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XUMHYECKHWH COCTAB ITOJI3EMHBIX U
BOJIOTHBIX BOJI TAEKHOM 30HBI
3ATIAJTHOM CUBUPHU B ECTECTBEHHOM
N HAPYIIEHHOM COCTOSHUAX
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[poBeneHo 00600mIEHHE MAHHBIX MO XHUMHYECKOMY COCTaBY
TIO/I3eMHBIX 1 OOJIOTHBIX BOA TaéKHOI1 30HEI 3amaqaoi Cubnpu 3a
nepuo ¢ 1960-x rr. mo 2009 r. [TokazaHo, 4To HanOOJIEe BAXKHBIC,
C TOYKM 3peHHsi (HOPMUPOBAHUS XHMHYECKOTO COCTaBa BOJ
3a00JIOYEHHBIX TEPPUTOPHH, T'MAPOr€OXUMHUYECKUE IPOLECCHI
MPOTEKAIOT Ha OKpanHax OOJIOTHBIX MAaCCHUBOB. Y CTAaHOBIICHO, YTO
peKynbTHBalMs  0OJIOT TNPUBOAMT HE K BOCCTAHOBJICHHUIO
UCXOJHOTO  COCTOSIHMSI ~ BOJHO-OOJIOTHOM CHCTEMBI, a K
(opMupoBaHMIO HOBOI. BBIABICH 30HANBHBIN XapakTep B
W3MECHEHNH MUHEepaTH3alin TOJI3EMHBIX BOZ,
CBUJICTENIBCTBYIOLINH 0 3HAYHUTEIHHON ponn
THAPOKIMMATHYECKNX ~ (pakTopoB B (opmMupoBaHMM — UX
XHMHUYECKOTO0 cocTaBa. 1 G0JI0THBIE, 1 MTOI3EMHBIE BOZIBI B IIEJIOM
HAXOAATCA B €CTECTBEHHOM COCTOSIHUM W IO TPHPOIHBIM

T'COOKOJIOIHs.
TMpUIrHaAM COAECPKAT B BLICOKUX KOHLCHTPpAIIUAX OPraHniCCKIC 1

OHOTeHHbIE BEILIECTBA, COJIEPIKAHUE KOTOPBIX B MOJ3EMHBIX BOAAX
BO3PACTaeT 10 Mepe YCUIICHUS CBSI3U C OOJIOTHBIMH.

e —
—————————————— Karouesbie cioBa:

IIOJA3EMHBIC BOJBI, 00JIOTHBIE BOJIbI, XHUMHYCCKUHN COCTaB,
TaexHas 30Ha, 3anagHas Cubups.
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Teppuropus TaéxHo# 30HB 3amagHoii CuOUpH XapaKTepHu3yeTcs BBICOKOH 3a00JI09eHHOCTRIO (Ooee
30% oOmeit momagyM), SABISIOMEHCS MOIMHBIM — (akTOpoM (OPMHUPOBAHUS XHMHUYECKOTO COCTaBa
MOBEPXHOCTHBIX M TOA3EMHBIX BOJ JaHHOTO perroHa [1]. DToT dakTop BO MHOTOM OMpEIeNseT CrenupuKy
BOJIHO-9KOJIOTMYECKOW OOCTAaHOBKM B pervoHe. B uyacTHOCTH, ¢ 3a00JI0UYEHHOCTHIO BOJOCOOPOB CBSI3BIBAETCS
MOBBIICHHOE COJEpXKAaHWE B TPUPOAHBIX BOJAAX IEJIOTO psAfa BEIIECTB, MHOTOKPATHO IPEBBIIIAONICE
JIOITyCTUMBIE HOPMATHBBI KadyecTBa, YTO OOYCIIOBIMBAET AKTYaJbHOCTh T'MIPOTEOXHMMMUYECKHX HCCIIETOBaHUN
MEXaHU3MOB B3aUMOJICHCTBUsI OOJIOTHBIX U IOJ3EMHBIX BOJ C YYE€TOM BIIMSIHUSI XO3SIMCTBEHHOH JESITENbHOCTH
Ha BOJIHO-00JIOTHBIE CUCTEMBI.

B nannOi paboTe W3NOKEHBI PE3yabTaThl OJHOTO W3 ITAIOB ITOJOOHBIX HCCIENOBAaHMH, B paMKax
KOTOPOTO aBTOpaMH OBUIO TIPOBENCHO 000OIIEHHE MaTepHalioB, MOJIYYEHHBIX B pasHoe Bpems B OAO
«Tomckreomonuropunr», Tomckom mnonurexHudeckoM ynusepcutere (TIIY) u psage aApyrux HaydHBIX |
MPOU3BOJICTBEHHBIX OpraHu3auui. Llenpio paboOTHl sBISETCS BBUIBICHHWE TEHACHIMH pachpesieeHus
MHHEpPAIN3alNy, BEIMYUHBl pH, OKHCIIIEeMOCTH U coJiep)KaHHs a30Ta aMMOHMHHOTO B MOJI3EMHBIX U OOJIOTHBIX
BOJax TaéXHOM 30HbI 3anagHolt CuoupH.

MeTtoauka uccjaea0BaHuK

Cepusa 1. Hayku o 3emie
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MeTtoanka MCCIeTOBaHUK BKIFOYaia B ceds oTOOp mpoO OOJNIOTHBIX M MOI3EMHBIX BOA, 0000IIeHHE
MOJYYCHHBIX PE3YJIbTaTOB W OITyONWKOBaHHBIX MaHHBIX. CXeMma pacIoiOKEHHS MOCTOB THUAPOXMMHYECKIX
HaOJroIeHui peacTaBineHa Ha puc. 1. JlaHHBIE 0 COCTaBe MOA3EMHBIX BOJ B 3HAUUTENHEHOW CTENICHU ITOTyYSHBI
B pe3ysibTarte O0OOIIEHWs MaTepHaloB MHOTOJETHHX HaOmoaeHui (mepuox ¢ 1960-x rr. mo 2009 r1.)
OAO «TOMCKreOMOHHTOPHHT», JaHHbIE O OOJOTHBIX BOJaX — IO MarepuajlaM HccienoBaHuid Tomckoro
nonmutexundeckoro yHuBepcurera (TIIY) m OAO «TomckreomoHutopunr». JlaboparopHele paboThl 110
OIIpEe/IeJICHUI0 cocTaBa OOJOTHBIX BOJ BBIIOJIHSUIUCH I10 ATTECTOBAHHBIM METOJMKAM B aKKPEIUTOBAHHBIX
nabopatopusix OAO «Tomckreomonutopunr» u TITY.
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Puc. 1. Cxema pacnojioxeHusi paloHa HCCleNoBaHMH: | — TpaHHIBl YYacTKOB THIPOT€OXUMHYECKUX

HAOJIFOICHU I OOJIOTHBIX BOI; 2 — CKBOKUHBI THAPOTCOXUMHUUCCKUX HAOFOICHUI MTOI3EMHBIX BOJI

OnucaHue UCTIONB3yEeMBIX METOJIOB 0TOOpa Mpod M ONpeNeNIeHHs] COJIepKaHUi Pa3InuHbIX BELIECTB, a
TaKKe XapakTePUCTHKa NMPUPOJHBIX yciioBuil mpuBeneHbl B [2]. IloneBbie pabOThl BBIIOIHEHBI COBMECTHO C
B.A. bazanoBeiM u A.A. CKyrapeBbIM; 00OOIIEHHE W aHAIN3 PE3YyJIbTaTOB HCCICAOBAHUI MPOBOAWIHNCH MPH
yuactuu U noguaepxke 0.B. Makymuna, C.JI. IIBapuesa u B.A. ba3anosa.

AHanu3 HOyYeHHBIX JIAaHHBIX 0 XMMHYECKOMY COCTaBY BOJ IIPOBEJEH C HCIOJIb30BaHUEM METOIOB
MaTeMaTHYeCKOH CTaTUCTHUKHM, BKIIOYAas pacyeT CpEeIHUX IIoKasaTeled 3a MHOTOJICTHHI Iepuoj M X
HOTrpenHocTy onpezeneHus. CpeaHee 3HaUCHHWE OINPEEISIETCs] B 3aBUCHMOCTH OT YHCIa JIET HaOJIOAEHUH |
paccunThiBaeTCs Kak cpenHee apudmermdeckoe. IlorpeniHocTh  ONMpeNeNieHHs — 4epe3  CPEAHIO
KBaJ[PaTHUECKYIO MOTPEUTHOCTh WM CTAaHAAPTHOE OTKJIOHEHHE.

OO0masi XapaKTepUCTHKA NMOJ3eMHBIX U 00JOTHBIX BOJ

Taéxnas 3ona 3anagHoit CuOMpPHM XapaKTepu3yeTcs LIMPOKUM paclpOCTPaHEHHUEM OJMIOTPO(HBIX
BBINTYKJIBIX U Me30TPOdHBIX 00J0T. Bricoka moinst u eBTpodubix 6onot. Tak, Ha Teppuroprn ToMmckoi obnacrty,
3aHMMAIOIIEeH 3HAYUTEIBFHYIO YacTh pacCCMaTPUBAEMOT0 PernoHa, oomias 3a00104eHHOCT cocTaBisieT 37 % (oT
316,9 Thic. kM?), 0ms OOWIEH TepPHTOPHH, 3aHATON OMHrOTPO(HBIME GomoTamu — 17 %, Me30TPODHBIX —
15,6 %, eBrpodubIX — 4,4 %. Cpenusist MOIIHOCTD TOpdAHOH 3anesxu npessimaeT 2 M. CyMMapHBIE 3a11achl BOIBI
B 6OJIOTaX TONIBKO B TOMCKOIT 0GIACTH COCTABISIOT 0KOJIO 220 KM® [2].

BonoTHble BOJBI permoHa B €CTECTBEHHOM COCTOSHMM XapaKTEPH3YIOTCS KakK CIa0OKHCIbIe
(omurorpodHble M Me30TpOdHbIE, pexe eBTPOQHbIE) WM HEeWTpasibHbIe (eBTpO(dHBIE), NMPECHBIE ¢ MalOH H
cpenneit Munepanusamuei (o 200 u 200..500 Mr/n cooTBeTCTBEHHO). MUHEpaIu3alysi BOJ OJUTOTPO(HBIX H
ME30TPOQHBIX GONOT OOBIYHO 3aMETHO MeHbIe, ueM eBTpohHbIX (Tabn. 1). BosoTHele BOABI pernoHa
XapaKTepU3yIOTCsl BBICOKMM COZEP)KAHWEM OPraHMYeCKMX BEIIECTB, a30Ta aMMOHHUHMHOIO M psiaa JPyrux
BEIlleCTB (HE paccMaTpUBaIOTCs B paboTe). B CBsA3U ¢ 3TUM HapyllleHHe YCTAaHOBJIEHHBIX B Poccui HOpMaTHBOB
KauecTBa HabIr0qaeTCs sl GOMOTHBIX BOJ TIOBCEMECTHO W MOCTOSIHHO (PHUC. 2), YTO JENaeT HeBO3MOXKHBIM HX
UCIIOJIb30BaHKUE B X035 HCTBEHHO-TTUTHEBBIX LIEIISX.

Cepusa 1. Hayku o 3emie
24



BecTHuk Hayku Cubupu. 2011. Ne 1 (1) http://sjs.tpu.ru

10 1200 + 7

) —— 6

g . 1000

74 5

6 . 800 4

5 4

4. 600 | 3

3

24 400 | f

1 i

0 200 | N— i} -

pH Zd, mrin NHs', mrin

e EcTecTESHHOE COCTOA HHE s PexyneTMEMPOE3HHOE COCTOAHME
s 3arpAZHEHHOE COCTOA HHE e MAK 0 -y

Puc. 2. Cpennuii XUMHYECCKHIA COCTaB OOJIOTHBIX BOJ TacKHOW 30HBI 3amagHoit CHOMpPH B €CTCCTBEHHOM,
3arpsI3HEHHOM U PEKYJIbTUBUPOBAHHOM COCTOSIHUSIX B CPAaBHEHUHM C HOPMAaTHBAaMU KauecTBa BOJI XO3SHCTBEHHO-
[MATHEBOT'O BOJOCHA0KEHUS

Tao6auua 1. Xumuyeckuil coctaB O0JIOTHBIX BOJ

Tun Gonora CocTosHIE HOKa-* oH S M/ NH4", XIIK, KommyectBo
3aTelnp MI/T MrO,/n mpob
TIIK 05rr 6-9 1000 2,0 -

OnurotpodHbIit EctecTBenHOE A 4,38 1968 1,159 322,13 28
8A 0,26 85,3 0,257 52,53

Me3zoTpodHbIit EcrectBenHoe A 5,05 506,2 0,939 307,88 9
A 0,37 3431 0,341 151,55
N A 5,81 114,2 1,653 228,51

EBTpodHBIi EctecTBeHHOE A 0.2 395 0,301 5059 45

Bce Tumsl EcrecrBennoe A 5,16 2301 1,326 217,29 82
A 0,18 83,2 0,177 42,72
. A 6,33 — 0,865 500,97

OnurotpodHbIit 3arps3HEHHOE A 0.33 — 0,190 432,99 10

Me30oTpodHbIi 3arps3HeHHOE A 573 830 L775 141,85 8
8A 0,37 22,7 0,491 27,90

Eptpodmsii SarpssmenHoe A 7,25 1134,2 15,68 494,43 8
A 0,13 182,1 9,369 165,25

OnurorpodHbIi Ocyl1ieHHoe A 5,70 2701 2,209 214,20 3
S8A 1,40 219,8 1,291 37,40

OmuroTpodHbIii Tapsb Ha A 5,27 284,9 1,553 338,60 3
OCyIIeHHOM 60JI0Te SA 0,81 229,3 0,490 62,01

OmuroTpodHbii PeKybTHBHPOBAHHBIH A 5,73 476,4 0,867 99,45 3
y4acToK 0A 1,98 415,3 0,051 36,25

Ipumeuanue — A — cpeaauii apupMeTUISCKH TIOKa3aTelb; OA — MOTPEUTHOCTH OMPEACICHHUS.

VYuuThiBasg, 4TO B INpeAenax 3a00J0YCHHBIX YYACTKOB PacCMaTpUBAEMOH TEPPUTOPUH JOCTATOYHO
MHTEHCHBHO J00bIBaeTCs He(Th U Ta3, Lelieco00pa3HO pacCMOTPETh, KaKHe H3MEHEHHS B COCTOSIHHU OOJOTHBIX
BOJI NMPOM3OLLIM B Pe3yJbTaTe X03siiCTBEHHOW AesTenbHOCTH. C 3TOW IeNblo ObUI BBINOJHCH aHAIN3 JTaHHBIX
rOCYIApCTBEHHOTO M JIOKAJIbHOTO MOHHMTOPHHIA, KOTOPBIHA MMOKa3al, YTO NP OCYIICHHH W PEKYJIbTHBAILIMU
3arpsi3HEHHBIX YYaCTKOB OJMTOTPO(HBIX OOJNIOT MPOUCXOAUT TpaHCHOPMALUs XUMUYSCKOTO COCTaBa OOJIOTHBIX
BOJ[ [0 TUMY, XapaKTepPHOMY HE Uil OMUroTpodHbIX, a s eBTpodHbIX 6010T (Tabn. 1). Kpome toro, 6but0
YCTaHOBIICHO, YTO MPH cOpOCE CTOYHBIX BOJ B 00JIOTa MJIM aBapUHHBIX pa3iuBax HE(PTH W MUHEPAIN30BAHHBIX
BOJI, MCIIOJIb3YEMBIX JJIsI TOJAEP)KAHMUS TUIACTOBOTO JIABJICHHS, U3MEHEHHUSI B XMMHUUECKOM COCTaBe OOJIOTHBIX
BoJ 0ObuHO HaOmomatorcss B mpenenax 100.300 M or ucrouHuka 3arps3HeHust (ta0in. 2). HawmGoinee
CYIIECTBEHHbIE OTKJIOHEHMsI COJep)KaHUH OT OOBIYHBIX JUIi KOHKPETHOrO THIA O0O0JOT 3HAa4YeHHH YacTto
TPOCIICKUBAIOTCSI HA JIOKATBHBIX YIaCTKaX J0 HECKOJBKUX MECATKOB MeTpoB [3].
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Tabauna 2. CpenHuii XUMHYECKHH COCTaB OOJOTHBIX BOJ B palioHe C. MeTsHIKOBO

Janmbie 3a B 25-300 M ot BhIITyCcKa
[lokazarens 1967 r. [5] cTokoB KKX
) ¢. MenpHUKOBO [3]

pH 72 7.6

X, MI/II 515,0 1061,2
NH,*, mr/n 0,3 25,91
XIIK, MrO,/n — 420,14
KonugectBo npo6 8 2-5

B pesynbTraTe NpoBeEHHBIX MCCIIEOBAHUI MOYKHO CJIENaTh BBIBOJ, YTO BIMSHUE aHTPOIIOTCHHBIX (JaKTOpPOB
Ha I'HIPOXMMHYECKHE TIOKa3aTes OOJIOTHBIX BOI Ha OOMbIIeH YacTh TaékHOM 30HbI 3ananHoi CHOMpH B 3HAYNUTEIILHON
CTETIeH! 3aBUCHUT OT MHTCHCUBHOCTH BOZOOOMEHa B OOJIOTHBIX OMOTeOleHO3aX — YeM OHa OoJblle, TeM OoJIblIe 30Ha
3arpsizaeHms [2, 4].

B npenenax TaexxHoii 30HbI 3anajHOi CHOMPH OCHOBHOM I'M/IPOT€OJIONMYECKON CTPYKTYPOH MEPBOTO TOpsiIKa
sistercs: 3anaaHo-CHOUpCKHil apTe3naHCcKuid OacceliH, SBILIOIIMKCS OJHUM U3 HauOoJiee KPYIMHBIX aKKyMYJISITOPOB
MO/I3eMHBIX BOJ| HaIIel IUTaHeTH.. B paspe3e Me3030iCKO-KaifHO30MCKIX OTIIOKEHWH OacceliHa BBIICISIOTCS JIBA
TH/IPOTEOJIOTMYECKHUX 3TaXKa C PE3KO PAsIMYHBIMH YCIOBHSAMH (hOPMHUPOBAHMS IMON3EMHBIX BOA. DTaKW pa3/ieiICHBI
MOIIHBIM PETHOHAIBHBIM  BOJOYNOPOM  BEPXHEMENOBOIO-TIAICOreHOBOro  Bospacta [6, 7]. B pamkax paboTs
paccMaTpuBaiach TOJNBKO BEPXHSS 4acTh paspesa B MpeeNaX Pa3sBUTHS BOAOBMEINIAIONINX OTJIOXKEHHH HEOreH-
YETBEpPTHYHOTO U MAICOreHOBOTO Bo3pacTa. OTIOXKEHUS TPEeICTaBICHbI MeCKaMy, TJIMHAMH, AJICBPHTAMH, I1€CYaHO-
TPaBHITHO-TAJICYHUKOBBIMU OTJIOXKEHHUSAMH; B THUIIPOJMHAMHUYECKOM OTHOLICHWH SIBIIOTCS COWHON BOJOHACHIIICHHOM
CHUCTEMOM C TECHOM TMIPAaBIMUYECKOI B3aUMOCBSI3bIO.

Booonochvuii komnnexc neozen-uemeepmuyHbIX OMAONCeHUll ABISIETCS TEPBBIM OT MOBEPXHOCTH, €ro
MOA3EMHbIE BOABI TECHO B3aMMOCBS3aHBI M LIUPKYJIUPYIOT B 30HE CBOOOJHOrO BOJOOOMEHA, YTO JAENaeT UX
JIETKOZOCTYIHBIMH JAJIsI TPOLIECCOB 3arpsi3HeHUs. EcTecTBeHHBbIE YCIOBUsS (OPMHUPOBAHUS TPYHTOBBIX BOJ
OIPEJIETAIOTCS B OCHOBHOM THMAPOKIMMATHYeCKUMH QakrtopaMu. [l JaHHBIX BOJOHOCHBIX OTJIOKECHUMH
HaOJII0aeTCsl XOPOLIO BBIP2KEHHOE YBEJIMYCHUE MUHEPAIHM3ALMK HEe3arps3HEHHBIX MOJ3EMHBIX BOJ C CEBEpO-
BOCTOKa Ha Ioro-3amag (tabn. 3). B HapymeHHOM CcOCTOSHMM HAOIIOJAIOTCS HECKONBKO MOBBIIICHHBIC
MHUHEPAIN3AIHAH TTOI3EMHBIX BOJ, HO B IIEJIOM 30HATBHOCTH COXPaHACTCH.

Mo xmaccupukammum O.A. ATeKWHAa TPYHTOBBIE BOAB OOBIYHO MpPECHBIE CO CpeAHEH U, peke,
MOBBIIIEHHON MHHEpanu3anued, THAPOKapOOHATHBIE KalbIMEBblE WM THAPOKAPOOHATHBIE KalbIHEBO-
MarHueBbie, HeTpanbHbie [6, 7, 8].

I'pyHTOBBIE BOIBI HEIOCPEICTBEHHO CBSA3aHBI C OOJOTHBIMH, YTO ONpENENSCT BBICOKHUH ypPOBEHb
COJICPXKAHUSA OPraHWYECKHUX BENIECTB M0 OKHCISIEeMOCTH, OTMEYEHHBIH Kak JUIS €CTECTBEHHOro, TaK U
HapyIIEHHOTO COCTOSHHUS IMOJ3EeMHBIX BOJ. IloBBIIEHHOE conep’kaHWe OPTraHWYECKHX BEIIECTB NMPHUBOAMUT K
(hOpPMHUPOBAHMIO BBICOKMX KOHLEHTpAIMi a30Ta aMMOHHUIHOTO, oOpasyromerocs IpH HX YaCTHIYHOM
pasiokeHuH B BOHOM cpere [9].

CpenHuiil ypoBeHb MIEPMaHTAHATHON OKUCIIIEMOCTH B TaékHOM yactu Oacceitia Cpenneit Oou cocrassiet 5,09
mrC/n (tabi. 3).

Tadauua 3. XuMu4Yeckuil cOCTaB NOJ3EMHBIX BOJI HEOT€H-UETBEPTUUHBIX U NAJIEOT€HOBBIX OTIOXKEHUI

Hacenennprii TMoka- [, NH,, | TIO, Komnaecrso
I'opuzont CocrosiHUe pH o6
MYHKT 3aTelb MI/1 mr/n | mrC/n p

HI[KXO's-rmT 6_9 1000 2 ,0 5,0

Bop! HeOreH-4eTBEPTHUUHBIX OTJIOKEHUHN

AJekcaHapoBCKOe Qui €CTECTBEHHOE A 718 | 398,75 | 221 1,95 >7
c 0,13 | 11,93 | 0,28 0,21

Bbaxuap Quth €CTECTBEHHOC : g:ig 32?;5806 8:2(1) g:;; 63

Beiit SIp Q+Qutb €CTECTBEHHOE 2 g:?g 12;37 3:23 g:gg 72

Verp-O3eproe Qutb €CTECTBEHHOE ‘2 g:?i 952,’5743 8;82 g:g‘l" 56

Kapracok Qui+kPs €CTECTBEHHOE 12 g:gg 21786”6(1? é:gi g:gg 64

Ipoodondcenue mabauyvl Ha credyrowei cmpanuye
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Koymameso Qv €CTECTBEHHOE A 718 | 307,77 | 112 3,31 76
c 0,10 13,96 0,16 0,30

Terysbaer Qv €CTECTBEHHOE A 7,36 | 42524 | 268 8,9 64
G 0,13 7,79 0,28 0,69

Terynbnet Qi €CTECTBEHHOE A 7,27 | 500,28 | 2,83 9,36 60
G 0,10 13,50 0,32 0,70
Bue Hac. myHKTa (y A 6,86 562,35 1,52 3,61

KadTaHunkoBo) Qu eeTecTBenHoe o 033 | 2522 | 0,66 | 0,56 67

Bensit Qui HapyIIEHHOE A 7,22 | 678,01 | 050 0,10 10
c 0,06 243 0,40 0,05

Boipl naneoreHOBbIX OTI0XKEHUN

AJeKcaHIPOBCKOE Psnm €CTECTBEHHOE A 7,40 258,94 | 4,28 4,02 57
G 0,15 21,37 | 0,66 0,57

Benbrit SIp R:lg €CTECTBEHHOE /:; 3’1(1) 1190%,’5054 é’gé g'gg 73

Kapracok Rsnm €CTECTBEHHOE A 7,10 | 347,60 | 2,14 5,26 75
c 0,10 26,07 | 0,34 0,36

Kapracoxk Rojr €CTECTBEHHOE A 711 | 504,76 | 3,55 5,73 62
c 0,13 19,53 | 0,74 0,43

Kapracok Paat €CTECTBEHHOE /:; g:ig 42557,55 g:gz g:gg 60

[Mynuuo Psnm €CTECTBEHHOE A 7,42 | 30598 | 1,60 5,16 60
c 0,12 25,11 | 0,28 0,50

ManuHoBKa Psnm €CTECTBEHHOE A 7,06 455,33 | 059 2,67 78
c 0,10 2195 | 0,14 0,22

Tomck Rojr HapyIICHHOE A 6,69 | 54388 | 0,34 183 38
c 0,05 28,73 | 0,05 0,13

KosnmarieBo Ranm+R,jr HapyIICHHOE A 712 | 334,74 | 1,58 5,52 10
c 0,25 26,70 | 0,21 0,00

Toryp Poir Hapymentoe A 7,52 |317,69 | 1,40 3,62 10
o 0,13 28,05 0,22 0,52
. . A 6,93 |659,31 | 0,61 1,41

MopsikoBckuii 3aTOH Rojr HapyLeHHOe S 053 | 5365 | 0,51 051 10

EcrecTBeHHBIC YCIIOBUS (POPMHUPOBAHMS HAIOPHBIX BOJ| NAIE02EHOBHIX OMAONHCEHUll ONPEASIIIIOTCS B
OCHOBHOM CTEMEHbI0 M30JMPOBAHHOCTH MX OT MOBEPXHOCTH 3€MJIM, OOYCJIOBJICHHOW TJIyOMHOW 3alieraHusi u
HaJIMYUEM BOJIOYIIOPOB B IIEPEKPHIBAIOLICH TOJILIE.

Kak u B ciryyae rpyHTOBBIX BOJ, AJsl HE3arPS3HEHHBIX MOA3EMHBIX BOJ HEOIEHOBBIX U MAlIEOrEHOBBIX
OTIOXEHUN XapaKTEepHO YBEIMYEHHE MUHEpalM3allil C CEBEpO-BOCTOKA Ha IOro-zamaj, a Takke B
BEPTUKAIBHOM pa3pese [0 Mepe yBEJIMYEHHUs BO3pacTa BOJOHOCHBIX OTI0XKeHUH [§]. B HapyleHHOM coCTOsSTHIH
9TH 3aKOHOMEPHOCTH TAK)KE COXPAHSIOTCS.

[TonzemHBIe BOABI JaHHBIX OTJIOKEHWH B €CTECTBEHHBIX YCIOBHSIX OOBIYHO TPECHBIE CO CpelHEH U
MOBBIIIEHHON MHHEpann3alued, THAPOKapOOHATHBIE KaJbLUEBblE WM THAPOKApOOHATHBIE KaJlbIMEBO-
MarHueBble, HEUTpalbHbIE, a4 B PaliOHaX pa3MEILEHUS HACEINEHHBIX IIYHKTOB U KDPYIHBIX NPEANPUATUH —
NpECHbIE C TOBBIIIEHHOW MMHEpalM3allMeii M COJIOHOBAaThIe C Pa3HOOOpa3HbIM KATHOHHBIM W aHHOHHBIM
COCTaBOM.

Jlis paccMaTpUBaeMbIX OTJIIOXKEHHUH XapaKTepHa MEHbINAs B3aMMOCBS3h C OOJIOTHBIMH BOAAMH, UTO
ompenenseT U MEHbIINE 3HaYeHHs OKUCIIIEMOCTH M MOHA aMMOHHMSA (IO CPAaBHEHMIO C TPYHTOBBIMM BOJaMH).
BBuay TecHOW B3aMMOCBSI3M M CBOOOIHOTO BOJOOOMEHa BHYTPH BCEro BOJOHOCHOTO KOMIUIEKCA, YPOBEHb
COJIep>KaHMUs OPraHMYECKHUX BEIECTB OCTAETCS JOCTATOYHO BHICOKMM U cocTaBisieT B cpenaneM 4,89 mrC/i (Tabm.
3).

KadecTBo mOM3eMHBIX BOJ, TaKKe Kak M OOJIOTHBIX, HE COOTBETCTBYET YCTAHOBJIECHHBHIM B P®d
HopMaTtuBaM (puc. 3). Hapymenme kadecTBa OTMEHYaeTcss IO COJEP)KaHMIO HOHOB aMMOHHS M IIO
HNEepMaHraHaTHOM OKHCIIsseMOocTH. be3 crenuanbHoi BOJONOATOTOBKH UCIOJIB30BaHKE MOA3EMHBIX BOJ TA€KHOU
30HBI ISl X035 HCTBEHHO-ITUTHEBBIX LIEIEH HEBO3MOXKHO.
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Puc. 3. Cpennuit XMMHYECKHH COCTaB MOA3EMHBIX BOJA HeoreH-ueTBepTHYHBIX (N-Q) M mameoreHOBBIX
otnoxeHuit (R) taexHoit 30ubl 3amagHoit Cubupu B ectectBeHHOM (1) m HapymieHHOM (2) COCTOSIHHSAX B
CpaBHEHHH C HOPMATHBAMH Ka4eCTBA BOJ X03IHCTBEHHO-INTHEBOTO BOJOCHAOKEHNUS

Takum o0pa3om, MOI3eMHBIC BOABI 30HBI CBOOOTHOTO BOJOOOMEHA PETHOHA HMMEIOT BBIPAKCHHBIH
30HAIBHBIA XapaKTep W3MEHEHHWsS MHHEpaln3alliil W B C€CTECTBCHHOM, M B HApYIICHHOM COCTOSHHAX. s
JAHHBIX BOJ XapaKTEPHBI BHICOKHE COACPKaHMs OPTaHMYECKUX BEHIecTB (KakK CIEICTBUE, a30Ta aMMOHHIHOTO),
YTO OOBSICHACTCS MPEHMYIIECTBEHHO MPHUPOTHBIMH (haKTOpaMU, B YaCTHOCTH, 3a00J0YCHHOCTHIO OOacTei
MIUTaHUs ¥ TECHOU CBS3BIO C OOJIOTHBIMU BOJAMH.

006001IIcHIE TaHHBIX 0 XUMHUYECKOM COCTaBe OOJOTHBIX U MOA3EMHBIX BOJ B Ta&XHOM 30HE 3amaaHOi
Cubupu mokaszano, 4TO B €CTECTBEHHBIX YCIOBHSIX CyMMapHO€ COJAEpKaHHE pPACTBOPEHHBIX COJiel Ha
TEPPUTOPHUAX PACTIPOCTPAHCHHS OJIUTOTPOPHBIX OOJOT yOBIBACT B PSIIy «IOI3EMHBIC BOIBI — PEYHBIC BOMIBI —
0OJIOTHBIC BOJBI», a Ha TEPPUTOPHIX PACIPOCTPAHCHUS €BTPOGHBIX OOJIOT — «IIOJ3EMHbBIC BOJABI — OOJIOTHBIC

BOJIBI — peuHbIe BOABD (pHcC. 4, Tadm. 4).
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EsTpodHoe Bonoto QnurotpodHoe 6onoto

W og3emHble BoAbl  MEBONOTHBIE BOAI PeyHble BOAb

Puc. 4. CooTHoOlIEHHE CYMMAapHOTO COJCp)KaHUsl PACTBOPEHHBIX COJEH B MOJ3EMHBIX, OOJOTHBIX W PEUHBIX
BOJIaX Ha TEPPUTOPUAX PACIPOCTPAHEHHS EBTPOGHBIX U OJUTOTPOPHBIX 60IOT

[Ipu 3TOM cremyeT OTMETHTh, YTO Ha TpaHUIE OOJNOTHBIX W JIECHBIX JAHIAPTOB MPOUCXOIWT
WHTCHCUBHOE HACHIIICHUEC TOBEPXHOCTHBIX BOJ pPAa3MYHBIMA HEOPTaHUYECCKUMH U  OPTaHHYCCKUMHU
BEIIECTBAMH, YTO OOBsCHAICTCS (B CIydae OJHTOTPO(HBIX OOJIOT), BO-TIEPBBIX, KOHTAKTOM KHCIBIX OOJOTHBIX
BOJ, COJEpXKAaIIuX OOJBIIOE KONHYECTBO (YITBBOKHCIOT, C MHHEPalTbHBIM TPYHTOM M TOCIEIYIOLINM
o0pa3oBaHMEM BOJOPACTBOPUMBIX ¥ KOJUIOMJHBIX KOMIUIEKCOB. Bo-BTOpBIX, Ha oOKpamHax Oomor (U
OMUTOTPO(HBIX, W EBTPOQPHBIX) CKAIUIMBAIOTCS 3HAYUTENBHBIC KOJMYECTBA BOABI M (POPMHUPYIOTCS
HalpaBJICHHBIC NTOTOKHU, C KOTOPBIMU U BBIHOCATCS 06pa3OBaBIHI/IeC$[ COCAUHCHUA. B'TpeTI)I/IX, npu IBUKCHUN
MOTOKOB BOJIbI ITPOMCXO/IUT Pa3MbIB MOYBOIPYHTOB U (HOPMHUPOBAHUE CTOKA B3BEIICHHBIX U BIEKOMbIX HAHOCOB,
COMNPOBOXKIAIOIICECS YBEIMYCHHEM ILUIOIIAAN KOHTAKTa BOJbI M YaCTHIl TOPOJIbI, cOpOLell Ha MOBEPXHOCTH
MOCIIEAHUX HEKOTOPBIX PACTBOPEHHBIX M KOJUIOMIHBIX BEUIECTB | T.1. [2].

Taonuua 4. CpeaHuii XUMHYECKHH COCTaB MPHPOIHBIX BOJ BacroraHckoro 0070Ta W TPHIIETAIONIINAX
TeppUTOpuUil
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VYuactku Bactoranckoro 6omota
TTox3eMHBIE BOJIBI Yag
NaJe0reHOBBIX p- bakuap p-
Iloxasarens o c. Iloxn-
OTJI0KECHUH eBTpOd- Me30- omuro- |1 T'ope-oBka ropHoe
¢. Yaxemro HBII TpodHBIH | TpodHBIT
pH 6,93 6,00 5,34 4,70 7,20 7,33
>y, MI/1 610,5 439,2 139,9 75,7 333,8 411,0
NH,", mr/n 1,79 2,02 1,10 1,51 2,28 0,86
XTIIK, mrO,/n — 182,6 160,2 296,6 50,6 43,4
KomaectBo ipo6 3 3 7 11 34 22
BriBoabI

AHanu3 MoJTy4eHHBIX Pe3yJIbTaTOB MO3BOJIIET CAEINATD CIISIYIOIIKE BHIBOBL. Bo-TIepBhIX, Hanbosee BayKHBbIE, C
TOUKH 3peHust (POPMHUPOBAHHST XUMHUYECKOTO COCTaBa BOJI 3a00JI0UCHHBIX TEPPUTOPHUH, THAPOTCOXUMHYECKHE MPOLIECCHI
MPOTEKAIOT Ha OKpanHaX OOJIOTHBIX MaccHBOB. BO-BTOpBIX, OCYIIEHHE W PEKYJIbTHBALMS 3arpsA3HEHHBIX YYacTKOB
BEPXOBBIX 0OJIOT MPHUBOLIT K TPaHCHOPMALMH XUMHYECKOTO COCTaBa WX BOJ IO THITY, XapaKTEPHOMY ULl HU3MHHBIX
60710T. B-TpeThrX, B H3yUEHHBIX MPUPOTHBIX BOJAX NMPAKTHYECKH MOBCEMECTHO, HE3aBUCHMO OT CTENIEHH M XapakTepa
AHTPOIIOTEHHOTO BO3/ICHCTBHS, B TIOBBIICHHBIX KOHIICHTPALMAX IPUCYTCTBYIOT OPraHNYECKUE BEIIECTBA (II0 BETMUHMHE
OKHCIIIeMOCTH) U HoH amMonust NH,'. B-ueTBepThIX, 3HAUMTEIbHOE XUMHUECKOE 3arps3HEHHe GOJOTHBIX BOJL B PETHOHE
MOKa OTPaHUYEHO JIOKAIbHBIMH YYaCTKAMHU.

B mpenenax Ta&xHOoW 30HBI 3amagHoi CHOMpPH COCpPENOTOYEHBI 3HAYMTENIBHBIE PECYPCHI MPECHBIX
MOJ3EMHBIX BOJ. PacCMOTpeHHBIE IOA3EMHBIE BObI HEOT€H-4ETBEPTUYHBIX U [TAJICOTCHOBBIX OTJIOKEHUN UMEIOT
XOpOLIO BBIPKEHHBIH 30HAIBHBIM XapakTep B M3MEHEHHWH MUHEpaJIM3aliH, HaONIOZaeMblii Kak B
€CTECTBEHHOM, TaK U B HAPYILIEHHOM COCTOSIHUAX. Takas 30HalIbHOCTh CBUIETEIILCTBYET O 3HAUUTEIbHOU PO B
(hopMHPOBaHMH XUMHYECKOTO COCTaBa ITOJ3EMHBIX BOJ THAPOKIMMATHYECKUX YCIOBHUIL.

J1d mOoJA3eMHBIX BOJl TAa€KHOM 30HBI XapaKTEPHbI BBICOKHE COJEPKAaHUS OPraHUYECKUX BEILECTB U
a30Ta aMMOHHMHHOT0, HaOJII0JaeMble U JJIsl TPYHTOBBIX BOJI HEOTEH-YETBEPTUYHBIX OTJIOKEHHUMN, U JJIsl HATIOPHBIX
BOJl TAJICOTEHOBBIX OTJIOXEHWH. Takue KOHICHTPAlMKd OOYCIOBJIEHBI IPEUMYILECTBEHHO IPHUPOIHBIMH
yCIOBUSIMU (POPMUPOBAHUS TTOA3EMHBIX BOJI, B YaCTHOCTH, 3a00JI0UCHHOCTBIO TEPPUTOPHUH 1 0o0sacTeil mMTaHus
Y TECHOM CBSI3bIO C OOJOTHBIMHU BOJIAMH.

B OonpiMHCTBE Ciy4acB paccMaTpHBacMble IIO3EMHBIE BOJBI HE COOTBETCTBYIOT YCTAaHOBJICHHBIM
HOpMaTHBaM KadecTBa 10 BEIUYMHE MEPMAHIaHATHON OKHCIIEMOCTH M IO COACP)KAHUIO a30Ta aMMoHMiHOro. C
y4€TOM 3TOro Ha OOJbIIEH YacTH pPErvoHa HCIOJB30BAHME IOJ3EMHBIX BOJ 0Oe3 CHelMabHOW BOZOIOIIOTOBKH
HEBO3MOXKHO. B 1menom e, Mmoj3eMHble BO/BI B CPAaBHEHHH C ITOBEPXHOCTHBIMHU B TaC)KHOW 30HE OTIMYAIOTCA Ooee
BBICOKAM KauecTBOM. [IpuopuUTETHOE HCIOJIB30BAHUE IIPECHBIX IOJ3EMHBIX BOJ — XO3SIMCTBEHHO-IIUTHEBOE
BOJIOCHAOKEHUE.
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