHTUPYETCS Ha Noa3eMHble Boabl. OAHAaKO B
YCNOBUSIX pacTyLen TEXHOreHHON Harpy3ku Ha OKpy>KaloLyt cpeay W rnoa3eMHble BOAbl
noABEpratoTcs 3arpsi3HEeHMI0. TeXHOreHHble KOMMOHEeHTbl 06HapY>XNUBAKTCS yXe He TONbKO
B BEPXHMX, cNnabo 3alunLLEeHHbIX, BOOOHOCHbIX FOPM30OHTaX, HO U B FMYHBOKNX apTe3naHCKNX
pesepByapax. 3arpsa3HeHMe NoA3EMHbIX BOA BNeYeT 3a CO60M uenblii psag dKONOrnmyeckmx m
coumanbHbIX MOCIeACTBMN. TpebyeT cepbe3HOro BHMMaHMs pacnpocTpaHeHue
3arps3HSALWNX KOMMNOHEHTOB M3 NOA3EMHbIX BOA MO MNULLEBbIM LensaMm. B aToM ciydae
TOKCMYECKME 3/1IEMEHTHI NOMaaatoT B OPraHM3M yesnioBeKa He TOSIbKO C NMUTbEBOW BOAOM, HO
M yepes pacTUTENbHYIO U XXMBOTHYIO NuLly. [axke ecnn HaceneHme He NbeT 3arpsa3HeHHY
BOZY, @ TO/IbKO MUCMOMb3YET ee ANa NPUroToBAEHUS MUK, BOAONOS CKOTa U NOAMBa
pacTeHUN, 3TO MOXET OTPA3UTLCHA Ha 340POBbE HE TOJIbKO HbIHELHEro, HO N NOCeaYOLWMX
rnokosieHn. CBOEBpPEMEHHbIN, ONEPaTMBHbIN U Ka4eCTBEHHbIA KOHTPO/Ib 3@ XMMNUYECKNM
COCTaBOM BO/Abl, UCMOJIb3YyEMOM ANt XO3MCTBEHHO-ObITOBbIX LieNen, SBNsaeTcs OAHUM U3
YCNOBUI yNydllEeHNa COCTOSIHMUS 340p0OBbs HaceneHus. MNMpobneMa kayecTBa NOA3EMHbIX BOZ,
B HacCTosLLee BpeMsl NpeBpaTuiacb B O4HY M3 CaMbiX aKTyasibHbiX NpobreM yenoseyecTsa.
'11I.1. 3HauYeHMe XMMNYECKOro cocrtaBsa BoAbl Npu ee UCnoJib30BaHUu
MpecHble noa3eMHble BOAbl MCMOJb3YIOTCS KaK A/t MMTbEeBOro BOAOCHAbXeHUs, Tak 1 B
MPOMBILNEHHOCTN, CENIbCKOM XO3SIMCTBE, Ha TPAHCMOPTE — MPaKTUYECKM Npu BCeX BMaax
yesioBeYeCcKkon aessTenbHOCTU. B 3aBUCMMOCTM OT Lenen ncnonb3oBaHus BoAbl TpeboBaHMs
K ee XMMMYEeCKOMY COCTaBy MOryT 6bITb pa3nnyHbl. K Boge, NpMMEHSEMON B pa3fIMUHbIX
OTpac/isiX MPOMbILIEHHOCTU, NpeabaABAsATCSA TpeboBaHMsA B COOTBETCTBMU CO CNeUndUKon
AAHHOro Bnaa npousBoacTea. Hanpumep, B caxapHOM NpoM3BOACTBE HEOBXOAUMO, YTO6bI
BOAA UMesnia MUHUManbHYO MUHEPANM3aumio, Tak KakK NpucyTcTBme Nobbix conen
3aTpyAHSIET BapKy caxapa. B nmBoBapeHHOM Npon3BOACTBE TpebyeTcs OTCYTCTBME B BoAE
CaS04, npenatcrBytowero 6poxxeHunto conoga. B Boge, npyMMeHseMon Ans BUHOKYPEHHOIO
NMPON3BOACTBA, HeXenaTesbHO NPUCYTCTBME XJTIOPUCTOro KanbLns U MarHus, KoTopble
3a[1EPXXNBAOT PasBUTUE APOXIXKEN. B TEKCTUNBHON U 6yMaXKHOM MPOMbILLIEHHOCTU HE
AO0MNyCcKaeTcs NpUCYTCTBME B BOAE Xene3a, MapraHua U KpeMHUeEBOW KUCAOTbI.
Mpon3BOACTBO MCKYCCTBEHHOIO BOJIOKHA TpebyeT Manoi OKMCNsSeMocTn Boabl (MeHee 2
MrO/n) n MMHUManbHoM xecTtkoctn (go 0,64 Mr-ake/n). Takmne xe TpeboBaHMsa No



YKECTKOCTU NPeabsB/ISAOTCSA K BOAE M B SHEPreTu4yeckor npombliwneHHocTu. K Boae,
NCMNONIb3yeMON ANS XO351MCTBEHHO-NUTHEBOIr0 BOAOCHAbXeHWs, NpeabsBisieMble
TpeboBaHMSA MOXHO CBECTU K ABYM OCHOBHbIM yCN0BUSAM: 6e3BpefHOCTM ee A/ OpraHu3ma
M yOOBNETBOPUTENbHOMY KayeCcTBY MO BKYCy, 3anaxy, NpO3padvyHOCTM U APYTUM BHELUHUM
CBOWCTBaM.
MoHsATHMe "kauecTBO" ANA NOA3EeMHbIX BOA, UCMOJIb3YyEMbIX A/ MUTbEBOro
BOoAOCHab>keHusA. B HacToswee BpeMs KayeCcTBO NMUTLEBOM BOAbI, KakK Npasusio,
OLleHMBaeTCs MyTeM CPaBHEHUS €€ CBOWCTB U BESIMYMH COAEPXKAHUS B BOAE Pa3/IMYHbIX
KOMMOHEHTOB C UX YTBEPXAEHHbIMU 3HaueHnamu m MNAK. Ecnn Takux npesbllWeHnn He
obHapy>XeHo, BoAa CYMTaeTCcsa rogHon K ynotpebneHuto ans nutbesblX Lenen. OgHako ewe
B 1964 r. npod. MN.E.KanMmbikoB nucan: "Boaa, npuHMMaemasi BHyTpb B HaTypasibHOM BUAeE
WAW B BUAE HAaNMUTKOB, @ TakXe B COCTaBe NULLM, C MOSIHbIM OCHOBaHWEM MOXET
paccMaTpmMBaTbCS KaK nuTaTeslibHOe BeWeCcTBO B TOYHOM CMbIC/e 3Toro noHatmna."[16, ¢.83]
B cBA3M c 3TMM npeacTasnseTcs, 4To, ropops 06 "akonornyeckom Kayectse" NUTbLEBOM
BOAbl, HE06X0ANMO OT OAHO3HAYHbIX OLEHOK ThUMNa "npurogHa — He nNpurogHa" nepexoauTb
K onpeaeneHunto ee NpupoaHbIX CBOWCTB, BAUAIOWMX Ha 340pOBbe venoBeka. HanbonbLwinii
MHTEepecC Npu 3TOM NPEeACTaBASOT KOHLEHTpauMmn B BOAE 3/1IEMEHTOB, aKTUBHO
y4yacTeyowmnx B GU3N0I0rMYEeCcKnX npoueccax.
MpuHUKMNBbI U MEeTOAbI ONpeaesieHUuA 3Ha4YeHU NpeaesibHO A0NYCTUMbIX
KOHLUEeHTpauun. HopMbl NnpeaenbHO A0MYCTUMbIX KOHLEHTPaUMA yCTaHaBAMBAOTCS MO
OpraHosenTU4YeCcKUM U CaHUTapHO-TOKCUKOOMMYEeCKNM nokasartenam. Nepsas rpynna
rnokasaTenen ycraHaB/IMBaETCH C y4eToM (hU3nYeCcKnux CBOMCTB BoAbl (BKYC, 3anax,
Mpo3payvyHoCTb U T.A4.), BTOpas — C y4eTOM TOKCUYHOCTU U BO3MOXXHOCTN HaKOMIEHNSA B
opraHusMe 4yesioBeka HOPMUPYEMbIX SNIEMEHTOB U COeAMHEHUI. B 0CHOBE HOpMMPOBaHUS
KaXaoro BellecTBa AO/HKHO NieXaTb: N3YyYEeHNE ero TOKCMYEeCKOro BO34eNCTBUS; U3ydeHne
ero BNIMSIHWUS Ha OpraHosienTUYecKkue CBOMCTBA BOAbI; U3YYEHUe ero BANSAHUSA Ha NpoLecchl
€CTeCTBEHHOIo CaMOO4YULLEHNS BOAOEMOB OT 3arpsa3HEHU OpraHM4YecKon NpupoAbl.

)I1.2. OCHOBHbIe HOPMaTUBHbIE€ AOKYMeHTbl Poccun n BceMnpHoO# opraHusaumm
3ApaBOOXpPaHEHUA, perjlaMeHTUpylolme coctaB NMTbEeBbIX BOJ

OCHOBHbIMW pernaMeHTUpYyLWMMN JOKYMEHTAMU 4J19 MUTbLEBOM BoAbl B Poccun aBnsioTcs
FOCT 2874-82 "Boga nutbeBas. 'mrueHnyeckme tpeboBaHmMs n KOHTPOJIb 3a KayecTBoM" n
FOCT 13273-88 "Boabl MMHEpanbHble NuTbeBble neyebHblie n neyebHo-ctonosbie". FOCT
2874-82 pacnpocTpaHsaeTcs Ha BOAY NpU LEHTPAsIM30BAHHOM MUCMNO/1b30BaHMM MECTHbIX
MCTOYHMKOB C pa3Bogsulen cetbto Tpyb. TOCT 13273-88 pacnpocTpaHseTcs Ha
MUHepasibHble NUTbeBbIE NeyebHble N Ne4yebHO-CTO0BbIE BOAbI, KOTOPbIE NMEKDT
MUHepanusauuo He MeHee 1 r/n unu cogepxaTt 6MoNorMyeckn akTMBHbIE MUKPO3/1EMEHTDI
B KOJIMYeCTBe He HMxXe 6anbHEeosormyecknx HopM. MNMpeaenbHo A0NYCTUMbIE KOHLEHTpaumn
60/bLWNHCTBA 3/IEMEHTOB U COEANHEHMN NMPUBOASATCS B psiAe HOPMaTUBHbIX AOKYMEHTOB,
OCHOBHbIM U3 KOTOpPbIX ABngeTca "CaHUTapHble HOPMbl U NpeaenbHO A0oNYyCTUMble
coAepXXaHus BpeAHbIX BeWecTB B BoAe BOAHbIX 06bEKTOB X03SMCTBEHHO-MUTLEBOIO U
KynbTypHO-6bITOBOro Bogononb3osaHus (CHuM)", yrBepxxaeHHble MUHMCTEPCTBOM
3apaBooxpaHeHns CCCP B 1988 r.

MexxayHapoAHble HOPMbl KadecTBa NMTbEBON BOAbl pa3pabaTbiBatoTcs BcemmpHom
opraHusaumen 3gpaBsooxpaHeHunsa (BO3) [48]. BO3 npuHATbHI peKOMeHAYyeMble BE/TUYMHDbI
COZep>XaHWs KOMMOHEHTOB, KOTOpble obecrneymBaloT KAa4ecTBO BOAbl, 3CTETUYECKN
npueMsemMoe N He NpeacTaBnsollee 3Ha4YNTEIbHON ONacHOCTU A1 340p0Bbsa NoTpebuTtens.
[aHHble BeNMYnHbBI CNyXaT OCHOBOM Npu pa3paboTke HauMOHasbHbIX CTaHAAPTOB, KOTOpbIE
npwv NpaBuIbHOM NPUMEHEHUN AOJIKHbI obecrneynBaTb 6€30MacHOCTb NUTLEBOIO
BoAOCHabxeHuMsl. Bo Bcex cTpaHax pa3pabaTbiBatloTca CTaHAAPThl KayecTBa BOAbI,
Hanbonee 6Anskme K peKkomMeHAyeMbIM BesinymHaM. MNpuHaTbie B Poccum HOpMbl KayecTBa
MUTbEBOWN BOAbI O4E€Hb 6/IM3KM K MeXAyHapOoAHbIM. B Tabn. 2 npueBeaeHbl nokasatenum
kayecTtBa Boabl No NOCTy 2874-82, PyKoBOACTBY MO KOHTPOJIIO KayecTBa NMUTbLEBOI BOAbI
BO3 (1994 r.) n CHuII. MpeacTaBneHbl TONbKO HEKOTOPbIE NOKa3aTen KadyecTsa BoAbl,
ynommHaemble B [OCTe 2874-82, CHulle nnn pykoBOACTBE MO KOHTPOJIKO KayecTBa



nuTbeBon Boabl BO3 (1994 r.). Bcero B Poccnn HOpMaTMBHbLIMK AOKYMEHTAMM YCTaHOBJ/IEHbI

NnAK ansa 6onee yem 1500 pasfiMyHbIX 271EMEHTOB U COEAUHEHUN.

Coaep)xaHne KOMMNOHEHTOB

FOCT 2874-82

M nokasaTenu CBOWCTB

Y1cno MMKpoOOpraHM3MoB B
1 cM3 BOAbI

KonnyecTBo KULLEYHbIX Nanoyek
B 1000 mn

KoNnyecTBo KULLEYHbIX Nanoyek
B 100 mn

pH

XecTkocTb 0buwas, Mr-aske/n
LiBeTHOCTb, rpaa.

Cyxon ocTaTok, mMr/n

O6wasa MMHepanusauus, mMr/n
CynbdaTtbl, Mr/n

Xnopwuapl, Mr/n

HaTpwuit, mr/n

MonudocdaTtbl ocTaTouHble, Mr/N
XXeneso, mr/n

Meab, Mr/n

LnHk, Mr/n

MapraHeu, mMr/n

ANOMUHUIA, Mr/n
MonunbaeH, mMr/n
MbiWwbsk, Mr/n
Hwutpatbl, Mr/n
Monvakpunamua, mr/n
CeuHeu, Mr/n
CeneH, mMr/n
CTpOHUMIA, Mr/n
dTop, mMr/n
Xpom (VI), mr/n
Xpowm (III), mr/n
Kaamuia, mr/n

PTyTb, Mr/n

ANbAPUH U AUNbAPWUH, MKI/N
BeHson, Mkr/n

BeH3(a)nupeH, Mkr/n

YeTbIpexxnopuUCTbI yrnepoa, MKr/n

XnopaaH, MKr/n
Xnop6eH3onbl, MKr/n
XnopodopMm, MKr/n

XnopdeHonbl, MKr/n

Mukpo6uosiormueckune rnokasarenm

100

OpraHonenTuquKue nokasartenu
6,0-9,0
7,0
20
1000
500
350
3,5
0,3
1,0
5,0
0,1
Tokcukoormueckme nokasarenm
0,5
0,25
0,05
45
2,0
0,03
0,001
7,0
0,7-1,5
OpraHuquKMe KOMIMOHEHTbI

CHul, 1988

0,3
1,0
5,0
0,1

0,5

0,25

0,05
45

0,03
0,01
7,0
1,5
0,05
0,5
0,001
0,0005

2,0
500
0,005
3,0

20
60
1,0

Ta6bnuua 2

PykoBoactso
BO3, 1994

6,5 - 8,5
15

1000
250
250
200

0,3
1,0
3,0
0,1

0,2

0,07

0,01
50

0,01
0,01

1,5
0,05

0,003
0,003

0,03
10
0,7
2,0
0,2
20
200
0,1



OAOT, mkr/n — 100 2,0

1,2-AnxnopaTtaH, MKr/n — 20 30
1,1-AnXnopaTuneH, MKr/n — 0,6 0,3
FenTaxnop, MKr/n — 50 0,03
[ekcaxnopbeH3on, MKr/n — 50 0,1
Famma-rxur, mkr/n — 4,0 3,0
MeTokcuxnop, MKr/n — 100 20
MeHTaxnopdeHon, MKr/n — 10 9,0
TeTpaxnopaTuneH, Mkr/n — — 10
TpUXNOpP3ITUNEH, MKI/N — 60 70
2,4-6-TpuxnopdeHon, MKr/n — 4,0 200

[aHHble No npeaesnbHO AONYCTUMbIM KOHLUEHTPAUMSAM pas3/iMyHbIX KOMMNOHEHTOB B BOAE
NMPUBOASATCA B Pa3/iNyHbIX CNPaBOYHbIX U3JaHnAX. CBeaeHUS 0 PU3NKO-XUMUYECKUX
CBOMCTBax, NO/y4eHUN N npuMmeHeHuu, a tTakxe MNAK anga anementos 1-VIII rpynn,
yreBoA0pOA0B M UX rasoreHONpoM3BOAHbIX U PAANOAKTUBHbIX 3/IEMEHTOB NMpPpUBEAEHbI B
YyeTblpeXTOMHMKe "BpegHble XxnMmmnyeckume BewecTtea'[4]. XuMmuyeckasa knaccudbukauus um
HekoTopble dM3nyeckme n XMMUKO-aHaauTn4Yeckmne ceoncTea okosio 1000 HOpMMpyeEMbIX B
BOAAX OpraHM4yecKkux coeanHeHnn npeacrtaBrieHbl B cnpaBoYyHmKke "OCHOBHblE CBOMCTBA
HOPMUpPYEMbIX B BOAaxX opraHuyeckux coeauHenmin" [39]. Tam xe AaHbl CTPYKTYpPHbIe
dopMynbl 3TUX coeanHenun, nx NOK, nuMnTMpyrowme npmsHakm BpegHoctn (Heob6xoammel
npu Bbibope Hanbonee onacHbIX BELWECTB A1 KOHTPOJIS U YYUTbIBAOTCA Npu
OAHOBPEMEHHOM COAEPXKAaHUWN BPeAHbIX BELLECTB), MONEKY/SPHbIE MACChl, arperaTtHoe
COCTOSIHME, HEKOTOPbIE PU3NYECKME KOHCTAHTbl, paCTBOPMUMOCTb, YCTOMUMBOCTb, 06/1aCTb
MPUMEHEHMS.

B HacToswee BpeMs ABASETCA aKTyalbHbIM COBEPLUEHCTBOBAHNE CUCTEMbI KOHTPOA
KayecTtBa NUTbEBOM BOAbl (MPUOPUTETHOCTb METOAOB aHann3a, NepuoanYHOCTb
nuccrnenoBaHunii, metogmka otbopa npob sBoabl n ap.) [3]. CamocTosAsTENLHOW 3a4a4ven
SABASIeTCS YTOYHEHMe BeMYMH TMIMeHn4Yeckux CTaHgapToB Mo psigy nokasatenemn, Takux
KaK LBETHOCTb, coAep)XaHue xnopnaos, cynbdaToB, aAlOMUHKSA, CBUHLA, CeneHa, no
KOTOpbIM UMeloTCsl pacxoxaeHus mexay FOCToMm mn "PekomeHpgaumamm" BO3. Takxke
Heobxoamma paspaboTka oTAeNnbHOro MoCcyaapCTBEHHOMO CTaHAapTa Ha KayecTBO NMUTbLEBOW
OMpeCcHEHHON BOAbI, TaK KaK OMpecHeHMe COJIeHbIX U COIOHOBATbLIX BOA SIBNISIETCS O4YeHb
BaXXHOW MMrmeHn4ecKon npobieMoi.

J11.3 DK30reHHble runep- u rMNOMMUKpPO3J/IEMEHTO3bI

Meankun BbIAENSOT Lenyk rpynny 3aboneBaHnin, CBA3aHHbIX C MOBbLILLIEHHbLIM UK
MOHWXKEHHbIM COAEPXKAHMEM pPasfIMYHbIX MUKPO3JIEMEHTOB B cpeae 0butaHnsa opraHu3MoB,
B NepBYIO0 ovepenb B BOAE M ME0/IONMYECKON cpefe B LefioM. DTO TaK Ha3blBaemble
9K30reHHbIE NEPBUYHbBIE TMNEP- N TMMOMUKPO3NEMEHTO3bI [1]. HakonneHne XMMmnyeckmnx
3/IEMEHTOB BO BHYTPEHHMX OpraHax 4yenoBeKka NMpuBOAUT K PasBUTUIO Pa3fIMYHbIX
3aboneBaHuin. N3 anemMeHTOB H60/bLUE BCErO B OpraHM3Me 4yenoBeka HakanimBarTCs
KagMUn, XpOM — B NOYKax, Meab — B XeNyAOYHO-KULLIEYHOM TpaKTe, pTyTb — B
LleHTpasibHOW HEPBHOW CUCTEME, UMHK — B XeflyaKe, ABUraTesibHOM anmnapaTe, MbllbiaK —
B MOYKaXx, NEYEHU, Nerknx, cepaevyHo-cocyancTton cucteMe, cesieH — B KULLEYHUKE,
neyeHu, noykax, 6epmninm — B opraHax KpoBETBOPEHUS, HEPBHOM CUCTEME.

N36bITOK conen Kanbums B BOAE MPUBOANT K HapyLUEHMIO OBMEHHbIX MpOLEeCCOB B
OpraHm3Me, aTepoCcK/iepo3y, MoYeKaMeHHON 6one3Hun. N36bITok pTopa B NUTLEBOM BOAE
NMPUBOANT K TaKOMy 3ab0/1E€BAHUI0, KaK SHAEMUYECKNI DII00PO3, NMPU KOTOPOM
nopaxatrTcsa neyeHb, NOYKN N LeHTpanbHas HepBHasa CMCTeMa. A Takas pacrnpocTpaHeHHas
6one3Hb, Kak Kapuec, ABASeTCa cneacTBUEM KOHUEeHTpaunu ¢pTopa B BOAE HUXKe
onTMMasnbHON. MexaHn3M aencTems Topa Ha opraHM3aM obycroB/ieH 06pa3oBaHUEM €ro
KOMMJIEKCHbIX COEAMHEHUN C KallbLUMEM, MarHMeM 1 APYrMMu 31eMEHTAaMN — aKTUBaTOpaMm
bepMeHTHbIX cUCTeM. YrHeTawwee genctemne dTopa Ha pepMeHTbl NPUBOAUT K TOMY, YTO
OH MOXeT 6bITb "KOHKYPEHTOM HOMEpP OAMH" B CMHTE3€E rOPMOHOB LLUMTOBUAHOM Xenesbl u,



cniepoBaTesibHO, BAUATL Ha ee yHKUMIO. B pe3ynbTate nccnenoBaHuii o BAnSHUKM gTopa
Npy KOMIMJIEKCHOM MOCTYMNJ/IEHUN B OPraHM3M Mnosly4yeHo, 4yto 6e3onacHoe KOMMIeKCHoe
CyTOYHOE NnocTynnaeHne gTopa B OpraHn3M YesioBeka CocTaBnseT okono 4 mr/cyT [35].
N3BeCcTHO TakxXe, YTo XJI0pUAHO-CybdaTHble BOAbl MPUBOAST K HApPYLUEHUSM B CUCTEME
nuweBapeHns, pasiMyHbIM M’MHEKOSIOTMYECKNM 3aboieBaHmnsAM.

MNMoa BO34eNCTBUMEM BbICOKMX KOHLUEHTpaUMn HUTPATOB pa3BMBaeTCs Takasd 6onesHb, Kak
BOAHO-HUTpaTHas MeTreMorno-6uHemmsa. Hutpatbl, nonagas B opraHmM3M 4yenoBeka, noa
BMSAHMEM MUKPOMNOpPbI KUWeYHMKa 06pa3ytoT HUTPUTbI, KOTOPbIe, B CBOK o4epeb,
NnpUBOASAT K 06pa3oBaHMIO B KPOBM MeTreMorsiobuHa, B pe3ynbTaTte Yero CHUxaeTcs
CHabXXeHWe TKaHen KMCNopoaoM. HUTPUTLI U HUTPATbl B OpraHM3Me YyenoBeka MoryT
TpaHCPOPMUPOBATLCA B KaHLEpPOreHHble HUTpo30oaMuHbl. Coaep)kaHne HUTpaToB B
NMATLEBON BOAE HE AOJIKHO mnpeBbiwaTtb 45 mr/n [5].

B nocnegHee BpeMs 60/blLIOE BHUMAHUE YAENSETCS U3YYEHUIO BAUSIHUS BELLECTB,
NosIBASAIOLMXCA B BOAE B pe3yfnbTaTe ee x/iopupoBaHms. K TakMM coeguHEHNAM OTHOCATCA
TpurasomMeTaHbl — NPOU3BOAHbIE METAHA, B MOJIeKyax KOTOPOro 4yacTb aTOMOB BOAOPOAa
3aMelleHa atomamm ranoreHoB: Cl, Br, I. TpuranomeTtaHbl obnagatoT 601bLION
6MoNorMyYeckom akTMBHOCTbIO M OKa3bIBalOT KaHLLEepPOreHHoe AeACTBME Ha OpraHusm
yenoseka. Mx konnyectso gocturaet 100 Mkr/n . OCHOBHbIM U3 HUX SBASETCSA XJ1I0pOdopM,
Hapsay C KoTopbiM 06HapyXxunBaeTtcsa ewe Ao 40 pa3nnyHbIX BewecTs. Konmyectso 1
pa3Hoobpa3ve TpurasoMeTaHOB 3aBUCAT OT XMMUYECKOWN NPUPOAbI MEPBUYHbBIX
OpraHMYecKkuUX COeAMHEHUN, HAXOASALWMNXCS B XJIOPUPYEMON BOAE, KOMYECTBaA
MCNOJIb30BAHHOIO NpPU X/10pMPOBaHNM BOAbl aKTUBHOIMO X/10pa, BPEMEHU ero KOHTaKTa C
BOAOW, pH BOAbI, ee TeMnepaTypbl N APYrMX PakTopoB. 3TN COEANHEHNSA ABNAKOTCH
MPUYMHON 3N10KAYECTBEHHbIX, 0BMEHHbIX, anjieprmyecknx, peBMaTnyecknx u gpyrmx
HENH@EKUNOHHbIX 3aboneBaHui.

Buonornyeckn akTMBHbIE 31EMEHTbI. [1pn oueHKe KavyecTBa BOAbl B MePBYO ovepenb
HeobxoamMMo obpaliaTb BHUMaHME Ha KOHLIEHTpauum 6MON0OrMyeckn akTUBHbIX
(acceHuManbHbIX) 2N1€MEHTOB, KOTOpblE YYaCTBYOT BO BCeX (HM3MOMOrMYeCcKmnxX npoLeccax.
B.B.KoBanbckuit K TakmMm, 6MONOrMyecKkn akTuBHbLIM, anemeHTaM oTtHec K, Na, Ca, Mg, Li,
Rb, Fe, Cu, Zn, Ga, Co, Ni, Mn, Mo, Cd, Cr, Ti, V, Sr, Ba, Cl, I, F, Se, As [20]. A.M.ABWLbIH
C COaBT. B rpynny Hanbonee Xmn3HeHHO HEOBXOANMbIX MMKPO3/IEMEHTOB BKJtoYatoT Li, Fe,
Cu, Zn, Co, Ni, Mn, Mo, Cr, V, I, F, Se, As, Si, a kaHaungatamun Cd, Pb, Sn n Rb [1]. l0.W.
Mockanes [35] oTMeyYaeT, YTO B OpraHM3Me 4YesioBeKa CoAepXKaTcsa BCe XMMUYECKME
3/1eMeHTbI Nepnogmnyeckon cuctembl, buonornyeckas pojib MHOMTMX U3 KOTOPbIX eLle He
n3ydeHa, Hanpumep, Li, Cs, Sc, Al, Ba, B, Rb, Be, Ag, Ga, Ge, Hg, PI, Bi, Ti, Sb, U, Te, Ra
U MHOIMX Apyrux. OgHako OTCyTCTBME Takon nHdopMaumm ewe He 03Ha4vaeT ux
6nonormMyeckyo MHEpPTHOCTb. 3aMellast 6MONOrMYecKn 3HaUYMMbIe SN1IEMEHTbI B Pa3/IMYHbIX
BaXHbIX B (PM3MONOrMYECKOM OTHOLWEHUN coeanHeHusx (6enku, B TOM yncre hepMeHThl,
HYKNIENHOBbIE KUCIO0Tbl, FOPMOHbI, BUTAMUHbI) U CTPYKTYPHbIX 06pa3oBaHuax (0605104Kku
KNeTOoK, MaTpmua KOCTHOM TKaHW U Ap.), OHXU MOryT CYLWECTBEHHO BAUSATb Ha NMpoTEKaHmne
6noxXnMmnyeckmnx n punanonorM4ecKknx NpoLeccoB M nexaTb B OCHOBE MHOIMMx 6onesHen,
Bbl3blBasi HapyLeHMs NnepBOHavaibHO Ha MOJIEKYIIPHOM U CyOMONEKYNSPHOM YPOBHSX.

OTpuuaTesibHOEe BJIMSIHUE MaJibiX KOHLEHTPaLMii 3CCeHLuMaNbHbIX 3/1IEMEHTOB B
NUTbeBOM BopAe. NoBbILLEHHOE CoAep)XaHME B NMULLEBOM paunoHe Ntoboro aneMeHTa
BbI3blBAET pa3/INyHble OTpUUaTeNbHble NnocneacTBmsa. OQHAKO HU3KME COAEepXaHUsa Lenoro
psAa 3N1eMeHTOB TakXe NpeAcTaBsioT OMNacHOCTb A1 opraHmM3Ma yesnoseka [53].

Cpean Hanbonee pacnpocCTpaHeHHbIX 3aboneBaHN, CBA3aHHbIX C HU3KUM COAEPXXaHMEM
MUKPO3/1EMEHTOB B NMUTHEBOW BOAE, MOXHO Ha3BaTb 3HAEMUYECKUI 306 (HM3Koe
coaepxkaHue noaa), kapuec (HM3Koe coaep)kaHume grTopa), xenesoaeduunTHbIe aHEMUMU
(Hu3KOoe copepxaHue xenesa u Mean). B kayecTBe npuMepa MOXHO NMPUBECTU pe3ybTaTbl
paboTbl COBETCKO-(PUHCKOM 3KCNeanLmnm, kotopast oObHapy»xuna, 4To u3-3a HU3KOro
coAep)XaHus B BOAE U NMOYBE CefieHa HaceneHuto psaa paloHoB YMTuHckon obnactum
yrpoxaet ceneHogeduumTHasa kapamonaTtus - 6onesHb KewaHa. Cpean
MaKpOKOMMOHEHTHOrO CoCTaBa BoAbl 0COOEHHO HeraTMBHOE BANSIHME Ha OPraHu3M
yesioBEKa OKa3blBaeT HM3KOEe CoAepXaHMe B MUTbLEBONM BOAE KanbUUS U MarHms. Tak,



HanpuMep, pe3ynbTaTbl CAHUTAPHO-3NUAEMNONIOrNYEecKnx obcnenoBaHnii HaceneHus,
NpoBOAMMBIX MO nporpammaM BO3, nokasbiBaloT, YTO HU3KOE CoAepXXaHue B MUTbEBOM BoAE
Ca n Mg nNpmBOAUT K YBEINYEHUIO YMCNa CepAEYHO-COCYANCTbIX 3aboneBaHnin [36]. B
pesyfbTate nccnenoBaHuin B AHMIMKM 661710 BbiI6paHO WeCcTb ropoAoB C CaMOM XXECTKOWN U
LWeCTb C CaMOl MSArKOM NUTbeBOM BOAOM. CMEepPTHOCTb OT CepAEYHO-COCYAUCTbIX
3aboneBaHunii B ropoaax C XXeCTKOW BOAOW OKasanacb HMXe HOPMbl, B TO BPEMS KaK B
ropogax C MArkom BoAoM — Bbiwe. bonee Toro, y HaceseHus, XuByLlero B ropogax c
XKECTKOM BOAOW, NapaMeTpbl AesTeNIbHOCTM CeEpPAEYHO-COCYANCTON CUCTEMbI NyYLle: HUXKe
oblee KpoBsHOE AaBneHMe, HMXe YacToTa COKpaLLeHUi cepaua B NOKoe, a Takxke
coflepXXaHusa XxosiectepuHa B KpoBu. KypeHune, coumanbHO-9KOHOMUYECKME U apyrue
aKkTopbl HE BANANM Ha 3TK Koppenaunn. B ®uHnaHamm 6onee BbicOkasi CMEPTHOCTb OT
cepaeyHo-coCcyauncTbix 3aboseBaHunin, NOBbILUEHHOE KPOBSAHOE AABIEHNE N COAEpPXaHME
XO0JleCTeEpUHa B KPOBM B BOCTOYHOM YacTu CTPaHbl MO CPaBHEHMUIO C 3amaAHoM, Mo Bcen
BUAMMOCTU, TaKXe CBSA3aHbl C UCMOJSIb30BAaHMEM MATKOW BOAbI, TaK Kak Apyrue napameTpsbl
(aneTta, dmsnyeckas Harpyska u T.4.) HACeNeHUs 3TUX rPynn rMpPaKTUYECKn He
pa3nm4yatoTcs.

B nocnegHee BpeMs 3T AaHHble NOMYYUIN KITMHUYECKOe noaTBepxaeHune. Mpynnon
nccneposaTenen nog pykosoactsoM C.K.YypuHoii [23] 6b1s10 ycTaHoBsieHo, 4To 60-80%
cyTo4HoM notpebHocTn Ca n Mg y yenoseka yaoB/IETBOPSAETCS 3@ CYET Nuwm. Ho 3HayeHue
Ca n Mg B CyTOYHOM paLMOHE MOXHO OLEHUTb, €CN y4ecTb, 4YTo TpebosaHumsa BO3 k
coAep>KaHu 3TUX KaTMOHOB B Boge ans Ca coctasnatot 80-100 mr/n (okono 120-150 mr
B CyTKM), @ onsa Mg — go 150 mr/n (okono 200 Mr B cyTKn) npu obLien cyToUYHOM
notpebHocTn, Hanpumep, Ca, pasHon 500 mr. MNMokasaHo, uTto Ca n Mg mn3 soabl
BCACbIBAOTCH B KMLIEYHMKE MOJIHOCTbIO, @ U3 NMPOAYKTOB, B KOTOPbIX OH CBSi3aH C 6enkom,
— TONIbKO Ha 1/3.

YpoBeHb Ca B K/eTKe SBASETCS YHMBEepCcanbHbiM (PaKTOPOM PerynisiumMm BCeX KIeTOYHbIX
dYHKUMIM He3aBMCUMMO OT TUNa kneTok. Hepoctatok Ca B BoAe CKa3blBaeTCsl Ha
yBeNIMYeHUN BCACbIBAaHNSA U TOKCMYECKOro AencTeua Taxenbix metannos (Cd, Hg, Pb, Al n
Ap.). Tskenble MeTanfbl KOHKYpupytoT ¢ Ca B KJleTKe, Tak KaK MCMNoJib3yoT ero
MeTabonuyeckue nyTn 4ns NpoOHMKHOBEHUS B OPraHuM3M u 3amewatoT noHbel Ca B
BaXXHEMLWUMX perynsaTopHbiX 6enkax, Hapywas Takum obpasoM nx HopMasbHy paboTy.

K HacTosLweMy BpeMeHM MOXHO C YBEPEHHOCTbIO YTBEPXAATb, YTO MsArkasi NMTbeBasi BOAA,
XapaKTepHasi Ans CEBEPHbIX PErMOHOB MJIaHETbl, C HU3KMM COAEPXXAHNEM XUIHEHHO
BaXHbIX AN OpraHM3Ma ABYXBasleHTHbIX KaTuMoHoB (Ca n Mg) siBnsieTcsl CyLeCTBEHHbIM
3KOMOrMyecknm hakTopoM pucka cepaevyHo-coCyanuCTor naTtoaorum n apyrux LWMpPoKo
pacnpocTpaHeHHbiXx Ca-Mg-3aBMCMMbIX permoHanbHbIX 3abosieBaHuii.

Taknm obpasom, npu paspaboTke TpeboBaHUI K Ka4yecTBY BOAbl, MCMNOSb3YEMON ANS
NUTbEBbLIX Liesieil, HeobX0ANMMO HOPMUPOBATb U HMXXHUIM Npeaen coaepXaHus Lenoro psiaa
KOMMOHEHTOB.

Mpwn 6onee geTanbHOM aHanM3e BAMSHUS COAEPXKALUMXCS B BoAe BMONOrMyeckyn akTUBHbIX
3/1IEMEHTOB Ha 340pOBbe YesloBeka HEO6X0AMMO TakXe yUYMTbiBaTb POPMY UX HAXOXAEHUS
B pacTteBope. Tak, dTOp B MOHHOM Buae, 6yayum TOKCUYHBIM A8 YenoBeKa npwu
KOHUeHTpauusax 6onee 1,5 mr/n, nepectaeT 6bITb TOKCMYHbBIM, HAXOASCb B PacTBOPE B BMAE
KOMMIEKCHOro coeanHeHmnsi BFY', kcneprMeHTanbHO YCTaHOBNEHO, YTO BBEAEHUE B
OpraHM3M YesioBeKa 3HaunTeNbHOro Konmyectsa GTopa B BUAE YKa3aHHOrO KOMMJIEKCHOro
coeAMHEeHNs UCKITIOYAEeT ONacHOCTb 3aboneBaHuns Yenoseka pOOPO30M, Tak Kak, byayumn
YCTOMYMBBLIM B KUC/IbIX Cpejax, 3TO COeANHEHME He yCBanmBaeTCs OpraHm3aMoM. MNoaTtomy,
roBopsi 06 onTUMasibHbIX KOHLUEHTpauusax gTopa, cnegyeT yunuTbiBaTb BO3MOXHOCTb €ro
HaxO0XAEeHWS B BOAE B BMAE KOMIMIEKCHbIX COEANHEHWIM, MOCKONbKY M NOMOXUTENbHOE
BO34ENCTBME Ha YenoBeKa B ONpefesieHHbIX KOHLEHTPaUMsaX OKa3biBaeT MMEHHO MOH F~.

Kak n3BecTHO, aHanutnuyeckun (onpegensembln B nabopatopnm) XMMmMyYeCknuin coctaB
NPUPOAHbIX BOA HE COOTBETCTBYET peasibHOMY COCTaBy. BOMbLWIMHCTBO pacTBOPEHHbIX B
BOZE KOMIOHEHTOB, Y4acCTBYSl B peakuMsX KoMnaekcoobpasoBaHus, rmaposinsa v
KMCNOTHO-OCHOBHOW anccoumaumm, obbeanHeHbl B pasHble YCTOMYMBbIE MOHHbIE



accoumaunum — KOMIMIEKCHbIE MOHbI, MOHHbIE Napbl U T.4. COBpEMEHHas r’MApPOreoxXmmmus
HasblBaeT UX MUTPaALUOHHLIMN opMaMn. XMMUYECKMA aHaNM3 AaEeT N1LWb BanoByto (Man
OpyTTO-) KOHLEHTpaUMo KOMMOHEHTA, HaNpMMep, Meaun, Toraa Kak peasnbHO Medb MOXET
MOYTM LESIMKOM HaxoauUTbCs B BMAE KapbOHATHbIX, XJIOPUAHbIX, Cy/bdaTHbIX, PybBaTHbIX
WU TMAPOKCOKOMIIEKCOB, YTO 3aBMCUT OT 0OLLEro cocTaBa AaHHOM BoAbl (bnonornyeckmn
AKTMBHbIMU XXe U, COOTBETCTBEHHO, TOKCUYHbIMK B 60/IbLUIMX KOHLEHTPAUMNAX, KakK
M3BECTHO, SBAAIOTCA HE3aKOMMIEeKCOoBaHHble NOoHbI Cu®t ).

'11.4. Knaccndpmkaymsa noaseMHbIX NMUTbEBbIX BOA NO KavyecTBYy

B HacTosiLee BpeMs Mo LenoMy psaay 3/1IEMEHTOB, A0S MNOCTYNJIEHNS KOTOPbIX B
YyesnloBEeYECKNIA OpraHu3M c Boaon ocobeHHo Benunka (Ca, Mg, F), nmetotcsa nybnmkauumm, B
KOTOPbIX AAlOTCS KOHKPETHbIe uMdpbl MO peKOMEHAYEMbIM KOHLUEHTpauusam. Kak npasuno,
Takne 3HayeHus NoslyYeHbl B pe3ynbTaTe CTaTUCTMYECKOro aHanusa AaHHbIX MeanKko-
6mnonormyeckmx nccnenoBaHUn COCTOSSHMS 340POBbsi HACEeHUS MO perMoHaM C NMUTbLEBO
BOAOW pa3/IMYHOro XMMMUYECKOro COCTaBa MM MaTepUanoB KINHUYECKNX SKCNEPUMEHTOB C

OpHako coaepxaHuve B MUTbLEBOKM BOAE APYIrUX 3/IEMEHTOB TaKXe BeCbMa CYLEeCTBEHHO
B/INSIET Ha OOLWINIA MUHEpanbHbIM 6banaHc yenoseka. B Tabn. 3 npuBeaeHbl AaHHbIE NO
CpeAHeCcyTO4YHOMY NoTpebnieHnto YesI0BEKOM 3/IEMEHTOB C nNuuen u soaon [51],
cywecTtsytowme NAK B nMTbeBOM BoAE ANS AaHHbIX 371eMeEHTOB [5] 1 npoueHTHasa gons
MOCTYMN/IEHMS AaHHOrO 3/1IeMeHTa C BOAOW Mpu yC/IOBUM €ro cogepxxaHusi Ha yposHe MAK.
Kak BngHo 13 Tabnuubl, posib BOAblI B CPEAHECYTOYHOM MUHepasibHOM 6anaHce Ans pasHbiX
3/1EMEHTOB MOXEeT CYLEeCTBEHHO OT/INYaTbCsA. Tak, ecnm KoHUeHTpaumsa kanusa 165 mr/n B
MPUPOAHBIX MNPEeCHbIX BoAaX He BCTpe4yaeTcs, 1 BOCNO/HUTbL 10%-t0 CyTOUHYIO NOTpebHOCTb
opraHusMa B 3TOM 3JIEMEHTE C BOAOW HEBO3MOXHO, TO YAaCTO BCTPEYaloWMNeCcs B NMTbEBON
BoAe coaepxxaHusa Ha yposHe MAK Takux anemeHToB, kak Cu, Co, Mo, Ni u F, moryT
BOCMOJIHUTb 60/bLUYIO YaCTb, @ MHOrAa M BCKO NMOTPebHOCTb OpraHM3Ma YenoBeKka B HUX.

Ta6bnuua 3
SneMeHT CyMMapHoe CyTOYHOe MocTynfieHne, Mr NAK ans soapl , Mr/n Mocrtynnexne c Bogon npu NAK , %
Ca 1100 — —
Mg 300 — —
K 3300 — —
Fe 14 0,3 4,3
Cu 3,5 1,0 57,0
Mn 3,7 0,1 5,4
Co 0,3 0,1 66,0
Zn 13 1,0 15,0
Mo 0,3 0,25 166,0
Se 0,15 0,01 13,0
Ni 0,4 0,1 50,0
Cd 0,15 0,001 1,3
Cr 0,15 0,5(0,05) 666(66,6)
Ti 0,85 0,1 23,5
\Y 2 0,1 10,0
Sr 1,9 7,0 736,8
Ba 0,75 0,1 26,7

Sn 4 0,05 2,5



As 1,0 0,05 10,0

Li 2 0,03 3,0
I 0,2 — —
F 1,8 1,5 166,0

B OCHOBY OZ4HOIr0 M3 BO3MOXHbIX MOAXOA0B K ONpeAesieHNI0 PeKOMEeHAYEMbIX ONTUMASIbHbIX
KOHLLeHTpaumin 60/bLUIMHCTBA BMONOrMYECcKM aKTUBHbIX 3/1IEMEHTOB MOXHO MOJIOXUTb
pe3ynbTaTbl CTaTUCTUYECKMX MCCNefOoBaHMN O CpeAHEeCYTOUYHOM NOTPebHOCTM B HUX
yesioBeKa M COOTHOLIEHUN MX NOCTYMSIEHUS B OPraHmM3M B COCTaBe MUY, BOAblI U BO34yXa.
B paboTe [13] noka3biBaeTCsl, YTO B CpeAHEM 471 60MbLUMHCTBA 3/IEMEHTOB COOTHOLUEHME
MX MOCTYM/EHMs B OpraHn3M B COCTaBe NuLimM, BoAbl 1 Bo3ayxa coctasnsger 100:10:1
COOTBETCTBEHHO. Tako e npmHUmMn 6bi1 NON0XKEH rpynnon akcnepTos BcemnpHom
opraHmsaumm 34paBoOXpaHEHUs NpU onpeaeneHnmn pekomeHayemblx 3HadeHun MNAK gns
3/IEMEHTOB, MEXaHW3M B/INAHNSA KOTOPbIX Ha OpraHn3M 4YesioBeka A0 KOHLA He siceH [48].
NAK BbIMMCASNOCH UCXOAS U3 NPEeANOChIIKK, YTO MaKCMMasibHOe CyTO4YHoe noTpebneHune
3M1eMEHTa C BOAOMW He A0/KHO npesbiwaTb 10 % OT peKoOMeHAYyeMOro MakCMMasibHOro
notpebneHunsa c nuuwen.

TaknMm 0bpa3oMm, 3a ONTUMaNbHYK peKoOMeHAYyeMY0 KOHLUEHTpaUMIoO 31eMeHTa B BoAe
MOX>HO MPUHATb COAEPXXAaHME ero B 04HOM NMTpe B Konn4yectse 5% OT cpeaHeCcyTouYHOoM
noTpebHocTn yenoseka [4].

Ncxoas u3 BbllecKasaHHOro MOXHO caenaTb BbiBO4 O HEO6X0AMMOCTU Knaccudukaumm
noA3eMHbIX BOA MO KayecTBY C YYETOM coAepXXaHUs B HUX BMOIOrMyeckmn akTUBHbIX
KOMMOHEHTOB. TakK, HapsAy C NPOCTO He3arpsi3HEHHbIMM BOAAMMU, T.€. HETOKCUYHbBIMYU,
MMEIOLWMMN NOJSTIOXUTESNBbHBIN pe3ybTaT Npu pasfMyHbiX Buaax bnortectmpoBaHus, cnegyer
BblAENATb BOAbl "BbICLIEr0 KayecTBa", cogep)xaHme 6MoNorMyeckm akTUBHbIX KOMMOHEHTOB
B KOTOpbIX 6/1M3K0 K ONTUMasbHOMY. B 3Tol cBS3K MHTepeCHO MHeHue H0.A.PaxMaHuHa ¢
Konneramu [46], KoTOpbie NPeasioXuan BBECTU AN NMUTbEBbLIX BOA NMOHSATUE
"KOppeKTUPOBOYHOIro kavectBa". K aTol kaTeropmm npeanoxXeHo OTHECTU BOAY C
MOBbILWEHHbIM COAEPXXAaHMEM TEX UM UHbIX BMONOrMYEeCcKn aKTUBHbLIX KOMMOHEHTOB.
Ncnonb3oBaTb ee pekoMeHayeTcs Ansa nevyebHbix uenen nnm B pamoHax, rae coaep)xaHume
AAHHbIX 3/IEMEHTOB MOHMXEHO B MOYBE U MOBEPXHOCTHbIX BOAAX.

Ecnn kauecTtBo BOAbl He cooTBeTCTBYeT HopMaM TOCTa, nx knaccudukaums MoxeT 6biTb
npoBegeHa no NPUHUKUMY CMIOXHOCTU TEXHONOrMN TpebyeMom OUYNCTKN ANs yaaneHus
KOMMOHEHTOB, coaepXaHune KoTopbix npesbiwaeT MNAK. B nepsoM npnbaunxxeHun 3gecb
MO>HO BbIAE/INTb TPU KaTeropum KayecTsa: cpefHee, yaoBneTBopuTesibHoe 1 nsoxoe. K
BOZaM CpefHero KayecTBa OTHOCATCA Te, KOTOpPbIM TpebyeTcst MpocTast 0umMcTKa
aspupoBaHmeM (0T cepoBOAOPOAA, PaAOHa UM TErKO OKUCISEMOro xenesa). K sogam
YAOBNETBOPUTESIBHOINO KayecTBa OTHOCATCS Te, KOTopble TpebyloT NpoCTON peareHTHOMU
04YNCTKM Ansa obeszapaxumBaHusa (HanpuMmep, C NOBbIWEHHbIM CoAepXaHneM Konu-tutpa). K
MJ0XUM MO KA4YeCcTBY BOAAM OTHOCHATCSA Te, KOTOpPbIM TpebyeTcs KOMMNIEeKCHas, CNoXHas
peareHTHas O4YUCTKa.

'I1.5. KoMnieKCHble MeToAbl OLleHKN KayecTBa NoA3eMHbIX BOJ
Jencteytowmn B HacToswwee Bpems ctaHgapt (FTOCT 2874-82 "Boaa nutbeBasn")
orpaHu4YmMBaEeT No MMKPOBMONOrMYeckMM rnokasaTesisiM Coaep)KaHue B BoAE
MMUKPOOPraHM3MOB M YMC/IO KULIEYHbIX NasiodeKk, No TOKCMKOOrMYECKMM MoKasaTesnsam
yCTaHaB/MBaeT npenenbHO A0NYyCTUMble KOHUeHTpauun ans 10 KOMMNOHEHTOB 1 NO
opraHonenTuyeckuM nokasartensam ewe ansg 10. OaHaKo CCblIKa Ha TO, YTO KOHLUEHTpauum
XMMUYECKUNX BeLLecTB, He ykasaHHbIX B TOCTe, He foskHbI npesbiwaTtb MAK,
yTBEPXAEHHbIX MMHNCTEPCTBOM 34paBOOXPaHEHNS, @ TaKXXe HOPM pagnaLnOHHOM
6e30nacHOCTK, AenaeT BeCbMa 3aTpyAHUTENbHbBIM €ro NpakTuyeckoe NpMMeHeHue.
HopMaTMBHbIMM AOKYMeHTaMu MuH3apaBa ycTtaHoBneHbl MNAK ana HeCKONbKUX COTeH
3/1IEMEHTOB U COeAUHEHWNI, NX YMCIIO MOCTOSHHO pacTeT, N C SKOHOMUYECKOM TOUKM 3peHuns
MOSTHbIA XMMUYECKUA aHann3 BoAbl cnyxbammn MoccaHanmaHaasopa npobnemMaTmyeH.



MN3-3a 60AbLIOr0 YMcia pasMYHbIX COeANHEHUN eCTECTBEHHOIO U TEXHOMEHHOro
MPOUCXOXAEHUS MPU OLLEHKE KayecTBa BOAbl, MOMMMO O6bIYHOMO XMMUYECKOro aHanm3a
Hamnbornee pacnpoCTpaHEHHbIX 3arpsisHMUTeNnen, Heob6xoaMMo NPOBOANTL CYMMapHYIO
TOKCMKONOMMYECKY0 OLEHKY BOAbl, OCHOBaAHHYIO Ha COYeTaHMWN pas/INnYHbIX METOA0B
bnortectnpoBaHus. Kak TakoBoe bnotectmpoBaHme npeacraBiseT cobon MeToamyeckumn
NMpueM, OCHOBaHHbIN Ha OLlEHKe AeNCTBUS dhaKTopa cpeabl, B TOM 4Ync/ie TOKCMYEeCKOoro, Ha
OpraHusM, ero otaenbHy GyHKUMIO Uan cuctemy opraHmamoB [30]. B HacToslwee Bpems
cyulecTtByeT 60blIOE KONMMYECTBO METOAOB, OCHOBAHHbIX HA peakunM Ha KayecTBO BOAbI
pasnnyHbIX EepMEHTOB, KNETOYHbIX KY/bTYp, MUKPOOPraHM3MOB M MPOCTENLLNX
opraHusmoB. pu onpeaeneHnn TOKCUYHOCTM BOAbI @aHANM3UPYIOTCSA pas/iMdHbie BUAbI
peakuum TeCTO6BbEKTOB NPU CONMPUKOCHOBEHUM C aHanu3aupyemoi npobon. Hanpumep: 1)
BbIXKMBAeMOCTb W MJI0A0OBUTOCTb padka AadHMSA MarHa; 2) ABuraTtesibHas akTUBHOCTb
MHQY30pUil, YXO4 OPraHM3MOB M3 30Hbl BO3AENCTBUS XMMUUECKUX BELLECTB (XEMOTAKCUC);
3) KoNMYecTBEHHAsa perncrpaumns M3MeHeHnin MHTEHCMBHOCTU U CTEMEHU peanusaumn psaa
rnoBeAeHYECKUX peakuui 6prOXOHOrMX MOSIKOCKOB; 4) peakums 6MONIOMUHECLEHLMN
ceeTawmxcsa 6aktepuin; 5) 6uoanekTpnyeckasa peakums sogopocnen (M3MepeHme
3/1eKTPONPOBOAHOCTM MeMbpaHbl KNETOK); 6) pocToBas peakums baktepui.

OpaHako 6onbluast YacTb pa3paboTaHHbIX 6MOTECTOB He 0b6/1agaeT BbICOKOM HAAEXHOCTbIO U
YYBCTBUTENIBHOCTLIO M HE MOXET MCMO/b30BaTbCs Ha BoAaxX C LUMPOKMM AMarna3oHOM
TOKCMYHOCTU. CyLLEeCTBEHHbIM MPENATCTBMEM A/ LUMPOKOro NPMMEHeHns buonormyeckmx
MeToAOB onpeaeneHns oblein TOKCMYHOCTM BOA Pa3HOro LesieBoro Ha3HayeHns ABnseTcs
TaKXe N CNOXHOCTb MHTeprnpeTaunm NoayyYeHHbIX AAHHbLIX U BCI€ACTBME 3TOr0
MCNONb30BaHMe B KaXxaoM buoTtecte Ansa oueHKN KayecTBa TECTUPYEMOWN BOAbl HOBbIX, HE
CPaBHUMBbIX APYr C APYrOM YC/OBHbIX eanHunL,. HeoanHakoBas 4yBCTBUTENIbHOCTb
rmapobMOHTOB pasHbIX BMAOB He MO3BOSET pelwnTb NpobnemMy nepeHoca pesyfbTaTos,
MOJIy4YeHHbIX HA KakoM-1nbo OAHOM TecT-opraHusMe, Ha apyrme Buabl ruapobmonToB. C
Lesblo peleHns 3To NpobrieMbl MCNONb3YIOT MeTOAbl BUOTECTUPOBAHMS C HECKOIbKUMU
TecT-opraHusmamm [14].

Mo uenam 6nonornyeckme MeToabl MOXHO pPa3AesiMTb Ha ABe rPynnbl: YHUBEPCA/bHbIE
MeToAbl OLEeHKN obLLen TOKCUYHOCTM BOA U MeTOAbl MHANKALMK B BOoAE OnpeaeneHHbIX
3arpsAsHuTENen. DTN LUenn A0SKHbI SBAATbCS rMaBHbIM (aKTOPOM, onpeaenstowmm
MeTogonoruto paspaborkn 6Gmuonormyeckoro Metoaa, Boi6op onTMMasibHbIX TECT-OPraHM3MoB
M TecT-QyHKUMIA. JpyrnM BakHbIM BOMPOCOM ABJISIETCS BbIGOP ONTUMasibHbIX CPOKOB
TecTnpoBaHus. MNMpu BbIbOpe ONTMManbHOro TeCT-OpraHM3aMa HeobXoANMO TakXe y4unTbiBaTb
€ro YyBCTBUTEJIbHOCTb U PE3UCTEHTHOCTb TOKCMYECKOro AeACTBUSA BHelHen Cpeabl.
YyBCTBUTENBHOCTb OPraHmM3Ma onpeaesnsieTcs TakuMm MasabiMU KOHUEHTpaumsamMm
TOKCMKaHTOB, NMpW BO34ENCTBMN KOTOPbIX MOryT 6biTb 3aperncTtpMpoBaHbl Kakme-nnbo
OTBETHblE peaKkunn opraHmaMa. Pe3ancteHTHOCTb onpeaenseTcs MakCMMasibHbIMK
KOHLEHTpaUMsaMM TOKCMKAHTOB, NpX BO3AEACTBUM KOTOPbIX OPraHM3M eLle MOXET BbIXKUTb.
N3 3Toro cnepgyer, 4To YyBCTBUTENbHOCTb U PE3UCTEHTHOCTb TECT-OpraHn3Ma onpeaensioT
AnanasoH TOKCMYHOCTK, B NpeAenax KoToporo 6yaet BO3MOXHA ee OLeHKa.

AHann3 OCHOBHbIX 3aKOHOMEPHbIX NMPOLLECCOB aAanTaumm XMBbIX OPraHM3MoB,
dusmonornyeckmx, NoBeaeH4YeCKnX n 3KOA0rM4Yecknx ocobeHHocTen rmnapobmoHToB
nossonseTt chopMynMpoBaTb PsA MNOSOXKEHUNA O TECT-OpraHM3aMax n TecT-onepaumsx.

OnTUManbHbIe TECT-OpraHU3Mbl AO0J1DKHbI YAOB/NIETBOPATb Tpe6oBaHNAM:

Ncnonb3yeMble ana TeCTMpoBaHmnsa ocobu Ao/mMKHbI 6biTb FrEHETUYECKN O4HOPOAHbBIMU, YTO
obecneunT CXoACTBO MX YYBCTBUTE/IbBHOCTU U PE3NCTEHTHOCTU, eANHOoO6pasne OTBETHbIX
peakumnin Ha BO3AENCTBMNE TOKCUMKAHTOB.

OyHKLUMOHANbHAA aKTUBHOCTb TECT-OpraHn3Ma He A0JI)KHA MMeTb CE30HHOM
NepuoanNYHOCTMH.

Bce BMAbl, UCNoJSib3yeMble Kak TeCT-OpraHu3Mbl, AO/KHbI UMETb BbICOKMA YPOBEHb
MeTabonunama, 4to obecneumT 6bICTPOTY BOSHMKHOBEHUS Y HUX OTBETHbLIX peakuni Ha



BO34eNCTBNE TOKCUKAHTOB.

TecT-opraHun3sMbl A0KHbI 6bITb CTPECCOYCTOMUNBBI K CBA3AHHbBIM C NpOoLeaypoi
TEeCTMPOBaHMSA onepaumsmM.
Takum obpasom, Hanbonee NepcnekTMBHbIMU TECT-OPraHn3MaMmn ABNAOTCA
6e3n03BOHOYHbIE TMAPOBNOHTLI, HanpuMmep, pakoobpa3sHble n 6proxoHorne Monackn [141].
BonbwKMHCTBO MeTOA0B BMOTECTMPOBaHUSA pa3paboTaHo AJ1si NOBEPXHOCTHbLIX BOA, C
6onblWMM coaepxaHMeM pacTBOPEHHOro Kucniopoaa. AKTyasnlbHOM 3adaden npeacraBnsieTcs
BblAesieHMe AByX — Tpex Hambonee npocTtbiXx U 3D@PEKTUBHbIX METOAOB AN OnpeAeneHus B
NMoA3eMHbIX BOAaX TOKCMKAHTOB U BBegeHue 3Tux metonos B NOCT.

'I1.6. BamsiHue 3arpsA3HeHUs NOA3EMHbIX BOA Ha OKpPYXKalowWyro cpeay
Mpn oueHKe BAMSHUA XMMUYECKOro COCTaBa MOA3EMHbIX BOA Ha OKpY>KatoLwyo cpeay
TpebyoT cepbe3HOro BHUMaHUs MpoLecchl pacnpoCcTpaHeHMs 3arpsa3HALWLMX KOMINOHEHTOB
M3 NOA3EMHbIX BOA MO MULLEBLIM LensaM. B 3ToM ciiyyae TOKCMYeCcKue 3/1eMeHThbl nonagatoT
B OpraHM3M 4esioBeKa He TOJIbKO C MUTbEBOM BOAOM, HO N Yepe3 pacTUTENIbHYIO U
XXMBOTHYO Nunwy. [laxke ecnum HacesieHne He NbeT 3arps3HeHHY BOAY, @ TONbKO
Ncnonb3yeT ee ANs NPUroToBAEHUS NULLM, BOAOMNOS CKOTa M MOsMBa pacTeHWUIA, 3TO MOXET
OTpa3unTbCS Ha 340POBbE HE TOJIbKO HbIHELWHEro, HO U MOoCNeAYyoLWMX MOKONEHNA.
CBOEeBpEMEHHbIl, ONepaTUBHbIA M KAaYeCTBEeHHbIA KOHTPOJIb 38 XMMUYECKMM COCTaBOM
BOAbl, NCNOb3YEMOW ANS XO0358MCTBEHHO-ObITOBbIX Lefen, SBAsSeTcs O4HMM U3 YCNOBUN
yAy4LWeHns COCTOSIHUS OKpYy>KatoLweln cpeabl.

AHanus pacnpegeneHms BaxHeNWmnX HOPMNUPYEMbIX XUMUYECKNX I/IEMEHTOB B
MasrioMUHepann30BaHHbIX NOA3EMHbIX BoAax. NMpu oueHke KavyecTBa NOA3EMHbIX BOA
HOpMUpYEeMble 3N1EMEHTbI MOXHO pasfenuTb Ha ABe rpynnbl. B nepsyto rpynny BXoasaT
3N1EeMEeHTbI, (POHOBbIE KOHLUEHTPALMMU KOTOPbIX B MPECHbIX NOA3EMHbIX BOAAaX YacTo 61U3KK
k NAK. K HuM oTtHocaTca F, Fe, Be, Se, Sr, Mn v paa apyrux. BTopyto rpynny coCctaBnsitoT
3/IEMEHTbI, eCTECTBEHHbIE KOHLUEHTPALUM KOTOPbIX, KaK Npasuio, 3HaumtenbHo Huxe MAK.
Taknmm anemeHTamm aensttcsa Cu, Mo, Pb, Zn n HekoTopble gpyrue. OgHako crnenyet
y4YnTbIBaTb, YTO TaKoe pacnpeieneHne BecbMa YC/I0BHO, M B KaXXAOM KOHKPETHOM cnydae
A5 MPOrHO3a BO3MOXHbIX KOHUEHTPaUNIA MUKPO3IEMEHTOB B MOA3EMHbIX BOAAX
Heob6xoaMMo Npexae BCero M3yymTb rMaporeosiormyeckme ycnoBumsl paioHa m
MUHEepanormyeckmnii Coctas BogoBMeLLaowmx nopoa. Tak, Hanpumep, Cu, Zn n Pb moryT
MMETb MOBbIWEHHbIE KOHUEHTPaUMKM B paioHax noanMeTanIM4eckoro opyaeHeHus. B ceasm
C TEM, YTO NOA3EMHbIE BOAbI C PErMOHANIbHO MOBbILWEHHbIMWU KOHUEHTPaUNSIMU
HOPMUPYEMBbIX 3/IEMEHTOB AOCTAaTOYHO LUMPOKO M 3aKOHOMEPHO pacrnpenesieHbl B 3eMHOM
Kope, Npu rmaporeoaorM4ecknx nccnefoBaHuUax BblAENS0T rmaporeoxXxmMmmyeckme
MPOBUHLMWN C PUKCMPOBAHHLIM HABOPOM 3/1EMEHTOB, NMEILWNX KOHLEHTpauMn Ha ypoBHe
nnu Bbiwe NAK [22].

MoHATWE O 3arpsa3HeHnn Noa3eMHbIX BoA. o4 aHTPONOreHHbIM 3arpsi3HEHUEM MOA3EMHbIX
BOZ MOHMMAIOT yXyALleHne KavyecTBa BoAbl (XMMUYECKMX, punamndeckmx, bnonormyeckmx
CBOWCTB), BbI3BaHHOE X03AMCTBEHHOW AesATeNbHOCTbIO YenoBeka. MoHsaTMe "3arpssHeHne"
OTHOCUTCA Mpexae BCcero K NoA3eMHbIM BoAaM MUTbLEBOIO HasHaveHus. 3arpsa3HeHue
MOA3EMHbIX BOA MOXET Bblpa3uUTbCH B MOBbIWEHUN COAEPXAHUSA NPUPOAHBLIX KOMMNOHEHTOB,
a TakXe B NosiBNEHNM CNeunduyYecKknx BeLecTB NCKYCCTBEHHOMO MPOUNCXOXAEHNS —
HeopraHuyeckux (UmaHuabl, pogaHuabl), opraHmdeckmnx (HedTenpoayKTbl, NecTmunabl,
beHOonbl, CUHTETUYECKME NOBEPXHOCTHO-akTUBHble BewecTBa (CMAB) u gp.). O6bI4HO
BbIAENSAIOT ABE CTaANM 3arpsa3HEHUS: HaYalbHYIO CTaauto, Koraa coaepXaHus KOMMOHEHTOB
Bblle poHOBOro, HO Hmxe MAK, 1 cobCTBEHHO 3arpsisHEHME, Koraa KOHUEHTpaunm
OTAENbHbIX KOMMNOHEHTOB npeBbiwatoT MNAK. Mo Bnaam 3arpsa3HuUTenein BblaensoT
Xummyeckoe, buonormyeckoe, paanoakTMBHOE M TEMNIOBOE 3arpsi3HeHus, No MacwTaby —
NloKasnbHOE N pernoHanbHoe.

MocTynaTtb 3arpsi3HeHNEe B BOAOHOCHbI FOPU30HT MOXET NPaKTUYECKN CO BCEX CTOPOH:
cBepxy, c6OKy, CHM3Y U HEMOCPEACTBEHHO B MJIACT B pe3yJsibTaTe 3aKa4ku.

BnvsiHMe 3arpsisHSAOLWMX BEWECTB Ha paBHOBECUE B CUCTEME BOAa - NMOpoAa - ras - XUBOEe
BewecTBo. C TOUKM 3PEHUS BIUSIHUSA 3arPs3HAIOLLUMX BELLECTB Ha MAPOXMMUYECKME



CBOWCTBa NOA3EMHbIX BOA BbIAENSAIOT MHEPTHbIE 3arps3HAOLWNME BELECTBa U aKTUBHbIE
3arpssHsowme Bewecrsa. MIHepTHble He nameHsaoT Eh - pH cocTosiHMS noa3eMHbIX BoA,
cnabo y4yacTByIOT B npoLeccax komnaekcoobpasosanus u T.4. (NO*> ,CI, HekoTopble
opraHuyeckue BewecTBa.). AKTMBHbIE 3arpsa3HAOWNE BELeCTBa U3MEHSIOT
rMAPOreoxXmMmMyeckyto o6CTaHoBKY U, Kak CneacTBME, HApyLLaT paBHOBECUE B CUCTEME
BOJa - NopoAa - ras - xwueoe Bewectso (H*, Fe**, H,S n T.4.).

O6LWas cTeneHb 3aKOMMIEKCOBAHHOCTN XMMUYECKUX 31EMEHTOB, 0COBEHHO 3/IEMEHTOB —
KoMnnekcoobpa3oBaTeneii, B 3arps3HEHHbIX NOA3EMHbIX BOAAX Bbllle, MOCKONbKY 3TV BOAbI
coaepxat 60siee BbICOKME KOHLEHTPALIMM @aHUOHOB, C KOTOPLIMU BO3MOXHO
KoMnnekcoobpasoBaHue 3Tux anemenToB. ®.N.TioTioHOBa [50] ycTtaHoBMNa cregyowme
pafbl N0 CTeNeHN CnoCOBHOCTU K KOMMIEKCoo6pa3oBaHMIo B NOA3EMHbIX BOAaX: AN
KaTuoHoB - Fe3* > AI** > Pb?* > Cu?* > Zn?* > Fe?* > Ca’* > Mg®* > NH** > Na**; ans
aHMOHOB — OpraHuyeckume eellectsa > OH? > CO5% > S0, >F >HCO* >NO* >CI .

B3anMMoOCBA3b rMAPOAMHAMUYECKOrO U T’MAPOXMMNYECKOrO PEXUMOB MOA3EMHbIX BOA.
MapoaHaMUYEeCKUA N TMAPOXUMUYECKUIA PEXMMbI MOA3EMHbIX BOA TECHO CBA3aHbl. [Mpwu
NMOHWMXXEHWUN YPOBHEWN HapyLLaeTCs rmaporeoxXmMmyeckoe paBHOBeCKe, yCUIMBaoTCA
OKMCNUTENbHbIE NpoLecchl, uameHsoTcs pH, Eh n, kak cneacreme, coctaB NoA3eMHbIX BOA,.
Hanpumep, ecnv BogoBMeLlaloLme Nopoabl coaepxaT cynbduaHble MMHepanbl, TO
CHMXXEHME YPOBHS NMOA3EMHbIX BOA NPUBEAET K OKUCIEHUIO CyNbdnaoB, CHMXeHuno pH
MoA3eMHbIX BOA M, KaK CNeACTBME, K YBEIMYEHUIO COAEPXAHMS B BOAE MHOMMX MeTaslsioB
(MS+20,= M?* + S0,* ). Takxe Npu NOHMXKXEHNUN YPOBHSA BO3MOXEH MOATOK COOKY Mnn
NepeToK CHMU3Y HEKOHAMLMOHHbIX NOA3EMHbIX BOA. [pn MOBbILWEHNN YPOBHSA M3MEHSETCS
BOAHO-CO/IeBON HanaHC rpyHTOBbLIX BOA, YBEIMUYMBAETCS UCNApeHne C KarnuiisipHoOM
KanMbl, BOAA HaYMHAET KOHTaKTMPOBaTb C HOBbIMW BOAOBMELLAOWMMIN NOPOAAMU, U, KaK
CneAcTBMUE, - USMEHEHME XMMUYECKOro CocTaBa.

XapakTepucTmka ruaporeoxmMmmnyecknx CBOMCTB Hambosiee pacnpoCcTpaHeHHbIX
3arpsasHuTenen. HeopraHnyeckune sewectBa. Cpean HeopraHM4eckux 3arpssHurenei
Hanbornee pacrnpocTpaHeHbl KOMNOHEHTbI 06LWero xuMmmyeckoro coctasa sBoabl (Cl, SO, ,
NOs ), rasbl (H,S), MMKpO3a1eMeHTbl, B OCHOBHOM 3TO TsXXesble MeTas/lbl, @ TaKxe
poaoHmabl (KT(NCS), ) un unavmnabl (KT(CN),), npuMeHseMbie npu oboraweHnm
MeTaIn4yecknx pya. TeopeTnyeckn HeopraHn4yeckuM 3arpsasHmTenem MoxXeT 6biTb
60/1bLINHCTBO 3/IEMEHTOB.

OpraHunyeckune BeulectBa. B HacToswee Bpems cywecTtsytoT MAK ans nutbeBbix Bog 6onee
4yeM ANS TbICAYM OpPraHMYecKmMx coeanmHeHnn. Hanbonee 4acTo B NoA3eMHbIX BOAAX
BCTPeYalTCs NOBbIWEHHbIE KONMYecTBa HeTENPOAYKTOB, CUHTETUYECKMX MOBEPXHOCTHO-
aKTMBHbIX BellecTB, deHonoB, xaopopraHnyecknx (XOM) n docdhopopranHmyeckmnx (GOM)
nectuunaoB. B nocnegHee Bpems Bce 6onbliee BHUMMaHWe obpallaeTcs Ha
BbICOKOTOKCUYHbIE MosIMapoMaTUyYecKme yrnesogopoabl U AUOKCUHBI.

PaZMoakTuBHbIE BellecTBa. Hanbonee pacnpocTpaHEHHbLIMU PaAnoaKTUBHbLIMY
3arpasHuTensmu sensaTca usotonsl 2°Sr (Bpems onypacnasa 28,4 roga), *’Cs (30 nert),
NpU SAEPHbLIX UCMILITAHNUAX U aBapUAX TaKXe MOXET NPOVNCXOAUTL 3arpsi3HEHME M30ToMNaMu
1311 (8,1 cyT.), 2*°Pu (24400 nert), **U (4,5-10 9 nert), *°Co (5,25 ner).

Buonornyeckoe 3arpsasHeHne NoA3eMHbIX BoA. [aHHbIi BUA 3arpsA3HEHNs Bbi3blBaeTCA
pa3/IMYHbIMW MUKPOOPraHM3MaMun - BOAOPOCNSMU, BakTepusMu, Bupycamm. Hanbonee
OnacHo 3arpsisHeHne 6071e3HETBOPHBLIMM OpraHM3MamMmn, NOCTYNaLWUMK B NOA3EMHbIE BOAbI
B OCHOBHOM C (peKaNibHbIM1 U XO35MCTBEHHO-6bITOBLIMU BOAAMMU. BpeMs BbbKMBaHUA
60Ne3HETBOPHLIX MUKPOGOB B MOA3EMHbIX BOAax MOXeT aocTurath 400 cyT.
Buonornyeckoe 3arpsisHeHne NoA3EMHbIX BOJ MOXET MHTEHCUMULMPOBATLCS TEMI0BbIM
3arpsisHEHMEM.

MocneacTesuns 3arpsA3HEHUs NOA3EMHbIX BOA. 3arpsa3HeHne NoA3EeMHbIX BOA HE ABNAETCS
JIOKaNbHbIM MPOLECCOM, OHO TECHO CBSA3aHO C 3arpsA3HEHMEM OKpYXXatoLLein NpupoaHOi



cpeabl B uenoM. Cogepxalwmecs B noA3eMHbIX BoAaxX 30Hbl aKTMBHOIo Bogo06MeHa
3arpsi3HeHust B KOHEYHOM MTOore nonagatoT B pekn un o3epa (obnactu pasrpysku).
3arps3HeHne NpPecHbIX MOA3EMHbIX BOA, UCMOJb3YEMbIX AN X039ACTBEHHO-MUTLEBOMO
BOAOCHabXxeHuns, He TO/IbKO CKa3blBaeTCs Ha 340POBbeE N0AEN U COCTOSHUM OKpYyXarLemn
cpeabl, HO U NPUBOAUT K HEOH6XOAMMOCTM KOIOCCasIbHbIX 3aTPaT Ha OYMCTKY BOAbl, PEMOHT
N PEKOHCTPYKLUMIO OUMCTHBIX COOPYXXEHWIN, AOMNONHUTENbHbIX 3aTpPaT Ha 34paBOOXpPaHEHue.
OTO NPOMCXOANT Ha (hOHE HeAOCTAaTOUYHOM U3YHYEHHOCTU U COCTOSIHUSA 3arpsi3HEHUS, U
B/INSIHUS MHOTUX BPEAHbIX KOMMOHEHTOB Ha 340POBbE NOAEN U XKXMBOTHbIX, N HEPA3BUTOCTU
METOA0B MCCAef0BaHUM MHOTUX HOBbIX BUAOB 3arps3HeHus.

III. XAPAKTEPUCTUKA OCHOBHbIX BU/10B
TEXHOTFEHHOIO BO3AEVNCTBUSA HA NMOA3EMHbIE
BOAbI

Mpn M3y4YeHUM TEXHOreHHOro BO3AENCTBMS Ha reosirMyeckyto cpeagy HeobxoanMo BbiSIBUTb
reonoro-rmaporeonorMyeckyto Nnpupoay npoTekarLwmx npoLeccoB, NPOBECTM NPOrHO3HYHO
OLIEHKY CTEeMNeHM NX BAUSHUS Ha OKPY>KaloLyo Cpeay W, Kak cneacreune, paspabotaTb
pEeKOMeHAaLnM No NpeaoTBpaLLeHN0 MM MUHMMU3ALUMM C MOMOLLbIO 3alUUTHbBIX Mep MX
HEeraTMBHOIO BAIMSHUSA Ha €CTEeCTBEHHYO Npupoay. NHTEHCMBHOCTb TEXHOIMEHHOIO
BO34EeNCTBUSA Ha NMoA3EMHble BOAbl BO MHOMOM OMNpeaenseTcs CTeneHbl UX 3alnWEHHOCTH.
JIII.1. 3awMLUIEeHHOCTb NoA3EeMHbIX BOA
B0O3MOXHOCTb 3arpsi3HEHNs NOA3EMHbIX BOA C MOBEPXHOCTU 3e€M/IM B 3HAUYNTESTbHOMN
CTeneHun onpeaenseTcs 3aWneHHOCTbI0 BOAOHOCHbBIX FOPU30HTOB. oA 3alnWeHHOCTbIO
BOZLOHOCHOIO FOPU30HTA OT 3arps3HeHns NOHUMAETCHA €ro NepPeKpbITOCTb OT/IOXKEHUSAMMU,
NpenaTCTBYOLWMMN MPOHUKHOBEHUIO 3arpsA3HAIOLWMX BELWEeCTB C MOBEPXHOCTU 3EMAN UK U3
Bblllenexallero BOAOHOCHOIo ropusoHTa [9]. 3aWmMLWeHHOCTb 3aBUCUT OT MHOIMMX
aKTopoB, KOTOPble MOXHO pa3buTb Ha ABe rpynnbl: NPUPOAHbIE N TEXHOrEeHHble. K
OCHOBHbIM NPMPOAHbIM haKTOpaM OTHOCATCA: rybuHa A0 YPOBHSA NOA3EMHbIX BOA,
Hannuyme B paspese M MOWHOCTb cnabonpoHMuaeMbix Nopoa, INTON0rMa U cCOpbLMOHHbIE
CBOWNCTBa NOpoA, COOTHOLLUEHNE YPOBHEN UCCIeAyEeMOro M BbilLenexallero BoOAOHOCHbIX
ropu3oHTOB. K TeXHOreHHbIM (hakTopaM npexzae BCero cieayer OTHECTU YCI0BUSA
HaxoXAeHns 3arpsa3HSAOLWLMX BELECTB HA NOBEPXHOCTUN 3EMJIN N, COOTBETCTBEHHO,
XapakTep UX MPOHMKHOBEHUSA B NMOA3EMHbIE BOAblI, XMMUYECKMN COCTAB 3arpsA3HAOLWMX
BELEeCTB M, KaK CneacTBue, nx MUrpaLnoHHY CMOCOBHOCTL, COpOMPYEMOCTb, XMMNYECKYIO
CTOMKOCTb, BPEMSA pacnaja, Xxapaktep B3anMOoAenCcTBusa ¢ NnopogaMm M Noa3eMHbIMU
BOAaMMU.
3alWNLLEHHOCTb MOA3EMHbBIX BOJ MOXHO OXapaKTepu3oBaTb Ka4eCTBEHHO M KOJIMYECTBEHHO.
B nepBoM criyyae B OCHOBHOM pacCMaTpuBalOTCS TOSIbKO NpupoaHble hakTopbl, BO BTOPOM
— NPUPOAHbIE U TEXHOrEHHbIE. [leTasibHasa oueHKa 3alWNWEHHOCTN NOA3EMHbIX BOA C
y4yeToM 0Co6eHHOCTU BNaronepeHoca B 30HE aspauMn U XapakTepa B3anMOAenCcTBus
3arpsi3HeHus C NopoAamMun 1 Noa3eMHbIMK Bogamm TpebyeT, Kak npaswusio, co3aaHuns
rMAPOreoXMMmMYeCcKomn Moaesnm NpoLeccoB NPOHUKHOBEHUS 3arpsa3HeHNs B BOAOHOCHbLIN
ropusoHT. KauectBeHHas oueHka MOXET 6bITb NpoBeaeHa B BUAe onpeaesieHnst CyMMbl
yCNnoBHbIX 6an10B UAN HA OCHOBaHWM OLEHKWN BpeMeHM, 3a KoTopoe dunbTpyowmecs ¢
MOBEPXHOCTU BOAbI AOCTUIHYT BOAOHOCHOIO ropm3oHTa (0cobeHHOCTM BaronepeHoca B
30HE aspaumu 1 NpoLeccbl B3aMMOLENCTBUS 3arpsa3HEHMs C NOpoAaMu U NOA3EMHbBIMU
BOAAaMW Npu 3TOM He yuuTbiBalTCcs). bannbHas oueHka 3aWmMWeHHOCTU MPYHTOBbIX BOA
AeTanbHO paspabotaHa B.M.lonbabeprom [11]. Cymma 6annos, 3aBucswlas ot yCnoBUmn
3aneraHus rPyHTOBbIX BOA, MOLWHOCTEeN cnabonpoHnUaeMblX OTJ0XEHNI U UX
JINTOJIOrMYECKOro cocTaBa, onpeaensieT cTeneHb 3alMIWEHHOCTM FPYHTOBbIX BoA. o
nuToN0rMmM N GUABTPALMOHHBLIM CBOMCTBaM C/1abonpoHML@eMbIX OT/I0XEHUN BbIAENSIOT TPU
rpynnbl: a - Cyrnecu, nerkne cyrnmHkm (koadbounuymeHTt dunbtpaumm (k) — 0,1 - 0,01
M/CyT), € — Tsxenble cyrnmHku u rmuHbl (k < 0,001 mM/cyT), b — npomexyTovHas mexay a
n ¢ — cmecb nopog rpynn a u ¢ (k 0,01 - 0,001 m/cyT). Hnxke npuBeaeHbl AaHHble ANs
onpeneneHus 6annoB B 3aBUCUMOCTU OT rMyH6UHLI YPOBHSA rpyHTOBbLIX BoAg H

H, m Bannbl



<10 1
10 - 20 2
20 - 30 3
30 - 40 4

>40 5

B tabn. 4 npeacrtaB/eEHbI 6annbl 3aWMLLEHHOCTV BOAOHOCHOIO ropu3oHTa B 3aBUCUMOCTU OT
MOLWWHOCTM M U NUTOJIOrnNn CJ'Ia6OI'I|DOHMLI,aeMbIX OTJIOXKEHWUM.

Ta6bnuua 4
mO0, M JlnTon.rpynnel Bannebl mO0, M JlnTon.rpynnsbl Bannbl

<2 a 1 12 - 14 a 7

b 1 b 10

C 2 C 14
2-4 a 2 14 - 16 a 8

b 3 b 12

c 4 [¢ 18
4-6 a 3 16 - 18 a 9

b 4 b 13

C 6 C 18
6-8 a 4 18 - 20 a 10

b 6 b 15

C 8 C 20
8-10 a 5 >20 a 12

b 7 b 18

C 10 C 25
10 - 12 a 6

b 9

C 12

Ons pacyeTta cyMmmbl 61108 HEOOXOANMMO CNOXUTE H6annabl, MOSyYEeHHbIE 3@ MOLWHOCTb 30HbI
aspaumm, n 6annbl 3a MOLHOCTM MMEIOLLMXCA B pa3pese cabonpoHMuaeMblix Nopoa.
Hanpwumep, ecnu rpyHTOBbIE BOAbI 3aneratoT Ha rnybuHe 14 m (2 6anna) n nmeeTcs cnom
cynecm 3 M (2 6anna) n cnovi rnnH 6 M (6 6annos), To cymma 6annos coctasut 10. Mo
CcyMMe 6annoB BbIAENSAIOTCS WECTb KAaTEropmin 3aMLLEHHOCTM FPYHTOBbIX BoA. KaTteropuum
3alLULLEHHOCTU FPYHTOBBLIX BOA, Mo B.M.lonbabepry, npueBegeHbl HUXeE.

CymmMa

Kateropwus 6aynnos
I <5

II 5-10

II1 10 - 15

v 15 - 20

V 20 - 25
VI >25

HanMeHbllen 3alnLLEeHHOCTbIO XapaKTepu3yoTCcs YC/10BUS, COOTBETCTBYOWME KaTeropum I,
Hanbonbwen — kateropun VI.
CreneHb 3aWMLLEHHOCTM NOA3EMHbIX BOJ MOXHO onpeaensaTb HenocpeaCTBEHHO Mo



BpeMeHUN punbTpaLnm 3arpsi3HEeHHbIX BOA OT MOBEPXHOCTM 3e€M/N A0 BOAOHOCHOIO
ropusoHTa. MNpmnbnunxeHHas oueHKa BPEMEHU AOCTUXEHUS YPOBHS FPYHTOBbLIX BOA
GUNBLTPYIOLNMUCS C MOBEPXHOCTU CTOYHBbIMW BOAAMWU AN YC/I0BUIA OAHOPOAHOrO paspesa
30Hbl @3paunmn 1M MOCTOSHCTBA YPOBHS B XpaHWUIULWe MoXeT 6biTb BbIMOSIHEHA MO U3BECTHOM
dopmyne LlyHkepa:
t = (nH /k)[m/H - In(1+m/H )],

roe H — BbicoTa cTonba CToYHbIX BOA B XpaHunuuwe; K 1 m — COOTBETCTBEHHO,
KO3 PrUMEHT punbTpaumm n MOLWHOCTb 30Hbl @adpaumn; N — HeAOCTaTOK HACbILWEHNS
rnopog, 30Hbl aspauun.
Mpy HanMUMM B OCHOBAHMMN XPaHWMLLA XUAKMX OTXOA0B 3aLLMTHOIrO 3KpaHa m3
cnabonpoHnuaeMbiX NOpPoAa BPeMSt AOCTMXXEHUS YPOBHS FPYHTOBbIX BOA (PUNLTPYIOLWNUMUCS C
MOBEPXHOCTU CTOYHbIMM BOAAMU CKIaAblBAETCHA M3 BpeMeHn dunbTpaunm Yyepes 3aluTHbIN
3kpaH (t; ), onpegensieMoro no NpuBeAeHHON Bbile popMysie, U BpeMEHN dunbTpaunm
yepe3 cobcTBEHHO 30HY aspauum (t, ). Bpemsa t, MoXxHO onpeaennTb No popmyne,
npeanoXXeHHo BepurmHbiM:

t; = (n2H /ka){mz /H [1-(m1/H )(ka/k1-1)]In[1+m2/(H +m1)]},
roe k; 1 my — KoadduumeHT dunbTpaumm 1 MOLWHOCTb 3aLMTHOIO 3KpaHa; N, , My , ky —
aKTUBHasi MOPUCTOCTb, MOLHOCTb U KO3 PUUMEHT punbTpaumm 30Hbl aspaumm; H —
BbICOTa CTO/16@ CTOYHbIX BOA B XpaHUAULLE.
Mpn dunbTpaunm C NOBEPXHOCTM 3eMJIM CTOYHbIX BOA, cOpacbiBaeMbIX C MOCTOSIHHbIM
pacxogoM Q Ha nsowaab F, moryT 6bITb ABa cnydas. Ecnm gq<k (q = Q/F, k —
KO3 dULUMEHT hunbTpaLmm 30HbI aspaumn), To NonagarmLme Ha NOBEPXHOCTb 3eM/n
CTOYHble BOAbI MOMHOCTbIO YHAYT Ha duabTpaumio, He o6pa3oBaB Ha NOBEPXHOCTM CcTonba
BoAbl. B 3TOM cnyyae BpeMsi 4OCTMIXKEHUS CTOKAMW YPOBHS FPYHTOBbIX BOA MOXET 6bITb
onpeaeneHo no gopmyne

r4€ N U M — aKTMBHas MOPUCTOCTb M MOLLHOCTb 30HbI aspauun. Ecnm q>k, To Ha
MOBEPXHOCTM 3eMnn obpasyeTcs cTonb XMAKOCTM MOLWHOCTBIO H, 1 pacyeTbl HeobxoamMmMo
MpoBOAMTb MO NPMBEAEHHbIM paHee opMyiaM.

'II1.2. BnnsaHve Ha noA3eMHble BoAbl ropHOA06bIBaloWen MHAYCTpUn
DKcnayaTaumsa KpynHbiX ropHogo6biBalOWmMX NpeanpusTuii 4acTo NpUBOAUT K
HeobpaTMMbIM rMAPOreoNIorMYEecKMM ABNEeHUSM pernoHanbHoro Macwraba. MNpu ocyweHumn
ropHbIX BblpaboToK oTKaumBalTcsa 6onbwne o6beMbl BOAbI, YTO Bbi3biBaeT (pOPMMpPOBaHME
BOKPYI HUX AeNpeCcCMOHHbIX BOPOHOK paauyCcoM B AeCATKM KMAoOMeTpoB. YacTto fobbiya
OZIHOM TOHHbI MOJIE3HOr0 MCKOMAEMOro COMpoBOXAAETCA OTKAYKOMN AeCATKOB, U AaXe COTeH
TOHH BOAbl. B pe3synbTaTe yxyalwaeTcs BOAHbIM 6anaHc KpynHbIX TeppuUtopuin. CHuUXatoT
CBOIO NMPOU3BOAUTENBHOCTb UKW BbIXOAAT U3 CTPOS BOAO3abopbl, MoNasLlue B 30HY
AEernpecCMoHHOM BOPOHKM, HApYLUAKTCSA YCIOBUS NMUTAHMUSA MOBEPXHOCTHBIX BOAOEMOB U
BOLOTOKOB, Pa3BMBAOTCS MOLLHblE TEXHOTE€HHbIE 30Hbl aspaumun, NpMBoASLLME K
HapyLWeHM0 eCTeCTBEHHOW BNAXHOCTU MOYB N MPYHTOB, NPOCafKaM U U3MEHEHUIO
XMMUYECKOro coCcTaBa NoA3eMHbIX BoA. B Tabn. 5 npueBeaeHbl OCHOBHbIE TEXHOTMEHHbIE
npouecchl, hopMupytowmecss Npu OCyLWEeHUN rOpHbIX BbipaboToK, N HEraTUBHbIE
MOCNeACTBMUSA, K KOTOPbIM OHM NpuBOAAT [42].

Ta6bnuua 5

Mpouecchbl Mocneacteus

MicToleHne ecTecTBEHHbIX PeCypCcoB NOA3EMHbIX BOA; HapyLueHue

OcyleHne BOAOHOCHbIX Nopos
BanMMOCBA3U NOA3EMHbIX N MOBEPXHOCTHbIX BOA,; APEeHNPOBaHWE POAHUKOB,



BTopnyHasa KoHconnaaums oCyLeHHbIX
PbIXNbIX nopoa

[lenpeccuoHHoe ynioTHEHUE necyaHo-
FAIMHUCTBIX MOPOA NMPU CHUXKEHUK
naacToBoro AaBneHus

[MoABMXKM B Maccuee ropHbIX Nopoj B
30HEe BINAHUA Bblpa60TKVI

MpOopbIB PYAHWYHBIX BOZ NOA BAUSHUEM
OCTaTOYHbIX MMAPOCTAaTUYECKMX HANopoB

OnonsHeBble NPOLECChl B OTKPbITbIX
BblpaboTkax, hopmMupylomecs npm
cnabo OCYLWEHHbIX Nec4aHOo-rIMHUCTbIX
nopogaax

OKuWCneHne pyaHbIX MUHEPANoB U
OpraHMYyecKux BELLEeCTB B TEXHOreHHOM

KonoALeB, BOA03ab0PHbIX CKBaXWH; HapyLleHue CTPYKTypbl 06Lero BOAHOMO
6anaHca; yxyaweuve obwmx naHAawadTHbIX YCNoBUI

[edopMaums NOBEPXHOCTU U, KaK cneacTeve, AecdopMaums nNoa3eMHbIX
KOMMYHMKaLMA M NOBEPXHOCTHbLIX COOPYXEHM

[edopMaums NOBEPXHOCTU 1, Kak cneacTBue, AecdopMaums WaxTHbIX
CTBOJIOB ¥ OKOJOLLIAXTHBIX FOPHbIX BbIpaboToOK

3HauuTenbHas gedopMaumna NOBEPXHOCTU, NA3EMHbIX KOMMYHUKaUWIA U
MOBEPXHOCTHbIX COOPYXEHUIN; 0bpa3oBaHMe 30Hbl TEXHOFEHHOM
TpeLmnHOBaTOCTN

[edopMaums v 3aToneHme ropHbix BbipaboTok

[edopMaums ycTynos n 60pToB Kapbepa

YXyZLEeHNe KauyecTBa PyAHUYHbIX BOA, UX XMMUYECKOe 3arpsisHeHne
BO3MOXHO (POPMUPOBAHUE arpeCCUBHbIX KUCMbIX BOA,

30He aspauuu

B3anMopencTemne ocywInMTenbHbIX
YCTPOICTB 1 BOA03abOPHbIX COOPYXEHUM
npeanpusaTna
Mpw ocyweHnn ropHeix BbipaboTOK MOXHO BbiaenuTb ABe da3bl. B nepsyto dazy
MOHWKEHME YPOBHSA NMPONCXOAMUT B npegenax mectHoro 6asuca spo3uun. B aTy dasy
cpabaTbiBalOTCSl €CTEeCTBEHHbIE PeCcypCbl BOGOHOCHbIX FOPU30HTOB. Hanbonblee BAvsiHMe
OCYyLUeHMe ropHbIX BbipaboTOK OKasblBaeT Ha M3MEeHeHWe CBOWCTB MreosiorM4yeckon cpeabl BO
BTOpYtO0 a3y, Koraa noHMXeHne ypoBHS BOAbl CTAHOBUTCS HMXe abCONOTHON OTMETKMU
MecTHoro 6a3uca apo3umn.
MOMMMO HeraTMBHbIX NOCNEACTBUIM OCYLIEHMS FOPHbIX BbIpabOTOK A8 NpeanpusiTum
ropHoao6biBatoLer NPOMbILLIEHHOCTU XapaKTepHO 60/bLUMHCTBO BMAOB NPOMBbILWIEHHOIO
3arpsi3HeHMs NoA3eMHbIX BOA, ONMMUCAHHbIX HMXXe. bonee noapobHO ¢ BAUSHMEM Ha
noA3eMHble BOAbl FOPHOAO0ObIBAtOLLEN MPOMbILWIEHHOCTM MOXHO MO3HAKOMUTBLCA B paboTax
[ZI ﬁl 4_2]

'III.3. BamsiHMe NnpoMbILIJIEHHOCTU Ha noAa3eMHble BoAbl

CHuxeHue obLuen nponseBoanTeNbHOCTM BOA03abopoB, Hepeako
Heo6X0AMMOCTb CTPOUTENBLCTBA HOBbIX KanTaXHbIX COOPYXEHWUI

MpoMblLNeHHoe 3arpsisHeHne noasemMHbix Boa. Cpean NpoMbILLIEHHbIX OTXOA0B OCHOBHOE
3HayeHune B 3arpsA3HeHnn NoA3eMHbIX BO4 UMEIOT NPOMCTOKMU. 3arpsa3HeHmne nponcxoanT B
npouecce puabTpaunm CTOYHbIX BOA U3 HAKOMUTESIEN, XBOCTO- M LWWIaMOXPaHWIMLL UK B
pe3ysbTaTte X NoA3eMHOro 3axopoHeHus [12]. B CTOYHbIX BOAAX HAXOASATCA Kak
KOMMOHEHTbI 06Lero XMMmM4yeckoro coctasa BoZ, Tak U MMKPOKOMMOHEHTbI, ra3bl,
opraHuyeckmne BewectBa. KOHKpPETHbIN COCTaB CTOYHbIX BOA 3aBUCUT M OT OTpacau
MPOMBILAEHHOCTU, N OT TEXHONIOIMA, MPUMEHSEMbIX Ha JaHHOM MpPeanpUsaTUN.

HacTo MCTOYHMKOM MPOMbILLSIEHHOrO 3arpsi3HEHUS MOA3EMHbIX BOA SIBNSAKTCA aTMOCdepHbie
0CaAKu, HacbllWeHHble ra304bIMOBLIMM BbIGpOCaMN U MpoAYyKTaMu UcnapeHms c
NOBEPXHOCTWN Nonen dUnbTpaunm n HaKonNUTesNeN CTOYHbIX BOA MU OTXOAOB. [NaBHbIMU
BeLleCcTBaMm, 3arpsasHsoWMMN atMocdepHbI BO34YX, SIB/SIOTCS B3BELUEHHbIE BeLLeCcTBa
(nbIb), oKCKg, yrnepoaa, CEPHUCTLIM aHIMAPUA, OKCMAbl a30Ta, yrieBoaopoabl, heHornbl,
pasfNyHbIE SA0XMMUKATbI U TSXKesble MeTasnsbl. BbiIbpochkl 60/bLIMX KOTMYECTB CEPHUCTOIO
aHruapuaa, oKCMaoB yriepoaa u aszota 0b6ycnoBnmBaoT obpa3oBaHNe KUCAOTHbIX AOXAEN
c pH<4. Takme ocagku MOryT CyLLECTBEHHO U3MEHUTb XMMUYECKUIA COCTaB NOA3EMHbIX BOA
3a CYeT HapyLeHUs paBHOBECUS B CMCTeMe BoAa - nopoja. KoHueHTpaunsa B aTMOCcdepHbIX
ocaZKax NMpoMbIlWeHHbIX parioHoB As, Se, Sb, Cr, V, Cu, Zn, Pb, Cd, Hg n psaa apyrux
KOMMOHEHTOB MOXEeT B AeCATKM U COTHWU pa3 npeBbiwaTb X poHOBble 3HaveHus. Monagas
B No4By, 60NbWNHCTBO U3 HUX cCOpbUpyeTcsa B 30HE aspaumun n BHa4vane He dumKcupyeTcs B
3HAYMTENbHbIX KOMYECTBax B MoA3eMHblX Bogax. OgHako copbumoHHas eMKOCTb Nopoa He
6e3rpaHnyHa, 1 B yC/I0OBUAX €€ HaMoJIHEHUS Unu naMeHeHus Eh - pH ycnosuin B 30He
aspaumm MOXET NPOM30NTU NOBCEMECTHOE 3arps3HeHne rpyHTOBbIX BOA C MOC/AeAYOLWUM
nepeTekaHMeM 3arpsisHaLWmX Belects B 6onee rnybokMe ropnusoHThbl.



ﬂOCTaTOLIHO KPpYNHbIM NCTOYHNKOM 3arpsa3HeHnd noa3eMHbIX BO4 B HACToslLllee BpeM4
ABNSIETCS aBTOMOOWUIbHbIA TPAHCMOPT. BAnsHME ApyrMx TpaHCNOPTHbLIX Marncrpanen B
OCHOBHOM CKa3blBaeTCs NpY BO3HMKHOBEHUM aBapUMHbIX CUTYaLWUI Ha XeNe3HOoMW Aopore u
HedTe- 1 razonposojax.

Eu.|,e OAHUM NCTOYHUNKOM 3arpda3HeHns aBaar0TCA HGO60py,CI,OBaHHbIe XpaHUnia TBepablX
OTX0AO0B. 34eCb MOXET UMeTb MECTO BETPOBOM Pa3HOC 3arpA3HAOLNX BELLECTB C
D,aﬂbHeVIUJMM MX NPOHNKHOBEHNEM BMECTE C aTMOCCbeprIMVI OCaAKaMWn B rpyHTOBbIE BOAbI,
a TaKXe HenocpeacrtBeHHoOE BblllesnlavYnMBaHMe Ha MECTe, B pe3ysibTaTe 4ero noa
XpaHunanwamm TBepabiX oTXoaA0B 4acTto 06pa3yl0Tc9| 3Ha4nUTENbHbIE OPEOJibl
HEKOHAMLMOHHbIX noA3eMHbIx Bog [15].

'I11.4. I3MeHeHMue rugporeoXmMmnUyYecKmx ycsoBuii Ha yp6aHu3npoBaHHbIX
TeppuTopusx

B ropoaax nMetoT MeCTo BCe BO3MOXHble BUAbI @HTPOMOreHHOr0 BO3AENCTBUS Ha
OKpY>XallLyo cpeay, BCTpe4valoTCs BCe M3BECTHbIE TUMbl 3arpsA3HeHns noa3eMHbiX Bo4. Ha
yp6aHN3NPOBaHHbLIX TEPPUTOPUAX MOMMUMO MPOMbILLEHHOINO 3HAYNUTENbBHY POJb UrPaeT
3arpsisHeHne NoA3eMHbIX BO4 KOMMYHasbHbIMWU CTOKaMu. KpoMe XMMMYeCcKoro 3a4ecb 4acTo
NpUCYTCTBYET paanoakTnBHoe, bakTepmanbHOe, ra3oBoe U TenJIoBoe 3arpsi3HeHus.
Cneumndunyeckomn 0cobeHHOCTbIO TOPOACKUX TEPPUTOPUIA ABISIETCA HapyLUEHHbIN
rMAPOreonIorM4eckmMin pexmm B CBs3mn C 601bLION MNAOTHOCTLIO 3aCTPOMKKN, 3HAYNTENBHON
niaowaabio acdasnbTOBbIX MOKPbLITUN, FYCTOM CETbI0O BOAOHECYLLUNX KOMMYHUKAUWA U
NOA3EMHbIX MHXEHEPHbIX COOPYXeHUN. st KpYMNHbIX rOPOAOB XapaKTepHO Kak
3HaAuYMUTENbHOE MOHMXEHMNE YPOBHEN BOAOHOCHbIX FOPU30HTOB, UCMOIb3YEMbIX OS5
LLeHTPaiM30BaHHOro BOAOCHabXeHNs, TaK 1 MOBbILWEHME YPOBHSA MPYHTOBbLIX BOA 3@ cYeT
yTeyeKk 13 BOAOMNPOBOAHOM CETU N YMEHbLUEHNS TaKuX pacxXOAHbIX CTaTel BOAHOIO
6anaHca, Kak ncnapeHve n TpaHcnupauus. Bce aTo cnocobCcTBYET YCUIEHUIO MUrpaunm
3arpsi3HeHHbIX FPYHTOBbIX BOA B HWXKenexaline BOAOHOCHbIE FOPU30HTbI. Bo MHOMMx
ropofax MHTEHCUBHbIA OTO6OP NOA3EMHbIX BOZ COMPOBOXAAETCH 3HAUMTENbHLIMU
npocefaHMsiMM AHEBHON NOBEPXHOCTM. Hanpumep, B TOKMO Nnowaab MyfbAbl NpoceaaHns
coctaBnsget 309 kM2, a MakCcMManbHasa BesiIM4YMHA NpocefaHns npesbiwaeT 7 M.

Ha ypb6aHun3npoBaHHbIX TEPPUTOPUSX, KaK MpaBmio, NpUCYTCTBYIOT BCe haKTopbl
W3MEHEHNS XMMNYECKOro COCTaBa NOA3EMHbIX BOA, CBA3AHHbIE C MOHMXKEHNEM UK
MoBbILLIEHMEM MX YPOBHS. Ocoboe 3HauyeHmne nMeeT npouecc BsauMoaencTeus (B
pesysbTaTte nogbeMa ypoBHS) NOA3EMHbIX BOL4 C TEXHOME€HHbIMW OTNIOXEHUSMN. Takxe Ans
ropooB XapakKTepHO pa3BUTUE INEKTPOXMMUYECKMX MPOLECCOB. DTOMY cnocobcTByeT
Hannume nog 3emsien 601bLOro KoNMyecTsa MeTa/NIMYECKNX KOHCTPYKUNI 1
anekTpokabenen. bonee nogpobHO C 3KOAOro-rngporeosornyeckumm npobnemamu,
BO3HMKAOWNMKN HA YPOAHM3NPOBAHHbIX TEPPUTOPUSAX, MOXHO MO3HAKOMUTLCS MO
MaTepuanaM Hay4YHbIX KOH(MEepPEHLMN N CEMMHAPOB, MOCBSLWEHHbIX AaHHOM npobneme [49].

OTaenbHbIM (haKTOpOM BO3AENCTBUA HA NOA3EMHbIE BOAbl B palioHe HaceNeHHbIX MyHKTOB
SABASIETCS MX KCMayaTaums B Lensax X03saMCTBEHHO-MUTbEBOIr0 BoAOCHabxeHus. B
rnpouecce oTKayku BOAbl U3 CKBaXMH MOIyT BO3HMKATb T€ Xe OoTpuuaTesibHble TEXHOreHHble
NpoLecchl, YTO U NPU OCYLUEHUM FOPHbIX BbipaboTok. OTAnUMe 3aK/H04YaeTCs B TOM, YTO
npu aKCcnayaTaumMm noa3eMHbIX BoA4 0C060e BHMMaHWe A0IKHO yAeNnsAaTbCS MPOrHo3y mx
kavectBa. CoCTosiHME NOA3EeMHbIX BOA B palioHe BOA03abOpHOIro COOpPYXeHus
onpegenseTcsa MHOrMMK pakTopamu: TMNOM Bogo3abopa, rpaHUYHbIMK YCNOBUAMMU
BOZOHOCHOIO0 rOPU30HTA, XapaKTEPOM €CTECTBEHHOIO ABMXKEHUS NOA3EMHbIX BOJ,
dbUNbTPaUMOHHON HEOAHOPOAHOCTLIO Nopoa (NIaHoBOM M cioucTon). Ans Bogo3abopos,
3KCMIyaTUPYIOLWNX HAaNopHble BOAOHOCHbIE TOPU30HTbI, 0CO60€e 3HaYeHne nMeeT
KOHCTPYKLMSA 6YpPOBbIX CKBaXXWH. DTO CBA3a@HO C TEM, YTO MPU HAIMUYMKN BblAEPXKAHHOIO
BEpXHero Bogoynopa Hanbonee ysi3BMMbIM MeCTOM AJ1s MonagaHus B BOAOHOCHbIN niacT
3arpsisHeHus siBnsieTcs 3aTpybHoe NpoCcTpaHCTBO BOA03abopHbIX CKBaXXMH. B cnyyae



HEeKayeCTBEHHOM LeMeHTauum obcaaHbix TPpy6 BO3HUKAKT MCKYCCTBEHHbIE
rmaporeosiormnyeckme okHa, No KOTOpPbIM 3arpsi3HEeHHbIe MPYHTOBbIe BOAbl MOryT
6ecnpenaTCTBEHHO NonagaTb B 3KCM/yaTUPYEMbI BOAOHOCHbLIA FOPU3OHT. MporHo3y
KayecTBa NoA3€eMHbIX BOA Ha y4vacTkax BOA03abopoOB MOCBALLEHbI pa3aesnbl B MOHOrpadumsax
[10,11].

B uenax npenoTspalleHns 3arps3HEHUs MOA3EMHbIX BOA BOKPYr AENCTBYOLWMX
B0A03ab0pOB yCTaHaBMBaETCS 30Ha CaHUTApPHOM OXpaHbl, KOTopas 06bl4HO BKIKOYAET ABa
nosica: I - nosic ctpororo pexuma u Il - nosic orpaHmnyeHuin. Nepsbii NOSC NpeacTaBnseT
coboi yyacTok BOKpYyr Bogo3abopa c paanycoMm He MeHee 30 M npu 3KCnyaTaumm
HanopHbIX BOA M He MeHee 50 M Npun MCNosb30BaHMM MPYHTOBbLIX BOA. DTa niowaib
orpaxgaeTcsa n obecneumBaeTcsl 0XpaHOM, YTOObl UCKIOUYNTb BO3MOXHOCTb C/Ty4amHOro
3arpsi3HeHus NoA3eMHbIX BOA, HEMOCPEACTBEHHO Yepe3 Boao3abopHblie coopyxeHus. MNosc
orpaHmyeHui (cob6CTBEHHO 30HA CaHUTApPHOWM OXpaHbl) OXBaTbIBAET TEPPUTOPULD,
MCNOSb30BaHMEe KOTOPOM OrpaHMYnBaETCs ANg yCTpaHeHMsI BO3MOXHOCTM MOSIB/IEHUS
WCTOYHUKA 3arpsi3HeHMs B TOM 4aCTW BOAOHOCHOIO rOpuM3oHTa, KoTopas byaet
MCnonb3oBaTbCs B TedeHne 20 - 25 neT (pacyeTHbIM CPOK aKCnyaTaunm sogosabopa), T.e.
KOHTYP 30Hbl CAaHUTAPHON OXpaHbl — 3TO 3aMKHyTas JINHUS, OT SIt060ON TOUKK KOTOPOWN BOAA
6yaeTt asuraTbCa A0 Bogo3abopa 3a BpeMs He MEHee pacyeTHOro CpoKa aKcrnayaTaumm
Bogo3abopa. PazMepbl M KOHPUIypauns 30Hbl CAaHUTAPHOW OXpaHbl B MJaHe OnpeaenstoTcs
rMMAPOreonorM4ecKMMmn yCrioBUSMM M XxapakTepoM caMmoro sogo3abopa. Metoabl
HaxoXAeHWs 30Hbl CAHUTAapPHOW OXpaHbl Pa3/inyHbl, O4HAKO B OCHOBE 6O0/IbLUMHCTBA M3 HUX
NeXUT onpeaeneHne BpeMeHu NoaTArMBaHus BoAbl U3 3a4aHHOM TOYKM BOLOHOCHOMO
ropusoHTa K Bogosabopy. Hanpumep, Bpemsa ABUXEHUS BOAbl K BOA03abOpy B YC/IOBUSAX
HeorpaHM4YeHHOro 0AHOPOAHOrO BOAOHOCHOIO ropu3oHTa MOXeT bbiTb onpeaeneHo no

dopmyne:

2

roe X; n Yy — KOOpAWHATbl HayanbHOro MOJSIOXKEHUS YacTuLbl XMAKOCTHN, Boao3abop
HaxoAuTCs B Havane KoopaMHaT, Hanpas/ieHMe eCTECTBEHHOIO NOTOKa NoA3eMHbIX BOA
coBnagaeT C HanpaBneHneMm ocu X; X, onpegensercs no cneaywowen dopmyne X, =
Q/(2pmkI); n, k, m — cOOTBETCTBEHHO, aKTUBHas MOPUCTOCTb, KO3 PUUMEHT hunbTpaumn
¥ MOLWHOCTb BOAOBMeLLaWmUX nopoa; I — rpagneHT yKknoHa NoBEPXHOCTU eCTeCTBEHHOMO
notoka; Q — nebut Bogo3sabopa.
dopMynbl 4f1 pacyeTa BPEMEHW ABUXKEHUS BOAbl K BOA03a60py B APYTrMX MPaHUYHbIX
yCcnoBsusix npmeegeHbl B pabote [11]. B cinyyae HeO4HOPOAHbIX BOAOHOCHbBIX FOPU30OHTOB CO
CNIOXHbIMW TPAHUYHBIMW YCNOBUAMU A1 onpefeneHns KOHPUrypaumm 30HbI CAHUTapHOM
OXpaHbl He06X0AMMO COCTaBAeHNE rMapoaMHaMnU4YecKom moaenn Boao3abopHoOro y4acrtka,
0AHaKo B 60NbWINHCTBE CllyvyaeB Ha MNpaKTMKe yaaeTcsa CXeMaTu3nMpoBaTb
rmgporeosiormyeckme ycioBums 1 BOCMNOJSIb30BaTbCA O4HOM U3 MMeRLWMXCcs popmMyn.

'II1.5. BaMsiHue Ha noA3eMHble BOAbl Ce/IbCKOX03IMCTBEHHOro Npou3BOACTBA U
rMApPOTEXHUYECKUX COOPYIKEHUN
CenlbCKOX035MCTBEHHOE 3arps3HeHne noa3eMHbIX BOA CBSA3aHO C BbIHOCOM M3 MOYBbI C
0OXAEBOW UM NPPUTALMOHHOM BOAOW SA0XMMUKATOB M yA06peHnin. TakKe MCTOYHUKOM
3arpsi3HeHus aBASAIOTCA CTOKM OT XUBOTHOBOAYECKMX KOMMIEKCOB NTULE- U 3BepodepM.
CenbCKOX035MCTBEHHOE 3arps3HEHNE HOCUT MAOLWAAHOM, U AaXe pernoHanbHblii XapakTtep.
Cpean MHOrOUYMCNEHHbIX YA0OpEeHMIA, MPUMEHSIEMbIX B CETbCKOM X035CTBE, Hanbonee
pacnpoCTpaHEHHbIMU ABASIOTCS a30THble, HochopHble N KanunHble, Npyn 3ToM ocoboe
3HayeHMe UMEeKT a30TUCTble coeanHeHus. NoMUMo yaobpeHUn nX UCTOYHMKOM MOryT BbITb
CTOYHbIE€ BOAbl XXMBOTHOBOAYECKNX KOMMNIEKCOB NTUUE- N 3BepOodEepPM, CUIOCHbIE SIMbl,
XO35MCTBEHHO-6bITOBbIE CTOKM AepeBeHb U MOCEKOB.

Mpu nonaaaHum coeanHeHui a3oTa B NOYBY aMMOHMItHas ux gopma (NH** ) xopolwo



coner aMMOHUS, KOTopas He YCBamBaeTCs pacTeHUsMU N He copbupyeTcs nopoaamu,
OKUC/NSETCA CHavana Ao HUTPUTOB, a 3aTeM A0 HUTpAToB. 10 CBOMM MUTPALNOHHbIM
CBONCTBAM HUTpaTbl SBASKOTCSA aHaNOroM Xsi0pa, OHW OT/INYAKOTCS BbICOKOM
pacTBOPMMOCTbIO U OTCYTCTBMEM FMAPOXMUMMYECKMX BapbepoB. B cBS3KM € 3TUM B
CeNIbCKOXO3SMCTBEHHbBIX paloHaxX HUTPaThbl SBASKOTCSA CaMbliM MacWTabHbIM 3arpsa3HUTEseM
noA3eMHbIX BOA. pyHTOBblE BOAblI MHOMMX CTPaH COAEepXaT HUTPaTbl B KOHUEHTpauusax,
3HAUYUTENbHO MpPEBbIWAKLWNX NpeaenbHO A0NYCTMMble. MakCMManbHble KOHUEHTpaumu
MoryT npesbiwaTte 1000 mr/n.

3HauMTEeNbHO MeHbluas A0S B 3arpsa3HEHUM NOA3EMHbIX BOA NMPUHAANEXMUT KalUMHbIM U
docdopHbIM yaobpeHusam. CoeamHeHnsa kanmsa n docdhopa XopoLo yCBaneatoTcs
pacTeHMsIMUK, a TakxKe CoOpbMpYrOTCS MTMHUCTBIMW KOMMOHEHTaMM Nopoa, M NnLb
He3HauynTenbHas UX 4acTb, He 3adUKCMpOBaHHas Ha 3TUX 6apbepax, BbIHOCUTCS B
noA3eMHble BOAbI.

OaHMM 13 Hanbonee onacHbIX BUAOB CEIbCKOXO3SIMCTBEHHOIO 3arps3HeHnsl SBASOTCS
necTtuunabl. BONbLWWHCTBO M3 HUX OTHOCUTCS K XJ10p- M (hochopopraHMyeckmm
coeanHeHunaM. CTeneHb OrMacHOCTU NMecTULWAOB OLEHUBAETCS MO UX TOKCUYHOCTH,
NeTyyecTn, KyMynsiTUBHbIM CBOACTBaAM U CTOMKOCTU. TOKCUYHOCTb U CTOMKOCTb OKa3bIBatoT
Hambornbluee BAMSHME MNPU OLLEHKE BO3MOXXHOCTU 3arps3HEHNs NOA3EMHbIX BOA.
BONbWWHCTBO XNOPOPraHMYecKnX NecTMUmMaoB OTHOCUTCS K CPeAHETOKCUYHbIM
coeAMHEHNAM, ogHaKo 06/1aAaeT APKO Bblpa)XeHHbIMU KYMYNSATUBHbIMKM CBOMCTBaMMU
(cnocobHOCTbIO HaKaNIMBATLCS) U ABAAKOTCA CTOMKUMU N OYEHb CTOMKUMU COEAUMHEHUNSMMU.
B pe3ynbTaTe passioxXeHust MHOIMe U3 HUX NpeBpaLllatoTcs B ewe 6osiee TOKCUYHble
coeauHeHns1, YyeM ncxogHole. docdopopraHnyeckme nectuumabl B 60/bLLIMHCTBE CBOEM
OTHOCSATCSl K rpynne BbICOKOTOKCUYHbIX COEANHEHUN, OAHAKO OHW, KaK NpaBusio,
ManoyCToN4YMBbI BO BHELIHEN cpene. bonee noapobHble CBeAEHUS O MecTMunaax MoOXHoO
nonyunTtb B pabotax [9,28].

Bo3gencreme Ha OKPYXKaloLyto cpeay KpPymHbIX XXMBOTHOBOAYECKMX KOMMJIEKCOB, NTULEe- 1
3BepodepM COM3MepMMO C PAaCCMOTPEHHbLIMUM BbIlLE NPOMbILIEHHbIMU 06bekTaMu. OTXoAbI
XMBOTHOBOACTBA SIBASAIOTCA MCTOYHMKAMWN CUSIBHOIO XMMUYECKOro U baKTepuanbHOro
3arpsisHeHMs NpMpoaHbIX BOA. B nepByto odepeab, 3TO OpraHM4YecKme BellecTBa
(Mo4YeBMHa, OpraHn4yeckme KMCNoThbl, PeHoNbl, MeauUVHCKMe npenapaTtbl, AobaBnsieMblie B
kopM, CMABbI 1 T.4.), HeopraHnyeckme Bellectsa (coegnHeHus asoTta, pocdopa n Kkanus,
Cu, Mn, Zn, Co, As, Fe n gpyrme MMKpO3NEMEHTbI), NATOrEHHbIE MUKPOOPraHN3Mbl
(canbmoHennbl, 6aunnnel baHra), 6aktepmmn dhekanbHOro 3arpsi3HeHUs U reTepoTpodHbIe
canpoduUTHbIE MUKPOOPraHM3Mbl. 3arpsa3HeHne NoA3eMHbIX BOA, MPOUCXOAUT KaK B
pe3synbtate GunbTpaumm U3 HaBO3OXPaHWUMLL, TakK U B C/lydae HECOOTBETCTBEHHbIX 403
BHECEHHOI B MNOYBY B Ka4yecTBe yA0bpeHns HABO3HOM XXMXMU.

3HaunTeNbHOE BANSHME Ha NOA3EMHbIE BOAbl OKa3blBAOT MeNnopaTBHble paboThbl.
OpolueHne cenbxo3yroanii No4YTH BCceraa NpuBOAUT K HapyLUEHUO BOAHOIO U COIEBOMO
6anaHca rpyHTOBbIX BOA, M3MEHEHMUIO UX YPOBHS M MUHepanusaumun. B ycnoesmsax apnaHoro
KJiMMaTta 3TW MpoLEecChl MOTyT NPMBECTU K 3aCosieHnto 3eMenb. Hanbonee aphekTUBHbBIM
cnocoboM 60pbbbl C 3acConeHneM SBSIETCSA UCKYCCTBEHHbIM apeHa)x<. OAHaKo ero
NMPUMEHEeHMEe MOXET HAHECTU 3HAYUTENbHbIAN 3KONOornMyeckmun yuepb sogoemam —
NMPUEMHUKaM ApeHaXKHOro CToka.

OpyrMM Ba>kHbIM HanpaB/ieHMEM B MenMopaunm 3eMesb SBsSeTcs ux ocyweHue. B 6anaHce
FPYHTOBbIX BOJ, HA OCYLUEHHbIX Y4aCTKax 3Ha4YnTelbHO BO3pacTaeT BefiMymHa
WHPUNbTPaLNOHHON COCTaBASIOWEN 3a CYET YMEHbLUEHNS NOBEPXHOCTHOIO CTOoKa. Tak, rnpwu
ocyweHun 6010T BEMNYNHA MHPUIBTPALMOHHOIO NMTaHMS MOXET Bo3pacTatb € 6 A0 35 %
OT CYMMbI BbiNaZaloLlWmnx 0CaZAKOB, YTO NPUBOAUT K YCUNEHHOMY BbIMbIBAHUIO NUTATENbHbIX
BELLEeCTB M3 NoYBbl. [pU 3HAYNTENBHbBIX MOHUWXEHUAX YPOBHSA FPYHTOBLIX BOA KanuansapHas
Kamma MOXeT ONyCTUTbCSA HUXEe KOPHeobMTaeMoro Cnos, UYTo Bbi3blBaeT yXyAlleHne
YCNOBUI pa3BUTUSA pacTUTENIbHOrO NOKPOBA, @ MHOrAA U NOJIHYIO ero Aerpagauuio.



Mpu CTPOUTENBCTBE MMAPOTEXHUYECKUX COOPYXKEHUN OCHOBHOE BJIUSIHUE HA NOA3EMHbIE
BO/Zbl OKa3blBatoT MpPOLeCChl, CBSI3aHHbIE C MOABEMOM UJIN MOHMKEHMEM YPOBHSA. B
€CTECTBEHHbIX YC/IOBUSIX peyHble AOJINHbI, KaK MpaBu/io, UFPatoT Posib PErMoHanbHbIX APeH
ANs NoA3eMHbIX BoA. EcTecTBeHHbIE UNbTPALMOHHbIE MOTOKM HaMpaBieHbl OT
BO/ZIOPa3/Ie/IOB peYHbIX JOJSIMH K pycriaM pek. Mpu o6pasoBaHUn BOAOXPAHUAMLL
NpPOMCXOAMT NOAMNOP MNOA3EMHbIX BOA, YTO MOXET NPUBOANTL K 3aboiaumBaHmto
3HauYUTENbHbIX TEepPUTOPUI. YacTo B cdhepy rmapoanHaAMUYECKOro BAUSHUS PaBHUHHbIX
BOAOXPaHWINLL MOMaaatT HacesIeHHbIE MYHKTbI U MPOMbILW/IEHHbIE NpeanpusaTus. MNpu aTom
BO3HMKAET HEO6X0AMMOCTb OCYLLECTB/IATb AOBOJIbHO CIOXHYI CUCTEMY 3aLUUTHbLIX Mep.

Mpw 3HaYNTENbHbIX MNOBLILUEHUSAX YPOBHS MOBEPXHOCTHbIE BOAbl HAUMHAIOT NUTaTb
rmapaBiMYeckn CBsi3aHHble C HUMU BOAOHOCHbIE FOPU30HTbI. 3TO YacTo NPUBOAUT K
XUMUYECKOMY U BaKTepuasnbHOMY 3arpsA3HEHUI0 NOCIEAHUX U, KaK CleacTBue, K
Heob6X0AMMOCTM CTPOUTENLCTBA AOMNONHUTENbHbIX OUYNCTHBLIX COOPYXEHMIN Ha
BOA03ab0pHbIX CKBa)XWHaxX.

IV. BUabl U METOAbl 3KOJ10IO- -
rMmaPOreoJIOrM4YECKUX NCCJIEAOBAHUN

DKOJIOr0-rMAaporeosiorMyeckmue nccneqoBaHns AoNXKHbI 6biTb HaNpaB/ieHbl HA pelleHne
CNeayroLmMX OCHOBHbIX 3a4a4: OLEeHKa eCTeCTBEHHOM0 MAPOXMMMYECKOro COCTaBa
NoA3eMHbIX BOA C TOUKMW 3PEHUST X IKOJIOMMUYECKOr0 KayecTBa, npeaynpexaeHme n paHHee
BbISIBNIeHME 3arpsA3HeHMs NoA3eMHbIX BOJ, MPOrHO3 M3MEHEHUS KauyecTBa BOAbl B
€CTECTBEHHbIX WU TEXHOIMEHHbIX YC/TIOBUSAX, OLEHKa MOC/eACTBUIA pasfnMUHbIX paboT,
CBSI3aHHbIX C U3BMEHEHWEM YPOBHS MOA3EMHbIX BOA, rMAporeosiormyeckoe 060CHOBaHMe
BOAOOXPaHHbIX MEPOMPUSTUIA, OCYLLECTB/IEHNE KOHTPOJIS 3@ OXPaHOW NoA3EMHbIX BOA U
YPOBHEM MX 3arpsisHEHMS.

Becb KOMMNMIEKC 3KONOro-rMaporeosiormdyecknx NccnefoBaHnii MOXXHO pa3aesnnTb Ha ABe
cTaaun NoJsieBY0 M KamepasbHyto. Bo BpeMs noneBon ctagmmn aHannsmpyroTcs
rmaporeonornyeckme ycnoBms TEppUTOpUM, COCTaB, CBOMCTBA M COCTOSIHME MOA3EMHbIX
BOZ, a Takxe npouecchl, ux onpegenstowme. Ocoboe BHUMaHMe HEOOXOAMMO yAENaTb
MMEWLLMMCS B3aUMMOAENCTBUSAM B CUCTEME reosiormyeckas cpega — buocdepa —
TexHocdhepa. Bo BpeMs kamepanbHoM 06paboTkm NpoBOANTCA aHaNM3 MOSTy4YEHHOMN
nHdbopMaumn, coctasneHne 6a3 AaHHbIX, 3KOIOro-rnaporeosormnyeckmx Kapr,
KOMMbIOTEPHbIX MOAeNen nccnegyembolx rnpoueccoB. Bca nonyyeHHasa n obpabotaHHas
MHdOopMaLmsa AOSHKHA CNYXUTb 6a30i /19 3KON0ro-rmaporeonornyeckoro 060CHoBaHus
NMPUPOAOOXPAHHbLIX MEPOMPUSTUIA N peLleHns 3a4a4 No pauuoHaIbHOMY MCMNOIb30BaHUIO
noA3eMHbIX BOA M BOAHbIX PECYPCOB B Lie/IOM.

'IV.1. MOHUTOPMHI COCTOSSHUA NOA3EMHbIX BOJ

Cpean 3K0/10ro-rmaporeosiornyecknx paboT nepBocTeneHHoe 3HauyeHMe NMetoT
HabNoAEHUS 33 PEXMMOM MOA3EMHbIX BOA, B 0CO6EHHOCTM 3@ UX KaYECTBEHHbIM
COCTOSIHUEM, T.€. MOHUTOPUHT. MOCKO/IbKY COCTOSIHME MOA3EMHbIX BOA 3aBUCUT OT
COCTOSIHMS APYrMX NpUPOAHbIX cpea (aTMOoChepHbI BO3A4YX, NMOBEPXHOCTHbIE BOAbI,
NMoYBbl), MOHUTOPUHT MOA3EMHbIX BOA AO/IXKEH 6biTb TECHO YBSI3aH C METEOPOSIOrMYECKMMMU
HablAEHNAMN, MOHUTOPUHIOM COCTOSIHMS MOBEPXHOCTHbLIX BOA U MOYB.
MNepBooYepeAHbIM MEPOMPUSTUEM MPU OPraHM3aLMM MOHUTOPUHIA NOA3EMHbLIX BOA
SIBNSIETCS CO3[aHME PEXMMHOM CETU CKBAXXWH, OXBaTbIBaOLLEN KaK NMPOMbILLIEHHbIE
06beKTbl M BOA03abopbl, TaK U y4aCTKN C HEHAPYLIEHHbIMW FMAPOreosiorM-4ecKnuMm
ycnoBusimu. HabntogaTenbHbIMM BOAOMYHKTAMM MOTYT 6bITb HE TOMIbKO CKBaXWHbI, HO U
POAHMKM, LWAXTbl, KOJOALbI, APYr1e KanTaxxHble cOOpyXeHns. OHN JOMKHbI 6bITh
pasMelleHbl B MecTax c Haubosiee TUMUYHBIMU NMPUPOAHBIMU U TEXHOMEHHbLIMU YC/IOBUSIMU.



B 3aBMCMMOCTM OT pellaeMblX 3a4a4 MOXHO BblAeNnUTb (POHOBbLIN, PErMOHasbHbIN U
cneumann3mpoBaHHbIA MOHUTOPUHT.

doHoBasa HabnwaaTenbHas ceTb NpeaHa3Ha4vYeHa ANns U3ydyeHus ectectBeHHoro (oHOBOro)
COCTOSIHUS MOA3EMHbIX BOA, BbICTYMNaOLWEro B Ka4ecTBe MCXOAHOrO YPOBHS, MO OTHOLLIEHWIO
K KOTOPOMY OLIEHMBAOTCS aHTPOMOreHHble U3MEHEHWs, HabngaeMble B MOA3EMHbIX BOAAX.
doHoBble HabnaeHMs NpeacTaBaAoT coboil BeCbMa CIOXHY nNpobnemMy, NOCKOsbKY
aHTponoreHHble 3 deKTbl B paioHax, He 3aTPOHYTbIX UK cnabo 3aTPOHYTbIX
XO35MCTBEHHOW AEATENbHOCTbIO, TPYAHO pPas/inymMMbl, HO X BbiBNEHWNE AN
CBOEBPEMEHHOI0 NPUHATUS Mep 0COBeHHO HeEOH6X0AMMO.

Mo pervoHanbHOM HabnaaTeNbHON CETU N3YYatoT KavyeCTBO U YPOBEHHbIA PEXUM
NoA3eMHbIX BOA Ha KPYMHbIX MaoWaasx, rae nx CoOCTosiHME B 3HAUUTENbHOM CTeneHn
onpegensieTcsl eCTeCTBEHHbIMU MMAPOreosIorMYecKMMm YCIOBUSIMU, KAQUYECTBOM
VHPUNBTPYOLWNXCSA aTMOCPEPHbIX 0CaAKOB, COCTOSSHUEM MOBEPXHOCTHbIX BOA M MOYB.
Toukun HabnogeHnin BbIbMpaoTCa TakuM 06pa3oM, YTobbl OXBaAaTUTb BCE BOAOHOCHbIE
rOPU30HTbI, MEePCNeKTMBHbIE AN X039MCTBEHHO-NUTLEBOIr0 BOAOCHAbBXeEHUS.

CneunannMsanpoBaHHas CeTb NpeaHa3HaveHa ANS BbIABNEHWUS NOKANbHOIO 3arpsi3HeHus
NoA3eMHbIX BOA B paliOHaX KPYMHbIX MPOMbILIEHHbIX M CENbCKOX03SAMCTBEHHbIX 06BHEKTOB
W LEeHTpann3oBaHHbIX BoA03abopoB. OCHOBHas ee 3ajaya 3ak/l04aeTcs B OLEHKe
0CcobeHHOoCTeN pexrma NoA3eMHbIX BOA B YC/IOBMSIX aKTUBHOM aHTPOMOTreHHOM
0EeATeNbHOCTW.

C6op nHdbOpMaLUMN 0 AMHAMUKE N3MEHEHMS Pa3/INYHbIX 3KO0r0-rMaporeosiorm4yeckmnx
napameTpoB A0JXeH 6bITb HanpaB/ieH Ha COCTaB/IEHME NMPOrHO3a COCTOSIHUSA MOA3EMHbIX
BoZ B 6yaylem B 3aBUCMMOCTU OT BUAOB U MHTEHCUBHOCTU XO3SMCTBEHHOW AEATEIbHOCTH.
MOHUTOPUHIY COCTOSIHMSA MOA3EMHbIX BOA MOCBSLWEHbl pa3aesnbl B MOHOrpagmax [11, 19,
28]. Mpasuna otbopa, KOHCepBaLMN N XpaHeHUst Npob BoAbl, @ TaKXe METOAMKN UX
aHanusa npueeneHbl B paboTtax [4,29].

'IV.2. MpMHUMNbI 3KONI0ro-ruaporeosiorm4yecKkoro KaprorpacgpmposaHms

Hapsay ¢ MOHUTOPMHIOM YacToO NPOBOAATCS pernoHasbHble NCCeA0BaHMS MO OLEHKE U
NpPOrHO3y NMocaeAcTBUIA TEXHOMeHHOro BO3AENCTBMSA Ha NnoAa3eMHble BoAabl. [1pn 3ToM
OCHOBHbIM NPeAMETOM UCCNef0BaHUSA SBASIOTCA NOA3EMHbIE BOAbI M XapaKTep MX
B3aMMOLENCTBUS C 06beKTaMM XO03SMCTBEHHOM AEATENIbHOCTU YeslioBeKa.

Llenbto permoHanbHbIX 3KON0ro-rmaporeosiorM4ecknx nccrienoBaHnii sensietcs
rmaporeosiorMyeckoe 1 coumanbHO-3KOHOMUYeckoe obecneyeHmne oxpaHbl U
paunOHaNbHOIO MCMOJIb30BaHNA KakK NMOA3EMHbIX BOZ B YaCTHOCTM, TaK U BOAHbIX peCcypCcoB
M reosiorM4yeckomn cpegbl B LesioM. MNMpu 3ToOM Heo6X0AMMO yuuTbiBaTh NMpUpoaHbie
0COB6EHHOCTM MCCefyeMoro pamioHa, CyLecTBYoLMe X039MCTBEHHbIE CTPYKTYPbl U
nepcnekTnBbl OCBOEHUS TepPUTOPUN. PesynbTaTbl TakKMX MCCneaoBaHui oTobpaxatoTcs,
Kak npaBuo, B BuAe KoMMnekTa kapt [21].

Oco6eHHOCTM M TPYAHOCTM 3KOI0r0-rMAporeosiorM4eckoro KapTMpoBaHMs 3aK/odatoTcs B
MHOroo6pa3smn B3anMOOTHOLUEHWI U B3aMMOCBSA3N COBPEMEHHbIX TEXHOMEHHbIX U
reosiorM4eckmx NpoLeccoB, MO-pasHOMY MPOSBSIOWMXCSA B KOHKPETHbIX
rMAporeosIorMyeckmx ycnoBumsax. B HacTosee BpeMs CyLlecTByeT MHOIMO METOANK
COCTaBJiIeHUs KapT. B ogHMX cnyyasx oTobpaxaeTcsi MHpopMaunsa ToNbKO MO NeEpBOMY OT
NOBEPXHOCTN 3eM/IN BOAOHOCHOMY FOPU30HTY, B APYrMX OCHOBHOE BHMMaHWe yaensertcs
ropu3oHTaM, 3KCnayaTMpyeMbiM Ha AaHHOW TeppuTopum. OAHAKO BO BCEX C/y4asix, Kak
npaswuio, otobpaxaetcs Habop O4HUX M TEX Xe NapaMeTpoB. B CBA3M C 3TUM OCHOBHbIE
MPUHLUMMbI 3KOJIOrO-rMaporeosiormyeckoro KaptorpampoBaHns MOXXHO pacCMOTPETL Ha
KOHKPETHOM MNpuMepe — MEeTOAMKE COCTaB/IEHWUS KOMMJIeKTa SKOrMAPOreoorM4yeckmx KapT
mMacwTaba 1:200000, paspaboTaHHoO Ha Kadeape rmagporeonorun CaHkT-lMeTepbyprckoro



rocyAapCTBEHHOr0 yHMBEpCUTeTa.
OCHOBHOW Lenbl coCTaBeHNs KOMMIeKTa KapT aBnseTca obecnedeHne
BoAononb3oBaTenen 0630poM MHGOpMaLMN O COCTOSHUM U CTEMEHWN 3aALUNLLEHHOCTH
MOA3EMHbIX BOA OCHOBHbIX 3KCMyaTUPYEMbIX BOAOHOCHbIX FOPU30HTOB, XapaKTepe uX
MCNONb30BaHMs, BUAAX U KOJIMYECTBE TEXHOMEHHOW Harpy3ku, NnepcnekTUBHOCTHU
X03AMCTBEHHOIO UCMO/b30BaHNs NoA3EMHbIX BOA. Mpn 3TOM KapTbl AOMKHbI ObITb
Harns4AHbIMU N COCTaBNATLCA 6€3 NpuBeYEeHUs 3HAUMTENbHbIX KanuTasnoBAOXEHUN, T.€.
nonesble paboTbl CBOAATCS K MMHUMYMY, @ OCHOBHas nHdopMauuns 6epetca n3 nMmerLwmxcs
Tonorpadumyeckmx n cneumnasnbHbIX Fre0OrMYecKnx U rmgporeosormdyeckmx kapt. Mo
X03AMCTBEHHbIM 06beKTaM Mosly4YeHne OCHOBHOM MHQOpMaLnm npeaycMaTpneaeTcs no
pe3syfbTaTtaM aHanm3a 3KOJ0rMYeCcKnx nacnopToB NpeanpusaTUin, COCTaBSEMbIX Ha
ocHoBaHum NOCTa 17.0.0.04-90.

Ncxoaa n3 nocTaB/ieHHbIX 3a4ay B KOMMIEKT BK/IKOYEHbl YETbIpE COMPSKEHHbIe KapThbl,
KOTOpble MO3BONAT caenatb BbI6GOp ONTUMaNbHbIX BapMAHTOB MPOMBbILLSIEHHOIO U
CeNIbCKOXO03NCTBEHHONO0 OCBOEHUSA TEPPUTOPUN, OLEHUTb N3MEHEHNS KadecTBa NMoA3EeMHbIX
BOZ MOJA BO3AENCTBMEM TEXHOreHesa U T.4.

Jlnct I. Buabl XO039MCTBEHHOW AeSTENIbHOCTU M NOTEHUMasbHble 3arpsa3HuTen noa3eMHbIX
BOA.

Ha kapTe B nepByto ouyepeab CMJIOWHON 3aKpackom oTobpaxatoTcsa naowanm C OTCYTCTBUEM
WM HaJIMYMEM Ha HUX XO3SINCTBEHHOW AEeSTESIbHOCTU, YTO onpeaensieT BO3MOXHOCTb
MOCTYMN/IEHMS B MOA3EMHbIE BOAbI 3arpsA3HAIOLWMX KOMNOHEHTOB aHTPOMOreHHOro
MPONCXOXAEHNSA. HEOCBOEHHbIE 3eMIM 3aKPaLUMBAOTCS 3€/1eHbIM LIBETOM, OCBOEHHbIe —
CepbIiM UM KOpUYHEBbIM. Ha LBeTOBble MO KpanoM HAaHOCUTCA XapakTep naHawadTa B
COOTBETCTBUM C YC/IOBHbIMWU 3HaKaMu K Tonorpadunyecknum kaptam macwtaba 1:200000.
3acTpOeHHble TEPPUTOPUM OKOHTYPMBAKOTCS JIMHUSIMW YepHOro LBeTa, NpuyeM ropoja um
MocesikKM ropoAcKOro Tuna — XWPHOW NIMHUEN, NOCENKN U AEePEBHU — TOHKOWN, ANs
CafloBOACTB BHYTPW KOHTYpa HaHOCUTCS YCNOBHbIM 3HAK, OTpa)katowwnii caabl.
X03aiCTBEHHble 06beKTbl MOKa3bIBAOTCA TOYEUYHbIMM 3HakaMu. OHW NoapasfensaTca Ha
npeanpusaTmUs passiMyHOro TMNa, XpaHunumiia oTxo40B 1 Bogo3abopsl.
CenbCKOX039MCTBEHHbIE NMpeanpusatms (dhepmbl) n3obpaxarTcs NPSIMOYrOIbHUKOM YepHOro
uBeta. BHyTpu npsMoyrosibHMKa ctaBuTcsa abbpesmnaTypa depm No ux cneymanmsaumu;
cneBa — KOJIMYECTBO rOI0OB CKOTa, CrpaBa — OCHOBHble MOTeHUMa bHble 3arpas3HnTenu
(OM3) noaseMHbIX BOA.

Mpeanpusatnsa no Aobbidye (oboralleHnto) NonesHbiX NCKonaeMbix 0603HaYarTCs
YCNOBHbIMY 3HaKaMu, NPUHATBIMW A0S KapT Mojie3HbIX MCKOMaeMbIX.

O6pabaTtbiBatowme 1 TensI03HepreTuyeckmne nNpeanpusaTns n3obpaxarTca KpyXKamm. Tun
NpeanpuUsaTUS OTpaXxaeTcs LBETOM KpyXKa MW CUMBOJIOM BHYTpW Hero. CneBa OT 3Haka
CcTaBuTCs Apobb, B yMcamMTene KOTopom NULLETCS KOJMYECTBO XUAKNX OTX0A0B, B
3HaMeHaTene — TBepAbiX. Cnpaea ykasbiBatoTcs Ol13.

XpaHunuua 0TX040B, Cpean KOTOPbIX BbIAENATCS 060pyAoBaHHble U HeEO60pyAOBaHHbIE,
HaseMHble 1 MoA3EMHbIE, XUAKUX U TBEPAbIX 0TX0A0B, n306paxatoTcs B BUAE OMPOKUHYTOM
Tpaneumm C COOTBETCTBYHOLLEN 3aKPACKON UM KOHTYpOM BHyTpu. Cnesa OT 3Haka
YKa3blBaeTCa KOIMYECTBO HaKOMIEHHbIX 0TX0408B, cnpasa — Of3.

Bonosabopbl 0603HaYatOTCSa ABOMHbBIM KPY)XKKOM YepHOro LBeTa. Y BoAo3abopos,
MCNONb3YIOLWNX NOA3EMHbIE BOAbI, BHYTPEHHUI KPYXXOK 3aTywweBbiBaeTcs. CnpaBa OT 3HaKa
yKa3sblBaeTcs pacxon Bogosabopa.

B kauecTBe MCTOYHMKOB BO3MOXHOIMO 3arps3HEHUS YKa3biBalOTCSt TPAHCMOPTHbIE
MarmcTpanum pasnmyHoro smaa (aBTo- W XenesHble 4oporn, HedTe- 1 rasonpoBoabl).
MockoNbKYy NOA3EMHbIE M MOBEPXHOCTHbIE BOAbI, KaK MpaBu/io, UMEKT TECHYHO
B3aMMOCBS3b, Ha KapTy (06WenpuHATbIMU YCTOBHbIMU 0603HaYEHNAMM) HAHOCATCS 03epa,
pEeKU N Apyrue BogonposiBieHms. KpomMe Toro, NnpepbiBUCTON JIMHMEN YEepPHOro LBeTa
NMOKa3bIBAKOTCH KOHTYPbI BbISIBJIEHHOIO 3arpsi3HeHns NoYB UM FPYHTOBbLIX BOA,
Hanpas/ieHne ABUXEHMUS TPYHTOBbIX BOA B 3TOM C/ly4Yae yKa3blBaeTCst CTPEJIKOM.

Ha paHHOM KapTe, Kak 1 Ha APYrMX, BO3MOXHO MPUMEHEHMe AOMNOSIHUTENIbHbIX YCTOBHbIX
3HaKoOB, OTpa)atoLmnX 0COBEHHOCTU KapTUPYEMOI TEPPUTOPUN.



Jluct 2. CTeneHb 3alMLLEHHOCTN NOA3EMHbIX BOJA OCHOBHbIX 3KCMJyaTUpyeMblX
BOAOHOCHbIX FOPU30HTOB.

Ha kapTe B nepBylo oyepeab LLBETOM O0TOOpaXkaeTcsl CTeNeHb 3alUMLLEHHOCTU NOA3EMHbIX
BOZ, OT MOTEHLMANbHOIO 3arpsa3HeHns C MOBEPXHOCTU 3eMn. B kauecTBe Kputepms ans
OLIeHKM CTEMNEHW 3alMLLEHHOCTM BbiI6paHO BpeMsi MPOHNMKHOBEHUS 3arps3HeHus Yyepes
BbllLeniexalyme OTNI0XKEHUS B CaMbIX SKCTPEMASIbHbIX YCI0BUAX, T.€. B YC/IOBUSAX
HacCbILLEHHOr0 NOTOKA U MHEPTHOIO 3arpssHuTens. Bpems dunbtpaunm (T) namepsercsa B
CyTKax v onpegensieTcs AesieHMeM ANVHbI NyTU puabTpauum Ha CPEaHIO CKOPOCTb
OBWXXeHUs BoAbl. [Tpn 3TOM, HanpuMep, AN HAaMNoOpPHOro ropM3oHTa OTAEeNbHO onpeaenseTcs
BpeMsl hunbTpaumm BOAbl C MOBEPXHOCTM 3e€M/IN A0 YPOBHS MPYHTOBbLIX BOA U BpeMs
nepeTeKkaHust U3 rPYHTOBOrO ropu3oHTa B HaANMopHbIN. OueHKa 3alMnLLLEHHOCTH
MPOU3BOAMTCS MO CyMME MOJIy4YeHHbIX 3HavyeHun. CkopocTb dunbTpaunm (V) onpenensercs
no gopmyne:

V = k/n(I - 41, /3),

roe k — koadduueHT dunbTpaumm, N — aKTMBHas NOPUCTOCTb, I — HaMOpPHbLIMA rPaaneHT,
Iy — HayanbHbLIA rpagueHT.

Moa HavanbHbIM rpaanEHTOM NOHUMAETCH BEINYMHA HanopHOro rpagueHTa, Heobxoamnmas
[15 Havana GuNbTpauun Boabl B AaHHOW nopoae. Io — MoXeT u3MeHsTbest oT 3-107 ans
rneckos A0 1,2 Ans rnvH.

BpeMeHHble paMKku ANns pa3fiMyHbIX CTENEHEN 3alULLEHHOCTU BbiBpaHbl MCX0Aa U3 TOro,
4yT10 400 CYyT — MakCuManbHOE BPeMsi BbKMBAHUS B NOA3EMHbIX BoAax 60n1e3HeTBOPHbIX
bakTepuin, Ans pasBUTUSA KOTOPbIX HY>XeH xneon 6enok. 4000 cyT OpMeHTUPOBOYHO
COOTBETCTBYET BPEMEHU MHPUIbTPaUMn Yepes AeCATUMETPOBYHO TOMLLY
cnabonpoHuuaeMbix nopos (CyrnMHKOB). YKasaHHas MOLWHOCTb BbibpaHa B KayecTBe
KpUTEpUS B CBSA3M C TEM, YTO ABNSETCHA 06LWenpuHATON 60NbLIMHCTBOM UccneoBaTenemn
A5 OLLeHKM CTENEHN 3alULLEHHOCTU FPYHTOBbIX BOA. 3alUMLEHHbIMU CYUTAOTCS Yy4aCTKu
BOZOHOCHbIX FTOPU30OHTOB, rae dunbTpaums BoAbl C MOBEPXHOCTU 3EMJIN HEBO3MOXHA, Npu
3TOM pPa3/IMYHbIMM OTTEHKAMW 3€JIEHOrO LiBETa MOKa3blBalOTCS NMPUYMHDI (B
3KCNyaTMpyeMoOM BOAOHOCHOM FOPU30HTE Hamnop BbilWe, YEM B BbllIENeXaleM; Hanmune B
pa3pes3e BOAOHEMNPOHULAEMbIX OTNOXEHUN (rNNH); 0be NpMYMHbI OAHOBPEMEHHO). Takas
rpagauuns BBOAUTCS B CBA3WM C TEM, YTO, B OT/INYME OT JINTONIOMMYECKOro CoCTaBa,
COOTHOLUEHME HAaNopOB MOXET 6bITb U3MEHEHO B MpoLecce aKCnyaTtaummn, m
3alWNLLEHHOCTb MO 3TOMY NPU3HAKY MOXHO CYMTaTb YCI0BHOW. B TO Xe Bpems
3alNLLEHHOCTb, onpeaenseMas To/bKO N0 NTONOMMYECKUM NPpU3HAKaM, MOXKET He y4YecCTb
Hanyme Hen3BeCTHbIX FM’MAPOreosIOrMYecKmnX OKOH.

LLITpnxoBKOM NoKa3biBaeTCS Takol KOCBEHHbIN NPU3HaK 3alMLLEHHOCTN BOAOHOCHOIO
ropu3oHTa, Kak ero rnosioXXeHne B rmaporeosiormyeckom paspese OT MOBEPXHOCTU 3eM/IN.
KoHkpeTHas nHdopMaums 0 MOWHOCTMN cabonpoHMLAEMbIX OTNIOXKEHUI, COOTHOLLEHUN
HanopoB M HanpaBJ/ieHNN BO3MOXHOIo0 NepeTekaHus BbIHOCUTCS B BUAE UNGP U CTPESKK
pPSAOM C ONOPHbLIMU CKBaXXMHaMM.

LLTpMXOBKOM KPEeCT Ha KPecCT MoKasbIBaloTCa nNowanun, rae oTCyTCTBYIOT NPecCHble
noA3eMHble BOAbl, MPUrOAHbIE ANS LEeHTpann3oBaHHOro BogocHabxeHns. K HUM oTHOCATCS
panoHbl C MMHEpann3aumen Boabl Bbiwe 3 /N, O4eHb HU3KON BOAOOBUIBHOCTbLIO
BOAOBMELLAIOLWMX NOPOA UM C JIOKANbHbIM pacnpoCcTpaHeHMEM BOAOHOCHbLIX FOPU30OHTOB.
KpoMe Toro, Ha KapTe yKa3sblBalOTCH FpaHuLbl MECTOPOXAEHWUI MPECHbIX NOA3EMHbIX BOA U
OCHOBHble HarnpaBneHnsa ABMXXEHUS NOA3EMHbIX BOA.

JInct 3. XMMUYeCKni CoCTaB M Ka4vyeCTBO NOA3EMHbIX BOA OCHOBHbIX 3KCMNyaTnpyembiX
BOAOHOCHbIX TOPU30OHTOB.

KapTa XxMMn4yeckoro cocrtasa U KayecTtBa NOA3EMHbIX BOJ, CTPOUTCHA A1 OCHOBHbIX
aKCNNyatTnpyembixX B Lensdax XO35MCTBEHHO-NMUTLEBOI0 BOAOCHAbXeHNs FOPU30OHTOB, a
cneaoBaTesibHO, OTpaXaeT COCTodHME NoA3eMHbIX BOA4, MMEKLWNX MUHEPaTN3auuto,
NMPUroagHyro Ana NNTbEBbIX uenen.



MuHepanusaums Ha KapTe NokasaHa WTpuxoBkon. PekomeHayemass FOCToM npeaenbHas
BeSIMYMHa MMHepanusaumm coctasnget 1,0 r/n, Ana apuaHbIX paoOHOB AOMYCKAETCH CYyXoK
ocTtaTok B 1,5 r/n (Ha kapTe 310 cooTBeTCTBYET rpaHuue B 1500 mMr/n). B HEKOTOPbIX
apuaHbIX, 0cob6eHHO 6eaHbIX BOAOW 061aCTSaX UCMONb3YHTCS BOAblI C MUHEpanu3aumen oo 3
r/n, 4TO N onpeaensieT BEPXHIO rpaHuuy rpagaunm Bo4 nNo MMHepanmsaumm. MHormmm
nuccnegoBaTens MM B HacTosLLee BpeMs peKOMEHAYETCS HMKHUN npeaen MUHepanms3aunu,
6naronpuaTHbIA ANs 340p0OBbs YenoBeka, paBHbin 0,2 r/n.

OCHOBHbBIM pe3yNbTUPYKOLLMM NapaMeTpoM, Mo KOTOpoMy anddepeHUnpyTCS NoA3EMHbIE
BOZAbl M KOTOPbIN MOKa3blBaeTCsl Ha KapTe LBETOM, AB/sSeTca kayecTtBo. Pa3zgeneHne Bog no
KayecTBy NMpoOU3BOAMTCSH HA OCHOBaAHWW CYMMMPOBaHHOIO CONOCTaBNeHnUs Tpex Hanbonee
BaXHbIX XMMWYECKNX NapamMeTpoB: MUHEpanm3aLunmn, XXeCcTKOCTU U coaepxaHus gTopa, a
Tak)XXe No CTeneHun CooTBeTCTBMUSA BOoAbl HopMaM TOCTa. Hopmupyembih FOCToM npeaen
XKeCTKOCTU coctasnseT 7,0 Mr-ake/n. HMXXHWIA onTuManbHbIV Npeaen, Kak n Ans OCHOBHOM
MacCbl KOMMNOHEHTOB, HE rOCTMpoOBaH. HO COBpeMeHHbIMU UccnefoBaHUsaMN AOKAa3aHo, YTO
OYeHb HU3KOE CoAEepXKaHMe, a TakxXe OTCYyTCTBMe psaa 6MoNornyeckn akTUBHbIX
KOMMOHEHTOB He 6naronpuaTHbl AN 340p0OBbs YenoBeka. [ns BennynHbl oblien
XKEeCTKOCTU (CyMMapHoe cogepxaHue Ca u Mg) Tako MMHMMYM onpegeneH B 1,5 mr-aks/n.
AHanNorM4yHo no cogepxaHuto GTopa onTUMasnbHbIM MHTepBanoM aengetca 0,5-1,5 mr/n.
Takum obpasoM, BOoAbl NO KAYeCTBY pasAesieéHbl Ha ABE OCHOBHbIE rPyrmbl:
COOTBETCTBYHOLUME N He cooTBeTCTBYOWMe HopMaM [OCTa. Cpean yaoBNeTBOPSAOLLNX
HopMaM TOCTa BoZA BbIAENATCA BOAblI BbICOKOIO M O4YE€Hb BbICOKOro (pPeKOMeHAYyeMOoro)
kayecTBa. lNocnegHeMy 6yayT COOTBETCTBOBATbL BOAbl C MMHepanu3aumen 0,2 - 1,0 r/n, ¢
BE/IMYMHOM XecTkocTn 1,5 - 7,0 Mr-ake/n n cogepxaxHuem ¢drtopa 0,5 - 1,5 mr/n.

KauecTtBo He cooTBeTCcTBYIOWMX HOpMaM NOCTa Boa noapa3sfensieTcs Ha Tpu KaTeropumn:
cpepHee, yooBneTBopuTenbHoe 1 naoxoe. K Bogam cpegHero Kayecrsa OTHOCATCS Te,
KOTOpbIM TpebyeTcsa npocTas o4ncTka aspmpoBaHueM (0T cepoBOAOpOAa, pajoHa Uin
nerko okucnsemoro xenesa). K yaoBneTBOpUTESNIbHOrO KayecTBa BOAaM OTHOCATCS Te, YTO
TpebytoT obe33apaxuBaHus (C NOBbIWEHHbLIM cogepXXaHuem konututpa). K naoxum no
KayecTBy BOAaM OTHOCSATCS Te, KOTOpbIM TpebyeTca KoMMaeKcHasl, CN0XHas 04YncTKa.
Kpanom npegycMoOTpeHO BblAesieHWe Mowanen ¢ aHoMaslbHbIM COAEPXAaHMEM TeX UK
WHbIX 3arpsa3HAWMX KOMNOHEHTOB. o4 aHOManbHbIMKU, C KOHUEHTpaLUWEN Taknx
KoMnoHeHToB Hmxe MNAK, nogpasymeBatoTcs coaepxaHus Bbile GoHOBbIX, HO HMxe MAK.
NHdbopmaums o nebute KOHKpETHbIX AENCTBYOLWNX BOA03ab0pOB, MMHepanm3aunm n obuien
YKECTKOCTW BOAbl, HAJIMUYNUMN N CPeAHEN KOHLEHTPaUnM 0O6Hapy>XeHHbIX 3arpsa3HSoLWmx
KOMMOHEHTOB BbIHOCUTCA B BuAe umMdp n 6ykB psaoM C yCNOBHbIM 3HAKOM BoAo3abopa.
Kpome Toro, Ha KapTe yKa3blBalOTCS FpaHuLbl MECTOPOXAEHWUI NMPECHbIX NOA3EMHbIX BOA,
OCHOBHblE HampaBAeHNsa ABMXXEHMS NOA3EMHbIX BOA M NJowann, rae OTCyTCTBYHOT NpPeCHbIe
noA3eMHble BOAbI, MPUroAHbIE ANS LeHTPaNM30BaHHOIo BOAOCHabXeHums.

Jluct 4. NepcnekTMBHOCTb XO39MCTBEHHOMO MCMNOIb30BAaHMUSA NOA3EMHbIX BOA OCHOBHbIX
3KCNNyaTUpyeMbIX BOAOHOCHbBIX FOPU3OHTOB.

MNepcneKTUBHOCTb MCMNOJ/Ib30BAHMSA onpeaenseTcss KOCBEHHO. Ha KapTy BbIHOCATCS BCe
AAHHbIE, HA OCHOBAHMM KOTOPbIX MOTEHUMAbHbBIN NMO/b30BaTeb MOI 6bl OLLEHUTb
NepcrnekTMBHOCTb XO3AMCTBEHHOIO0 MCMO/Ib30BaHMUSA NOA3EMHbIX BOA MCXOAS U3 CBOUX
KOHKpeTHbIX 3a4ay. LiBeToM Ha kapTe oTobpa)kaeTcs CooTHoweHne obbemMa aKkcnayaTaumm
M MPOrHO3HbIX PeCcypcoB B Npeaenax BblAeNEeHHbIX MECTOPOXAEHUN NOA3EMHbIX BOA. B
npegenax BblAe/eHHbIX LBETOBbIX NOsen umdpamMmn B paMKe yKasblBalOTCA KOHKPETHbIE
3HaYeHMs CYMMapHOro pacxoja BCeX AENCTBYHOLWMX BOA03abopoB 1 NMPOrHO3HbIE pecypchbl
WUNM 3KCNJlyaTauMOoHHbIE 3anachkl, onpeaeneHHble No kateropmn C2. Ha oCHOBaHMM 3TOM
WHdOpMaLMKM NoNb3oBaTeb MOXET CyANTb 06 MHTEHCMBHOCTU UCMNOJSIb30BaHMUS NOA3EMHbIX
BOZ, Ha A@HHOW TEPPUTOPMMN N BO3MOXXHOCTM YBENIMYEHUS CTENEHN UX 3KCMyaTauun.
TakXe Ha AaHHYH CBOAHYIO KapTy BbIHOCUTCS CBOAHAsA MHGOPMaUKUs C IMCTOB 2 1 3, npu
3TOM B 0606LleHHOM BMAEe NOKasblBAaeTCH CTENeHb 3alMULLEHHOCTN NOA3EMHbIX BOA U
Hannuyme B HUX aHOManuUi C coaepXXaHuUeM 3arpsa3HSLWUX KOMMOHEHTOB HUXKE U Bbille
nak.

NHdbopmaums o nebute KOHKpPETHbIX AENCTBYOLWMX BOA03ab0OpOB 1 KayecTBe
3KCMIyaTMpyeMon BOAbl HAHOCUTCA LUMdbpamMn psaoM C YCIIOBHBIM 3HaKoM Boao3abopa.



KpoMme Toro, Ha KapTe yKa3blBalOTCS FpaHuLbl MECTOPOXAEHWUI MPECHbIX NOA3EMHbIX BOA,
OCHOBHble HanpaBAeHWS ABMXXEHUS NOA3EMHbIX BOA M MowWwaamn, rae OTCyTCTBYHOT MpecHble
noa3eMHble BOAbl, MPUroAHblE ANS LeHTPaiM30BaHHOIo BOAOCHA6XeHuMS.

B nocnegHee Bpems Bce 60nblUee pacnpocTpaHeHne Nosy4yalT METOAMKN COCTaBEHUS
KOMMbKOTEPHbIX 3KOJIOr0-rnMaporeosiornyecknux KapT. OTO CBSA3aHO C LUMPOKUM BHEApPEHMEM
B pasfInYHbIX OTPAC/SAX HAYKN N HApPOAHOIo X03ANCTBa TexHosnornn GIS
(reoMHdoOpMaUNOHHbIE CUCTEMDI). 10 AaHHO TEXHONOMMKU KOMNblOTEPHas 6a3a AaHHbIX
COMpsXeHa C 3/IEKTPOHHOM KapTon, B pe3yfbTaTe y nofb3oBaTens nosBaseTcs
BO3MOXHOCTb MOKa3saTb B 3a4aHHOM MacwTabe rpaduyeckyto pa3BepTKy A06bIX
nmerwmxcsa B 6ase AaHHbIX 3KO0ro-rmaporeoorMyeckmx napaMmeTpoB Uam mx
npou3BoAHbIX. [1py Co34aHNM KOMMNbIOTEPHbIX KapT HAaMHOMO YBeNIMYMBaEeTCs AManas3oH
HaKOM/IEHUS UCXOAHbIX AAHHbIX, BO3MOXHOCTN UX 06paboTku, nHTepnpetTaumm 1
BM3yanm3aumm, HECOMHEHHbIM OCTOMHCTBOM AaHHbIX KapT SABSETCS TakXXe BO3MOXHOCTb
onepaTMBHOIrO BHECEHWUS AOMOSIHUTENbHOM MHMOpMauMn, CBA3aHHOW C U3MEHEHNEM
CUTyauuu Ha KapTUPYEMOW TeppUTOpPUMN.

IV.3. NMporHo3Hbie Moaenm

Moaenu, ncnonb3yemble 4as8 NPOrHO3a pacnpoCTpaHeHMs 3arpsa3HeHnii B 3K0I0rM4YecKom
rMApPOreosiorMm, yCnoBHO MOXHO pa3faenuTb Ha ABa TMNa: rmapoAnHaMmnyecKkmne u
rmgporeoxmMmyeckme. M'apoanHaMmyeckmne Mogesnn A0BOJSIbHO MOJSTHO OMMCbIBAOT
rnepeMeLleHne noa3emMHblX Bo4 B BOAOHOCHbLIX CUCTEMAX, HO HEAOCTATOYHO YYUTbIBAKOT
B3aMMOLENCTBME 3TUX BOA C BMELAKLWNMU UX NOPOAAMU U 3arpsi3HEHHbIX BOA, C
He3arpsiaHeHHbIMW. CMeLLeHMe pacTBOPEHHbIX BELECTB C BOA4AaMWN BMeELLALWMX Nopoa
onuceiBaeTcst 0606LWeHHbIMU KO3 dUumMeHTaMmn gMCcrnepcmmn; B3anMoaencTeBmne c
BOAOBMELLAOWMMN NMOpoAaMM — C MOMOLLbI0 Ko3ddurumneHToB copbuunm [8, 25, 47]. MNpun
MCNO/Ib30BaHNN 3TUX MOAESIEN FeOXNMMMYECKOe NMoBeAeHMe pacTBOPEHHbIX BELLECTB
OKa3blBaeTCsl HEN3BECTHbIM, N OCHOBHOE MX MPUMEHEHME CBS3aHO C UCCNefO0BaHMEM U
MPOrHO30M pacnpoCTPaAHEHUS MHEPTHbIX 3arpsA3HSIOWMX BELLECTB.

B rmgporeoxmmMmmyeckmnx Moaensax oCHOBHOEe BHMMaHWe yaensietcss MoAeIMpoBaHuto
nMpoLeccoB, NpoTeKawLwmx B cMcteme Boga — nopoga. Npu 3ToM ncnosb3yeTtcs oAMH 13
OBYX TUIMOB MOAENbHbIX NMpeACcTaBAeHMn 0 Npupoae pacteopa (MeXUoHHoe
B3aMMOLENCTBME MM accoumauus — rmapataumst MOHOB) U ABa TUMNa MateMaTU4eckux
onucaHun cuctem (MeToabl MMHMMKU3AUNM CBOHGOAHOMN 3SHEPIrNUM NN KNAacCUYeckme MeToabl
pacyeTa MOHHbIX paBHoBecuin) [37]. MeTogmnueckme NOAXOAbl KaXaon M3 nap He
rnepeceKkaTCcs, HO BMOJIHE YMeCTHbl 1 061apatoT CO6CTBEHHBIMU NMPENMYLLECTBAMN U
HeAoCTaTKaMMu.

MmaporeoxmMmyeckoe MoaennMpoBaHmMe UCMOJIb3yeTCsl B 9KOSIOrMYECKON rmaporeonornm ans
peLleHnsa pasnnyHblx 3agad. MNMonHy OUEHKY KayecTBa BOAbl, 3aK/toueHne 0 CTabmnbHOCTH
AaHHbIX NokasaTtenen (3awmLeHHOCTM BOAOHOCHOIO rOp1U30HTa), LeneHanpaBieHHoe
M3MEHEHNE XMMMYECKOro cocTaBa BoAbl HEBO3MOXHO caenaTb 6e3 npMMmeHeHus
COBpPEMEHHbIX MEeTOA0B rMApPOreoXmMmnyeckoro MmogennposanHus. B rn. II otMevanock, 4to
brnoxmMmnueckoe gencreme 6MONOrMYECKN aKTUBHbBIX 3/IEMEHTOB U3MEHSIETCS B 3aBMCMMOCTU
OT POPMbI UX HAXOXAEHUS B pacTBope. bonblLMHCTBO 6MONOrMUYECKM aKTUBHbIX 3/1IEMEHTOB
aBnseTca Komnaekcoobpasosatenamu (Mg, Cu, Fe, Co, Zn, Ni, Mn) nnm aHMOHOTreHHbIMK
aneMeHTamu (Mo, Se, As, I, F). MHOrMe U3 HUX MOryT MMETb B NOA3EMHbIX BOAAX
pasnuuHylo BaneHTHocTb (Felt*3l; Mpl+2 #3441, pAgl-3,43,451. gal+4+6l, Cpl+3,461. cyl+i+2ly
cnenoBaTeNlbHO, HAXOAUTLCSA B BUAE Pa3NIMYHbIX MUIPAUMOHHbBIX (pOpM. [eNnCcTBUTENbHbIN
COCTaB pacTBOpa, BK/KOYAOWWNA, B OTIMUKME OT 6pyTTO-COCTaBa, BCE YyCTONYMNBLIE
MUIPaLUOHHbIE POpMbl, B 06LIEM Cyyae He onpeaenseTcs aHaIMTUYECKU, a BblUMCASETCS.
Heobxo0aMMOCTb Takol pacyeTHoOM paboTbl, MOMMUMO CKa3aHHOIo Bblille, onpeaenseTcs eue
M XOPOLUO M3BECTHbIM (DAaKTOM 3aBMCMMOCTM NOBEAEHUS PAaCTBOPEHHbIX BELLECTB B
MUIPaUMOHHbBIX NpoLeccax OT UX pacrnpeneneHns rno pasHbiM MUrpauMoHHbIM dopMaM
(umetoTCa B BUAY NpoLeccbl MOHHOro obMeHa n agcopbummn, ocaxxaeHmns U pacTBoOpeHus
MMWHEpasnoB, OKMUCNEHNS N BOCCTAHOBNEHUS M T.4.). 3a4ada onpeaesieHns HEM3BECTHOro
OEeNCTBUTENbHOro CoCTaBa BOAbl MO ee 3a4aHHOMY 6pyTTO-COCTaBy COCTOUT B
MoAennpoBaHuUM (YNCNEHHOM MMUTALMM) BCEX BO3MOXHbIX B HEM MOHHbIX PAaBHOBECUIA.
MpUMEHNTENBHO K MPUPOAHbLIM MMAPOXMMUYECKUM CMCTEMAM OHa bbina chopMynmpoBaHa



okono 30 net Hazag C.A. bpycmnoscknm (Pocecms) u I'. XenrecoHom (CLUA). Bbicokas
CcTerneHb C/I0XKHOCTU COOTBETCTBYIOLMX PACYETOB MCKIHOYAET BO3MOXHOCTb 3(D(PEKTMBHOIO
peleHns 3agaun 6e3 NnpMMeHeHUs COBPEMEHHbIX KOMMbIOTEPOB.

Ewe ogHon 06/1aCTbi0 NPUMEHEHUS TMAPOreOXMMNYECKOro MOAENMPOBaHNA SBNAETCS
MOHUTOPWHI KayecTBa noa3eMHbiX BoA. pu onpegenenHbix pH - Eh ycnoeBusax HekoTopbie
HOpMMpPYEeMble 3/IEMEHTbI HE MOIYT HaXOANTbCS B XWAKOM (a3e B CKONbKO-HMOYAb
3HAUUTENbHbIX KOHUEHTpaunax. Takum obpa3om, nocne onpeaeneHms
MaKpPOKOMMOHEHTHOro coctaBa BoAbl 1 pH - Eh mapamMeTpoB BOAOHOCHOIO ropmM3oHTa C
MOMOLLbIO NpOrpaMMbl, Mogenupytowen hopMbl MUFpaLmMn MUKPO3/IEMEHTOB W Mpeaesbl
pacTBOPMMOCTU UX COEANHEHWUI B AAHHbIX YCIOBUSAX, MOXHO CYLLECTBEHHO COKPaTUTb
CMNCOK onpeaensieMblX B BOAE HOPMUPYEMbIX 3/1IEMEHTOB. B yC/oBMAX MOCTOSIHHOIO pocTa
LeH Ha XMMUKO-aHanmTuyeckue paboTbl Takon NoAXoA AAET 3HaYUTESbHbIN
3KOHOMUYECKUI apdeKT.
N, HakoHel, BeCbMa nepcnekTMBHOM 061acTblo NMPUMEHEHNS FTMAPOreoXMMMNYECKOro
MoAenMpoBaHusa SBNseTcs pa3paboTka TEXHONOMNIA yrnpaB/ieHNs Ka4yeCTBOM BOAbI
LesieHanpaBieHHbIM UCKYCCTBEHHbIM BO3ENCTBMEM Ha pacrnpefesieHme s5ieMeHTa no
MUrpauMoHHbIM hOpMaM NMpsiMO B BOAOHOCHOM ropm3oHTe (MyTeM CO34aHUS reOXUMUYECKMX
6apbepos u T.4.). bonee nogpobHO ¢ MeETOAAMU TMAPOreOXMMNYECKOro MOAENNPOBaHNS
MO>HO NOo3HaKoOMUTbCSA B paboTe [31].
Hanbonee nepcnekTMBHbIM HanpaBieHUeM pa3paboTok B 06/1aCTK MPOrHO3HOro
MOZENPOBaHMSA NPOLLECCOB, CBSA3AaHHbIX C 3KCMyaTaunen n 3arpsa3HeHMeM NoA3eMHbIX
BOA, SIBNSIETCSA COeAMHEHME B O4HOW NporpaMMHON cucteme "rmgpogmHamMmmuyeckomn” m
"rmgporeoxmummnyeckon” mogenen. B HacTosilwee BpeMs yxXe UMEKTCS NepBble BapuMaHTbl
Takux nporpamm [38].

'IV.4. MMHMMU3aALMA OTpUMLATe/IbHOIMO BO3AeCTBUA Ha NoA3eMHYI0 rmapocdepy

OCHOBOM ANs yMeHbLIEeHWs OTpuLlaTebHOr0 aHTPOMOreHHOr0 BO34ENCTBUSA Ha NOA3EMHbIE
BOAbl SABMISIETCS UX pauMOHalbHOE MUCMosb30BaHMe. NpaKTnka NCcnosib30BaHMUsa NPUPOLHbIX
BOJ B HacTosiLlee BpeMs OT/IMYAETCS OTCYTCTBMEM KOIMYECTBEHHbIX OLEHOK
uenecoobpasHOCTM TOM MM MHOM GOPMbI SKCMyaTaunmm BOAHbIX PEeCypCcoB M, Kak
cnencTBme, pacToumMTeNbHbIM pacxo4oBaHMeM MaTepuanbHbIX M MPUPOAHbLIX PpecypcoB. Tak,
Ha TeppuTopumn Poccmun s NMTLEBOIO N XO39MCTBEHHOIO BOAOCHABXEHUS 4acTo
MCMNONb3YHTCS MPEeCHble MOBEPXHOCTHbIE BOAbI. MNpy A0CTaTOYHOM 06beMe KadecTBo
NOBEPXHOCTHbIX BOA MOYTU MOBCEMECTHO SBJISIETCS HEYA0BNETBOPUTE/bHBIM, BC1eACTBUE
yero 3aTpaTbl Ha BOAOMOArOTOBKY CTPEMUTENIbHO BO3pacTatoT. BmecTte ¢ Tem,
3HauYMTENbHbIE 3anacbkl YNCTbIX MPECHbIX MOA3EMHbIX BOA UCMOb3YOTCS HEAOCTAaTO4HO.
Ob6ocTpeHne BHUMaHMS kK Nnpobneme oxpaHbl OKpyXalLen cpeabl, BCe Bo3pacTatoLuiee
MCMNoNIb30BaHME MaTeMaTMUYECKUX METOAOB AJ1S1 peleHns 3a4a4d yrnpaBieHns Ka4yecTBOM U
paLNOHaNbHOIO MCMOJIb30BaHUA MPUPOAHBIX, B TOM YMC/ie U BOAHbIX, peCypCcoB, NPUBEo K
LUMPOKOMY MPUMEHEHUIO B SKOJIOMMYECKON rMaporeosiormm nHMOopMaLMOHHbIX TEXHOTOMMNA.
Mpouecc BHeapeHUS MHPOPMaALMOHHbBIX TEXHOMOMUI B pelleHne NpakTUUYeCcKux n Hay4YHbIX
3a/ay YCKOPSIETCS pa3BUTUEM BbIUMCINTENbHOM TEXHUKM, NO3BOSISIOWEN AeTaNlbHO
npoaHannsmpoBaTtb 60/bLLIOEe KOTMYECTBO BapuaHTOB NPMPOAONO/b30BaHMS 3a
orpaHu4yeHHoe BpeMs. B cBolo oyepeab, pasBUTME BbIYNCINTENBHOM TEXHUKU NObyxXaaeT
MaTeMaTMKOB K pa3paboTke HOBbIX U Pa3BUTUIO CYLLECTBYHIOLLMX METOA0B KOMMbIOTEPHOMN
06paboTKM AaHHbIX U1 MaTeEMaTUYECKOro MOAESTIMPOBaHUS.

O4HMM M3 OCHOBHbIX METOAO0B peLleHns BOMPOCOB, CBA3a@HHbIX C pauMOHaibHbIM
MCNOb30BaHMEM NOA3EMHbIX BOA, ABNAETCSA NPUMEHEHNE KOMMbIOTEPHbIX
MHMOOPMALMOHHBIX CUCTEM, KOTOPbIE MO3BOJISIIOT OLLEHUTb KAa4YeCTBO NPUPOAHbIX BOA,
NCMNO/Ib3yeMbIX B Pas/IMYHbIX LENsx, Haanyne MectopoxaeHUn MMHepanbHbIX N MUTbEBbIX
BOZ W BblAaTb PeKOMeHAaUunn No nx paumoHasbHOMY MUCMOb30BaHMIO. TakmMe CUCTEMbI
Heob6xoaMMbl aAMUHUCTPATMBHbBIM U MJIAHMPYIOWMM OpraHMsaumsam, npeanpmHmMaTensam u
BOAOMOJIb30BATENAM, MPUPOAOOXPAHHbLIM OpraHaM, UCccneaoBaTesNsM, 3aHMMaoLWMMCS
npobnemamMmn ruaponornu, rMaporeosiornm, 3KoA0rnm, MeaguUMHCKoOn reorpadum,
paunOHaNbHOrO UCMOb30BaHNA pecypcoB. JaHHble MHPOPMALMOHHbIE (3KCNepTHbIE)
CUCTeMbl NpeacTaBnatoT cobon nporpammel yrnpasneHns 6azamMmm AaHHbIX, KOTOpble MOMMMO



npepocraBneHns nHbopMaumn No3BONAIOT NPOBOANTL YNC/IEHHOE NMPOrHO3HOEe
MoaenupoBaHue (BblUMCANTENbHbIN 3KCMNEPUMEHT) Ha OCHOBE BBEAEHHbIX B KOMMNbIOTEP
OaHHbIX O TOM UM MHOM BapuaHTe BOAOMOb30BaHMs. OaHaKo ANns AOCTOBEPHOro peLueHus
3a4ady ynpasneHns BOAHbIMU pecypcaMm Ha npakTuke TpebyeTcs CMCTEMHbI NOAXOA,
YUnUTbIBAOLWNI BCe HEOBXOANMbIE CTOPOHbLI M3y4YaeMoro npouecca. B HacToswee Bpems
BHeApEHWEe CUCTEMHOIo aHanmsa Ha OCHOBE MaTeMaTM4yeCKoro MoAeNMpoBaHusa B NpakTUKy
NPUHATUSA PeLIeHNIA YacTo CAEPXKMBAETCS HE OTCYTCTBMEM MaTeEMaTU4YECKMX METOAO0B U
COOTBETCTBYIOLLEr0 KOMMbIOTEPHOrO obecrnevyeHns, a HeaoCTaTOUYHOM
MH(OPMUPOBAHHOCTLIO UL, MPpUHUMatoWKnX nogobHoe pelwweHuve. MNMpeogoneHre nNogo6bHbIX
TPYAHOCTEN M ABNSETCA OCHOBHOM 3aayven Npu BHeAPEHMN IKCMEPTHbBIX KOMMNbIOTEPHbIX
CUCTEM, MO3BOSIOWNX ONepaTUBHO pellaTbh 4YacTo BCTpeYatolwmecs 3a4adun no yrnpasieHumto
NPUpPOAHbIMM BOAHBIMWU pecypcamu, Takme, Kak:

nssneyeHune (4obbiua) BOAbl N3 BOAOHOCHOIO FOPU30OHTA;

€CTeCTBEHHOE M UCKYCCTBEHHOE MOMOJIHEHWE 3anacoB MNoA3EeMHbIX BOA;

XMMUYECKUIA COCTaB U 3arps3HeHMe NoA3eMHbIX BOA;

COBMECTHOEe yrnpaBJieHMe 3anacaMm NoA3eMHbIX U MOBEPXHOCTHbIX BOA;

B/INSTHWE MOA3EMHbIX BOA, HA MHXXEHEPHbIE COOPYXXEHUS;

pasnyHble KOMBMHaUMK NepeyncneHHbix npobnem.
TakuM 0bpa3oM, yunTbiBaeTCsl Kak KonnyectBeHHasa (06bem BogooTbopa), Tak u
KauecTBeHHas (pacnpocTpaHeHmne 3arpsi3HeEHUN) CTOPOHbI BOAOMNO1b30BaHNs. Kpome Toro,
MH(OPMaLMOHHbIE CUCTEMbI NMPEAOCTaBAOT BO3MOXHOCTb MOJYUYUTb CTAaTUCTUYECKYIO
MH(OpMaLMIO O COCTOSIHUKM MPUPOAHBLIX BOA, SKCMN/yaTalMOHHbIX 3anacax, MMeLWwmxXcs
3arpsi3HeHUsIX, IKOJIOMMYECKOM KayeCTBe NPUPOAHbIX BOA, MPOM3BECTU OLEHKY
3alMLLEHHOCTM NOA3EMHbIX BOA.
3Has NOoTpebHCTb B BOAE MO palioHaM M OTpacisiM, MOXHO anddepeHunpoBaTh ee
notpebsieHne Mo Ka4yecTBy: Ha TEXHUYECKNE U NMPON3BOACTBEHHbIE HYXAbl 3abupaTb BOAY
XyALlero KayecTsa, XOpoLyHo Xe BOAY MCMOMb30BaTb TONbKO AN MUTbEBOIO
BoAOCHabxeHns. Ho aAMMHUCTPATMBHBLIM YKa30M U WwTpadamMm, Kak nokKasbiBaeT OnbIT,
notpebutensa He 3acTaBUTb peraameHTupoBaTtb Bogootbop. OgHMM n3 Hanbonee
3P HEKTUBHBIX NHCTPYMEHTOB peryampoBaHns MHTEHCMBHOCTM @HTPOMOreHHOro
BO34ENCTBUSA Ha MoA3EeMHble BOAbI SIBSIETCS SKOHOMMYECKOe CTUMYIMPOBaHNE
pauMoHanbHOro BogooTbopa m akonormyeckn 6e3onacHoOro pasMeLeHms Npon3BoACcTBa.
MN3BecTHO, UYTO HacesnieHMe 3aKOHOMEPHO pearnpyeT Ha U3MeHeHue LeH Ha Boay. MoaTtomy
OTAENIbHOM, U BECbMa aKTyasibHOM, 3af4a4Yen ABNSAETCS yCTaHOBJ/IEHME ONTUMabHbIX
pa3MepoB BOAOMO/Ib30BATE/IbCKMX MaaTexen. CTOMMOCTb NPUPOAHLIX BOA, AO/TKHA
CnocobCTBOBaTb BHEAPEHMUIO ONTUMasIbHOM CXeMbl BOAOMO/b30BaHNSA B pErnmoHe.
HeobxoaMMo TakXxe aHanM3npoBaTb asibTePHATMBHbIE MYTWM UCMNOSIb30BaHUS PeCypCcoB
MoA3eMHbIX BOA B KayecTBe sie4ebHbIX, MPOMbILWAEHHbIX, METMOPATUBHbIX.
PaunoHanbHoOe MCnosib30BaHMeE NOA3EMHbIX BOA HE TOIbKO YMEHbLUMT oTpuuaTtenbHoe
BO34ENCTBME Ha NoA3eMHYo ruapocdepy, HO 1 Aact HeobxoanMble cpeacTsa AN
npoBeAeHNs pasNYHbIX NPMPOAOOXPAHHBLIX MEPONPUSATUIA.
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