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NMPEANCITOBMUE

V306mare BOABI Ha I1aHeTe 06MaH4unBO — MeHee 0,003% JOCTYITHO s
HalIux OBITOBBIX, IPOMBIIUIEHHBIX U IPOYUX HYXJ. DTO OrpPaHUYEHHOE KO-
JINYECTBO HEPABHOMEPHO U HECIIPaBEAJUBO pacCIpesie/IeHO CpeAiyl HbIHell-
Hero HaceJIeHUs, paBHOI'O IpMMepHO 7 MWIIHapzam awogeil. Kpome toro,
BOJia TPATUTCA BIIYCTYIO, 3aIPA3HAETCS, UCIOAb3yeTCA HepallOHAIbHO U He
IEHUTCA BO MHOTHX YacTAx Mupa. Takum obpasom, 6yZeT IpaBUIbHO CKa-
3aTh, 4YTO Oy/yllee UeJOBEYeCTBA U BCeH IUTAHETHI 3aBUCUT OT TOTO, KAaK MBI
CMOXXeM T103a60TUThCSA 06 ITOM IIEHHOM U 1eQUIUTHOM Pecypce.

VH>xeHepaM U 5KoJIoraM IpUHAJIEKUT KJI0UeBasd posib B yIIpaBIeHUN
BOZHBIMHU pecypcaMu. Ml JO/KHBL MHOTOMY HAy4YUThCA APYT Y APyra, He
TPaTUTh BpeMsA U Pecypchl BIyCTYI0, 1 Ha4YaTb COBMECTHO [leliCTBOBATb JJIA
Haiero obero 6yzayuiero. I'pymmna npodeccroHamoB 1Mo BOAHON TeMaTH-
Ke 13 BOCbMHU YHUBEPCUTETOB Pa3HbIX CTPaH: YKpauHshl, benapycu, Kasax-
craHa, Tapxukrcrada u Hopserun, B 2011 rogy pemwia Ha4yaTb COBMECTHYO
paboTy 1o 06MeHy 3HAaHUAMHY 00 YIIpaBIeHUN BOAHBIMU PECYPCAMU U TEXHO-
JIOTHSIM OYUCTKY BOZBL, JJIA YIy4IIEHUA KaueCcTBa 00yIeHHs CTyIeHTOB IPO-
GUIBHBIX CllenMaJbHOCTEN. YHUKAIbHBIN NPOEKT — BogHasa l'apMoHus —
DOZUICS C LIeJIBIO COITIACOBAHUSA YIeOHBIX IIPOTPAMM I10 BOZHBIM CIIEIIHAIb-
HOCTAM B OTUX YHUBEPCUTETAX.

OTOT yue6GHUK ABIAETCA OLHUM U3 Pe3YJIbTAaTOB AeATENbHOCTH IIPOEKTA
Boznas l'apmonwus. [Ipodeccopa U3 BOCBMU YHUBEPCUTETOB pabOTaIN BMECTE
[UIST CO3aHusA yueOHUKA, KOTOPBIM MOXKET OBITh KCIIOIb30BaH He TOJbKO
CTyZl€eHTaMHU, aClIMpaHTaMU, IPENoAaBaTeIAMU, yUeHbIMU, CIIeIIHaTUCTaAMU-
IIpaKTUKaMU CTPaH-y4aCTHUL], HO U Ha MeXAyHapOoAHOM ypoBHe. MBI 1oja-
raem, 4To 3Ta KHUTA — LieHHOe JJOTIOJIHEHUE K y)Ke CYIIeCTBYIOIIeH clielu-
aJIbHOM, yueOHOU U CIIPAaBOYHOM JIUTEPATypeE B 3TOU 0b6yacTu. B Hell Tak ke
mpezicTaBiaeHa HHGOpMaIKA 0 HEKOTOPHIX CelndUIecKux acleKTax peruo-
HOB U CTPaH, YTO JleJlaeT KHUTY IIeHHOH JJIS IIOTUTUKOB U PO ECCUOHATIOB,
OPUEHTHPOBAHHEBIX HA pelleHre HAIlMOHAThHBIX U MEXAYHAPOAHBIX IIPO6-
JieM BOZHBIX PECYPCOB. DTOT y4eOHUK OyZieT OCTYIIEH Ha MATU sA3bIKaX. BoJb-
IIast 4acTh KHUTH TaK Ke OyZeT ZOCTYIIHA B 3JIEKTPOHHOM BapHaHTe /11 obec-
neveHus 6oiee MIMPOKOTO PaclpOCTPAHEHMU .

Y4eOHUK OXBATHIBAET TEMBI, CBSI3aHHBIE C YIIPaBJIEHUEM BOJHBIMH Pe-
cypcamu, a Takke ¢ U3NKO-XUMUYeCKIMU METOZAMU YAaIeHUs 3arpsi3HUTe-
JIeH, UCIIOTb3YIOUMMUCA B BOZOCHAOKEHUH U B IIPOIIECCaX OUHUCTKU CTOYHBIX
BOZ. Hateii mesibio siBysieTCs co3zaHue 60Iee KOMIUIEKCHOTO yueOHUKA B
OyayiieM — fobaBieHNe OIMCAHUA BCEX METOJ0B OUYHUCTKY BOZBI.

JlaHHBIN Y9eOGHUK CO3aH yCEPAHBIM TPYAOM MHOTHUX CIEI[UATHUCTOB U3
BOCHMHU YHUBepcuTeTOoB. OrpoMHast GUHAHCOBAs MOAAEPKKA OKa3aHa IIPaBU-
TesnbeTBOM Hopseruu nocpezcrsoM Hopsexckoro LlenTpa MexxgyHapoaHOro
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BbIPAOXKEHME
MPU3SHATEJIbHOCTHU

Y4eOHUK MOATOTOBJIEH MHTEPHAIIMOHATBHBIM aBTOPCKUM KOJIJIEKTHU-
BOM CIIEI[MaJIMCTOB B yIIPaBJI€HNUU BOAHBIMU PECYpPCAMU, BOJOIOATOTOBKE U
OYMCTKE CTOYHBIX BOJ.

Haranusa Tonctonanosa, Onbra CanruHoBa u lMpuna Kocorrnna mposo-
[N ONIePATUBHYIO PeJaKIMIo TEKCTOB, U aHAIN3 BCeX MaTepUaloB, IIPefocC-
TaBJIeHHBIX KOMaH/[0!f OCHOBHBIX aBTOPOB. rops ActpesnuH u Xapia PaTHa-
BUpa ABJAIOTCA peJlakKTOpaMU 3TON KHUT'H.

Cepreii [lIuiika u Ctran CeccuoH 0TGOPMATUPOBAIU PUCYHKH B y4e6-
HUKe, B TO BpeMA kak Hatanua CuBuenko, Kag bunr u Jlenym Manamnepyma
COZIEVICTBOBAJIM B UCITPABJIEHUH OIMHUOOK U IOTUCTHKe. V3aaTenbcTBo “Huka-
LleHTp” HOATOTOBWIO yYeOHUK K OKOHYATETbHOMY BapHUaHTY, KOTOPBIH Bl
cefiyac lep>KuTe B pyKax.

I'puz-Apanzan-IOHEIL, EBpormetickoe skosnornyeckoe areHTcTBO (EEA),
HEeKOTOpble HallMOHaAbHble areHTcTBa U areHTcTBa OOH, a Takke MHOTrHe
JpyTHe OpTaHU3aluHy JI00e3HO MO3BOIWIN HaM HCIOIb30BaTh UX PUCYHKHU
Y IpyTHie MaTepuasbl B 3ToM yuyebHuKe. Cepreii [[Iuiika IOATOTOBII JU3aH
o60xKu 10 potorpadusam IOpusa KanaurHukosa.

Bopz Xexisnan u xosuteru u3s Hopsexckoro LlenTpa MexayHapogHOTro
CorpyauuuectBa B O6pasoBanuu (SIU) opranusoBanu nporpamMmmy EBpasust
Y OKa3aJIu Ieapyto GUHAHCOBYIO MOAAEPKKY BCEro MPOEKTA MPU MOAIEPIKKe
npasurenscTsa Hopseruu.

Anmarynb Kagupbaesa, Banagumup Kynukosud, Jlamep:xon Xoaxubaes,
Ixamies [lepmaToB, Jlaypa Atiko3oBa, Hatanmusa ®omuna, PabHo TypcyH-
6oeBa u Poman CMoTpaeB cofieicTBOBaIM B IlepeBoZie KHUTH C PyCCKOT'O Ha
YKpPauHCKUH, 6€0PyCCKUi, Ka3aXCKU U Ta/PKUKCKUH S3bIKU.

HekoTopble MaTepraslbl, BKJIOYEHHbIE B 3TOT Y4eOHUK, OBUIU ITpeoc-
TaBJIEHBI CTyZIEHTAMU, MarucTpaMu U aclupaHTaMy, KOTOpbIe IPOBOANIN
HCCIel0BaHUA 110 BOAHOW TeMaTHKe.

MHorue cnenyaaycThl BHECAU LIEHHBIN BKJIaJ B BOILIOLIEHNE 3TOTO
yuyebOHUKa B peaJlbHOCTh, U MBI COKaJIeeM, UYTO He MMEEM BO3MOXKHOCTH YIIO-
MAHYTb UX BCEX JIMYHO. MBI IeHUM BKJIaZ, HAlIUX KOJIIET B 3TOT IIPOEKT U3
CJIeAyIOLUUX YHUBEPCUTETOB:

* HanuoHanbHBIN TeXHUYECKUN YHUBepcUTeT YKpauHbl “KueBckuit [Tomm-
TexHudyeckul ucturyt”, Kues, YkpauHa;

* HopBexckuii yHUBepCUTeT ecTeCTBEeHHbIX HaykK, Oc, HopBerus;

* Besnopycckuii rocylapcTBEeHHbBIN TEXHOJNOTMYeCKUY YHUBepcuTeT, MUHCK,
Benapyce;

e TopHO-MeTa/uTypTUYecKu MHCTUTYT TamkukucTana, YkamoBck, Tamku-
KUCTaH;
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* HanuoHapHBIN YHUBEPCUTET BOAHOI'O X031 CTBA U IIPUPO/OTIONb30BaHNUA,
PoBHO, YKpauHa;

* YKpaWHCKHUU IOCyAapCTBeHHBIN XMMUKO-TeXHOJIOTUYECKUN YHUBEPCUTET,
JIHEeTIpOIIeTPOBCK, YKpanHa;

* YepkaccKuii rocylapCTBEHHBIN TEXHOJIOTMYECKUHY YHUBEPCUTET, YepKacchl,
YkpauHa;

* [OxxHO-KasaxcTaHCKUl rocyZapcTBeHHBIN yHUBepcuTeT UM. M. Aya30Ba,
[IeiMkeHT, KazaxcraHs;

Peamzanysi 3Toro yueGHHKa CTaia BO3MOXKHOM 6arozaps [IpoekTy Bog-
Has ['apMoOHUsA, KOTOPBIH ObUT MHUIIMHPOBaH Mpodeccopamu Xapuioii PaTHa-
Bupa u Uropem ActpenuusiM. Poman CMoTpaeB KoopAuHKpoBai EBpasuii-
CKOe COTPYZHUYECTBO IIPOeKTa IIpY HellpephIBHOM NogAepkke Muxania Byp-
MUCTPa, peKTOpa YKPauHCKOI'0 roCyAapCTBEHHOTO XMMHUKO-TeXHOJIOTUYe-
CKOT'O YHUBEPCUTETA, /IJHeIpPONeTPOBCK.

MBI TakKe 61aroZlapiM BeeX KoJUIeT TpoekTa BozgHasa [apMoHUs, KOTOpble
BHECJTU CBO BKJI/] B YCIIEX 3TOTO YIeOHUKA, B TOM YnciIe AHApel ['POMBIKO,
Apse Xetictaz, Buxktop I'eBog, Jlrogmua Emenko u Mysadap IOHycoB.

ABTODBI IPU3HATENbHBI PELIEH3€HTaM 3a IIPOCMOTP PYKOIIUCH U CZeIaH-
Hble IIPY 3TOM LIeHHbIe 3aMeYaHus U PeKOMeHJAIU, KOTOphle OBUTH ¢ 61aro-
JIAPHOCTBIO MMPUHATHI. ABTOPHI BhIpaXkatoT 6arogapHocts T.E. MUT4YeHKo,
A.K. 3amosbCcKoMy 3a TOMOIIIb B TOAO0pe MaTepUantoB U UX 00CYKAEHUH.

Bcem Bam, KTO c1ocO6CTBOBAJ 3TOMY U3JJaHUIO PA3JIUIHBIMU CIIOCO-
6amu, orpoMHas 6JaroJapHOCTb 3a Ballle yuacTue B IOATOTOBKe y4eOHUKa.
Hazeemcs, 4To IpoBeZieHHAsA aBTOPCKUM KOJIJIEKTUBOM paboTa OyzeT ole-
HEeHa BCEMU YUTaTeAMU!

ABTOpPCKUIT KOJUIEKTUB



BCTYIJIEHME

Boda - som nepgoocHosa 8cezo cyujezo. U3
800bL BeWlL 3apoxNCcOAOMCS 8 CAMOM HaAUALe
U 8 Hee NPespaujaromcs nNpu OKOHUAmMeabHOM
YHUUMOXNCEHUU, NPUYeM Nep8o0CHO8A 0cma-
emcsl Heu3MeHHOll, 4 MeHAIOMCS MONbKO ee
COCMOSIHUSL.

danec MueTckui
(VII-VI Bek [0 HOBOM 3PBI)

Bo Bceli BCeJIEHHOU CJIOXKHO HAUTH 60jiee YHUKAIbHBIN GeHOMEH, He-
JKeu Bojia. [IpuHUMast pa3audHbie GOpMbI U 061aasi 6ECKOHEYHBIM MHO-
’KECTBOM CBOMCTB, OHA TeM WJIU MHBIM 06pa3oM BJIUAET Ha HAIy KU3HB,
MIEPBOUCTOYHUKOM KOTOPOI ABIsAeTcsA. Boga crioco6Ha co3aBaTh, paBHO Kak
Y pa3pymarTh; 6BITh NICTOYHUKOM KaK KPEIKOTr'o 3ZJl0POBbs, TaK U OIIACHBIX
60JIe3He; OUNINATh TEJNO, Pa3yM U AyX, HO B TO K€ BpeMs HECTU CMEPTh.

HeyzauBuTeNbHO, YTO ellfe MpeJKi MHOTMX HapOJOB ITOYNUTAIN BOAY KaK
60)XecTBO, TIepeZiaBas TPAJAUIMH [TTyOOKOTO YBaXKEHUS K HEH U3 TOKOJIEHUS
B nokosieHue. C caMoro poXJeHUs JIoAU IPUydaarch LIeHUTh BOAY, He T'o-
BOPUTH BOJMU3U Hee GPAHHBIX CJIOB, HE OCKBEPHATH ee. YTOOBI HATTUTHCA,
MY’KYMHBI CHIMAJIU B 3HaK [TOYTEHU, KaK U Ilepes X1eboM, ToJI0OBHOH y6op,
a JKEHIIMHbI HaZIeBaJIU YUCTOE IIaThe, COOUPAsICh MO BOAY. DTU AeHCTBUA
OBLIU TaK K€ eCTeCTBEHHBI, KaK B/IOX U BBIZOX.

CeroHs Ke MBI Bce 6OJIbIlle BOCIIPUHUMAaEM BOAY Kak [OJDKHOE, 3Has,
4yTO OHA Bcerza psagoMm. Kaxercs, uro Tak OyzeT Bcerza, Belb BCEM H3BECT-
HO, 4TOo 6oJee BYX TpeTel TOBEPXHOCTH 3eMIU 3aHMMaeT BoJa. BoT Toib-
KO TIPUTOZHOM /ISl IUThS — BCETO OKOJIO OJHOTO MPOIIEHTA, a U 3Ta nudpa
HEYKJIOHHO YMEHBIITaeTCsl.

BozaM /iparolieHHbIH, a BepHee — 6eClieHHBIN, Aap IPUPOJBI, 0becredn-
BAIOIIMH CyIeCTBOBAaHUE BCEr'0 XKUBOT'O U CaMOM KU3HU Ha 3eMIe. [leiicT-
BUTEJIBHO, 3HaUYEHUe BOJBI /JIsI CYI[eCTBOBAHUSA KU3HU Ha 3eMJIe Iepeolie-
HUTb HEBO3MOXKHO. YUeHbIe CYUTAIOT, YTO UMEeHHO MUPOBOIl OKeaH SBIAETCS
KoJbeIOenbio ku3Hu. He ciydalino AHTyaH e CeHT-DK3I0Mepy HaIucasl o
BozZie: “Henb3s cKa3aTh, UTO Tl HEOOXOAUMA Il )KU3HU: ThI — CaMa KU3Hb...
Ter camoe Gombiioe 6oraTcTBo B Mupe!”

Boza Ha IPOTSKEHUH THICAYETETHH [TOWIA M KOPMUJIA YeJI0BEYeCTBO.
OHa 1o3BoJIseT OCBaUBATh HOBBIE 3€MJIU M 3aCTaBJAET IIBECTH ITyCTHIHU.
Uuswinzanuu Erunra, Cpegnett A3uu, VIHAMK 1 MHOTUX APYTHX PETHMOHOB
3eMJu pa3BUBAIKCH O1arogaps COBepUIEHHBIM /I TOT'O BpeMeHU CUCTeMaM
BOZIOCHAOXKeHUs1. BogHbIe TyTH 00beANHIN HAPOAB U MaTEPUKH, AaBaU U
JIAl0T BO3MOXKHOCTb COBEPIIATD BeJIMKHeE Teorpaduieckrie OTKPHITHUA. Boga
MIPUHAJJIEKUT K TEM BEJTMKUM CTUXUAM IIPUPOZBI, KOTOPHIE C [PEBHUX Bpe-
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Bcrynnenme

MeH Topaskaiu BoobpakeHue ozieii. OHU BUIEHU B Hell TepBOOCHOBY BCETO
CYIIIECTBYIOIIETO Ha 3eMJe, el MOKJIOHSINCh KaK BCEMOTYIIeMY O0XXeCTBY,
JapylolieMy KU3Hb, ee 60sINCh, KaK HEBEIOMYIO U OTIaCHYIO CUIY, el TIPU-
MMMCHIBAJIM MaruvecKue CBOMCTBA. Y OTBAXKHBIX MOPEXO/JOB PEBHOCTH —
rpekoB 6or Mops ITocelJoH CYUTAJICS B TO JKe BpeMs KosiebaTenreM 3eMIIH.
B npezanumsx o rubesu iereHAapHoi ATIaHTU/IB SJUTHHCKAsA MUGOIOTHS CBS-
3bIBajia MOTY4YHE CWIBbl 3eMJIU U MOPS, ONIOTYUBIINECA Ha YeJI0BeKa I10 BoJie
pasrHeBaHHBIX 6OTOB. 3eMJIETPSICEHUS, COITPOBOXKAAIOIINECT KaTaCTPOdU-
YeCKHMU HaBOZHEHUAMU, CTUPAJIU C JUlla 3eMJIU JpeBHUe HMBUIN3ALUU.
U TeM He MeHee OHU CHOBA ¥ CHOBA BO3HUKAJU HA MOPCKUX MOOEPEKBIX
WIU B JJOJINHAX PeK.

C ZaBHUX BpeMeH BOZa CIyKWa AJId 3al[ATHL OT BparoB. PeKku CayXunu
€CTeCTBEHHBIMU pybOexxaMu MeXy rocyZlapCTBaMU U OTAeNbHBIMU BiIazie-
HUSIMU.

MBI He TIPOCTO HE MOXKEM MPOKUTH 6€3 BOJBI, HO U CAMU COCTOUM U3
BoZbI. Tesio B3pOCIOro yejoBeKa CoAepKUT ~65% BoAbl, a OPraHU3M HOBO-
POXKAEHHOTO — 10 75%. DTO Ke MOXKHO CKa3aThb U IIPO KUBOTHBIA U PACTUTENb-
HBIF Mup. Hallla 3aBUCHUMOCTD OT BO/IBI OTIPEZIENIETCs IIPEXK e BCEro HE0OX0-
JVUMOCTBIO ITOCTOSTHHO MTOAAEePKUBATh M OOHOBJIATD €€ 3amachl B OpraHu3Me,
moTpebJIsis B CyTKU He MeHee 2—-3 JTUTPOB. [ moAJep:KaHus HOpMaabHOM
KU3HEAEATETHHOCTU YEJIOBEYECKOMY Ty TPEOYeTCsI BOABI MPUOIU3UTENTBHO
B 2 pasa 6osbiile 1o Becy, yeM nuinu. O6e3BoKrBaHue opraHuaMa Ha 10%
y’Ke OIacHO, a 25% — cMepTeIbHO /JIT YeJIOBeKa; He YAUBUTENbHO, 4TO 6e3
IIHAINY YeJIOBEK MOXKET XKUTh HECKOJIBKO HeZlellb, Torza Kak 6e3 BOJbI OH I10-
rubaer yepes 2—3 JHA.

Boga comyTcTByeT 4enoBeKy BCIO €ro KU3Hb, OT IIePBOTO /IO TTOCe]-
Hero gHA. OHa KODMUT U TIOUT, TPEET U oxJaxAaeT. be3 Hee He 06XOAUTCSA
HH OfiHA 06J1aCThb KU3HEAEeATebHOCTH: B IIOBCEIHEBHOM XKU3HHU YeOBeKa
BO/la UCIIOJIb3YeTCs JJIs MUThs, IPUTOTOBJIEHUS MHUILU, Y/ OBJIETBOPEHUS
CaHUTapHO-TUTHEeHNYEeCKUX oTpebHOCTel. Bosa HeobxoanMa ST peatu-
3a1iuy 6€CUMCIEHHOTO MHOYKECTBA TEXHOJIOTMYECKUX MTPOIIECCOB, BRIpAIMBa-
HUS CeTbCKOX03MCTBEHHOM MIPOAYKIIUU U [Jis IepepaboTKU €€ B TPOAYKTHI
TOTPebIEH s, a TAK)Ke )11 Pas3IMIHBIX 001acTell MPOMBINIUIEHHOCTH, T/l OHa
HCII0JIb3YyeTCS KaK ChIpbe, peareHT, paCTBOPUTENb, AVCIIEPCUOHHAs cpeJa,
TEIUIOHOCUTENb, IPOMBIBOYHOE CPE/ICTBO U .

[ToTpebiieHye BOABI HETIPEPBIBHO pacTeT. HeyIUBUTETHHO, YTO ITpobieMa
BOZI0OOECTIEYEeHHST OBICTPOPACTYINErO HACENEHUS IUIAaHETHI CTala OAHOU U3
OCHOBHBIX MUPOBBIX IIpo6sieM. Ec/ii paHblile BoJa CYHUTasach 6eCIIaTHbIM U
HEWCTOIINMBIM JAPOM TIPUPO/IBL, TO CeYac YeJI0BEeYeCTBO CEPbEe3HO 3a[yMbI-
BaeTcs Ha/, AIBCTBEHHOU McUepliaeMOoCThIO 3a11acOB TPecHOM BoAbl. Hamuuue
He IIPOCTO BOABI, KAK TAKOBOM, a UMEHHO Ka4eCTBEHHOU MUTHEBOM BOABI JIs
COBPEMEHHOTO YesIoBeKa — OflHA U3 OCHOBHBIX HaubOOJIe3HEUITUX TTPOb6IeM
Halllel ITMBIWIN3aIMY. 3anackl IpecHOM BOBI Ha IJIaHeTe Ype3BbIlualiHo orpa-
HUYEHBI, U y’Ke CETOAHSI BO MHOTUX PalioHaX 3eMHOTO ITapa OUTyNI[AETCA ee
aebuuT. DKCrIepThl MPOrHO3UPYIOT, 4TO 0 2025 rosa HEXBAaTKa IPECHON
BO/IbI MUTHEBHIX KOHAUIINH B CTPaHaX C BBLICOKUMU TEMITAMU Pa3BUTHSA yYBe-
anautcsa Ha 50%, B pa3BUTHIX cTpaHax —Ha 18%. B 2030 rozy ot HejocTaTKa
IIPeCHO BoZbI OyzeT cTpazath 47%, a k 2050 roay — 2/3 HaceleHUsI IUTaHETHI.



BcrynneHue XX

Kak yTBep»KaloT aBTOPUTETHBIE TIOJTUTUKY, €CTH B OyAyLeM U 6yAyT MeX-
rocyZiapCTBEHHbBIE BOWHBI, TO 3TO OYZAyT BOMHBI 32 UCTOYHUKY MMPECHOM BOJIBI.
B cBA3U € MOCTOAHHO yXy/IIatollelica cuTyaluel ¢ IpecHoi BoJoN B MUpe
CoseT OOH 1no npaBaMm 4desioBeKa IIPUHSAI PE30JIIONNI0, B COOTBETCTBUU C
KOTOPOM IIpaBO Ha IIPeCHYIO BOAY U CAHUTAPUIO IIPU3HAHO OCHOBHBIM IIpa-
BOM YeJIOBeKa.

[Toso)keHMEe OCIOXKHAETCS TeM, YTO BCe OOJIbIe PacTeT MOTPEOHOCTD B
IIpecHOM BoZie U Bce GoJbllle ee pacxoayeTcs. M XoTa OCHOBHAas Macca IIpec-
HOU BOZBI He McYe3aeT, a TaK WIX MHadYe BO3BpallaeTcs B ee KPyroBOpoOT,
HO BO3BpaljaeTca OHa, Kak IIPaBWIO, 3arpA3HEeHHON U /JI IOBTOPHOI'O UC-
MOJTb30BaHUA HYXKAA€ETCsA B IOPOrOCTOAIIel ouncTke. [l pasbaBienus 1 m3
HEOYUIIEHHBIX CTOYHBIX BOZA 0 CPAaBHUTENbHO 06e30MacHO KOHILIeHTpa-
1y Tpebyetcs 20-30 M3 IPUPOJHON YMCTOU BOZBI, a /IS CTOKOB HEKOTOPBIX
MIPOU3BOACTB — Ha 3—4 nopsaka 6osblie. TOMbKO IMOCIE TAKOTO pa3baBieHus
BOZIa MOXKeT CTaTh IPUT'OAHOM AJi1 BTOPUYHOT'0 MCIIOIb30BaHUA, [ia U TO, KaK
IIPaBWIO, C GOJMBIINMU OIpaHUYEHUAMU. YyTh U He IOJOBHHA BCEX CTOY-
HBIX BOZ B MUpe cOPaChIBAIOTCSA B PEKU HEOUUIIEHHBIMU. OYHCTKA CTOYHBIX
BOJ, — CJIOXKHBIY ¥ ZIOPOTOCTOAIINH IIpoliecc, K TOMY »Ke caMble COBepIlIeHHbIe
BO/JIOOYHCTHBIE COOPYKEHHH €llle He PEeIIaloT MPo6IeMbl 3alIUTH 61ochHephl
OT 3arpsA3HeHuA. MeTo/bl OUUCTKY CTOYHBIX BOZ IO3BOJAIOT YAAIUTH OT 80
710 95% 3arpsAsHeHuit, Ho 5-20% Bce e IOCTYIaT B IPUPOAHbIE BOABL. BoT
[oYeMy KOMIUIEKCHBIY IMOAXOZ K PalliOHAJbHOMY PeIlleHHUI0 TaKOH BayKHOU
mpo6JieMBl, KaK TOBCEMeCTHAasA SKOHOMUS BOZBI, 00g3aTeIbHbIH ITepexo/ Ha
3aMKHYTbIE I[UKJIBl BOJOCHAOXEeHMs, pa3paboTKka MeHee BOJOEMKHUX TEXHO-
JIOTUH, OXpaHa BOJ OT 3aTrpsI3HEHUH U 6e3yCI0BHAsI OYMCTKA BCeX OBITOBHIX U
IIPOMBIIIIEHHBIX CTOYHBIX BOZ, JOJIXKHBI BOCIIPENIATCTBOBATD JAalbHeHIIeMy
AHTPOIIOI€HHOMY 3arpsI3HEHUIO BOAHBIX PECYPCOB.

st 06peTeHUs MPUPOAHON rapMOHUH YeT0BEYeCTBY HEOOXOAUMO BEp-
HYTbCA K ICTOKAM CBOEro BO3HMKHOBEHUS, 3aHOBO BOCIIUTATh B cebe KyJlb-
Typy ob6pallleHusI ¢ BOZO, BO33BaTh K AYXOBHOMY OIIBITY MPEAKOB. Bezb, B
KOHIIe KOHIIOB, Ka)X/IbI 3 HAC ¥ €CTb BO MHOT'OM BOZa, CTAJIO OBITh — HAIIle
OTHOILIEHNE K 3TOMY apy IpPUpOZHI ABJIAETCA IIPOeKLINell caMOyBayKeHu .

B mepBoii YacT JaHHOTO YueOHUKA MTPeCTaBIEH aHAIN3 COBPEMEHHOTO
COCTOSIHVMA BOJHBIX PECYPCOB B MUpe U B HEKOTOPHIX cTpaHaxX BocTouHOH
u 3anazHoi EBporsl, LleHTpanbHON A31M, U3JI0KEHBI HOBEHIITMe HaydHbIe
JaHHble 0 GU3UIECKUX, CTPYKTYPHBIX, XUMHUYECKUX CBOMCTBAX BOJBI KaK
XMMHUYEeCKOI'o BellleCTBa U KaK KOMIIOHEHTa IPUPOAHOMN BOJHON CUCTEMBI.
Bospiioe BHUMaHMeE yeleHO IPUHITUTNATBHBIM II0JI0KEeHUAM YIIpaBIeHUA
BOZHBIMY PecypcaMy — perlaMeHTUPYIOel U 3aKOHOAATENbHOM 6a3e co-
OTBETCTBYIOLIEI'0 KOJIOIMYECKOT0 KOHTPOJISA, MOHUTOPHHTA, OXPaHEl BO/J, C
y4eToM 0COGEHHOCTEH eBpOIeCKOl 1 HallMOHATbHBIX CUCTEM.

Y4eOHUK COOTBETCTBYET y4eOHOH IIporpaMMe MOATOTOBKY CTYAEHTOB
BBICIINX Y4€6OHBIX 3aBeZIeHHUH 110 BOJOOYUCTHBIM CIEIIMAIBbHOCTAM U MOXET
OBITH IIOJIE3HBIM YYEHBIM, MH)KeHepaM, MIPernogaBaTesIsiM, aClTUpaHTaM U CTy-
JleHTaM pa3HBIX CllelluaJbHOCTel, KOTOpble NHTePeCcyITC XUMKUel BoAbl U
yIIpaBJIeHIeCKUMU, S9KOJIOTUIECKUMU, TEXHOJOTUUYECKUMHU TIpobieMaMu B
06J1aCTH BOZOMOATOTOBKY Y BOJOUCIIONB30BAHUSA
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1.1. DPusuueckue n xummuecKkme CBOMCTBA BOAbI

ITonsims 800y — 3HAUUM NOHAMb BCENEHHYTO,
ece wydeca npupoObl U CAMY HCU3HD.

Macapy dMoTo

3HaHUsA O BOZIE BO BCe BpeMeHa 3BOJIOIMOHHOTO Pa3BUTHUS YeoBede-
CKOTO 00111eCcTBa OBUTH ABWKYIIEN CHION HAyYHO-TEXHUYECKOTO IIporpecca.
B 3aBUCHMOCTHY OT yPOBHS HAIIMX 3HAHWUU O BOJIE U €€ CTPYKTYPE OIpees-
eTcsI ypOBEHDb 3HAHUU B XUMUHM, GU3UKe, OMOJOTHY, SKOJIOTUH, MEAUIIUHE.

CTpyKTypa BOZBI BIUSIET HE TOJIBKO Ha ee pu3NIeCKre, XUMUIECKUE U
OMoJIOTMYECKHE CBOMCTBA, a U B 3HAYNTEILHOM CTEIIEHN Ha ee CBOMCTBA KaK
YHUBEPCAJIbHOTO PACTBOPUTEJSA, UTO U NPeolNpesiesiseT ee oBeJleHUe KaK
B IIPUPO/IE, TAK U B TEXHOJIOTUYECKUX IIPOIIECCaX.

Kakue elrje XUMUYeCKHEe COeTUHEHUS MOTYT OBITh 60JIee IIPOCTHIMHU, YEM
Boga—H,0? [Isa aroma Bogopoza (I'maporena) coeJuHEHE! C OFHUM aTOMOM
kuciaopoga (Okcurena). OJHaKO BOZIe TIPUCYIIU HEOOBIYHOCTh ¥ TAUHCTBEH-
HOCTb.

AnHanu3 0O6BIYHOI BOABI IIOKA3aJl, YTO B J€MCTBUTEILHOCTH 3TO CMECh
HECKOJIbKUX PA3HOBUHOCTEHN BOJbI, KOTOPHIE SABJISIOTCS COeJUHEHUSIMU HY-
xmzoB OkcureHa u I'maporena. Kpome obsraHoro ['mzaporeHa H, B mpupoze
BcTpevaeTcs: [MAporeH ¢ MacCOBHIM uncioM 2 (geidTepuii D) u elre Gosee
TSDKEJIBIN — ¢ MacCcoBBIM yncyioM 3 (Tputuii T). B Oxcurene, KpoMe 06BIYHOTO,
C OTHOCUTEJIbHOM aTOMHOM Maccoii 16, BBIABIEHO ellle ABa 60jee TSKEIbIX
HYKJINZA C OTHOCUTEJbHBIMU Maccamu 17 u 18.

TeopeTuyecky MOTYT CylleCTBOBATh 42 U30TOMHbIE PA3HOBUAHOCTHU
BO/IbI, M3 KOTOPBIX 7 ABJSIOTCSI CTOMKUMH, T.e. HepaZAuOaKTUBHbIMU. OfHa-
KO TIOKa YTO B IIPUPO/IE BHIABJIEHHI JaJIeKO He Bce u3 HuX. Ha 99,73% ruzapo-
cdepa cocTouT 13 06BIYHOM BozbI. OcTambHas Bofia — TSKeIasi, B COCTaB MO-
JIEKYJT KOTOPOH BXOZAT M30Tonbl OKcureHa v 'maporeHa.

TsoKenast Bozia, IO CPaBHEHUIO ¢ OOBIYHOM, Xy)Ke pacTBOpsieT cou. Jlea
13 TSHKeJIOHN BOABI IIaBUTCA ITpHU TeMIiepatype 3,318°C (276,468 K). Xumuue-
CKHe PeaKI[UU B TSLKEIOU BO/ie MTPOTEKAIOT 3HAUUTENBHO MeZyleHHee. Tsoxenast

Ta6nuua 1.1. Hekotopsie koHcTaHTs 06bi4HOM (H,O) 1 Tsxenoit (D,O) Boas!

Bopa
MNokasarenn
06bI4Has TAXenas
OTHOCMTENbHAs MONEKyNsapHas macca 18 20
Temnepatypa 3amep3aanus, °C (K) 0(273,15) 3,8 (276,95)
Temnepatypa kunetus, °C (K) 100 (372,15) 101,43 (374,58)
MnoTHocTb npu 20°C (293,15 K), r/cm® 0,9982 1,1056

MakcumarnbHasa nnoTHOCTL Npu TeMneparype +4°C (277,15 K) +11,6°C (284,75 K)




Pucyrok 1.1.

AHOMOJ’IMH TO4YeK KMneHms

1 30MEP3AHMS BOAbI B CPABHEHMM

C ApyrMMK coeanHenmnamm lmaporeHa
nofo6HOTro MONEKYNSPHOTO

CTPOEHMs!

1.1 ¢ Dusmueckue 1 xummueckme CBONCTBA BOLbI 3

BOJIa MICTIapsIETCS TOXKE MeJIeHHee, YeM 0OBIYHAas, TO3TOMY, BEPOSITHEE BCETO,
HEKOTOPHIE 3aMKHYThIE BOJOEMBI 000TaIIAIOTCA TAXKENOH BOZIOW. DKCIEPU-
MEeHTaJIbHO MOATBEP)KAE€HO, UTO OHA YyTHETAeT PacTeHUs, B GOJBIINX J03aX
BeZleT K UX Tbesin ¥ BOOOIIe OKa3bIBAET CHILHOE HETaTUBHOE OHOIOTHYECKOe
BJIUSHUE HA HEKOTOPBIe OpraHu3Mbl. OZHAKO B 00IIel Macce MPUPOAHOM
BO/IbI BJIUSTHYE U30TOITHBIX UHI'PEJUEHTOB Ha ee GU3UIECKHEe CBOMCTBA He
0COOEHHO YYBCTBUTETHHO WIU MTOKA YTO HEJOCTATOUYHO U3YIEHO.

MHorue pusnyeckre CBOUCTBA BOABI ABISAIOTCA aHOMaJbHBIMU. Tak,
anasoramu OkcureHa O B Ipe/iesiax MOATPYIIIEI IECTOM T'PYIIIBI TEPUOIU-
YeCKOU CUCTEMBI 37ieMeHTOB BhicTymnatT Cynboyp S, CeneH Se u Teunyp Te.
Vx coepunenus c 'maporenom (H,S, H,Se, H,Te) mog06HEI BoZie. 3apsz sipa
aToMa 3JieMeHTa, KOTOPBIM UX 06pasyeT, onpezenseT GUaniecKue CBOMUCTBA
BellleCTB 3TOro pAza. JleficTBuTeNnbHO, ecin H,Te — BemecTso ¢ HauboJbIIei
OTHOCHUTETBHOU MOJIEKY/IIPHON MaCCOU 3TOTO PsiZla — KUITUT IIPU TEMITEPATYPe
—4°C (269 K), a 3amep3aet nipu Temneparype —51 °C (222 K), To fBa Apyrux,
6osee nerkux coefuHenus (H,Se u H,S) kUnAT 1 3aMmepaaroT rpu 6ojiee HU3-
KUX TeMIlepaTypax, KOTOpble MIPAMO IIPOMOPLMOHATBHBI KX OTHOCUTEIbHBIM
MoOJIeKyAApHbIM MaccaM (puc. 1.1). CupaBa HajsieBO Ha 3TOM PUCYHKe IIPO-
CeXVBAeTCs IJIaBHBIN X0/l 3aBUCMMOCTeMN, KOTOPble COeJMHAIOT TOUKU KU-
nenus u 3amepsanusa H,Te, H,Se u H,S. Jlanee ke AJis1 BOABI 9TH 3aBUCUMO-
CTU CTPEMUTENbHO Bo3pacTatoT. JleficTBUTeNbHO, TEMIIepaTypa 3aMep3aHusi
BO/IbI BMECTO OXM/laeMoli B pAfy 3aBucumocTeit H,Te-H,Se-H,S-H,0: -90°C
(183 K) cocrasmnser 0°C (273 K), a remmniepaTypa ee kureHnust BMecTo — 70 °C
(103 K) coctasiser +100°C (373 K).

He moaBeprasi cCOMHeHUIO OOIeNnpu3HaHHble 3aKOHBI, OTMETHUM, YTO
BOJla — HEOOBIYHOE U, MOXKET OBITh, YHUKAJTbHOE UCKITIOYEHUE U3 IPABUII.
[TpuuMHEI 3TOTO AABJIeHNA II0KA YTO IIOJHOCTBHIO He BhISICHEHBI, XOTA ITOHATHO,
YTO 3araIK¥ BOZBI IPSYYTCS B CTPOEHUU €€ MOJIEKYJIBI Y MEKMOJIEKYIAPHON
CTPYKTYpbl. OUeBUHO, YTO OCOOEHHOCTH BOZBI ONPEAEIAIOTCS CBORCTBAMU
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Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

2JIEMEHTOB, KOTOphIe ee 06pa3yloT — OkcureHa u 'maporena. 'maporeH —
37IeMEHT, KOTOPHIM He UMeeT HU OJHOU 3aIll0JTHEHHOMU, a 3HAYUT — CTOUKOM
(ycToHYMBOI) 27IeKTPOHHOM 0601049KH. [[JIs ee 3aTI0HEHUS €My He0O6X0UM
elre OZINH 3JIeKTPOH.

Kak cnezcTBue, mpocToTa CTPOEHUA ero aToMa — OJWH IIPOTOH U OAUH
3JIEKTPOH — OOYC/IOBIUBAET €r0 0COOEHHbBIE CBOHCTBA. XOTS MOJIOKUTEb-
HBIH 3apAZ A4pa ero aToMa paBHAETCA OTpULlATeIbHOMY 3apAAy 3JIeKTPOHa,
aroMm I'maporeHa B 11eJI0M CIIOCOOEH MPUTATHUBATD K cebe HEKOTOPHIE pyTre
aTOMBI.

VIHBIMU cll0OBaMH, IIOCJIe COeJUHEeHUs C APYyrUM aTOMOM, HallpuMep
OkcureHa, ¢ MOMOIIBIO CBOEr0 €JUHCTBEHHOI'O 3JIEKTPOHA OH IIpHobpeTaeT
HEKOTOPYIO IOTIOTHUTENbHYIO CIIOCOOHOCTD MPUTKEHUS — CIIOCOOHOCTH 06-
pa3oBbIBATh TaK HasblBaeMble HU3KOIHepreTuyeckre BOAOPOAHbIE CBA3H.
DTa 0cOGEHHOCTB OTIpeZeIAeTCs MMEHHO He3aMmoJIHEHHOH 3/IEKTPOHHOM 060-
JouKoit aToma ['uaporeHa.

OKcureH — He MeHee HeOOBIYHBIN 3JIEMEHT, TIOCKOJIBKY /7S 3aII0THEHS,
a ceoBaTeNbHO, 00eCIeYeHUST CTOMKOCTU 3JIEKTPOHHOM 000JI0UKU eMy
HeZoCTaeT ABYX 3JIeKTPOHOB Ha Ipe/IocielHeEM dHepreTU4ecKOM YpOBHE
(1mecTs BMECTO BOCbMU), a Ha IIOC/IeJHEM 3HEPreTU4eCKOM YPOBHE aToMa
STOT'O 3JIeMEeHTa COZEPXKUTCSA BCEro iBa djeKTpoHa. DTUM, a TaKXKe OTHOCHU-
TeJIbHO HeOOJIBIIINM aTOMHBIM PaJuyCcoOM U 0OYCIOBINBAETCSA €TI0 PE3KO BhI-
paXeHHBIN 2JIEKTPOHEraTUBHBIN XapakTep. OH aTaKyeT BCe aTOMBI, CIIOCO6-
HbIEe OTZaBaTh 3JIEKTPOHEL, ¥ IO3TOMY fABJIAETCA OZHUM U3 CAMBIX aKTHBHBIX
3JIEMEHTOB B IIpUpoJe.

Moustekysa Bogpl cOCcTOUT 110 Macce u3 11,19% I'mgporena u 88,81% Oxcu-
reHa, T.e. ouH 06'beM OKCUTeHa COeNHAETCS ¢ IBYyMs o6beMaMu I'raporeHa.

OxcureH ¥ 'niporeH akTUBHO COEVHAIOTCA APYT € ApyroM (MHOIZA CO
B3PBIBOM) ¢ 00pa30BaHUEM YCTOWYMBOU MOJIEKYIBI, SJIEKTPOHBI B KOTOPOU
“HaxozaT ce6sA”, TOCKOJIBKY aTOMBI 000X 3JIEMEHTOB CyIIECTBYIOT KaK OBI
¢ ZebuITOM 371eKTPOHOB (puc. 1.2, a). Arombl OkcureHa u I'mpporeHa pas-
MeIIAI0TCSA B MUKPOIIPOCTPAHCTBE TAKUM 00pa30M, UTO BHEITHUE I€KTPOHEI
HX aTOMOB 00BeIUHAIOTCSA C 00pa30BaHUEM IEKTPOHHBIX TTap. B pe3yibrare
STOTO BO3HUKaeT acCUMMeTpUYHasA MOJIEKyJa BOABI, OK0JIo aToMa OKcureHa
KOTOPOU KOHIIEHTPUPYETCS OTPUIATENbHBIN (HeraTUBHBIN) 3apsi/l, a BO3Je
aroMa ['uziporeHa — oJI0KUTENbHBIH (IIO3UTUBHBIN). LIeHTPHI 3THX 3apAZA0B
CMeIIeHbl OIMH OTHOCUTEIBHO APYTOro, IO3TOMY TaKas MOJIeKysa mogobHa
HebosbIIOMY MarHury (puc. 1.2, d).

[TockosbKy Macca u 3apsj sapa OkcureHa 6osbiie, 4eM y agep I'uapo-
reHa, TO 3JIEKTPOHHOE 00JIaKO MMeeT HeOJHOPOAHYIO IUIOTHOCTD (TYCTOTY).
Oxouo siztep I'naporena — HeJOCTaTOK 2JIEKTPOHHOT0 06J1aKa, a Ha IPOTHBO-
MIOJIOKHOM CTOPOHE MOJIEKYJIBI, OKOJIO siipa OKCUTeHa, HabIIoaeTcst U30BITOK
3JIEKTPOHHOM IoTHOCTH (puc. 1.2, b). IMeHHO Takasi CTPYKTypa U onpefe-
JIeT NIOJIAPHOCTD MOJIeKy/Ibl Bogbl. Okoj10 aToMa OKcUreHa KOHLIEHTPUPYeT-
cs HeraTUBHBIN, a OKOJIO aTOMOB ['HiporeHa — IO3UTUBHBIN 3apsz, IpUYeM
LIEHTPBI 3TUX 3aPAA0B CMellleHbl OZWH OTHOCUTEIBHO Apyroro (puc. 1.2, ¢).

HeckosbKO abCTpaKTHOM MPOCTPAHCTBEHHON CXeMOM CTPOEHUS MOJIe-
KYJIbl BOZBI ABJIAETCA TETPadAp WIN YeThIPeXJIONAacTHHIN BUHT C IByM [10JIO-
KATEJbHBIMU U IByMA OTPULIATeJIbHBIMY 3apAZaMU B BepIIMHaxX TeTpasjpa
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WJIM Ha KOHIIAX JlonacTell BUHTA. B IleHTpe Takux GUryp pasMeniaercs sapo
aroma OKcuTreHa, Ha ABYX COCeJIHUX BepIIMHAX TeTpasdZApa WU JomacTei
BUHTA — IIOJIOKUTENBHO 3apsKeHHble aTOMBI ['HporeHa, Ha JByX JApPYTUX —
OTpUIIATENBHO 3apsXKeHHbIe 3JIeKTPOHEI (puc. 1.2, e, f).

OxcureH — 60JIee 3/IeKTPOHEraTUBHBIM, YeM ['UAPOTeH, TIO3TOMY aTOMBI
STHUX 3JIEMEHTOB COeJUHAIOTCA KOBaJIEHTHOU IIOJIAPHOM CBA3bI0. BaseHTHRIN
yros Mexay ceazamu H-O-H paBasercsa 104,5°, 4To cOOTBeTCTBYeT Sp3-THOpH-
[V3allu aTOMHBIX opbuTaneii OkcureHa 1 06pa3o0BaHUIO IPOYHBIX 0-CBA3EH
c aromamu I'maporeHa (puc. 1.2, g, h). Takum o6pa3om, MOJIEKY/Ia BOZBI YIJIO-
Bas ¥ MOJIsIpHAsA (AUTIOIbHBIA MOMEHT Pp0 = 1,84 D). /lutionbHbBIE MOJIEKYJIBI
BOZIbI 06PA3yIOTCA 10 TAKOH cXeMe: OZfHA ITapa BHYTPEHHUX 3JIEKTPOHOB pas-
MetaeTcs BOu3u sapa OkcureHa. /[Be mapbl BHELITHUX 3JIEKTPOHOB IIOMAPHO
COoeZIMHEHBI MeX/y KaXXZIbIM U3 IIPOTOHOB U sApoM OkcureHa. /IBe mapsl oc-
TaJbHBIX BHELITHUX MIEKTPOHOB ABJIAIOTCS HEOeJIeHHBIMU, U UX OPOUTEI Ha-
IIpaBJIeHbI K IPOTUBOIIOI0KHBIM OT IPOTOHOB BepIIMHAM TeTpaszpa. Takum
006pa3oM, B MOJIEKYJIe BOZBI CYIIIeCTBYET YEThIPE MOJTI0Ca 3apsia: IBa HETaTHB-
HBIX, KOTOpBIe 00yCIOBIEHBI U30BITKOM 3JIeKTPOHHOM IUIOTHOCTH B MeCTax
pasMellleHUs HelloZleJIeHHBIX ITap 3JeKTPOHOB (CM. TakXe puc. 1.2), u gBa
MTO3UTHUBHBIX, 00Pa30BaHHBIX BCJIEACTBYE HEZOCTATKA UX B MECTAX PACIIOJIO-
YKEHUA TIPOTOHOB. DJIEKTPUIECKUN MOMEHT JUIIOJNA cocTaBseT 6,2-0730 Kir-m.
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Paccrosanue B BogopoaHo# cBa3u H-H cocrasinser 0,1515 HM. [1aBHBIE MO-
MEHTBI MHEPITUHU COCTABIAIOT ( X 10~ Kr-m~2)

J)y =1,0243, J) =1,9207, J» = 2,9470.

Papuyc monekynsl Boasl — 0,138 HM.

BricoKast MOJISIPHOCTh MOJIEKYJIBI BOZBI BjleUeT 3a co60ii o6pasoBaHme
MEKMOJIEKY/ISIPHBIX CBSI3€M, B CBOEM OOJIBITMHCTBE BOAOPOAHBIX, Garozaps
3TOMY BOZla U UMeeT aHOMaJIbHO BBICOKYIO TeMIIEpaTypy KUIIeHUA.

HecMmoTps Ha 6osbilioe pasnauyure aneKkTpoHeratuBHocTer AEH Oxkcen-
rera u 'maporena (AEH = 3,5-2,1 = 1,4), cBA3b MeXAy 3TUMU aTOMaMU B
MoOJIeKyJyie BOJBI IOCTaTOYHO NpoyuHas (3Heprud cBasu 461 k/l>x/mMosb) 10
MIpUYMHE TUOPUIN3alINK BaleHTHBIX opbuTaeii aroma OKcureHa v He6oJIb-
I0M AIMHBI cBsA3U. [ToaTOMY BOZIa IIJIOXO JUCCOIUMPYET Ha MOHBI U ABJISAETCs
cnabeiv anextponutoM (K, = 1,8-1071°). Mosekysty Bozbl O4€Hb TPYAHO pas-
PYIIUTD, IO3TOMY BOZIa MOXKET CYIIIECTBOBATD B YCJIOBUAX Pa3HOOOPA3HBIX U
OYeHb CUJIbHBIX BIUAHUMN, HanpuMep B KocMoce 1 B MaHTUU 3eMJIN.

CKOHCTPYyHPOBaHHbIE HATIOZI001e MAarHUTOB, MOJIEKYJIBI BOZABI M B3AHUMO-
JENCTBYIOT KaK HACTOSIIME MAarHUTHI, 00pa3ysi TPOCTPaHCTBEHHBIE CTPYKTYPHI,
TIOCKOJIbKY KaK/lasl BepIllIHA TeTpaspa MoXeT IIPUTATUBATh II0 OJJHOM MO-
JIEKyJie BOJbI, @ BCETO — YETHIPE MOJIEKYJTBL. DJIEKTPUUECKOE B3aUMO/IEHCTBIE
MeXJy aToMaMu ['uziporeHa oHOM MOJIEKY/IBl BOABI U OTHOCUTEIBHO CBO-
6GOAHBIMU ITApaMU JIEKTPOHOB aToMa OKCUTeHa APYToit MOIEKY/Ibl BOABI (BOJO-
PO/IHAs CBSA3b) U POCTPAHCTBEHHBIE CTPYKTYPBI MOJIEKYJI, KOTOPHIE BO3HUKA-
10T, OIIPE/IENISAI0T MeXMOJIEKYIAPHYIO CTPYKTYPY BOJBI, KOTOPas U AABIAETCS
OTHOM U3 MMPUYHWH ee YHUKaJbHOCTHU. Hasm4me Hemoze e HHBIX TIap 2JIEKTPO-
HOB Ha T'UOPUAN3UPOBAHHBIX OpOUTAIX aToMa OKCUTeHa ONpeEseT CIo-
COGHOCTH MOJIEKYJT BOZBI 06Pa30BLIBATh JOTIONHUTEIbHbIE CBS3H 10 IOHOPHO-
aKLEeNTOPHOMY MeXaHU3My (HallpUMep, MOHBI ruApoKcorua H,01).

JwvanexkTpudeckas MPOHUIIAeMOCTb KUAKOMN Bo/bl cocTapiisgeT 81. Takum
06pasoM, eciy IOMECTUTh B BOAY MOJISIPHYIO MOJIEKYITY, MOHHBIH accoITuar,
KpurcTasul (COBOKYITHOCTh MMPOTUBOIIOIOXKHBIX 3aPs/I0B), CUJIA UX MEXMOJIe-
KyJIAPHOT'O MPUTSAKEHUA YyMeHbIIUTCSA B 81 pa3 (OTHOCUTENbHO BaKyyMa).
Boza aBisfeTca mOIApPHBIM pPacTBOPUTENIEM, B KOTOPOM MHOTHE BellleCTBa
PacCTBOPSAIOTCA, a TAKXKE AUCCOIMUPYIOT Ha MOHBL. Becbma mMaso pacTBopuTe-
Jiell UMeIOT MOJIAPHOCTD, NTPEBBIIIAIONTYI0 TOJAPHOCTb BOABI (3TO MTEPOKCHUZ,
Bozgopoza H,0,, cepnas xucnora H,SO,, roposozopon HF, nnanosogopoz
HCN u zp.). B TO 3Xe BpeMsI BCJIeICTBHE BBICOKOUM PEAKITMOHHOM CITOCOOHOCTH,
Ha3BaHHBIE BBIIIE COeIMHEHMS MMOUYTH He UCIIONIb3YIOTCA KaK PaCTBOPUTENH,
TaKuM 06pa3oM — UMEHHO BOZla ABJISETCA YHUKATbHBIM PACTBOPUTEIEM.

BeposATHO, YTO B KpUCTAJUIMYECKON CTPYKTYpE Jib/ja BCe MOJIEKY/IbI BOZBI
coeIMHEHBI B aXKyPHYIO PelleTKy, pacCToAHMe MexXaAy aTomaMu OKcureHa
B KOTOPO¥ 60JIbIlle pa3MepOB OAUHOYHON MOJIEKYJIBI, T.€. OHA IIPOHU3aHa
“apIpaMu’, WU “iycToTaMu’. Bo BpeMs TasgHUA Jbjla U AaTbHENIIero moBbl-
IIIEHNS TEMITEPATYPHI TaKas “lefssHass” CTPYKTYpa IMOCTENEHHO pa3pylaeTcs
U BMeCTe C KapKacoM, KOTOPBIM 4aCTUYHO COXpaHsAeTCs, NOABJAIOTCA He-
CBsI3aHHBIE MOJIEKYJIBI BOZABI, KOTOPBIE MOTYT 3aIOJHATE 3TH “ABIpbI”. OmNu-
CaHHas TUIIOTe3a XOPOIIIO MOsICHAET aHOMAJTHIO JIbJ]a — €T0 MEHBIIYIO TIOT-
HOCTb B CPaBHEHUHU C XKUJKON BOZOHN (KaK U3BECTHO, KUJKOCTU BO BpeMs
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TBepAEeHUsI 00pa3yroT CTPYKTYPHI CO Beeraa 6o bIlel INIOTHOCThIO, YeM ILIOT-
HOCTh UCXOZHOM XUAKOCTHU, TIOITOMY OH BCeT/ia TOHET B mocegHell). Boga
BeZieT ceb6s1, KaK U IpyTre KUJKOCTU, YMEHBIIIasCh B 00beMe BO BpeMsI OXJIarK-
JEHUS U YBEJIMYUBAs CBOIO TUIOTHOCTD 10 IOCTH)KEHUS] HauOOIbIIEH MI0T-
Hoctu (0,999973 r/cm®) mpu Temneparype 3,98°C (277,13 K). OgHako B ciy-
Yyae flaTbHEHNIIEero ee CHIKEHUS, BOla HAUMHAET PACIIUPATHCS (TUIOTHOCTh
0,999841 r/cm® ipu 0°C; 273,13 K) 1 0cO6EHHO CUJIBHO YBETUUYUBAET CBOU
00'beM BO BpeM ITpeBpalleHus B e/ (TutoTHOCTh 0,9168 r/cM?). OTo aHOMAab-
HOE CBOMCTBO BOJBI UMEET OIPOMHOe GHoIorndeckoe 3HaueHue. biarogaps
eMy yOoKue BOJJ0OeMbI He TPOMEP3alOT 3UMOM /IO THA U B HUX cOeperaercs
YKU3HB, IOTOMY YTO IUIOTHOCTD Jib/la MeHblIle IJIOTHOCTU KUAKON BOJBI, OH
BCIUTBIBAET Ha IOBEPXHOCTD U 00pasyeT TeIUIOHEPOHUIIaeMbIi CIOM. B cooT-
BETCTBUU C TUIIOTE30M NaZieHue TeMiiepaTypsl Hike 3,98°C (277,13 K) npu-
Hy>X/ZIaeT OZNMHOYHBIE MOJIEKYJIBI “BbLIE3aTh” U3 CBOUX “Iesiel” ¥ CTAHOBUTHCSA
KHUPIUINKAMU YIIOPSZI0Y€HHOU TeTPA3IPUIECKON CTPYKTYPHI IbJia (Kaxzast
MOJIeKyJia BOZbI CBsI3aHa BOJJOPOAHBIMY CBA3SIMU C YETHIPbMS APYTUMU MOJIe-
KyJilaM BOZIbI), HapallliBasi TeEM CaMbIM CBOI 06beM U yMeHbIIas MIOTHOCTD
npga. [IpaBza, 0 CUX TOP TOYHO He BBISICHEHO, YTO MMEHHO 3aCTaBJIAET MO-
JIEKYJIbl BOZBI “BbUIe3aTh’ U3 MeXaTOMHBIX “Ienei”.

['urioTe3a o CTPYKTYpe JibJia IPeATIoNaraeT, YTO OHA He pa3pylIaeTcs cpa-
3y IocJIe TasiHUSA, a ellle cbeperaeTcs B BUe GparMeHTOB B TEUEHUE JJOJITOTO
BpEeMEHH BIUIOTH JI0 IOCTHKEHUS TEMIIEPATYPhI KUTIeHUs. Jlake BOASHOM ITap,
B KOTOPOM TIpe06J1aZIaloT OJUHOYHBIE MOJIEKYJIBI, COZIEPKUT CPOCTKU MOJIEKYJT
BogbI (710 11%). A ecy 5TO UMEHHO TakK U JKeCTKas CTPYKTYypa JbJa coxpa-
HsIEeTCS B )KUJKOU BoJe (T.e. OHA SIBJISIETCS CTPYKTYPUPOBAHHOM), TO TOTZAA
IoYeMy OHa JKUZKas U TedeT? [l MOsICHEHUS 3TOTO SIBJIEHUS pa3paboTaHo
HECKOJIbKO I'MITOTe3, HallpuMep O CYIIeCTBOBAHUU [IByX-, YeThIPeX- ¥ BOCbMU-
YJIEHHBIX CTPYKTYP, IPUYEM KaKIOU TEMIIEPATyPe COOTBETCTBYET CBOM Ha-
60p TaKHX acCOIMATOB U OAMHOYHBIX MOJIEKY/. JIByX- M YeThIpEXUIEHHBIE
accoIMaThl UMEIOT BUJ IIETT0YEK, BOCBMUWIEHHBIE — 3aMKHYTHIX TPEYTOTbHBIX
npusM. [IpeayokeHa Tak)Ke TUTOTE3a O KJIACTEPHOU CTPYKTYPE BOZBI, T.€.
CYIIeCTBOBAaHUU “CT'yCTKOB”, B KOTOPBIX coeZiInHeHb! 12—150 MosIeKysT BOJBI CO
CBOOOZHBIMY IPOMEXYTKaMU MeXXKAy HUMU. Takue “crycTku” 6bicTpo obpa-
3YIOTCS ¥ OBICTPO PaCIIEIUITIOTCS, TO3TOMY MX U Ha3bIBAIOT “MepIaloNIuMu”
KJacTepaMH.

JleficTBUTENBbHO, Gy1arogapst UMEIONUMCS BOJOPOAHBIM CBA3AM KaXKast
MOJIEKYJIa BObI 00pa3yeT MoA0OHbIE CBA3U C YETHIPbMSI COCETHUMU MOJIEKY-
JlamMu, o6pasys aXKypHBIH ceTYaThIN KapKac JKUAKON BOAbI — HEYIIOPSIOUeH-
HBIE CTPYKTYPHI 6HsKHero nopsigka (puc. 1.3).

OTU BOJOPOJHBIE CBA3U ABJAIOTCA CIIOHTAHHBIMU U KOPOTKOXXUBYIIU-
Mu (10719-10-20 cexynz). OHM OBICTPO pa3pyLIalOTCS U 00Pa3yIOTCs HOBBIE.
biarozaps 3ToMy BO3HUKAIOT HEOAHOPOAHOCTH B CTPYKTYpPE BOABI U, KaK
clleICTBUE, HAOMIOAIOTCA YIIOMIHYTHIE BhIIIE “aHOMAaTUU BOABI . YKe Ha-
cunutaHo 6osee 40 aHOMAaJIbHBIX CBOMCTB BOABI (B TOM YHCJIE, PACCMOTPEHHBIE
BBIIIIE).

O6a atoma I'maporeHa B MoJieKysie Bozsl (puc. 1.2, a) pasMemniamTcs 1Mo
oZIHy CTOpPOHY OT atoMma OKcureHa. BesiezicTBre 3TOTO U BEICOKOU MOJIIPHOCTH
cBsAseit H-O Mosexysna BoJibl XxapaKTepr3yeTcsl Ype3BbIuaiiHO BEICOKOM MOJISAP-
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HOCTBIO. VIOHM3AIIMOHHBIN ITOTEHIIMAM MOJIEKY/IbI BOZABI cocTapsieT 12,6 B,
a ee CPOACTBO K 2JIeKTPOHY — 88 k/[K/MOJIb.

OcobenHocty GU3NIECKUX CBOUCTB BOBI U HATMYKE MHOTOYHCIEHHBIX
HEZI0JITO CYIIEeCTBYIOIINX BOJOPOJHBIX CBSI3€M B MOJIEKYJIE BOABI CO3/IAI0T
6yIarONpUATHBIE BO3MOXXHOCTH /JIs1 00pa3oBaHUA acCOIMATOB (KJIACTEPOB).
06 accolaTax pa3Horo coctaBa (Ha3bIBaAEMBIX “THAPOJIL”, “AMUTUAPOIL”, “TpU-
TUZPOJIL”) yueHble CTPOWIH AoTaAKu elnle B KoHIle XIX cTonmetus. B 20-e rozabt
MUHYBIIIETO CTOJIETH ObUIa YyCTaHOBIEHA TeTpaspuiecKas CTPYKTypa JbAa
u /lxon Bepuan (Bernal) u I1. ®aynep (P. Fowler) BbicKasanu MBICTb O TOM,
YTO TOZI0OHAS Ke CTPYKTypa, HO MeHee yIopsiZioueHHas (Tak Ha3bIBaeMbIi
GIKHUM TIOPAZIOK) XapaKTepHa U /I )KUAKOU BOZBI.

PaccMmaTpuBasiach B 3TO K€ BpeMsA U MoOJesib 6eCIipephIBHOI CETKU B
BO/Ie — C IIpe/icTaB/IeHHeM ee CTPYKTYPhI KakK CiydalfHOM TeTpasapudecKoi
CETKU, CBSA3U MEXK/IY MOJIEKYJIaMH B KOTOPOU UCKPUBJIEHBI M UMEIOT Pa3HY0
JIVHY. B IpUHITUIIE TaKoe MpeCTaBlIeHue O CTPYKTYPE BOABI IMOACHSIO ee
VIUIOTHEHUE IIPU pacIulaBJIeHUY UCKPUBJIEHHBIX CBA3el. OZHaKo 3Ta MO/IeTb
BXO/IMJIa B IPOTUBOPEYNE C HEMOHOTOHHOMN 3aBUCIMOCTbBIO CBOMCTB BOZBI OT
TeMIIepaTypHl U ZiaBieHus (4To 6110 B Mogenu bepHana u Paynepa).

®pank u YH (Frank u Wen, 1957) npeanoXuiv MOZeNb “MepLaoniux
KJ1acTepoB”. B COOTBETCTBUM C 3TOM MOZETHIO BOJOPOAHBIE CBSI3U B KUJKOMN
BoZie 6ecripepbIBHO 00pa3yroTcs U pByTCs. JJIUTETbHOCTD UX CYIIECTBOBAHUSA
cocrasisieT 10-19-10-1! cekyH/. DTO TO3BOJISIET MOSCHUTH BHICOKYIO ITOJIBYIK-
HOCTB JKUZIKO! BO/ZIbI U €€ HEBBICOKYIO BA3KOCTh. TeM He MeHee 3Ta MOZIeb He
CcMoOTJIa TTOSICHUTh MHOXKECTBO y>Ke M3BECTHBIX aHOMaJbHBIX CBOMCTB BOZBI.
[ToaTOMY UyTb IT033KE, BO BTOPO# MOOBHHE XX CTOMETHS, OBUTH TIPEAIOKEHBI
[IBe TPYIIIBI “CMEeNIaHHbIX MOJiesielt”: KJacTepHble U KaaTpaTHble!. OHU 1o-

1 KyatpaTsl (coefrHEeHUsI, BKIIOYEHUs) — 06pa3yroTcs BKIOUEHNEM MOJIEKY/ (Ha3bIBA€MbIX TOCTSIMU) B ITOJIOCTH
KPHCTaJUINYECKOTO KapKaca, COCTOSAIIIET0 U3 MOJIEKYI IPYToro copTa (Ha3plBaeMbIX X03f€BaMH) — 3TO pelleTyaThle
KJIaTPaTH, WIH B TIOJIOCTY OAHOMU 6OJBIION MOJIEKYIIbI-X0351HA (MOJIEKY/IAPHBIN KiIaTpar). PeleTyarsie KiaTpaThl
CYILECTBYIOT TOJIBKO B KPUCTAJUIMYECKOM COCTOSTHUY, MOJIEKY/IAPHBIE KIaTPaThl — ¥ B pacTBopax. TepMuH “Kiat-
patsl” BBes B 1948 1. T [Tayann (G. Powell) [cm. ITaysnn .M. HecrexuomeTpudeckue coequHenus / [lep. ¢ aHII.
M.: Mup, 1971. — C. 398-450; Xozan M. KnaTpaTHble coeiMHeHNs, BKIOYeHus. — M.: Mup, 1966].
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CIIY?KWIH CYIIIeCTBEHHBIM ITPOT'PECCOM B TTOSICHEHUU CBOUCTB BOABI. B 3THX
MOJIeJISIX BOZla TIPEACTABISAIACh KaK CMeCh MTPOTOHOPUIBHBIX U T'UPOKCO-
GUIBHBIX KJIACTEPOB U KJIAaTpaTOB. MIx o6pa3oBaHue CBI3aHO C aTOMOM KHC-
nopoza (ABe HaIOJIOBUHY 3aloNHEeHHBIe 7, -OpOUTaNIu KICI0POZa B OCHOB-
HOM COCTOSIHHH, OOJIBbIIOE CPOZACTBO K 31eKTPoHYy (~40 k/[)X/MOJb) U He-
CKOJIbKO OJIM3KO PacCIoOKeHHBIX YPOBHEL 00/Ier4aioT KUCIOPOHbIe 06pa-
30BaHKsA OOJIBIIOrO YKC/Ia COEJUHEHUI C OTHOCUTENBHO CIa0BIMU CBA3SIMU
MEeXAY UCXOAHBIMHU MosieKynaMu). CylecTBEHHBIM SBJIAETCA HaJUYne He-
CIIapeHHbIX 3JIEKTPOHOB, KOTOPbIe IPUHUMAIOT y4acTre B 06pa3oBaHUU KOH-
TaKTHBIX KUCJIOPOAHBIX KOMIUIEKCOB (MIPOJOIKUTENBHOCTD KU3HU 10713 ce-
KYHZ) ¥ KOMIUIEKCOB C IEpPEHOCOM 3apsza. JlelicTBUTeTbHO, KJIaCTEPHO-KJIaT-
paTHas MO/l TTOCTY/TUPYET BOSHUKHOBEHYE B F€TEPOTeHHOM CUCTEME BOJbI
COJIbBaTUPOBAHHOTIO 3JIEKTPOHA. IMEHHO MPUCYTCTBUE KOPOTKOXUBYIIETO
TUAPaTHPOBAHHOTO 3JIEKTPOHA TI03BOJISET MOSCHUTh 06pa3oBaHue Ie10y-
HOWU CpeJibl ¥ BOCCTAHOBJIEHUE TIEPBUYHBIX GUBUKO-XUMUYECKHUX XapaKTe-
PHUCTHUK BOJBI Yepe3 HEKOTOPBIM MPOMEXYTOK BpeMeHH, a TaKXe Bo3pac-
TaHUe JUTOJBHOTO MOMEHTa JMHEHHOTOo KjaacTepa B aMoppHOH MOJEKyie
BOZIBI ¥ TETPA3APUYECKOTO KJIacTepa 3a CUET aKTUBAIIMU PACTBOPEHHOTO KUC-
Jopoza.

Cpeav KJ1acTEPHBIX MOZIeiel MOKHO OTMETUTh MOJeNb, TIPEeCTABIEH-
Hy!0o Ha puc. 1.3: KlacTephl CBI3aHHBIX MOJIEKYJI, KOTOPbIE TUIABAIOT B MOPE
HeCBsI3aHHBIX MOJIEKYJI. B Bojie c6eperaeTcs mozobHast rekcaroHaJlbHOMY
JIbTy CETKa BOJOPOAHBIX CBsI3el, MyCTOThI KOTOPOU YaCTUYHO 3aTIOJTHEHBI
MOHOMepHBIMU MosieKyinaMu. JI. [TosuHr (L. Pauling) npeanoxun (1959)
HECKOJIBKO IPYyroi BapuaHT Mozeau. OH CYUTaj, YTO OCHOBOW CTPYKTYPhI
CIIY’KUT CETKA BOAOPOJHBIX CBA3€H, KOTOpasi CBOMCTBEHHA HEKOTOPBIM KPH-
CTaJUIOTHUAPATAM.

BapuaHTaMu KJIaCTEPHBIX MOZEeJEl BO/BI ABISAIOTCS KIacTePhl U CBOOO/-
HbIE MOJIEKYJIbI, COeIMHEHHBIE BOZIOPOJHBIMU CBSA3AMU. B KIaTpaTHBIX Moze-
JIIX ZIOTTyCKAeTCst BO3MOXKHOCTh 06pa3oBaHUs CBS3el MeX/AY MyCTOTHBIMU U
KapKaCHBIMHU MOJIEKYJTaMH.

CylecTByeT rdIoTe3a U Ipo Pean3alfio MeXaHOXUMUYECKUX PeaKI[UN
paZiuKanbHOM AMCCOUAIIUY BOZBL. ['UTIoTe3a 6a3upyeTcss Ha TOM, UTO JKUAKas
BO/Ia ABJISETCSA JUHAMUYHOU HEeCTaOWIbHOU TOJUMEPHON CUCTEMOH, U TO-
06HO MeXaHOXUMHUYECKUM PeaKIUsAM B IOTUMepax MPY MeXaHUIeCKOM BO3-
JEeMCTBUM Ha BOAY TOTJIOIeHHAsA elo SHeprus (HeobxoAuMas sl pa3pbiBa
cBs3eit H-OH) yiokanusyeTcsi B MUKPOOObEME CTPYKTYPBI BOJBI IO CXEME

(H,0),(H,0...H—|-0H) (H,0),, —*—(H,0) (n+1)(H") + (OH") (H,0),,,
IJie e~ — HecllapeHHbIH 2/IeKTPOH.

[ToCKOJIbKY AUCCOLIMAIINA MOJIEKYJ BOZABI U peakiuu pagukanoB OH® u
H* mpoucxozAT B acCOIIMUPOBAHHOM COCTOSHUU KUAKOHU BOABI, paJiKaIbl
MOTYT UMETb NMPOJOKUTENbHBIE IPOMEXYTKHU KU3HU (IeCATKU CEKYH U
6oJibllle) B pe3y/IbTaTe PeaKIuil peKOMOMHaINU. TakuM 06pa3oMm, B BOZe
MOTYT CyIIeCTBOBATh IOCTATOYHO YCTOWYNBEIE TOIMEPHBIE CTPYKTYPHI.

Ken xxopzan (K. Jordan) mpezayiouiT MOZENb CTPYKTYPhI YyCTOMYUBEIX
“KBAHTOB” BOZBI, KOTOPbIE COCTOAT M3 IIECTH €€ MOJIEKYI. DTH KIacTephl
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Pucynokx 1.4.

Mogenb cTpykTypbi
YCTOMUMBBIX
“KBAHTOB” BOAbI
(no Tsai m Jordan,
1993)
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> . &
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Mpwn3ma KneTtouka KHuxKa

(kBaHTBI) MOTYT 0ObeIUHATCA APYT C APYTOM U CO “CBOAHBIMU” (OAMHOY-
HBIMH) MOJIEKYJIaMU BOZbI 32 CUET SKCIIOHUPOBAHHBIX HA UX TIOBEPXHOCTH BO-
JIOPOAHBIX cBsA3el (puc. 1.4). B aTol Mozieu CBOGOAHO pacTylye KPUCTAJLIBI
TBepZo¥ BoAbI (JIe[] NIV CHEKWMHKU) ZIOJKHBI UMETh 6-Ty4eBYIO CTPYKTYPY.
O6pa3oBaHue IeMOYEK U KOJIEI M3 MHOTHUX MOJIEKYJ BOJAbI IOATBEPIKAEHO
METOZIOM PEHTTeHOCTPYKTYpPHOTO aHanusa. VceaezmoBaTenbekas I'pyIna us
CTaHOP/CKOTO YHUBEPCUTETA TOXKE I0JIaraeT, YTO I[eMOYKH U KOJbIla U3
MHOTHX MOJIEKYJT BOZABL ABJIAIOTCS JAOITOXUBYIIUMU dJIEMEHTaMU ee CTPYK-
TYpHL.

DKCIIepUMEHTATbHO MTOKA3aHO, YTO B CTPYKTYPE BOJBI BOJOPOJHBIE
CBSA3U MEX/y MOJIEKyJIaMHU JibJla UMeIOT YacTU4IHO (Ha 10%) KoBaJeHTHBIHN
xapakTep. DTo 1mo3BojsieT 10% MOJIEKYT BOABI 00beAUHITHCA B IOCTAaTOYHO
JIOJITOXKUBYIIHE TTOMUMEPEL. [ToceZiHre TOZ06HO OOBIYHBIM ITOJUMEPaM MO-
T'YT pa3pyuIaThes MOJ JeCTBUEM 3ByKa, PacTsXKeHNsI, TPoJjaBIuBaHUsA yepe3
TOHKHE OTBEPCTHUS U T.II. Takoe paspyllieHre IPUBOAUT K 06pasoBaHuio 60-
Jiee TIPOCTHIX MOJIEKY/IIPHBIX CTPYKTYP — KJIaCTepPOB.

Biarozapss BOZOPOAHBIM CBS3SM MOJIEKYJ/IBI BOABI COEIUHAIOTCSA B Hec-
TTOPSIZIOYHBIE ACCOITMATHI — KJIACTEPhI M BOJHBIE KPUCTAJLUIBI, B COCTaB KOTOPBIX
MOTYT BXOJUTb JECATKU, COTHU U a’Ke THICAYU MOJIeKy/. “BoiHbIe KpucTal-
JIBI” MOTYT UMETh pa3Hoo6pasHyo GopMy — KaK MPOCTPAaHCTBEHHYIO, TaK U
ZIByXMepHYIO (B BU/Ie KOJIbIIEBBIX CTPYKTYP). B OCHOBe BCcex CTPYKTYp — TeTpa-
3ap. ['pynmupysch, TeTpasApbl MOJEKYJ BOAbI 00Pa3yloT pasHbIE CTPYKTYPHI,
HO OCHOBHOM B MMPUPOJIE SIBJISIETCS reKcaroHaabHasi, KOT/a MeCTh MOJIEKYJT
(TeTpas’ApOB) COEAMHAIOTCA B KOJIBI[0. DTOT THUII CTPYKTYPhI IIPUCYII] CHETY,
JIbZly, TaJIOM U KJIETOUHOU BOJZle BCeX *KUBBIX OpraHu3MoB (puc. 1.5).

MoJieKyJIbI BOJBI CITOCOOHBI 0Opa30BBIBATh TPU-, TETPA-, TEHTA- U TeKca-
MepBbI, KOTOPBIE B IAJIbHENIIIEM MOTYT TPAaHCHOPMUPOBATHCS B 60JIEE CITOXKHBIE
accoIMaThl — KJacTepbl Bobl. COeAMHSAACH APYT C APYTOM, POCTHIE KJIACTEPHI
MOTYT 06pa30BBIBATh CJIOKHBIE CTPYKTYPHI ¢ 20 ¥ 60JIbIIIEe MOJIEKY/IaMHU BOZIbI.
DyleMeHTapHBIMU sTYeliKaMU BOJbI AABJIAIOTCS TETPAa3/[phl, KOTOPbIE COEAUHAIOT
MeXZAy co601 BOZOPOAHBIMU CBA3IMU YeThIpe (IPOCTOM TETPAdAP) WIH AT
MOJIEKYJT BOZbI (06beMHOIIEHTPUPOBAHHBIN TETPASD).

C IOMOIIIbIO BOJOPOJHBIX CBsA3€H MPOCThIe TeTPas Pl MOTYT COeIUHATD-
¢ MeXXIy cob60i BepiinHaMu, pebpaMu WU IpaHsIMH, 00pa3ys KaacTepsl
CJIOKHOY CTPYKTYPHI (HampuMep, B GopMe ZoZeKaspa).

TaxkuM 06pa3oM, MOJIEKYJIbI BOJBI B pe3y/IbTaTe GPOYHOBCKOT'O ABHKEHHS
Y UX CTOJIKHOBEHHS OYZIyT B3aMMOZIEHCTBOBATh MEXTY COOOH C TOMOIIIBIO BOJO-
POIHBIX CBsi3elt M 06pa30BBIBATh KJIaCTePhI 60Jiee CI0KHOM CTPYKTYPHI.
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Kpucrannmyeckas
CTPYKTYpPQ Nbaa
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OTHOCHTENBHO CTPYKTYPHOH YCTOMYUBOCTHU (CTaOUIBHOCTH, CTOMKOCTH)
BOZIBI BEJIETCS IMCKYCCHS: CYIECTBYIOT MHEHUS 00 YCTOMYUBOCTH CTPYKTYPhI
us 24, 57, 1820 monekyn Bogsl. KinacTepHasd cTpyKTypa B BUZe UKOcaszapa
(B KOTOpPOM coeAnHSAIOTCS A0 1820 MoseKyst Bozbl ¢ obpasoBaHueM 13 6osee
MEeJIKUX CTPYKTYPHBIX 3JIEMEHTOB) IpeZicTaBjieHa Ha puc. 1.6.

YBenuueHUe KoJnudecTBa KOMIIOHEHTOB B accoljuaTe IPUBOAUT K MU-
HepaM3al[iy KJIacTepa U BIPOXKAEHUS €r0 B JIbJOMOAOOHYIO MOAeNb. I1pu
3TOM OCHOBHOMU IepeHOoC 3apsza JOoKeH MMPOUCXOJUTh 3a CUET IIPOTOHA,
a peKOMOUWHAIIUS paZuKaloB — B pe3y/IbTaTe e3aKTUBAIIUU ITIPOTOHOB B BU/E
ra3onoZjo6HOTO BOZOPOA, BCIEACTBUE Yero HabmrogaeTcs mopeieHe pH
1 GopMUPOBAHUE IIETOYHBIX CBOMCTB B BOZE, a TAK)XXe yBeNUUYeHUE JOMU
TUAPaTUPOBAHHBIX TUAPOKCHUIOB, KOTOPHIE, B CBOIO OUepelb, IPUHUMAIOT
y4JacTthe B 060pa3oBaHUM NIEPOKCHA BOAOPO/A, @ TAK)KE aCCOIUATOB BEPTHU-
KaJIbHOTO TUTIA (Tak Ha3biBaeMas CTeKOBas CBA3b).

O6pa3oBaHue TUTAHTCKUX TEeTEPOKIACTEPOB BOZBI, Pa3Mep KOTOPBIX MO-
JKeT ZOCTUTHYTh 30-40 MKM u fake 6osbie (60-70 MKM), TIOATBEPIKAEHO
3KCIEPUMEHTABHO (C UCIIO/Ib30BAHUEM JIAa3€PHOTO CIIEKTPOMETPA). B TO ke
BpeMs BEepPOATHOCTH CYIL[eCTBOBAHUA OTPOMHBIX KJIACTEPOB TUIIA UKOCAPA,
KOTOpbIe BKIoYanu 6b1 60ee 2000 MOJIEKY/T BOABI, TIPYU YCJIOBUM CITOHTAH-
HOTO M GeCTIPEpPhIBHOTO Pa3phiBa BOJOPOAHBIX CBsI3el BHI3BIBAET OOJIBIITE

Cxema obpasosaHma
MKOCA3APMYHBIX CTPYKTYP BOABI
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COMHeHUs. BeposATHee Bcero, 3KCIEpUMEHTATOPH pUKCHpOBaIN 06pa3oBa-
HUe ra30rupaToB WIN aCCOINATOB KJIACTePOB, KOTOPHIE aZCOPOUPOBATIICH
Ha IIOBEPXHOCTU MUKPOITY3bIpbKOB I'a30B, PACTBOPEHHBIX B BOZE.

Ha cTpykTypy obpa3oBaHuii (KjlacTepoB BOABI) MOTYT BJIUATH TEMIIE-
parypa, ZaBjleHHe, MarHuTHoe 1ose, YO-usaydeHue, 3ByK, paguanus U Jp.
B ky1aTparax BOZBI IIyCTOTHI MOTYT HATIOJIHATHCS MOJIEKY/IaMU T'a30B, 06pa3ys
KPUCTaJUIOTUAPATHI (Tra3oruzipathl, HanpuMep metana — CH, - nH,0). PactBo-
pPEHHBIE B BOJE BEIIECTBA U r'a3bl CIOCOOCTBYIOT CTaOWIN3AIUU KJIACTEPOB
Y KJIaTpaToB.

Takum 06pa3oM, aHAIU3 CYIIEeCTBYIOIINX COBPEMEHHBIX IIPe/CTaBIeHUN
0 MOZIeJIAX CTPYKTYPHI BOZABI IT03BOJIIET KOHCTATUPOBATh CileAylollee:

1. CTpyKTypa BOABI IIPEACTABIIAET CO60M GpaKTaIbHyIO! KJIaTPAaTHYIO
MoZieslb, B KOTOPOM MOJIEKYJ/IbI BOZBI 00'beIMHEHBI B KJIACTEPHL C HEKOTOPBIM
KOJIMYeCTBOM MOJIEKY/I (TOYHOe 3HaueHMe IT0Ka YTO He yCTaHOB/IeHo). Kiacre-
PBI ITOOYEpesHO “pa3baBisaioTcs” mycToTaMu (gpipkamu). OCHOBHBIM CTPYK-
TYPHBIM 3JIEMEHTOM KJIACTEPOB ABJISAETCA TeTPadAp.

2. MoJieKyJbl BOABI TETPa3ApanbHO CTPYKTYPHI 00beUHAIOTCS B KJIac-
Tephl CJI0KHON KOHGUTYpaINH € IIOMOIIBIO BOZOPOAHEBIX CBA3€H, KOTOPhIe
CIIOHTaHHO U 6ecpepbIBHO paspbiBatoTcs (10-11-10-12 cexynzg). CoBpeMeH-
HBIMU MeToZaMu GpeMTOCEKYHIHOM JTa3epHOH CIIEKTPOCKOIIUH YAaeTcs olle-
HUTH TPOAOCLKUTENBHOCTD XXU3HU BOJOPOAHOU cBA3U: ~200 beMTOCEKYH/I.
DTO UMEHHO TO BpeMs, KOTOPOe HEOOXOAUMO /I TOTO, YTOOBI TPOTOH HAIlle
cebe MecTo B ipyroM kiactepe. O6pazoBaHue GONBIINX KJIACTEPOB, HATHYLE
YX GPOYHOBCKOTO ABH)KEHUSA U BIUSAHUE PAa3HBIX GU3NIECKUX BO3JEHCTBUI
(TypOynu3sanus BOZHBIX CUCTEM, A€HCTBUE 3JIEKTPOMArHUTHBIX MTOJIEM, 1aB-
JIeHUs1, 3ByKa U JIp.) IPUBOJAT K pa3phIBY BOAOPOAHBIX CBA3€eH, YTO U IOsIC-
HfET UX He6OJIBIIYIO TPOAOIKUTENBHOCTD CyLeCTBOBAHMUS.

3. KiracTepsl ¢ pa3IuYHBIM KOJUYECTBOM MOJIEKY/I BOABI BOSHUKAIOT
CIIOHTAHHO U GeclpepBrIBHO Pa3pyIIaloTcs, T.e. U3-3a Pa3pbiBa BOJOPOJHBIX
cBs3eif 06pasyroTesa “Mepliatoliye KaacTephl”’. ITOT MPOoIlecc HallOMUHAaeT
obpasoBaHue 006;1aKOB B aTMOochepHOM Bo3ayxe. Ho, KOHEYHO, KJIacTEPHI
paspylawTcs 3HaYUTENbHO ObICTpee, YeM obJiaka.

4. Kyactepsl 60Jiee IPOCTOM CTPYKTYPHI MPEOHIBAIOT B GECIPEPEIBHOM
CIIOHTAHHOM B3aMMOZENCTBUY C APYTUMU KJIaCTePaMU WIN OTAEIbHBIMU
MOJIEKYIaMH BOZBI M 00pasyIoT 3a CYET BOZOPOAHBIX CBA3EH 6oiee CI0KHYIO
bpaKTaTbHYIO KJIaTPaTHYIO CTPYKTYPY BOJBL. B IIpoliecce X B3aMOZAEHCTBIA
MoryT o6pa3oBbiBaThcsl pagukansl OH® u H,O* (H;0,™) — OKCOHMEBEIE MOHBI,
KOTOpEIe 00yc/I0BIMBAIOT 06pasoBaHue nepokcuga ['maporena H,O,, aTo-
MapHoro I'mporeHa 1 HOBBIX KJIaCTEPOB.

5. CTabunusaTopaMu CTPYKTYPHI BOABI MOTYT ObITh PaCTBOPEHHBIE Ta3bl
U BelllecTBa, KOTOPbIe TOXKe B3auMO/eMCTBYIOT € KJlacTepaMU U OTAeIbHBIMU
MOJIEKY/IaMH BOZBI.

6. Ha cTpyKTypy KJIacTepoB BOZABI MOTYT BIUATH TeMIEpaTypa, AaBe-
HUe, MaTHUTHOE TI0JIe, 3BYK, paZuarusd, YP-usrydyeHre, paCTBOPEHHBIE Be-
ImecTBa U rasbl U JIp.

1 ®pakTan — reomeTpudeckas Gurypa, obsazaromniasi CBOMNCTBOM CaMOTOA00us, T.€. COCTaBIeHHAs U3 HECKOIBKUX
yacTel, Kax/as 13 KOTOPHIX [o06Ha Beet GUrype LeinkoMm.
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7. TIOCKONBKY KJlaCcTepHble CTPYKTYPHI C PA3JIUYHBIM CTPOCHUEM KJlac-
TEPOB OEeCIIPEPHIBHO U CIIOHTAHHO BO3HUKAIOT U PA3PYLIAOTCS, TO MOXKHO
yTBEpXKAaTh, UTO B IPUPO/iE He CYIIeCTBYET JBYX OAMHAKOBBIX Kallelb BOJbI
TaK ke, KaK U JABYX aOCOTIOTHO OAMHAKOBBIX CHESKMHOK.

8. CieyeT NpUHATH BO BHMMaHNUe, YTO Ha JAHHOM 3Talle Pa3BUTUA 3Ha-
HUI 0 BOZle pACCMOTPEHHbIE MOZIETN BOAHI He 6oJiee, YeM IPEATIONOKUTENb-
HbIE MOZIEJIU, KOTOPhIE BHI3BAHBI CTPEMIEHUEM TPUOIU3UTHCS K TOSCHEHUTO
aHOMaJIbHBIX CBOMCTB BOZBI. [10-BUAMMOMY, IIyOUHHbIE GpU3NIECKUE CBOT-
CTBa U CTPOEHUE BOJHI ellle XK/YT CBOUX HccIeZoBaTese.

Bo3MOXKHO, 4TO ITIpreMaMU COBPEMEHHOT'0 U IEPCIIEKTUBHOT'O KOMITBIO-
TEPHOTO MOZETUPOBaHUA MOXXHO OYZEeT MOTyIUTDb AOCTOBEPHYIO MTOACKA3KY
OTHOCUTETbHO MTOHUMaHUSA GU3NIECKUX U XMMUYECKUX CBOMCTB BOJEI, MO~
SICHUTD POJIb TETEPOTEHHBIX CTPYKTYP, PUKCUPYEMBIX B 00JIACTH TEMITEPATYP-
HOT'0 MHTepBaJja CyIlecTBOBaHUA KUBOM mpupogsl (0-35°C), B ycKOpeHUU
WU TOPMOYKEHUH GMOIOTUYECKUX U APYTUX TPUPOAHBIX TPOIIECCOB, BO BIIHSI-
HUU Ha MeXaHU3M IIPOBOAUMOCTHU BOZBI B KBa3UKPUCTA/UINYECKOM KapKace
WIU B [PYTUX CYIIPaMOJIEKY/IAPHBIX KjlacTepax, Ha IPOTeKaHWe MHOTUX TeX-
HOJIOTUYECKUX TIPOIECCOB U MIPUPOAHBIX PeJOKC-IpeoOpa3oBaHUi B IpU-
POZHOMU BOZie, HACHIILeHHOW KHCIOPO/JIOM U T..

OTU U ToZJ0O6HBIE UM TUTIOTE3HI BCE JK€ OOBICHAIOT MPUHITUTTHATbHYIO
BO3MOKHOCTB BOZIBI OBITh CTPYKTYPHPOBAHHOM U OTHOBPEMEHHO OCTABAThCS
JKUZKOU U TeKydel, a Takyke MHOTYe aHOMaJIMH BOZBL, HAlIpUMep YMeHbIIeHre
€e BSI3KOCTH IIPU TOBBINIEHUY JaBlIeHUs (B APYTUX KUIKOCTAX, HA060POT —
C MOBBINIIEHHEM JIaBJIEHUS BA3KOCTh PACTET): 3TO CBOKMCTBO BOABI obecreyu-
BaeT ee OOJBIIYIO TOABMXHOCTD IyOOKO B HeApax IUIAHETHI, I/le JaBIeHUe
JIOCTUTAEeT OTPOMHBIX 3HAYEeHUH.

B xumuyeckoM IIaHe BOZla — JOCTaTOYHO aKTUBHBIN peareHT 3a cueT Ha-
JINYMA IByX HEMOZleJIeHHBIX [Tap 3JIeKTPOHOB B aToMe OKcUreHa U MOJIAPHOCTU
MoJeKys1. Bosy MOXXHO paccMaTpuBaTh Kak MPOAYKT B3aUMO/IeCTBUS HOHOB
H* u OH- (Boga — aM$OIUT, TOCKOIBKY 06pa3yeT 3TH HOHBI B IPOIIeCCe AUCCO-
LINALNHN) , KOTOPBIE SIBJIAIOTCS HOCUTEISIMU KUCJIOTHBIX ¥ OCHOBHBIX CBOWICTB
BO/ZIHBIX pacTBOPOB. [ToaTOMy 4HcTas BoJja MMeeT HelUTpaabHYI0 PeaKIuio
cpensl (pH 7, noHHOe pousBeseHue BoAbl 10714).

Biarozapsi cioco6HOCTU BOABI 0OPAa30BBIBATh JOHOPHO-AKIEITOPHbBIE
U BOZLOPOJHBIE CBA3U, CYLECTBYIOT MHOTOYKUCIEHHBIE MEXMOJIEKY/IAPHbIE U
KOMIUIEKCHBIE COEJUHEHUA: TUAPATHI (HZSO " nH,0, NH, - nHZO), KpHUCTaJUIO-
ruzpars (KAI(SO,),-12H,0, CuSO, - 5H,0, Na,CO, - 10H,0), akBakoMILIeK-
col ([Cu(OH)(ISO,, [Zn(OH),]Cl,). C yyacTueM MOJAPHBIX MOJEKYJ BOABI
MIPOTEKAaIOT MPOIECCHl dJIEKTPOIUTUYECKOMN ANUCCOIUAIIUY JeKTPOJUTOB,
rUpaTaluy, TUAPOIN3a, peaKI[uu OOMeHa U Pa3IoKeHUs Pa3IMIHbIX Opra-
HUYECKUX U HeOpraHU4YeCcKUX CoeJUHEeHUU, HapuMep:

Cl, + H,0 — HCl + HOCI;

ZnCl, + H,0 — ZnOHCI + HCl;
H,C = CH, + HOH — CH,CH,OH;
HC = CH + HOH — CH,COH (aTaHanb) ;
RCOOR’ + HOH — RCOOH + R'OH;
Ca,N, + 6H,0 — 3Ca(OH), + 2NH,.
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Boza mposBiseT cirabble OKUCIUTeIbHBIE CBOMCTBA 3a c4eT aToMa I'mj-
poreHa B BhICIIel cTelleHU oKKcaeHuA noHa H. ITpu BeICOKMX TeMIlepaTypax
1 B IPUCYTCTBUM KaTaJIu3aTOPOB BOJA OKUC/IAET yIIepo/, MeTaH, OKCHUZ, yIJie-
poza (II), >xene30, pochop, B OOBIYHBIX YCIOBUAX — IIETOYHBIE U I€TOTHO-
3eMeJIbHble MeTaJlIbl, TUAPHU/bl MEeTaJIOB:

C+H,0 — CO + H,;
3Fe + 4H,0 — Fe,0, + 4H,;
CaH, + 2H,0 — Ca(OH), + 2H,;
CH, + H,0 — CO + 3H,;
2Na + 2H,0 — 2NaOH + H,,.

Bozia nMeeT Takke ciaabbie BOCCTAHOBUTEIbHbBIE CBOMCTBA 32 CUET MIPU-
CYTCTBUA B ee MoJieKyse aroMa OKCUTreHa B HIKHEN CTEIIeHU OKUC/IEHUS
(nona O%). [log AeiiCTBHEM CHJIbHBIX OKUCIUTENEH — aTOMapHOTO KUCJIO-
poaa, dTopa — BoZia OKHUCISETCS:

H,0 + %0, — H,0,;
H,O + 2F, — 2HF + OF,;
H,O + F, — 2HF + 1% 0,;
3H,0 + 3F, — 6HF +0.,.

Bemecrsa H,0,, O,, OF, — IpOAYKThI OKUC/IEHUA BOAbL, B COCTaB MOJIEKYJT
KOTOPBIX BXoAUT OKCHUTEH B Pa3HbIX CTeNeHsaX okucienus (-1, 0, +2).

MHoOr0 peakIuii MpOXUCXOUT JIUIIb B IIPUCYTCTBUU CJIEZIOB BOHI (B3aUMO-
JleticTBUE 11IeJIOYHBIX MeTaJUIOB C XJIOPOM, I[elTHas peaKlys BoJ0po/a C XJIo-
pOM U Zp.).

Jiuteparypa k paspeny 1.1

Mocun O.B., 2013. CtpykTypa BogslL. http://www.o8ode.ru/article/water/

Mocun O.B., 2008. Tsxénas u nérkas Boga. http://www.o8ode.ru/article/oleg/

Mocun O.B., 2014. Hayunble myGaukaiuu o Boge. http://www.famous-scientists.
ru/3634/

Jordan K.D., 1993. Theoretical Study of Small Water Clusters: Low-Energy Fused Cubic
Structures for (H,0) ,n=_8, 12, 16 and 20/ K.D. Jordan, C.J. Tsai// J. Physical
Chemistry. 97. 5208-5210 c.

Kokhanenko V., 2011. Quantum Modelling Processes of Active Oxidizing Agents
Formation in Water/ V. Kokhanenko, L. Masliuk, L. Koval // Proc. I UNESCO Conf.
on Applied Physico-Inorganic Chemistry, Sevastopol, UA, 02-07.10.2011.

Nakano N.I., 1970. Molecular interactions of pyrimidines, purines and some other
heteroaromatic compounds in aqueous media/ N.I. Nakano, S.J. Igarashi //
Biochemistry. 9. N2 5. 577-583 c.

Zapolsky A., 2013. Modern Representations on the Structure and Conductivity of Water
/ A. Zapolsky, K. Pershina, A. Gerasymchuk, K. Kazdobin // Water and Water
Purification Technologies. 13. N23. P. 24-40.

Anmonuenko B.f., 1986. ®dusuka Bozsl. — K.: Hayk. gymxka. 127 c.

Tonuapyx B.B., 2007. Knacteps! u ruranTckue rerepodasHble KIacTepsl Bozabl// Xu-
MU U TEXHOJIOTUSA BoAbl. 29. N2 1. 3-17 c.

Jompaues IA., 2004. Posb HeHTpalbHHIX eGeKTOB B CTPYKTYPHOM XUMUU XKUAKOMN
Bogel / I.A. lompaues, /I.A. CenuBaHnoBckuii, E.I'. llompaueBa, A.U. Jlazapes,
IT1.A. Crymxac, C.®. Ilumkanos, B.JI. Bakc // JKypH. cTpykTypHOI XuMuu. 45.
Ne 4. 670-677 c.

IMonune JI., 1974. O61ras xumusi. — M.: Mup. 846 c.

Tsai C.J., Jordan K.D. (1993). Theoretical study of small water clusters: Low-energy
fused cubic structures for (H20) n, n = 8, 12, 16, and 20. The Journal of Physical
Chemistry, 97(20), 5208-5210.
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1.2. Bopa B npupoge

1.2.1. BOOAHbIE PECYPCbI

1.2.1.1. BogHble pecypchl B MuUpe

[TouTtu 75% 3eMHOI TOBEPXHOCTU ITOKPHITO BOJOM, IpUYeM Ha OKeaHbI
npuxoauTcs 96,5%. OOl 06beM TPECHOM BOAbI, UCIIOTb3YEMOH I 9KO-
CHCTEMBI YeJIOBEKa, cocTaB/sieT 0Kosio 200 000 kM3 Bozabl — MeHee 1% OT Bcex
MMPOBBIX 3aIacoB IpecHoU Bozbl. Ha puc. 1.7 mokaszaHo Haju4due BOZHBIX
PecypcoB B MUpe.

O6muii 06beM BOABI Ha 3eMJjie COCTaBJAsIeT OKoso 1,4 mapa Km?
(1,4-10'8 m®). O6beM TIPECHOU BOABI — OKOJIO 35 MJIH KM3, YTO COCTaBJAET
0KoJ10 2,5% OT 0b11ero o6beMa. ITpu a3ToM 0KoJ10 24,4 MaH kM2, win 70% OT
3aIracoB IPECHOU BOZBI, HAXOJATCS B BU/IE JIbJ]a ¥ TIOCTOSTHHOT'O CHESKHOTO TT0-
KpOBa B FOPHBIX palioHax, AHTapKTuKe U ApkTrke. Okoso 30% (10,7-10% m3;
10,7 MuTH KM®) MUPOBBIX 3aT1aCOB ITPECHOM BOJBI XPAHATCS B BU/IE TIOA3EMHBIX
BoZ (MeJKue U TIyOoKue 6acceiHbl oA3eMHbIX BoZ /0 2000 M, BIa’KHOCTD
MTOYBHI, 60JIOTA ¥ BOJIa BEYHOM MEP3JIOTHI). DTO COCTABJISAET OKOJIO 97% Bcel
IIpecHOM BOABI, IOTeHINAIBHO JOCTYITHOM /I MCII0JIb30BAHNA YeJIOBEKOM.
[pecHsle 03epa u peku cogepxkat npubnusurenpao 105000 km3, nim 0KoJIo
0,3% OT MUPOBBIX 3aM1aCcOB ITPECHOU BOJHI.

Boznble pecypcel B MUpe paclipe/iejieHbl HepaBHOMepHo. Ha puc. 1.8
TIpe/ICTaBJIEHO paclpeziesieHre TPeCHOU BO/bI MeX /Ty KOHTUHEHTaMU B BU/e
JIeJHUKOB U JIeJITHBIX LIATIOK, IPYHTOBBIX BOZ U IPYTUX BOZOEMOB.

Osepa ¥ BOJIOXpaHWUIHIIA ABISAIOTCS Hanbosiee JOCTYITHBIMU pecypcamMu
MIPECHOU BOABI B MUpe. Peku cogeprkat okoso 2100 km® (0,0065%) Bozsl, 03e-
pa—91000 xkm? (0,26%) OT 061IIeTO KOMUYECTBAa BOAHBIX pecypcoB. [Ipu aToM
80% 03epHBIX BOZ COCPEAOTOYEHHI B OIPaHUYeHHOM KOJIM4YecTBe 03ep (Bcero
B 40). Cpezy HUX HanboIee KPYITHBIMU ABIAIOTCA 03epo Batikai (23 000 km?,
Poccuiickaa ®egepaiiusi), ozepo Tauranbuka (19 000 km?, [leHTpanbHas

PMCYHOK 1.7. MoBepXHOCTHbIE BOAbI ATmocepHan Bofa

0,22%
ConeHble noasemMHble v fpyrue npecHble
O6U—'-Me MUPOBbIE Boabl 0,93% I'Ipecna: BoAa BoAbl 1,3% buionoruyeckan Bopa
\ 2,5% ' < 0,22%

BOJHbIE PECYPChl - — —
P 0,469
(GRIDA-UNEP, e ki 0,46%
201 2) ConeHble o3epa Bonota
0,07%  3a/IMBHble Nyra
2,53%
MoyBeHHas Bnara
3,52%
OkeaHbl
96,5%
Nen
W CHEXHbII
NoKpoB
73,1%

Mwupogoii 3anac MbecHan Bona MoBepXHOCTHbIE BOAbI
BOAbI P A " gpyrue npecHble Boabl
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PucyHok 1.8.

[no6anbHoe
pacnpegenexue

Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

(moctynHoCTb) BOABI
(GRIDA-UNEP, 2012)

Adpuxa) u ozepo Bepxuee (12000 kM3, CeBepHas AMepuka). Benmkue Ozepa
(CIIA, Kanaza) cozep)xaT B 006Ielt cIoXHOCTH 0Koto 25000 kMm? mpecHO#
BOJBL.

VMeromyecs MCTOUHUKY IIPECHOM BOZBI paclipezie/ieHbl B MUpe Hepas-
HOMepHO. Puc. 1.9 witiocTpupyeT n3aMeHeHHe BogoobecnedeHNs BO BCEM
MUpe.

Ama3zonka, Konro, H13e1, MekoHT 1 EHucell ABIAIOTCA KPYIIHEHIIUMU
1 Haubosiee MOJHOBOAHBIMU peKaMu B Mupe. Kaxzas u3 HUX uMeeT co6CT-
BEHHBIN 6acceiH, KOTOPBIN BKJIIOYAET YIAaCTOK 3€MJIH, APEHUPYEMBIN pe-
Kol U ee mpuTokaMu. OCHOBHBIE peyHble 6acceliHbl MUpa IUIONaIbio boee
1 mutH kM2 pezicTaBieHsl Ha puc. 1.10. BOJBIIMHCTBO PeYHBIX 6HacCeHOB
ABJIAIOTCA TPAHCIPAHUYHBIMU. 148 cTpaH BKIIOYAIOT B ceOs1 TEPPUTOPUIO
OJHOT'O WJIK HECKOJbKUX O6acceifHOB TpaHCTPaHUYHBIX pek. B 39 cTpaHax
OJIVIH WIU HECKOJIbKO 0acCcefHOB TPAHCTPAHUYHBIX PeK ITOKPHIBAIOT Oosee
yeM 90% TeppuTOopuH, U 21 cTpaHa LIeJIMKOM pacCIIOJI0KeHa Ha TEPPUTOPUU
OZTHOT'O WJIN HECKOJBKUX 6acceHOB. 46% IMOBEPXHOCTH 3€MHOTO IIIapa I10-
KPBITO 6accelfHaMU TPAHCI'PAHUYIHEBIX PEK.

B Mupe cymiecTByeT 276 TpaHCI'PAHUYHBIX PEUHBIX 6acceliHOB (64 B Ad-
puke, 60 B Asun, 68 B EBpornie, 46 B CeBepHolt Amepuke 1 38 — B FOxHO).
185 u3 276 TpaHCTpaHUYHBIX PEYHBIX 6ACCEHHOB, WU IIPUMEPHO JBE TPETH,
pacmpezesieHbl MeXAy ABYMA cTpaHaMu. 256 13 276 pacnpegeneHbl MeXIy
2, 3 wiu 4 ctpanamu (92,7%), u elie 20 MozieIeHBI MEXKAY TATHIO WU Oosee
crpa"amu (7,2%); MakcHMaabHOE YHCJIO CTPaH, KOTOpBIe JesIAT TpaHcrpa-
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PucyHok 1.9.

[mo6ansHoe pacnpepeneHre
(mocTynHocTs) BOZK! HO YLy
HaceneHus

(Revenga, 2000)

PucyHok 1.10.

BaccenHbl kpynHemwmx
pek B Mupe
(GRIDA-UNEP, 2002)

HUYHBIE PeuHble 6acceiiHbl, cocTanisieT 18 (peka /lyHaii) B EBporre. B To ke
BpeMs B 60% 13 276 MUPOBBIX MEXAyHAPOAHBIX 6aCCETHOB PEK OTCYTCTBYET
KaKOH-T160 TUII COBMECTHOT'O YIIPABIEHUS PEYHBIMU PECYPCAMHU.

1.2.1.2. Boauslie pecypcsl B EBponie

Kak u Beszie B Mupe, IpecHas Boza B EBpone ecTb IOBCEMECTHO U B TO
’Ke BpeMs HepaBHOMePHO pacmpe/eneHa. EBponeiickue ro/joBble pecypchl
MIPECHOM BOABI COCTABJAIOT OKOIO 2270 KM3, TIPY TOM YTO TOJbKO 13% 3THUX
pecypcoB goctynHbl (EEA, 2009).

B Tabs. 1.2 mpeacTaBIeHbl IOJTHOCTHIO ZOCTYITHbIE PECYPCHI TPECHOM
BOZIBI B GosbIHCTBE cTpaH EC, a TakKe B cTpaHax, HaXoAAIuxcsa B cdepe
BausaHuda EC. HecmoTtps Ha To uto I'epmanus, ®panius, [lIBenus, Bennko-
6putanus, Cepbust 1 VicaHaus UMEIOT IPUMEPHO OITHAKOBHIE 3aTlachl IIpec-
Holi Bozel (164-188 mutH M3), BozoobecieueHre Ha AyITy HaceJeHUs Y HUX
cylecTBeHHO pa3HuTcA. Ha puc. 1.11 mokasaHo KOJIMYeCTBO BOZBI Ha YLy
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Ta6nuua 1.2. BopHuie pecypcsl B 3anaaro- u LleHTpansHoesponeiickom pernoHe, mnH m3
(Espocrar, 2013)

x
& e 2 -
8z 35 38 88 § =, .
Tepputo-  Hacenewve, 85 3z Sz x5 T gdo =
Nonoai pHs, kM2 yen. o &= g= == = £ 8
OAPANON — (FAOSTAT,  (FAOSTAT, =5 ¢ g of B8 2 & ¢
1999) 2000) §§ 5% EE E-% i o =
= Fe og g = =
oo o
=
LleHTpanbHas
EBpona 1123550 115802000 284,5 87,9 3724 1311 24570 3216,0 1
CpeansemHo-
MOPCKUIA PeruoH 1095300 124408000 4228 30,0 4528 19,48 3398,7 36399 2
CeBepHas EBpona 1258080 24082000 864,1 0,0 864,1 39,81 358816 358816 3
3anagHas Espona 1421486 246492000 598,9 14,7 613,6 27,59 2429,7 24893 4
BoctoyHas EBpona 18095450 217051000 4449,0 2441 4693,2 100,00 204975 216223 5

3anaaHas u Len-
TpanbHas EBpona 4898416 510784000 21704 10,9 2181,3 100,00 42491 42704 6

Espona — Bcero 22993866 727835000 6619,3 2302,9 64664,5 668491
B mupe 133845436 6052577900 43764,3 0,0 43764,3 7230,7 7230,7
% EBponbl

0T Mupa 17 12 15 50

* Internal Water Resources (BHyTpeHHUE BOZHbIE PECYPCEL).
** Total Water Resources (OO01irie BOAHBIE PECYPCHI).
1-77 xm®/TOz OT APYTUX eBPOIeHCcKIX ozgpaiioHoB u 10,9 km3/rog ot Bocrounoi EBporer; 2 — 29,95 km3/rog ot
JIPYTHX €BPOIIENCKUX MOZIpaiioHoB; 3 — 6e3 uaMeHeHuit; 4 — 14,7 kM3/ToZ OT JPyrUx eBPOIENHCKUX [10/PaiioHOB;
5 — 40 km®/roz u3 LlentpanbHoit Asuu, 125 km3/roz ot I0xHO# 1 BocTouHOo# A3uu, a Takxke 79,14 km3/Tog oT
3amazHoi u LlenTpanpHo#l EBponer; 6 — oT BocTouHO# EBpOMEL.
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Pucyrok 1.11.

Bonoobecneuerue npecroit Bopoit 8 Espone, 1000 m3 Ha ogroro xutens (Eurostat, 2013)
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Ta6nuua 1.3. BopHble pecypcbl — RONFOCPOUHbIN CPEAHErof0BOM NOKA3ATENb, KM?

(Eurostat, 2013)

Cowa  Ccap s B Blewd gy e
benbrus 28,9 16,6 12,3 7,6 15,6 19,9
bonrapus 68,6 50,5 18,1 89,1 108,5 107,2
Hewckas Pecnybnuka 54,7 39,4 15,2 0,7 16,0 16,0
[aus 38,5 221 16,3 0,0 1,9 16,3
lepmaHus 307,0 190,0 117,0 75,0 182,0 188,0
9CToHNS 29,0 - - - - -
Vpnanans 80,0 32,5 47,5 3,5 - 51,0
Ipeuus 115,0 55,0 60,0 12,0 - 72,0
Mcnaxns 346,5 2354 1111 0,0 1111 111,1
®paHuus 4857 310,4 175,3 11,0 168,0 186,3
Wtanus 296,0 129,0 167,0 8,0 155,0 175,0
Knnp 3,0 2,7 0,3 - 0,1 0,3
NatBus 42,7 25,8 16,9 16,8 32,9 33,7
JnTea 440 28,5 15,5 9,0 25,9 24,5
Jltokcemobypr 2,0 11 0,9 0,7 1,6 1,6
BeHrpus 55,7 48,2 7,5 108,9 115,7 116,4
Mansrta 0,2 0,1 0,1 - - 0,1
Hugepnangpl 29,8 21,3 8,5 81,2 86,3 89,7
AcTpns 98,0 43,0 55,0 29,0 84,0 84,0
MonbLua 193,1 138,3 54,8 8,3 63,1 63,1
Moptyranus 82,2 43,6 38,6 35,0 34,0 73,6
PymbIHUS 154,0 114,6 39,4 2,9 17,9 42,3
CnoseHus 31,7 13,2 18,6 13,5 32,3 32,1
Cnosakus 37,4 243 13,1 67,3 81,7 80,3
OuHnARamns 2220 115,0 107,0 3,2 110,0 110,0
LLIBeuus 337,5 169,4 172,5 13,7 186,2 186,2
CoepmHeHHoe KoponeBcTBo 275,0 117,2 157,9 6,4 164,3 164,3
Wcnanans 200,0 30,0 170,0 - 170,0 170,0
Hopserus 470,7 112,0 371,8 12,2 384,0 384,0
LLIBeiiuapus 61,6 21,6 40,7 12,8 53,5 53,5
XopBatus 63,1 40,1 23,0 - - -
Pecny6nuka MakegoHus 19,5 - - 1,0 6,3 -
Cepbus 56,1 433 12,8 162,6 175,4 175,4
Typups 501,0 273,6 2274 6,9 178,0 234,3

Hpumeqar-tue. MuUHUMaTbHbIN nepuonj, HpI/IHHTbeI BO BHMMaHHeE IIPpY IoACYeTe JOJII'OCPOYHBIX €XKEIOAHBIX CPEAHUX

3HayeHuw, — 20 JyeT.

HaceJIeHUsI B HEKOTOPBIX EBPOIENCKUX CTPaHaX, KOTOPhIE MOXXHO CPABHUBATh
MeKy cob0¥ 1o BozloobecevyeH 0, UCXOA U3 JaHHBIX Tabir. 1.2.

Ha puc. 1.12 mpeacTaBieHo ToZioBoe obecrieueHre IPeCHON BOOM B
EBpome. [Toka3aHbl eXXero/Hble U3MEHEHUS B IPUPOJHOM TIOTIOIHEHUU pe-
cypcoB mpecHoit Bogsl (0T 10 10 500 u 60oee MUIUMETPOB). B To Bpems
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PucyHok 1.12.

lonosas o6ecneyeHHOCTb
npecHo Bopoi (Mm/rog),
cpearsas 3a 1990-2010 rr.
e 3anagHoi Eepone

(JRC, 2012

Kak Hajauuyue Bogwl B VMicnanum u KOxxHoM EBporte coctasisger 200 MM/Toz,
exxerogiHast norTpe6HocTh — B 3-10 pas 6osbiie (JRC, 2012), 4To IOKa3bIBAET
HEpaBHOMEPHOCTS I0CTYIa K Boze B EBpore.

1.2.1.3. Bognbie pecypcsol B HopBeruu

Bozpnble pecypchbl IpecHON BOABI, ZOCTYIIHBIe B HopBeruu, B cpeiHeM
COCTaBJIAIOT 0KOJI0 378 Mipz M3, 97% M3 HUX MTOCTYMaeT B BUZE 0CAJKOB, a
OCTaJIbHBIE — I10 PeKaM U3 TpeX coceHUX cTpaH. OKo10 79% rofoBbIX IOCTYII-
JieHUl TIpecHOM BOZBI B BU/Zle KAHAIM3AI[MOHHBIX CTOKOB OTBOAMTCA B MOpe
U B COCeZIHUE CTPaHBbl, OCTaabHOe ucnapsaetca (puc. 1.13).

Jlegnuky B HopBeruu oxsatsiBatoT 2595 km? ee Teppuropuu. B Hop-
Beruu 1624 negHvika, BKIo4aonux 164 km® mpecHoii Bogsl. Tonbko 0,3%
OT 3amacoB IIpecHoOU Bogel B HopBeruw, mwiu oxosno 1,134 mupg m3, serko-
ZOCTYIIHBI B 03epax U pekax. Hopserus — cTpasa osep: B Heil 450000 osep,
HO TOBKO 400 M3 HUX UMEIOT IUIolab 6osee 5 kM2, O6IMI 06beM BOJBI
B o3epax cocraisgeT 1200 kM3, B To BpeMsA KaK OHU 3aHUMAIOT TUIOMIA/lb
17000 xkm? (4,4%). Camoe ryb6okoe 03epo — XOpHUHAANbCBATHET — 514 M
B ITyOVHY, 2 HANOOJIBIIYIO IUTOLIA/b 3aHUMAaeT 03epo Mbeca — 365 km?. OKoJ10
6,5% KMeIoIMXCA 3a1acoB IIpecHoi BoArl B Hopeeruu — nozseMHble BOZBI.
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Ta6nuua 1.4. Pacnpenenenne npecHo soasl 8 Hopseruu no pervonam
(Statistics Norway, 2012)

CoOTHOLWEHNE BOAbI U CYLUN

Okpyr Bcero, km?
Cywia, km? MpecHas Bofa, 03epa, kM2
Koponescteo Hopserus 385186 365246 19940
Lnuubepren 61022 60627 395
An-MaiteH 377 37 6
MartepukoBas 4actb 323787 304248 19539
3ctchonn 4182 3888 295
Akepcxyc 4918 4579 339
Ocno 454 426 28
Xeamapk 27398 26084 1314
OnnnaxH 25192 23784 1408
Byckepyn 14911 13796 1115
Bectdhonn 2224 2147 77
Tenemapk 15298 13854 1444
Jyct-Argep 9157 8314 844
Bect-Araep 7277 6677 600
Pyranauu 9376 8589 787
XopaanaHH 15440 14525 915
CorH-or-®btopaHe 18623 17676 947
Mépe-or-Pomcpan 15115 14583 532
Cép-Tpénpenar 18856 17840 1016
Hyp-TpéHaenar 22415 20778 1637
HypnaHH 38462 36079 2382
Tpomc 25870 24866 1003
®uHHMapK 48617 45762 2855
Ocagkn WNcnapeHne
481170 112035
CToK B Mope

378 211

MpunTOK NpecHon BoabI
13 COCEeAHMUX CTPaH

12787

OTTOK NpecHon BoAbl
B COCeJJHME CTPaHbI

12249

O6wwin 3anac NpecHomn Boabl

377 673

Pucynok 1.13.

loaoBoit 3anac npecHoi soasl B Hopsernn!. Cpepnune sHauenns no scei ctpaHe
sa nepuoa c 1971 no 2000 roa, mnn m3 (Statistics Norway, 2009)
! Yyet konuuectsa OCQAKOB He AaeT BOSMOXHOCTH PACCYATATL 3HAQYEeHMWe MNOCTYN/1eHna BOAbl C TAKOM Xe TOYHOCTbKO,

Kak 3Ha4yeHne cToka. Kak cneacreme, HECOOTBETCTBME MeXY OBLUMM MPUTOKOM M OBLLMM CTOKOM HA PHCYHKE.
OCHOBBIBASICb HQ HOPMQTTbHBIX 3HAYEHMSX KOTMYECTBA OCAAKOB M ucnapermi B nepuog 1961—1990 rogos
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1.2.1.4. BogHble pecypchl YKpauHbI

BogHBIMU pecypcaMy IPUHATO CIUTATh 0O'beMBI IIOBEPXHOCTHBIX, 10/~
3€MHBIX ¥ MOPCKHX BOJ, COOTBETCTBYIOLeH TeppUTOPUHU. BogHbIe pecypcel
YKpauHBI — OMH U3 IVIaBHBIX pAKTOPOB Pa3BUTHUA U pa3MelleHUs MPOAYKTUB-
HBIX crI. OHU OIIpe/esIAI0T YPOBEHD XKU3HU U 3/,0pOBbA HACETIEHUA.

CpesHue MHOTOJeTHHE BOJHBIE pecypchl YKpauHBl COCTABJAIOT
87,1 km3/roz. B aTOT 06beM He BXOAUT CTOK JlyHas 1o Kumuiickomy pyKaBy
(123 kM3 /roz). MecTHBIEe BOAHEBIE pecypchl, opMuUpymourecs B Ipejenax
YKpauHBbI, COCTaBIAIOT 52,4 KM B CpeZIHUI IO BOAHOCTH r'oZl. B MasioBoAHbIE
rozpl 75 1 95%-ii o6ecriedeHHOCTH aTMOChEPHBIMU 0CaIKaMU STOT [TOKa3a-
TeJIb COOTBETCTBEHHO paBeH 40,9 u 49,8 kM.

OcCHOBHbIE 3JIeMEHTH BOZHOTO 6anaHca YKpauHBl IPUBEJEHBl B
Tabm. 1.5.

Ha teppuTopuu YKpauHbl HaCUUTEIBaeTCA 73 THIC. peK. V13 Hux:

* MaJbIx: 68796 (g0 10 kM), 3020 (ot 10 m0 25 ¥Mm), 968 (oT 25 10 100 KM);
e cpezxnux: 123 (ot 100 g0 500 xkm);
e Gompuux: 14 (6omee 500 km).

Kpome Toro, o TeppuTOprUu YKparuHbl IPOTEKAET TPEThA I10 BEIUINHE
peka EBpornbl JlHenp. JlHenp IPOTEKAET 110 TEPPUTOPUU TPEX roCyAapCTB —
Poccuu (6epet cBoe Hauaio), Benapycu u Ykpaunsl. Ero gauHa 2201 kM, Ha
TeppUTOpUHU YKpauHbl — 981 kM, 1Ioniazb BogocOopHoro bacceiiHa B mpesie-
sax Ykpaunbl 291,4 Thic. kM2, B Hero BraziaeT 32 ThIC. BOJOTOKOB, M3 KOTOPHIX
89 — peku aynuHOM 6051ee 100 KM.

Bcero B YkpauHe HacuuThBaeTcs 31 ThIC. KM2 BOJHOU ITOBEPXHOCTH PEK,
6 TBIC. KM? IMMAHOB U 1 ThIC. KM? IOBEPXHOCTH 03€ep. [TOMHMO CyIIECTBYIOMINX
peK, B YKpauHe co3aHo 6,8 ThIC. KM? HCKYCCTBEHHBIX BOZOEMOB. A BCETro B
YKkpanHe HacYyUThIBaeTCA 22 THIC. IPYAOB U 420 BOJ0EMOB, PaCIIONOKEHHBIX
BOJIM3UM MaJIbIX U OOJIBIITUX PEK.

Jns obecrieueHus HaceJeHUA U HAPOJHOTO X03AHCTBA HEOOXOANMbIM
KOJIMYECTBOM BOZBI B YKpauHe mocTpoeHo 1122 (06beM 56 KM?) UCKyCCTBEH-
HBIX BOZIOEMOB, 7 KaHaJIOB 0611l AyTHOM 0Kos10 2000 kM, 10 KpyTTHBIX BOJO-
BoZI0B (HanmpuMep, caMblii AMWHHBIN B EBporie Bogosoz JlHenp — CeBepHoe
[Tpua3oBbe MPOTAKEHHOCTBIO 175 KM).

YKpanHa xapakTepu3yeTcs HepaBHOMEPHBIM pacIpe/ie/IeHUeM BOJHBIX
pecypcoB I10 TEPPUTOPUM CTPaHbL. BeslmurHa cpejHero ¢j1osd 0CafKoB U3Me-

Ta6bnuua 1.5. OcHoBHble 3n1eMeHTsl BOAHOTO BanaHca YKpauHsl 3 MHOTONETHUI NepUof

EAvHMLbI n3MepeHus

AnemeHTbl BORHOr0 6anaHca

MM Km?
Ocapku 625
Crok:
— MOBEPXHOCTHbIN 65,2 39,4
— NOJ3EMHBbIN 21,6 13,0
VicnapeHue, 538 325
B TOM 4UCIe NOBEPXHOCTHOE 203 123
NHdpunbTpayms 357 216
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HseTcs B mpezienax oT 5-10 mm (Xepconckas obacTts) g0 625 MM (3akap-
rnarckast 061acTh).

Kpowme Toro, YkpanHa NMeeT 3HauYNTeIbHbIE 3allackl TOA3eMHBIX BoZ. O6-
asg BeJTMYMHA TPOTHO3UPYEMBIX SKCIUTYaTaI[MOHHBIX PECYPCOB TOJA3EMHBIX
BOJ HA TEPPUTOPUY YKPAUHBI COCTaBIIsAeT 27,2 MiIH M3 /cyT. TeppuUTOpHaIbHOE
pacmnpezeneHye MOA3eMHBIX BOJ TAKXKe XapaKTePU3yeTCcss HEPaBHOMEDPHO-
cTbio. Haubosbmas ux BeauynHa 8402 Teic. M3 /cyT XapakTepHa s YepHu-
TOBCKOM 00J1acTH, a HamMeHbas — B mpegeax ot 1000 go 3000 Teic. M3/cyT —
B ABTOHOMHO# Pecry6ivike KpeiM, BosbiHCKOM, TepHOTIOIBCKOM, 3aTTOPOK-
CKOM, 3aKapraTcKou U JIHEMpOIeTPOBCKOM 06IaCTsIX.

CrnenyeT OTMETHUTD, YTO /AJs YKpAWHBI XapaKTepPHO COCpeloTOYeHHe
KPYITHBIX BOJOTIOTPeOHTENEH B peruoHax ¢ HAMMEHBITUMU 3aracaMu BOJI-
HBIX pecypcoB ([Jorb6acc, Kpubacc, ABToHOMHas1 Peciry6iika KpbIM, 10KHBIE
obactn).

Jlyisi TOTO YTOOBI BOCTIONTHUTD AeQUITUT BOABI B PETHUOHAX YKPaUHBHI,
COOPYKEeHBI KaHaJbI:

* Ceepo-Kpbeimckuii — 402 KMm;

* JTHenp-—/Jlonb6acc — 263 KM;

e JloHen—Jlou6acc — 131,6 KM;

e Jluenp —KpuBoii Por — 35,4 kwM;

* KaxoBckuii kaHai — 130 kM.

OCHOBHBIMU HaIlPaBIEHUSIMH BOIOTIOIb30BAHUS ABIAIOTCSI ObecrieueHre
BOZIOM HaceseHus (KOMMyHaIbHOE X035HUCTBO) — 25,8%), celbcKoe U PhIOHOE
X03AMCTBO — 24,6% U NPOMBIILIEHHOCTD — 49,6%. OCHOBHBIE ITOKa3aTelu
BOZI0OGECTIeUeHYs U BOZOTIOTpebIeHUs IpecTaBIeHb B Tab. 1.6.

B mocieiHve TObI HAOTIOAETCS YBeTUYEHHE BOAOMOTPeOIeHUS Ha HY K-
ZIbl IPOMBINIJIEHHOCTH U KOMMYHaJIbHOT'O X035 cTBa. [109TOMYy OCHOBHBIM
HallpaBJIEHUEM Y/Iy4YIIeHUsI COCTOSHUSA BOAHOTO XO3AHCTBA ABJSETCS BHE-
apeHue pecypcodPpPeKTUBHBIX TEXHOJOTUN B IIPOMBIIIEHHOCTH, PECYPCO-
SKOHOMUYECKUU TPUHITUII YIIPABIE€HUSI BOAHBIM XO3HCTBOM B IIEJISIX BBITOJ-
HEHUA KOMIUIEKCA MEPOTPUITUY, HallpaBJIeHHBIX HA YMEHbIIEHNE BOJO-
moTpebIeHUs U 3arpsI3HeHUS PEK U BOZOEMOB.

Ta6bnuua 1.6. OcHosHbie nokasaTenu BogonoTpebneHms u ogoobecnedeHms B YkpanHe,

km3/ron
Moka3zatenu km/rop
licnonb3oBaHne CBEXeNn BOAbl 12,2
L1 MPON3BOACTBA 16,1
Q11 XO3ANCTBEHHbIX HYX[ 3,3
OTBeEHO CTOYHbIX BOA (COPOC B BOLOEMbI) 10,5
3arps3HEeHHbIX 3,3
3 HUX 683 04YNCTKN 0,8
HOPMATUBHO OYMLLEHHbIX 2,1
06bem BObl B 060POTHOM 1 NOBTOPHOM BOJOCHAGXEHNI 415

MpOU3BOAUTENLHOCTb OYUCTHBIX COOPYIKEHMIA 8,0
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1.2.1.5. Boaubie pecypchl Pecy6imku Benapych

Bo306HOBIIsIEMBIE PECYPCHI TTPECHBIX BOJ Pecniybvku Berapych mpe-
CTaBJIEHBI PEYHBIM CTOKOM U TIOA3€MHBIMHU BOAaMU, 06beM KOTOPHIX dop-
MUPYETCS B €CTEeCTBEHHBIX YCJIOBUAX 3a CUET BhINIaZIleHUA 0CaJKOB Ha Teppu-
TOPUM CTPaHbl (BHYTPEHHUH CTOK), a TAaK)Ke MMPUTOKA PEUHBIX U MTOA3€MHBIX
BO/I M3 COIPEZIEIbHBIX CTPaH. BernmurHa nHGUIBTPAIMOHHOTO TUTAHUSA BOJO-
HOCHBIX TOPU30HTOB 30HBI aKTUBHOT'O BOZI00OMeHa coctasiisieT 10-20% cpez-
Hell MHOTOJIeTHEeN BeTMYUHBI aTMOChepHBIX 0CaZKOB. B 0bIeM cToKe pek
Benapycu Ha 010 MOA3EMHBIX BOZ NPpUXoAUTca 27%.

OCHOBHBIM MCTOYHUKOM ITOBEPXHOCTHBIX BOAHBIX pecypcoB benapycu
SIBJISTIOTCS CpeJIHUE U KPYITHbIE peKH, 06'beM BOJHOTO CTOKA KOTOPBIX B CPe/-
HUe 110 BOAHOCTY T'OZbl, KaK MPaBUJIO, He mpeBsimaeT 57 900 Mt M2 B rog. I1o
TEPPUTOPUHU CTPAHBI ITPOTEKAIOT CEMb KPYITHBIX PeK IJIMHOM 60siee 500 KM:
3anazHas JpuHa, Heman, Bunus, lnenp, bepesuna, Cox u [Ipunars, mectb
13 HUX (3a UCKJIIOUeHreM bepe3uHbl) ABIAI0TCSA TPAHCTPAHUYHBIMA. B MHOTO-
BOZIHBIE TOJbI OOIIUI PEYHOU CTOK yBenmnuuBaeTcs Ao 92400 MaH M B rof,
a B MasioBogHEBIE (95% obecreueHHOCTH) CHIkaeTca 10 37 200 MutH M3 B ToZ.
Bospias gacts peyroro croka (34 000 vwrH M2, win 59%) popmupyeTcs B mmpe-
Jlesiax CTpaHbl (MeCTHBIN CcTOK). [IpUTOK BOZBI C TEpPUTOPUI COCEHUX T'OCY-
mapctB (Poccuu u YKkpauHbl) coctaBiaseT 41%, vwinu 23 900 muH M3 B rof,.

B Benapycu coszanbl 153 BOAOXpaHWINIIA, TIOTHBIN 00'beM BOZBI B KO-
TopbIX — 3100 MUTH M3, TTO/Ie3HBIN — 0K0JI0 1240 MJIH M3, UTO COCTaBJIAET He-
CKOJIBKO 60J1hIle 3% CcTOKa, GOPMUPYIOIIErocs Ha TEPPUTOPUH CTpaHbl. Ha
TeppuTopuu Benapycu HaxoauTcst okoso 10,8 Thic. 03ep, abCoMIOTHOE 60Tb-
IITUHCTBO U3 KOTOPHIX (75%) OTHOCHUTCS K YHUCITY MaJIbIX, UMEOIINX ILIOIIAAb
3epkaina 0 0,1 kM2, PecypcHOe 3HaUeHUe UMEIOT 03epa IUIomabio 6oee
1,0 kM2, 06111l 06BeM KOTOPHIX cocTaBisieT 6000-7000 MIH M3 BOZHI.

[To BeimurHe BOAHBIX pecypcoB pek bemapych 3aHMMaeT 4YeTBepToe
Mecto B EBporne nociie Hopseruu (378 000 muH M3 /Toz), Benuko6putaHuu
(152000 vt m3/rox) u ITonbimwu (85400 MaH M3/Toz). EcTecTBEeHHBIE pe-
CYPCHI TIPECHBIX TTOJI3EMHBIX BOZ COCTABAAIOT 15 900 MiIH M3 B TOJl, POTHO3-
Hble — 18 100 MtH M3 B rof,.

ObecrieueHHOCTh BOAHBIMH peCypcaMu Ha AyIly HaceleHus B berapycu
(6,1 TBIC. /4ei. B TOA) OIM3KA K CPeJHEEBPONIEHCKOM, HO TIPYU 3TOM 3HAYUTE/b-
HO BBIIIIe, YeM B COCEZIHUX cTpaHax — [Tosbine (1,7 Thic. M3/4en.) 1 YKpauHe
(4,1 TBIC. M3/4en.). CyMMapHbIi 06BeM 3a60pa MOBEPXHOCTHHIX U MOJ3€M-
HBIX BOJ, cCOCTaBJsgeT oko1o 1600 MiIH M3,

VHAeKc SKCILTyaTaluy BOAHBIX pecypcoB (UDBP), KoTophIf paccuu-
THIBAETCS KaK OTHOIIIeHMeE 00IIero rofoBoro o6beMa Bojjo3abopa K cpesHe-
MHOT'OJIETHEMY F'0ZIOBOMY 06'beMy BO30OHOBIISIEMBIX PECYPCOB IIPECHBIX BO/,
Ay benapycu cocrasisetT 2,8-3,0%, 4TO 3HAUUTEIBbHO HUXKHEE IIOPOr'0OBOT0
3HaueHus VDBP, aBidtonierocss OCHOBOM JJII COMOCTABIEHUSA PA3JINYHBIX
CTpaH U PerMOHOB C HEHAPSX)KeHHBIM U HalPs>)KeHHBIM BOJHBIM PEXMNMOM
(oxomo 20%). Beicokast HAIPSXKEHHOCTh OTMEYAETCA B TeX CIydassx, Korzaa
V3BP npessimaet 40%.

BozomnoTpebieHre Ha X03gHCTBEHHO-MTUThEBHIE HYKABI B CpeHEM Ha
Kaxkzoro xutesnsd berapycu HaxoauTes B npegenax 145-150 i/ (gen. cyT).
Hacenenue Benapycu obeciieunBaeTcs MUTbeBOM BOZOM B OCHOBHOM U3
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[I0ZI3€ MHBIX UCTOYHUKOB, CAHUTAPHO-TUTHEHNYeCKOe COCTOAHNE KOTOPBIX
Ha JeHCTBYIOUIUX BoZ03abopax, KaK IpaBUIO, OTBEYAeT YCTAHOBIEHHBIM
TpebOOBAHUAM, 32 UCKIIOYEHUEM MTOBBIIIEHHOTO COZIEPKaHUA B BOJIE JKeje3a
Y MapraHIla, B OTAENbHBIX CIydasnx — 6opa, GTopa U HEKOTOPHIX APYTUX KOM-
IIOHEHTOB, YTO fABJIAETCS CJIeACTBUEM I'UAPOreoJornyecKuX ocobeHHOCTeH
TepPUTOPHUU CTPAHBHI.

B HacTosIIee BpeMs HelleHTPaTU30BaHHBIMU UCTOYHIUKAMU BOZOCHA0-
YKeHUA (IIaXTHBIMHU KOJIOALIaMU) IT0JIb3YI0TCA 1,4 MJIH 4esloBeK, B TOM YHCyIe
cesibCKoe HaceneHue — 1,1 MJIH 4esloBeK.

1.2.1.6. Bozansle pecypchl Pecriyonuku Kazaxcran

Bozusbiii Gonz Pecrrybmvky KazaxcTaH BKJIIOUaeT PeKH, o3epa, 60J0Ta,
TIpYy/ibl, BOAOXPAaHWINIIA, /IPyT'He TIOBEPXHOCTHBIE BOAHBIE PECYPCHI, a TAKXKE
BO/Ibl KaHAJIOB U MarucTpajJbHBIX BOJOBOJOB; [T0I3eMHbBIE BO/IBI, IEIHUKU;
BoAbI Kacruiickoro 1 ApajibCKOTO MOpPEeH B IpeZiesiaX roCyZapCTBEHHOM rpa-
Hunbl Pecry6uku KasaxcraH.

IMosepxHocmHble 800HDBLE pecypcybl. Pecypchbl TOBEPXHOCTHBIX Bog Kazax-
CTaHa B CPEJITHUM TT0 BOAHOCTHU ToZ cOCTaBIAOT 100,5 kM3, U3 KOTOPBIX TOJIb-
K0 56,5 kM> dopMupyeTcs Ha TeEppUTOPUU peciybauku. OcTanbHOM 06beM
(44,0 xM3) moCTynaeT U3 COMpeAeNbHbIX TocyapcT: Kuras — 18,9; Y3bekuc-
TaHa — 14,6; Keipreiacrana — 3,0; Poccuu — 7,5 km®.

Cpenuss BenuunHa BofoobecedYeHHOCTH TeppuTtopuu KazaxcraHa 3a
cYeT cTOKa, GOPMUPYIOIIETOCS B €T0 Mpe/iesiaX, COCTABIAET B yZIeTbHOM BBI-
pakeHuw 25,5 Toic. M2 B rog Ha 1 kM?2. [[71s1 cpaBHEHUsA: BOZOOOECIIEYeHHOCTD
Tepputopuii Poccuu — 237 Thic. M3 B Toz Ha 1 kMm?; Y36ekucTtana — 24,7; Kup-
ru3uu — 266.

Ha ognoro xutess B Kazaxcrane mpuxoautcs 4,3 ThIC. M3 /TOA MECTHBIX
BOZIHBIX pecypcoB; B Kuprusuu — 12,7; Y3bekucrane — 0,5; Poccuu — 27,8.

V3-3a pa3nuuus B IPUPOJHBIX YCIOBUIX paclpeesieHre BOAHBIX pe-
CypcoB KpatiHe HepaBHOMepHO. Hanbosee obeciiedeHHBIMU CyMMapHbIMU
pecypcaMu TIOBEPXHOCTHBIX BO/I IBJISTIOTCSI BocTouHO-KaszaxcraHckast 061acThb
(121,3 m3/cyt Ha 1 yen), [TaBnogapckas (93,6), Kei3putopausckas (79,7),
Atpipayckas (63,7). HaumeHee obecrieyeHHBIMU — MaHTHCTaycKasi C OTCYTCT-
BHEM IIOBEpXHOCTHOTO cToka, KaparanzauHckas (4,7), CeBepo-Kaszaxcran-
ckas (10,8), AkmonuHckas (11,3) obmactu (puc. 1.14).

B npezenax KazaxcraHa pacIioioyKeHbl KPyITHbIE BoZoeMbl: Kacmuiickoe,
Apanbckoe mops 1 03epo basnxarn. HacuutsiBaeTcs okoso 39 ThIC. PeK U Bpe-
MEHHBIX BOZIOTOKOB, 6oiiee 48 ThIC. 03ep, OKOJIO 4 ThIC. TIPyZA0B U 204 BozO-
xpaHwiuina. Haubosee 3HaUUTENbHBIMU BOAHBIMU apTEPUSIMU SBISIOTCS
peku UpTsit, Wnu, Ceipgapsbs, Uurum, Tobou, Ypai, Typrait, Iy.

B cuTy KIIMMaTHUUeCKUX 0COOEHHOCTENM Pa3IMYHbBIX 30H PeCITyOINKY, [0
90% cToKa TOBEPXHOCTHBIX UCTOYHMKOB ITPOXOJUT B BECEHHUU EPUOZ.

Hawubosee obecrneyeHa BoZoi BocTouHo-KasaxcTaHckas 06acTb —
290 Tteic. M® Ha 1 kM2, VicnbITEIBAIOT AeUIUT B Boge AThipayckast, Ke3bui-
OpAWHCKasA U B 0cCOOeHHOCTH MaHTrucTayckas o0JacTH, re NpaKTUYeCKU
OTCYTCTBYIOT IIPECHBIE BOJBHI.

[ToJTHOCTBIO MCIIOIB30BATh PECYPCHI PEYHOT'O CTOKA JIsI HYK/] OTpaciei
SKOHOMUKH B CIUTYy Pa3HBIX IPUYUH He IIPe/ICTaBIIAETCA BO3MOXKHBIM. B yacT-
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BogoobecneuerHocTs ocHoBHbIx 6acceiHos Kasaxcrana, %

HOCTH, CyMMapHBIl 06'beM 00513aTEIbHBIX [TOMTYCKOB BOABI 151 yZIOBIETBOPE-
HUS DKOJIOTUYECKUX, PbIO0X03IMUCTBEHHBIX U CAHUTAPHBIX TPEOOBaHUI 110
pekam Ceipaapsbs, Ypai, Wnu, Tob6on, VUpTeim, Mimuwm, Typra#, [y coctas-
JiszeT okosto 29 kM3 B rog (tabu. 1.7).

TpaHCIOPTHO-3HEpreTUYEeCKHe 3aTpaThl CTOKa 10 VpTHIIly BMecCTe ¢
poieii Poccnu cocTaBisiioT 9 kM°. [TloTepy peqHOro CTOKA Ha UCIIapeHue U
bUIBTpaLIMIO B BOZOXPAHWIHMINAX U PyCJIax peK olleHUBaloTca B 12 kM3, Tak-
)Ke TepsAeTca U paccerBaeTcs BeCeHHUN ITOJOBOAHBIN CTOK PaBHUHHBIX pek
LlenTpanbHoro Kazaxcrana B o6beMe 4,5 kM3, KOTOPBIY HEBO3MOKHO 3ape-
TYJIUPOBATh JAJIS UCIONIb30BaHUsA. TaKUM 06pa3oM, IIpU CyMMe yKa3aHHBIX
HeoOXOZMMBIX 3aTpaT BoABl B 06beMe 54,5 kM3, 06beM BOAHBIX PECYPCOB,
BO3MOJKHBIX K UCIIOJIb30BAaHUIO B 9KOHOMUKE PECITyOINKY B CPeSJHEBOSHBIIN
rOfi, He TpeBhImaeT 46 KM>.

B cpeanemManoBozHbIe (75%) ¥ MasoBoAHbIE (95%) rozb! 06UTH 06beEM
BOZIHBIX PECYPCOB CHIDKaeTcs 1o 76 kM3 1 58 KM?, a BO3MOKHBIX K HCIIOJB30-
BaHMUIO — COOTBETCTBEHHO 710 32-33 kM3 1 25-26 kM3,

Pexu. B cTpaHe HacuUTHIBaeTCsA OKOJIO 39 THIC. PeK ¥ BDeMEeHHBIX BOZOTO-
KOB, B TOM 4ucJie 6osee 7 ThIC. M3 HUX AJTMHOM cBhIliie 10 kM. ['ycTOoTa peuHOM
CeTH pacipeeseHa HepaBHOMePHO. Ha ceBepe peciry6/IMKi OHA HAXOAUTCA B
npezenax 0,03-0,5 km/KkMm2, B paiioHax Antas, J[PKyHIapcKoOro ¥ 3atInicKoro
Anatay coctaBnset 0,4—1,8 KM/KM?2.

CTOK MHOTHUX KPYIIHBIX peK popMupyetcs 3a npezenaMu Pecny6nuku.
VicToxu pek Vinu u UpThin HaxogaTcsa B KHP, ocHoBHas yacTh Bogoc6Gopa
peku CrIpZapbs pacIonioXeHa B Y3bekucraHe, Keipreicrane, pek Iy, Tamac —
B KbIpreiscrane, peku Ypaiu — B Poccutickoit ®esepanuu.
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Ta6nuua 1.7. MosepxHocTHble BoaHble pecypchl Pecnybnmkn KasaxcraH, km?

Cpene- B TOM Yucne CTok Umerowmecs
MHOTONETHHUH npu o6ecne- _ PECYPCE!
B ManoBOj-
CTOK 00s3aTenbHbie 3aTpaThl CTOKA YEHHOCTH Hblii rop
5 s
o = ] = =
bacceiiHbl pex, B = . = £ = D
Mope, 03ep Eim 85 ¢2, 28 z5 & £
o 232 8% 585 58 85 § 2
& 23% A28 28 g5 S5 2 & T75% 95% T75% 95%
@ SES g zgHo TS 5 = =
Fg82 g3 8t~ 58 5E E =
=m s° F3 o= %u =
(S H 2 T
[--]
Apano-Coipgapbutckuin 17,9 146 3,1 - 2,8 - 59 120 147 142 98 93
banxaw-Anakonbckun 27,8 11,4 14,6 - 11 18 175 10,3 228 178 7,0 54
MpTbILCcKNii 335 75 43 8,8 49 08 188 14,7 266 19,7 108 8,0
Mwmmcknin 2,6 - - - 05 o077 12 14 11 03 04 01
Hypa-Capsicyiickuii 13 - 0,1 - 04 01 06 07 04 01 03 -
To6on-Typraiickui 2,0 - 0,1 - o1 10 12 08 08 03 03 -
LLly-Tanacckui 4,2 3,0 0,1 - 0,1 - 02 40 35 28 30 23
Ypano-Kacnuiickuit 11,2 75 6,5 - 22 04 91 2,1 62 30 10 03

Bcero no pecny6nu

ke 1005 440 281 88 121 48 545 460 76,1 582 326 254

Pexu paBHUHHOT0 KazaxcTaHa, HaxoAdIMecs B yCJIOBUAX HEAOCTaTOUHO-
ro yBJIA)KHEHUs, TUTAIOTCA B OCHOBHOM BECEHHUMMU TaJbIMU BoZaMu. bosib-
I1as 4acTh CTOKA 37leCh IIPOXOAUT 3a BeCeHHUM neproz 1 cocTapisaeT 80-90%
roZIoBOTO CTOKa. Hambo bIlve pacxoibl IPOXOASAT B amlpesie —Mae. Bogsl pas-
HUHHBIX BOZL OTHOCSITCA K CY/IbGaTHOMY WU XJIOPHUIHOMY KJIAcCy. Y TPAH3UTHBIX
BO/] ITyCTBIHB U TIOJIYITYCTBIHb MUHEpaIU3alua B BEPXOBbsX cocTaiigeT100—
200 mr/zam3, a B Hu30BbsaX — 5000 mr/zam3. Ha Tepputopuu paBHUHHOTO Ka-
3axCcTaHa UMeeTcs TaKKe MHOXKeCTBO BpEMEHHBIX BOZIOTOKOB, T/le CTOK Ha-
GJtolaeTcs B TeUeHKe OUeHb KOPOTKOTO BpeMeHu. OcaKu JIETHETO ITeproja
(He3HAYWTENbHBIE) B MUTAHUU PEK CyIIeCTBEHHOW POJIY HE UT'PAIOT.

B ropHbIX palioHaX OCHOBHBIM MCTOUHUKOM ITUTaHUA BOJOTOKOB CIIy>KaT
Tasible BOABI TOPHBIX CHETOB U JIEAHUKOB. KpoMme TOro, BOAHOCTD YBEJIUYMBa-
eTcs 3a CYeT JIeTHe-OCEHHUX oK gel. [loloBo/ibe Ha pekax 3TOTo TUIIA Ha-
4YUHaeTCcs B KOHIle MapTa — HayaJjie anpesisd U 3aKaHUMBaeTCs B aBr'yCTe — CeH-
Ts6pe. O6bEM CTOKA 3a MOJOBObE Ha TOPHBIX PeKaX MO Mepe yBeTUYEeHU
BBICOTHI BOZI0OCO0POB cocTapiseT oT 50 g0 80% rogosoro croka. [1o rugpo-
XUMHWUYECKOMY COCTaBY BO/IbI TOPHBIX PEK OTHOCATCS K THAPOKapboHATHO-
MYy KJIaccy, MX MUHepanu3saius uaMmeHsercs ot 200-300 mr/am3, zo 500-
600 Mr/aM3 B HOJIOBOZBE.

O3sepa. O3epa Kazaxcrana BecbMa MHorouuciaeHHH. bes Kacnutickoro
U ApanbCcKoro Mopei, IPYyZOB, BOJOXPAHWIUIL U TIJIECOBBIX 03ep HACUYUTHI-
BaeTcsa 48 262 o3epa ¢ 0b1eli TI0Iabi0 BOAHOM MoBepxHOCTH 45 002 kM2,
Mo yucmeHHOCTH Majble o3epa (MeHee 1 KM?) coCTaBasAiOT 94%, a Mo IIo-
mazau — 10%.
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3anackl npecHom Bopl
e Pecny6nvke Kasaxcran.

Bcero 524 km3
(UNDP, 2004)

Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

Kpynubix o3ep (> 1 km2) HacuuThiBaeTcs 3014 ¢ mwoaabio 40 769 km?
(90%). B ux uucne o3epa pazmepom 6osee 100 KM? U IIOMAAbLIO
26886 kM2 (59%).

Ha Cesepuriii Kazaxcran npuxozautcs 45% Bcex o3ep, Ha LleHTpabHbIH
u IOxxHEBIH — 36%, Ha BocTouHbIH 1 3anagHbii — 19%.

CambIMu KpymHBIMU o3epaMu KazaxcrtaHa aBistorcsa Kacnuiickoe u
Apanbckoe mops, o3epa banxamr, Tenrus, Anakosb, CacbIKKOJIb, 3alicad U
MapxkakoJib. bosbilioe Koau4yecTBO 03ep HaXOAUTCS B JIECOCTEIIH U CeBEPHOM
YaCcTU CTEMHOM 30HbI, HanboJIee KPYITHBIMU 13 KOTOPHIX ABIAI0TCS Kypraib-
kuH, Yenkap-TeHrus, Bosbinoe Yebaube, [1lyube, CeneThl-TeHTU3.

06111t 06'beM BO/IBI, HAXOAAIIEHCS B €CTECTBEHHBIX BOZOEMAX, COCTaB-
et 190 km3.

MuHepanusanuusa Bogbl B o3epax KasaxcraHa kosebnercs ot 0,075 g0
335 r/aM3. B IpecHBIX 03epax aKKyMY/IUPYeTCs MIPEUMYIIECTBEHHO MITKas
WIN yMEePEHHO XKeCcTKasi HeUTpaabHasi BOZAA, @ B COJIOHOBATBIX U COJIEHBIX
o3epax — OYeHb JKeCTKasi, c1abolesouHasl.

B mIpecHBIX ¥ COJTOHOBATHIX 03€PaX MOXKHO Pa3BOAUTD BOAOILIABAIONTYIO
NITUIY U OHZATPY, CO3/laBaTh OXOTHUYbHU XO35IUCTBA U 3amoBeJHUKU. OHU
MOTYT CIY>KUTh MeCTaMHU JieueHUs U OTAbIXa.

Bodoxpanunuwa. B Kazaxctane HacuuThIBaeTcs cBbiie 200 BogoxXpaHu-
JIy1 ¢ 001Iel eMKocThio 6osee 95,5 km® (0e3 yyeTa MpyZOB U MaJIbIX BOJO-
xpauunuii). bosmee 50% BomOXpaHUWINI UMEIOT 06beM 1-5 MIH M3 BOZBI.
Hawubonee kpymnHbie: ByxTapMuHCcKoe (Ha peke VIPTHIII) ¢ TOJTHBIM 06beMOM
49,0 km?, Kammaratickoe (Ha peke M) — 28,1 km3, [IlapgapuHckoe (Ha peke
Cripzapbs) — 5,2 kM3, Bepxue-To6osmbckoe 1 KapaTomapckoe (Ha peke To-
601) — 0,82 1 0,59 KM> coOTBeTCTBEHHO, BsdecmaBckoe 1 CepreeBckoe (Ha
peke Vmum) — 0,4 1 0,7 KM® COOTBETCTBEHHO.

CyMMapHOe BO3/IeHICTBUE BCEX PETYIUPYIONIUX EMKOCTEN YBETUINBAET
roZIoBOM CTOK pek KazaxcTaHa B rozibl HOpMaJIbHOHN BOAHOCTU Ha 8 KM BOZIBI,
a B MaJIOBOZIHBIE TOZBI — Ha 16 KMS.

Haubosbuinii 06beM 0053aTeTbHBIX MTOMYCKOB JOJIXKEH OCYIIECTBIATHCS
1o pexe VpThill, eJUHCTBEHHOU cyloX0AHOM peke B KazaxcraHe. [l moz-
Jep:KaHus TapaHTUPOBAHHBIX TIYOUH, HEOOXOAMMBIX /1T BOZHOTO TPaHC-
IopTa B HAaBUTAIIMOHHBIN TIEPUO/I, OCYIIECTBISETCS CIIelNaTbHBIN TPaHC-

JNlegHuKm Ozepa
80 km* 190 km?

Mop3eMHble BOAb
58 km®

BopoxpaHunuwa
95 km® fonoBow CTOK pek

101 km®
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MTOPTHBIH TOMYCK B 06beMe 8,75 KM?3, a TakyKe CAaHUTaPHBIN MOMyCK — 4,3 km®.
B peke To60: 10 CAHUTAPHBIM YCIOBUAM HEOOXOAUMO OALEPKUBATH PACXOJ
He Hxke 0,25 M3/c wau 8 MutH M3 /TOoz,.

Jleonuxu. OcHOBHas Macca JeZHUKOB KazaxcTaHa B BUZie OTPOMHOTIO
JIeITHOTO TI0sica paclioyiaraeTcs Ha I0oTe U BOCTOKE pecryOIuKy, re Ha Bbl-
coTy 60oJiee 4 ThIC. M Ha/l ypOBHEM MOPsI IIOAHUMAIOTCSI TOPHbIE XpeOThI TAHb-
MMaua, xyurapckoro Anartay u Kazaxcranckoro Anras.

Ha teppuropun Kazaxcrana HacuuThiBaeTca 2720 JIeAHUKOB, B TOM
yucae 1975 neguuxos ¢ wiomazabsio 0,6 kM2 u 6osmee. Obmag mwiomazasb oje-
neHeHus B Pecybmke KazaxcraH cocrasiseT 2033,3 kM2, o0uiuii o6bem
JefHUKOB — 80 KM3, 4TO 6JIM3KO K BEJIMYMHE TOJOBOTO CTOKA PEK.

[IpakTUYeCcKY MOJIOBUHA IUIOLIAAN OejeHeHus Pecrrybnvku Kazaxcran
npuxoauTcs Ha JkyHrapckuii Asatay (1000 km?), 3awmuiickuii u KyHrei Ana-
tay (660,7 km?), Tepckeit Anatay (144,9 km?), Kazaxcranckuii AnTaii ¢ Cay-
pom (106,2 km?) u xpebThI Kuprusckoro u Tanacckoro Anatay (101,5 km?).

[lepuog TasgHUA Ha JeHUKaX COCTaBAeT 2—2,5 MecsAlla ¥ IPUXOAUTCA
Ha TOT MepPUO/J, KOT/a JIsl CETbCKOXO3SHCTBEHHBIX KYJIBTYP TpeOyeTcss MaK-
CHUMaJIbHOE KOJIM4YeCTBO Biaru. TagHue JeJHUKOB 3awnutickoro u JpxyHrap-
cKoro AsaTtay ZaeT o 1,5 KM® BOZABI B TOZI.

fABnascek B penlalleii Mepe IpOAYKTOM KJIKUMaTa, ojieleHeHUe IyTKO
pearupyer Ha U3MeHeHUe [ocIesHero. [obanbHoe MoTerieHe 06yCI0BUIO
3HAYUTENbHOE YMEHbIIIEHe MacCIITab0B oJieleHEHNs Ha TEPPUTOPUH pecityd-
quku. [Tocneanue 45-50 seT momazab one/ieHeHUA, HalIpuMep, Ha ceBep-
HOM CKJIOHe 3amiuiickoro Ajatay yMmeHbIanach 6osee yem Ha 30%. Eciu
TEMITbI COKpaIleHUs 00bEMOB JIEJTHUKOB COXPAHATCSA, TO OOIIUM 06beM Jie-
HUKOB Ha TEPPUTOPUHU PECITYOJIUKHU BCKOPE CHU3UTCSA ZI0 63-65 kM3,

Kacnuiickoe mope — KpyTHeHIITNI BHYTPUMAaTEPUKOBBIN 6€CCTOUHBIHN BO-
Jl0eM Hallleii rraHeTsl. Ero BogHas moBepxXHOCTb 3aHNMaeT 6osiee 390 ThIC. KM2.
O61ras IpOTKEHHOCTh 6€PeroBoi INHUY — 7 THIC. KM, B TOM YHCJIE B IIpesie-
Jax Tepputopuu Kasaxcrana okosio 1600 kM. B mope BrazatoT peku Bosra,
Kypa, Ypaun, Tepek, Cynak, Camyp U psAJ MEJIKUX IPUTOKOB, PACIIOJIOXKEHHBIX
Ha TeppuTopuu Poccuu, Asepbaiimkana, Kazaxcrana, TypkMmeHucrasa, Mpa-
Ha WIK Ha I'PaHULIaX 3TUX TOCYZapCTB.

Jlnsa Kacmuiickoro Mopsi XapaKTepHBI IMKJINYecKue KouebaHus ypOoB-
Hf, KOTOPBle 0OYC/IOBIEHH!, KaK [IPaBUIO, KIUMAaTUYECKUMU (paKTOpaMU.
AMmunTyza 3TUX Kosebauuii 3a nmocieguue 450—-500 JieT cocTaBIseT OKOJIO
7 M. IToBbINIIEHNIE YPOBHSA B OCHOBHOM OOYCJIOBJIEHO YBeJIUYeHNEM PEYHOT0
CTOKa U 0CaJKOB, BHIMIAAIOIINX HA €ro IOBEPXHOCTh, YMEHbBIIEHUEM CJI0S
HcliapeHusa MOPCKOY BOZBI, a TaKXKe B OIlpeZie/IeHHOU Mepe U orpaHuYeHrneM
IIOCTYIUIEHHA MOPCKOM BOZBI B MeJIKOBOAHBIN 3anuB Kapa — boras — ['oi, rze
BO/Ia UHTEHCUBHO UCIIapseTcs.

Vi3ameHeHMe YpOBHA MOPA CO3ZaeT 3HauUTeIbHbIe COI[MalbHO-9KOHOMU-
Yeckue MpobJieMbl /1JIs IPUKACITUHCKUX TOCYZapCTB, B TOM yucie u i Ka-
3axcTaHa. [I0aToMy 6OJIBIIOE 3HAYEHNE UMeET BCECTOPOHHEEe U3yUeHNe TU-
ZIpOMeTeOopoIorhYecKoro pexrnma Kacnuiickoro Mops 1 npuseraolneil K
HeMY TEPPUTOPUH.

Apansckoe mope umeno B 1950-e u 1960-e roast o6bem 1000-1100 kM3,
B Hero BnazaroT ABe KpynHellue peku pernoHa AMyzapba u CelpAapss,
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MIPUTOK KOTOPBIX 10 1960 roza coctasiswi 55-60 km3. OZHAKO B CBSI3HU C YBEJIU-
yeHueM B ocexyoinye 20-30 et 6e3B03BpaTHOIO U3bATHUA BOJ, PEK Ha UP-
pUTalMOHHBIE LIeIM OHO 3HAYUTEIBHO YMEHBIIUIOCh B 06beMe. B pesynbrare
00beM BOZHOM Macchl ApasibCKOro Mopsi B 1987 rogy ymenbImuics 10 400 km®
U Mope paszennnoch Ha Masoe u bosbiioe, a nepenaz ypoBHel focTuraeT
4 M. Masoe Mope cTajo IPOTOYHBIM BOZOEMOM, a bosbIlioe — 3aMKHYTBIM.
Benmumna nepeTtoka Bozel 13 Masioro Apasa B Bobiio ABIAeTCA pe3yabTh-
pytoiuMm 6ararca Masoro Apasia. B MHOrOBOZHBIE FOIBI 0OBEM ITOTO IEpe-
TOKa COCTaBJIAET 10 66% o6beMa cToka peku ChIpAapbs B MOpe. BogHbIH 6a-
JaHc bonbiioro Apasna octaeTcs OTpULIATENbHBIM, B CBA3HU C Y€M €r0 YPOBEHb
MIOCTOSTHHO MOHMKaeTca (IpubimautenbHo Ha 20 CM B rof).

O3epo Banxaw. O6Imas AJrHA 03epa OT I0r0-3ammaHONH OKOHETHOCTH ZI0
BOCTOYHOT0 T06epexbsa cocTanisgeT 600 KM, MaKCHMaIbHAS IUPUHA 3am1ajl-
HOro IIeca okoJio 70 KM, BOCTOYHOro — 45 kM. IIpu oTMeTke o3epa ~ 341 M
IUIOIIaAb 3epKajia BOAbI cocTaBmia 17,2 Thic. KM2, 06beM — 94,7 kM3, TInomaib
Bozoc6opa o3epa — 413 Thic. KM2, 60JIbIIIAS €70 YaCTh HAXOAUTCSA Ha TEPPUTO-
pum KazaxcraHa, a BepxoBbs peKku Iu pacnonoxeHsl Ha Tepputopuu Kutas.
B o3epo baznxam B HacTosAlllee BpeMsA BIIaZaeT S5 [IOCTOAHHBIX BOJOTOKOB:
pexu Vnm, Kaparain, Akcy, Jlericel 1 Aary3. OHU GOPMHUPYIOT CBOU CTOK B
ropHbIx obnactsax Taue-11lansa u yacTuaHo (peka AArys) B ropax Tapbararas
u Yunrus-Tay. Pexa Mnu Briazaet B 3anagHbiil basnxaii, octasbHble TPUTO-
KU — B BocTtounsiif banxam.

BogHbIii 6asaHc 03epa IOALEPKUBAETCS CTOKOM PeK B 00beMe 23,8 KM,
60JBIIYI0 YaCTh KOTOPOro — 17,4 KM? — coCTaBJIsI CTOK peku Vnu u 6,4 km>
MIPUXOJUTCS Ha CTOK OCTATbHBIX PeK. V13 aToro o6bema Tosbko 14,9 km? fo-
cruraet o3epa banxam. OcranpHasa 9acTh CTOKAa B o6veMe 8,9 KM> pacxozy-
eTcs B ecTeCTBeHHOU ruzporpadrieckoii ceTu.

ITod3emHble 800bl. TloA3eMHBIE BOZABI — 3TO HanboJee KOMIUIEKCHOE TT0-
JIe3HO€e HCKOoIlaeMoe, Urparolee UCKIIOYUTENbHO BAXXHYIO POJIb B PA3BUTHU
MIPOU3BOAUTETBHBIX CHJI CTPAHBI M OCOOEHHO B XKU3HU Jtofieii. OHU KCITOJb-
3yI0oTCA AJIA X03AWCTBEHHO-IMTHEBOr'0 U IPOU3BOCTBEHHO-TEXHUYECKOI'0
BOZIOCHAOKEHUs, OPOLIEHUS CETbCKOXO3ANCTBEHHBIX YTOAUM U BOJOIIOSA
CKOTa, JieueOHBIX 1LIeJiell, B KAYeCTBE ChIPbS /JI U3BJIEUEHUs PsA/la LIEHHBIX
KOMIIOHEHTOB, KaK UCTOYHUK TeIlIa U T.A.

B nietom Pecniybvka KasaxcraH focTaToyHO 6oraTa IMoj3eMHBIMU BO-
JlaMU, 32 CYET KOTOPHIX BO3MOXKHO IOJHOCTbIO 00ECTIEYUTH PeCITyOIuKY
XO3UCTBEHHO-NIUThEBBIMYU, TEXHUYECKUMU U JPYIMMU BOZAMU B COOTBET-
CTBUU C TIOTPeOHOCTHIO HACeNE€HUs, IPOMBIIUIEHHOCTH U CEbCKOTO X035H-
cTBa. OfHAKO pacnpocTpaHeHNe TOA3E€MHBIX BOJ, TaK e KaK U IOBEPXHOCT-
HBIX, I10 ILIOIIAZU BeCbMa HepaBHOMEPHO. Pecypchl 1ToA3eMHBIX BoZ, FOxHOr0O
u BocTouHoro KazaxcTaHa BO MHOTO pa3 MPEBHIIIAIOT TOTPEOHOCTD B BOZE
PeruoHoB, B TO BpeMs Kak CeBepHble, 3anazaHble U lleHTpasbHBIE 001aCTH
HCIBITBIBAIOT OCTPHIN eGUIIUT B ITOA3eMHBIX BOZIaX HEBBICOKOU MUHepaIu-
3aluu.

OcobeHHOCTAMH 03 MHBIX BOZ ABJIAIOTCSA BO30OHOBJIEHHE CBOUX 3alla-
coB ¥ o6y1ajlaHye BpeMeHHOM KauyeCTBEHHOM U KOJIMYeCTBEHHO! XapaKTepH-
CTUKaMH, B 3aBUCUMOCTH OT BIUAHUA Ha HUX IPUPOAHBIX U UCKYCCTBEHHBIX
¢dbaxTopos.
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Ha tepputopuu Pecry6smiku KazaxcraH pazBeaHo 623 MeCTOPOKAEHUS
Y y9aCTKa IOA3eMHBIX BOJ C CyMMapHBIMU 3anacamu 43 383,5 Teic. M3/cyT,
B TOM YHCJIE IT0 I1eJIEBOMY Ha3Ha4€HUIO, ThIC. M3 /CyT:

* XO03HCTBEHHO-TIMTheBOE BOJOCHAOKEHE 16838,4;
°* MPOM3BOACTBEHHO-TEXHUYECKOE BOZIOCHAOKEHE 2602,1;
* OpoIlleHNEe 3eMeNb 23913,2;
* GanbpHeosornyeckrue (MUHepaIbHbIE BO/BI) 29,8.

B 3aBUCHMOCTH OT COZiep)KaHUsA PAaCTBOPEHHBIX MUHEPATbHBIX BENECTB
B KazaxcTaHe pacmpocTpaHeHbI IpecHbie (C CYyXUM OCTaTKOM 0 1 T/am3),
cinaboconoHoBatsie (0T 1 10 3 r/am3), comoHoBatsie (0T 3 0 5 r/aM3), CUIb-
HocosoHoBatsle (0T 5 70 10 r/am?), conensie (0T 10 70 50 r/AM3) U paccosibl
(>50r/mm3).

[To TemItepaType MoA3eMHbIE BOZBI TOAPA3ZEIIIOTCA Ha UCKIIOUUTENTBHO
xonozHble (<0°C), BecbMa xoaoaHbIe (0—4°C), xonoguble (4-20°C), Terible
(20-37°C), ropstume (37-42°C), BecbMa ropssunie (42—-100 °C), UCKIIOUUTENb-
Ho ropstume (> 100°C).

Pa3BejaHHbBIE 3aTACHI TPE/CTABISAIOT CPABHUTETHHO HEOOJBIITYIO YacTh
IIPOTHO3HBIX PECyPCOB MOJ3E€MHBIX BOJ — OK0JIO 27%, YTO CBHU/E€TENIbCTBYET
0 XOpOIIIe! MePCIeKTUBE JaJTbHEUIIEro HapallMBaHUS dKCIUTyaTallmOHHBIX
3aIracoB MPU IPOAODKEHUH TTOMCKOBO-Pa3BeJOYHBIX pabOT Ha TIEPCIEKTUB-
HBIX IUIOIIA/AX.

Pecny6inka KazaxcTan 6orata MUHepaJbHBIMU Bogamu. Ha ee Teppu-
TOpUM pa3BeZlaHO 45 MeCTOPOXK/IeHNM, KOTOpble IT0 XUMUYECKOMY COCTaBy,
6aMbHEOIOTUYECKUM CBOMCTBAM U JieueOGHOMY 3HAaYEHUIO TT0Ipa3AesIsTioTCs
Ha: of0-6poMHbIe (5 MecTOpOXXAeHUH), KpeMHUCThIE (4), paZioHoBEBIE (7),
Kese3ucThie (2) u 6e3 cienuduiecKkux KOMIOHEHTOB (27). Kpome Toro, BbI-
SIBJIEHO elle 251 mepcrneKTUBHOE MPOsIBJIeHNEe MUHEPATbHBIX BOJ, U3 HUX:
JKEJIE3UCTBIX — 7, PaJJOHOBBIX — 27, KDEMHHUCTHIX — 15, 10710-OpPOMHBIX — 68,
PaZOHOBO-KPEMHUCTHIX — 1, CEPOBOZIOPOAHBIX — 1, MBIIIBIKOBUCTHIX — 1,
6e3 cnerudpuIecKux KOMIIOHEHTOB U CBOHCTB — 132.

KazaxcTaH pacrionaraeT 3HaYUTeTbHBIMU TUAPOTEPMAIbHBIMU peCyp-
caMu, ITOJIYYUBIITUMU paclpocTpaHeHUe B Ipeiesiax IyOoKuX Aempeccuii,
CJIOKEHHBIX 0CaZIOYHBIMU 0Opa30BaHUAMU. K HUM OTHOCATCS apTe3naHCKUe
6acceitnbl: [Ipukacnutickuii, MaHTHIILIAK-YCTIOPTCKUM, Tobonmbckuii, Mp-
Thickuit, Topraiickuii, CeipgapbuHckuii, [ly-Capeicyiickuii, 3alicaHCKU,
Wnuiickuit u banxami-AnakoabCKUM € MOA3EeMHBIMU BOJlaMU, TeMIlepaTypa
KoTOp&IX mIpeBhitiaeT 30-40°C (Tabi. 1.8). B OTAeTbHBIX JA€IIPECCUSIX TEMIIE-
parypa Bogel gocturaet 100 u 6osee rpazycoB. EcTecTBeHHBIE 3amackl TH-
ZIpoTepMabHBIX pecypcoB KazaxcTaHa oljeHUBaOTCA CIeAyIONMMY BeTudu-
Hamu — 10 275 mipz m2 mo Bozie, 679 820 vtk I'kaut o Terty 1 97 115 MutH T
YCJIOBHOTO TOIUIMBA.

[TpoMBINIIEeHHBIE BOABI C BBICOKUM COZlepKaHUeM ILeJOUYHbIX MeTasl-
JIOB ¥ TAJIOTE€HOB BBISABJIEHH B [IpUKacmuiickoM, MaHTHIIIUIAK-YCTIOPTCKOM,
[Iy-CapeicyckoMm u KOyxHO-TypraiickoMm apTe3anaHCKux O6acceiiHax. Ciabas
TUAPOTEOIOTUYeCKasi U3YyYEHHOCTh BOZOHOCHBIX KOMILJIEKCOB, COZepIKa-
IITUX TIPOMBIIIUIEHHBIE BO/BI, HE TTO3BOJIAET IIOKA YTO TOYHO OLIEHUTDb BEJU-
YUHY UX pecypcoB. [IporHo3HbIe 3amachkl Io/jI3eMHBIX BOZ, C MUHepaiusaluen
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YTBEpPXAEHHbIE 3aNACH NOA3EMHbIX BOA B paspese 6accenHos, kmd

B TOM YKcne no 6accedHam:
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Pucyrok 1.16.

[opbi 1 neaHwkm
8 Pecnybnuke
TamxumkucTaH

o 10 r/am® olleHUBaKOTCA B pecmybiruKe B 00beMe OKOJIo 42 KM, U3 HUX
MIPECHBIX, C MUHepaauzaiuei 10 1 r/am2 — 10,5 kM3,

O6beM yTBePKAEHHBIX, T.€. BO3MOXKHBIX K 9KCIUTyaTallli Ha COBpeMeH-
HOM 3Tarle, PECHBIX MTOJI3€MHBIX BOAHBIX PECYPCOB, cocTapiaer 15,1 km3. Ypo-
BEHb MCIIOJIb30BaHUA II03E€MHBIX BO/ IOKA HEBLICOK U cocTaBideT 11,3%,
wiu 1,7 km3/Toz.

1.2.1.7. BogHsle pecypcsl pecityonuku TapKuKucTan

TagxukucTaH — cTpaHa rop, OHU 3aHUMAawT 93% ero TeppuTopUuU
(puc. 1.16). Topnsie cuctemsl Taub-1l1ans, 'uccapo-Anas u [lamupa paszene-
HBbI MEKTOPHBIMU KOTJIOBUHAaMH U onnHamu (PepraHckas, 3apadiraHckas,
I'uccapckas, Baxmickas u ap.). OCHOBHBIM UCTOYHUKOM GOPMHUPOBAHUA BO-
[IHBIX PECYPCOB SIBJISIOTCSI aTMocdepHbIe ocaZKy. KoMMmuecTBO CpeIHEr0ZI0BhIX
aTMochepHBIX 0CaZIKOB B CTPaHe COCTaBJsIeT 691 MM U BapbUPYETCs OT MEeHee
100 MM Ha 1oro-BocToke 710 2400 MM Ha jJefHUKe Pe[ueHKO B lIeHTpaIbHOU
YacTU CTPaHHI.

3HauUTeIbHbIE 3aIachl TPeCHON BOABI B Ta/PKUKUCTAaHE COCPEIOTOUYEHBI
B JIeIHUKAX U CHeXxHUKax. O61ast mIomab JeJHUKOB COCTABIsIET OKOJIO
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11 TBIC. KM?, Wwin 8% TEpPUTOPUU CTPaHHI. JIETHUKY C IUIOMIAAbIO 0 1 KM?
cocTaBigoT ~ 80%, a miomaabio boee 1 kM2 — okos10 20% ux 001Iero Ko-
JINYeCTBa.

CoBpeMeHHbIe 3a1achl IPEeCHOU BOZBI B TOPHBIX JIeTHUKAX OL[€HUBAIOTCA
B 845 xM?, T.e. B o6beMe, B 8 pa3 mpeBhIIIaIoIIeM CpeHUI rof10BOM cyMMap-
HBIN CTOK BCEX PEK CTPaHBI.

KpymnHeiimeii 06/1acTbi0 COBPEMEHHOTO OJleZIeHEHUA B PETHOHE SBJISET-
cs [Tamup, TIomazb onefeHeHrus KoToporo noutu 7900 km?, uto B 3,5 pasa
IIpeBHIIIAET oyieZieHeHue Beero KaBkasa. [Tpu oZilmHaKoBO BEICOTE CHETOBOM
JIUHUU — OKOJIO 4,4-4,5 KM HaJ, ypOBHEM MOPA — OJiefleHeHue 3anajzHoro
[MTamupa (oxoso 6400 kM?) MO IUIOIIAAY B YETHIPE pa3a MPEBOCXOAUT OJiefie-
HeHUe BocTtouHoro ITamupa, 4To OATBep:KAaeT KpaiiHe HU3KOe yBIaKHe-
Hue nociegHero. Ha ITamupe HacuuThiBaeTcsa 16 1eJHUKOB IPOTAKEHHOCTBIO
6osee 15 KM U 7 JIEAHUKOB MPOTIKEHHOCTHIO cBbInIe 20 kM. CaMbIil KpyTI-
HBIU JIEJHUK, — OAVH U3 Haubosee JIUHHBIX JeJHUKOB 36MHOTO IIapa —
neaHuK PeueHKO — MMeeT AJMHY OKOJIO 77 KM U ero IUIOLIaZb COCTaBIAeT
156 km?2.

BropeiMm 110 aymuHe negarkoM [Tamupa cuntaerca aefHuK ['pymm-I'pxu-
Maino (gauHa 36,7 KM), cTeKaromiuii ¢ SI3ryieMcKoro xpebTa, BOCTOUHee
xpebra AkageMuu HayK U JegHuka ®eguernko. OH o6pasyeT caMOCTOSATENb-
HYIO CUCTEMY JIe[IAHBIX PEK, JAIOIINX Hayalo peke TaHbIMac U JpyryUum IpU-
TOKaM peku bapraHnr.

Jpyroii o6mupHOH IeZHUKOBOH 30HO fABIsAeTCa ['mccapo-Aaii u 3e-
pasuaH. O61mas wIomazab MHOTOYNCIEHHBIX JIETHUKOB 3TOM 30HBI BMECTE C
¢bupHOBRIMU! TOISIMU cOocTaBisIeT 0K0J1o 1500 kM2, CaMblii O0JIBIION JTeJHUK
37ech — 3epaBUIAHCKUH, AMHA KOoToporo 24,7 kM. Ero o6iacTs muTaHus je-
KUT Ha BbIcOoTe OT 4200 o 5000 M, a A3bIK cryckaeTcesd 0 2780 M.

BBICOKOTOPHBIH, Pe3KO MepecedyeHHBIH penbed Kak GaKToOp KIUMATO-
TU/POJIOTUYECKUX IIPOLIeCCOB U B IIePBYIO oUepesb MOIIHEIN KOHAeHcaToP
BJIar¥ OOYC/IOBIMBAET PA3BUTHE Ha TeppUTOpUU TaPKUKUCTaHa I'yCTON TUAPO-
rpaduueckoii ceTy. 31ech HaCUUThIBaeTcsa 947 pek AnuHou 6osee 10 kM, U3
HUX 4 UMEIOT NMPOTsKeHHOCTh 6osee 500 kM, 16 — gmuuHoi 100-500 kM u
6osee 10 ThIC. MaJIBIX pEK UMEIOT AMUHY MeHee 10 KM (Bcero B cTpaHe 60ee
25000 pek).

Bce peku TafkuKHCTaHa OTHOCATCA K BOAHBIM OacceiiHaM pek ChIpza-
pba, AMyZapbA U 3epaBllaH.

[To abCoMOTHOM BOJOHOCHOCTH CAMBIMU KPYITHBIMU PeKaMu Ta/KUKUC-
TaHa IBJIAIOTCS peky Baxi, 3epaBuran, Kadpapuuras v [T9H1K (BOABI TIOCTIE-
Hell B IIpeZiesiaX IPOTEKAHUSA B TOTPAHUYHOM 30He Ta/KukucTaH—-AdraHuc-
TaH OTHOCATCA K TEPPUTOPHUU 060uX rocyzapcts). Hanbosee KpynmHbBIMU
TpaHCI'PaHUYHBIMU peKaMU ABJAIOTCA Takke AMyzZapbs, Cbipapbs, bapTanr
U 3epaBlIaH.

B0306HOBIIIEMBIN CPEHET'OZIOBOM CTOK PeKU AMyZapbs COCTABIISAET
okosio 78,5 km®3. KpymHBIMU IPUTOKaMU AMYyZapby SIBJAIOTCA peKu Baxir,
[Taumk v KapapHuraH, 0 KOTOPHIX B 001eM 00'beMe BOJHBIX PECYPCOB

1 ®upH (HeM. Firn — NpolLUIOrOAHUH, CTAPbIil) — KDYITHO3€PHUCTBIH YIJIOTHEHHBIH CHET, COCTOAIINH U3 CBA3aHHBIX
Mex/y co60H JIeZITHBIX 3epeH. fIBiAeTcsa nepexoqHON cTafueil Mex Iy CHeroM U IbZoM. O6pasyeTcs B TOPHBIX 00-
JIACTSIX, PACIIOJIOKEHHBIX BBIIIE CHETOBOW I'PaHUIIEL, U B IIOJIAPHBIX CTPaHaX.
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HasBaHnue peku

MaHmK
Baxw
KodhapHuraH
3apadaH
Cblpaapba

Bcero

Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

aToro bacceiiHa coctapisaeT 82,5%. Ha ceBepo-3amazie cTpaHbl pacloiokeH
ZIPYTOM NIPUTOK, peKka 3epaBlliaH, ee CPeHUN MHOT'OJIETHUMN CTOK COCTAaBJIS-
et 5,14 km3. B npegenax Ta/pKUKUCTaHa UCTIOIb3YETCS TOJIBKO OKOJIO 3% ee
CTOKA, OCTAJIbHOU CTOK MIPOTEKAeT Ha TEPPUTOPUIO Y36€KUCTaHa U MTOTHO-
CTBIO pa3bupaeTcs Ha OPOIIeHHE U IPyTHe HY>K/bl SKOHOMUKU. Y2Ke MHOTHe
Jecatunetus 3epadlinaH He JOXOIUT 0 AMyZapbU.

®opmupyace ciuaHUeM pek Baxm u [TaHpK, peka AMyZapba NPoJo-
’KaeT rpaHuLly Mexxy Ta/pKuKucTaHOM U AQraHNCTAaHOM BHUS3 I10 TEUEHUIO,
Jasee otaessaeT Y3bekucTtaH oT ApraHucTaHa, 3aTeM IIPOTEKAeT yepe3 Y3oe-
KHCTaH U [IoIaflaeT Ha TEPPUTOPHUIO TypKMeHUCTaHa ¥ BHOBb, IIPOTEKas 110
TeppuTOopUU Y3beKucTaHa, BrazaeT B Apaibckoe Mope. Okosio 8% pedyHoro
cToka baccefiHa AMyzapbu GopMUpPYyeTCs Ha TeppuTopuu AdraHucrasa u
okono 3,5% — Ha Tepputopuu MpaHna u TypkMmeHuctana. Ha Teppuropuu
Vabekuctana GpopMUpyeTcss OKOIO 6% peyHoro cToka bacceiiHa AMyAapbu
(tabmn. 1.9).

B0306HOBIIAEMBII CPEIHETOZ0BOM CTOK peku ChIpZiapbsi COCTABIAET Iy Th
6osee 37 km3. OCHOBHOM CTOK pek 6acceitHa Ceipaapbu pOpMUPYETCS Ha TeP-
putopuu Keipreisctana — okono 78%, ganee Crlpfapbs IPOTEKaET II0 Tep-
puTtopuu Y3bekucraHa u Ta/pKUKUCTaHA U OKAHYMBAETCA Ha TEPPUTOPUU
KasaxcraHna BuazeHueM B CeBepHbIil Apas. Ha Teppuropuu Y3bekucrana
dopmupyetcs okoso 15% peuHoro croka CeipAapbu, B KazaxcraHe — OKOJIO
6% u B TaxuKHcTaHe — oKoJio 1%.

CyMMapHBIH r'0Zl0BOM CTOK peK B pasjuyHble [0 BOAHOCTH r'ojia KoJje-
6setcs ot 25 0 68 kM3; U3 aToro o6beMa B mpegenax Tampkukucrana ¢pop-
MUpYeTCcs BIydinre rogbl 52-53 kv? (B 6acceitHax pek AMyzaapbsu — 50,5 km?2,
Creipzapsu — 0,7 km?). [1pu aToM 06BeM BOZ03a00pOB cocTaBisieT 13 kM3, T.e.
TOJIBKO YeTBEPTh PEYHOI'0 CTOKA MUCIIOJIb3YeTCsA AJIA HallMOHAJIbHOI'O BOJ0-
moTpebIeHNsA, OCTAIbHAS €T0 YaCTh MOCTYMAET Ha TEPPUTOPUU COTIPEZEITb-
HBIX ['OCYZapCTB.

KpoMe 6GoraThIx peuyHBbIX PeCypCOB, Ha TeppUTOPUH Ta)KUKUCTaHa CO-
CpefoTOYeHO OKOJIO 72% Bcex o3ep Oacceitina AMyzapeu. B TamkukucTaHe

OCHOBHbIE XQPAKTEPUCTUKM MIABHBIX PEK TAMKMKMCTAHA
(MMuBP PT, Oywarn6e 2010)

pOTAXKEHHOCTD, KM CpeiHEMHOrOMIETHUIA CTOK, KM3/rOfi

Cteon 921 33,3
C nputokamu 11503

Cteon 524 23,7
C nputokamu

Cteon 387 52
C nputokamu 1757

Cteon 877 51
C nputokamu 6080

Cteon 2212 15,3
Ha Tepputopun TampKukmucTaHa 192 1,1

Ha Tepputopun TamKnkucTaHa 28500 64,0
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umeetcs cebitite 1300 03ep, B KOTOPBIX cOcpefioToueHo 46,3 KM BOZIbI, B TOM
yucie bosee 20 KM3 MpecHOU. BogiHas TOBepXHOCTH 03ep 3aHuMaeT 1005 km?,
YTO COCTaBJIAET MOPsAAKa 1% TeppUTOpHUU peciyOuky. ['eHe3uc o3ep NMeeT
B OCHOBHOM T€KTOHUYECKUH, IEAHUKOBBIH, KApCTOBBIH XapakTep. Hanbosb-
Illee pacIpoCcTpaHeHNe UMeIOT 03epa JIEJHUKOBOTO 1 OOBAIBbHOT'O IIPOUCXOK-
Zenud. O3epa JIeJHUKOBOT'O IIPOUCXOKEHUA IINPOKO PaclpoCTpaHeHbl Ha
CeBepHoM 1 Bocrounom ITamupe. Cpesyt HUX caMble BBICOKOTOPHBIE 03epa —
Yanzapa (4529 m), Kapakynb (3914 m), 3opkynb (4126 M), TypyMTaliKy/Ib
(4213 ™M) u ap. JleTHUKOBOE TIPOUCXOXKAEHUE UMEIOT TakKe KylnKkaloHCKue
o3epa, Xazop — Yamma u VickaHzapKyib. 3aBajbHbIe 03epa IIMPOKO PaCIpOCT-
PaHeHBHI B BEICOKOTOPbAX LIEHTPAJIbHON M BOCTOYHOM YacTu Ta/KUKHUCTaHa.
K HuM otHOCATCA Maprysopckue o3epa, Cape3ckoe 03epo U AUIbKYIIb.
O3epa MUTarTCA B OCHOBHOM 3a CYeT TasAHUA JI€JHUKOB U CHEKHUKOB.
JmmHa o3epa Capes — 55,8 kM, abcosoTHasI BRICOTa 3epKajia 03epa Haf,
ypoBHEM Mops — 3263 M; MaKcUMaJibHasi MIMPUHA o3epa — 3,3 KM; cpeAHss
mupuHa — 1,44 KM; MaKcUMasbHas riyouHa — 505,6 M; cpefHsAsa Iy6uHa —
201,8 M; mepumeTp Geperos o3epa — 161,9 kM; IwIoIma b TOBEPXHOCTHU O3€-
pa-—79,64 xM?; BetmurHa IpUTOKa — 47,1 M3/ceK; MaKCUMalbHOE CE30HHOE
Kosieb6aHye YPOBHS IIOBEPXHOCTH 03epa — 12 M; Hayasio GpuiIbTpaluy — anpeib
1914 rozma; JocTHMKEeHME MAaKCUMAaTbHOTO YPOBHS — 1978 1 1994 rogwt (0KoJ10
3270 m); ucnapeHue ¢ IOBepXHOCTH o3epa — 2,1 M3/cek; MaKCHMabHOe yBe-
JudeHue ypoBHsa — 20 ¢M/TOM; MaKCUMaIbHbBIH 06beM BOABI — 16,74 kM3,
Osepa Ta/pKuKUCTaHA pa3MelleHbl HepaBHOMEDPHO. YCJIOBUSA 71 UX 006-
pasoBaHusA HauboIIee 6IaTONPUATHEL B BLICOKOTOPHBIX pallOHAX, XapaKTepH-
3YIOMIMXCA 3aMe/[JIEHHBIM CTOKOM, H/IMYKeM MHOT'OJIeTHe Mep3JIoTHL. B ro-
pax OOJIBIIMHCTBO 03€PHBIX KOTIOBUH BO3HHUKJIO B PE3Y/IBTATE TEKTOHUIECKIX
MIPOIIECCOB, ZIeATENbHOCTH JIEAHUKOB WIM 00BaoB. Hanbosee KpymHbIE 03e-
pa, 0co6eHHO 3aBaJILHOTO U TEKTOHUYECKOTO TIpoucxoxaenus (Capesckoe,
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Wckanpapkyns —
ropHoe 03epo

8 Pecnybnuke
TamxumkncTaH
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3opkynb, Kapakysb, AMWIKyIb U Ap.), paclIpocTpaHeHbl B OCHOBHOM Ha Boc-
tTouHoM [lamupe B 6acceiinax pek bapraura, [Tamupa, ['yura. O6mas mwio-
mazib BOAHOTO 3epKajia 3TUX 03ep paBHa 634,42 km?, T.e. 90,7% 1wiomaau
Bcex o3ep [Tamupa u Ilamupo-AinTas.

[my6uHa o3epa I/ICKaHaapK}bIb pocturaet 50 meTpos. IIpeanonaraercsd,
YTO OHO 0b6pasoBajoch mocje obBaa, mpousoieiiero o XIII Bexa, B pe-
3y/IbTaTe 4ero ObUIa MeperopoykeHa peka AJIUdyp, 9TO U MTOCTYKIIO TOTIKOM
K o6pasoBaHuio o3epa. [loATBepKAEHUEM JaHHOW BEPCUU SBJSAIOTCA pac-
mudpoBaHHbIe apabCcKue HAAMKMCH Ha CKajaxX HaZl 03€POM.

Bcero B Ta/KUKHCTaHe HaCUUTHIBaeTCsA okoso 200 o3ep obIel mioia-
Ablo 3epkana 716 km? (0,5% TeppuTOopuu peciyOIrKy) U 06IUM 06BEMOM
BOZBI B 46,5 kM3, B abcosmoTHOM GosbiuHceTBe (1730 eanHuUIl) o3epa mpes-
CTaBJIEHBI BOZIOEMAaMU MaJbix GOPM ¢ IUIoIaAbio 3epkana meHee 0,11 kM2
Kaxzoe.

B ropax Ha BeIicoTe cBbie 1000 M HacuuThIBaeTcs: 1449 ozep obuieit
wromazasio 702,0 km2. BosbIie Bcero o3ep, Kak 1o kKoaudecTsy (585), Tak u
10 3aHUMaeMoi UMu wiomaau (640 KM2), paciooKeHo Ha BRICOKUX ILIO-
CKOTODPBSX U B PEYHBIX JoNrHaxX BocTtouHoro [Tamupa. Haubosee KpymHoe
13 HUX — 6eCCTOYHOE rOpPhKO-CcoieHOe 03epo Kapakyib miomazpio 364 Km? u
Iy6uHO 10 236 M. [To MHEHUIO CIIeNNATNCTOB, BOJA 03e€pa EPBOHAYAIBHO
OBUTa IPECHOH, a 3aTeM Havasla OCOJIOHATHCA 32 CIeT PACTBOPEHMUS COIEHOCT-
HBIX TIOpOZ. B Helt conepxkarca comu NaCl, KCl, Na,SO,, MgSO, u zp. Kpome
Kapaxyss, k 1efHUKOBBIM 03e€paM MOKHO OTHeCTH MHoTue o3epa [lamupa:
Yanzapa — Ha BbIcoTe 4529 M, 30pKy/b — 4126 M, TypamTaiikynb — 4213 M u
T.4. Ha IllyrHaHcKkoM Xpe6Te MMeeTCs TaK Ha3bIBaeMOe 03epHOE IIIaTo, Ha
KOTOpOM Ha BeIcOTe 4100-4200 M HaxoAATCA COTHU MEJIKUX U CPEAHUX I10
pasmMepy IyOOKHX 03ep, OCTABUIMXCSA B KOTJIOBUHAX ITOCJIE YXO/a JIETHUKOB.
[IT1poKOo U3BECTHOE CBOEH KPACOTOM 03epo VIckaHAapKy/Ib B 6acceiiHe peKu
3epaBlllaH UMeeT TakXKe JIeIHUKOBOe IIPOMCXOKIeHNe; OHO PacIlOoKeHO B
JIECUCTOM MEeCTHOCTH cpeZiv Top Ha BeicoTe 2200 M, ero IJIouab COCTABIAET
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Pe4Holi cToK
O3epa
BopoxpaHunuwia

[Toa3emMHble BOAbI
Bo3BpaTHble BObI

1.2 ¢ Bopa s npupone 37
Boatblie pecypcol Tagxumkuctana

845 km3/rop (06bem), 11146 km? (nnowwagb)
64 km®/rop (55,4% cToka 6acceiiHa Apana), 947 (konuyecTso), 30 000 km (06Lias AnnHA)
46,3 km¥/rog (06bem), 705 km? (nnowwagp), 1300 (KonKU4ecTBo)

15,34 km®/rog (06bem), 7,63 kM3 — 13% cToKa 6acceitHa ApanbCkoro Mopsi (MONE3HbIN),
664 kM2 (nnowazb)

18,7 km3/rop, (2,9 KM® — 3KcnnyaTaLUoHHbIe PECYPChbl)

3,5-4,0 km3/rop (3,0 KM® — KONNEKTOPHO-ApPeHaXHbIe, 0,5 KM® — KOMMyHanbHo-
ObITOBbIE)

0KoJI0 3,5 KM?, a MaKCHMaJIbHAs IIy6uHa — 72 M. 3aBasIbHBIE 03epa IIHPOKO
pacIpocTpaHeHH!l B BBICOKOTOPh:AX LleHTpanbHOM 1 BocTouHOM yacTy Tamku-
kucTaHa. K aToMy TUILy OTHOCATCA Takue KpyIiHble o3epa [lamupa, kak Capes-
KOe U AWIbKyib.

Ta/pxuKUcTaH 60raT MOA3eMHBIMU BOJaMU, UMEIOUTMMU ITOUTH ITOBCe-
MeCTHOe pacupocTpaHeHUe. Bo306HOBIIAeMbIE PeCYPCHI IOA3EMHEBIX BOZ
Ta/KMKHCTaHa COCTABIAOT 6 KM, U3 HUX 3 KM® THPaBINYECKU CBA3aHBI C
MTOBEPXHOCTHBIM CTOKOM. B 6acceitHe peku ChIpaphs Ha TEPPUTOPUU Ta/pKu-
kucrana 60% nog3eMHBIX BOJ YYacTBYIOT B GOPMUPOBAHUU CTOKA PEK, B
baccetine peku AMyzapbsa — 20%. O611Me pecypchl TIOA3EMHOM IIPEeCHOM BOABI
(MuHepanuzanusa MeHee 1 r/am®) cocraBiaroT 6osee 51,2 MuTH M B CYTKH.
V13 HUX 9KCIUTyaTalllOHHBIE 3amackl — 7,6 MilH M3 B cyTKY, win 14,8%.

V13 aTOTO pecypca ucnoib3yercs nopsazaka 65% (1,93 mux m2 B rog.) Oa-
HaKO, HeCMOTPsI Ha 0OWUIHE 3aI1acOB MUTHEBOH BOABI, Ta/XKMKUCTAH OCTAeTCs
CTPaHO¥ co cs1ab0 Pa3BUTHIM BOZOCHAOKEHUEM HaceIeH!s, 0OCOOeHHO B 6ac-
cetiHe peku Coipzapbsa (Corauiickas 061acTh) OMyNIAeTCs ee AePUIUT.

CpesHeMHOTONIETHIE 0ObeMBl BO3BPATHBIX BOZ COCTABJIAIOT IOPsALKA
2,2 km3/rof. O6beMBI KOJUTIEKTOPHO-APEeHAXHBIX BOJ OIEHUBAOTCS, KaK He-
3HAUUTEbHbIE. 3aTachl IPECHBIX U €J1a603aCOIEHHBIX BOZ COCPEAOTOYEHHBI
B 1300 o3epax (46,3 km?3).

B Ta/>KUKUCTaHe SKCIUTyaTUPyeTCs 9 KPYITHBIX BOJOXPAHWJIHIL C OOIIUM
06'bEMOM aKKyMYJTUPYIOIINX EMKOCTEN 0K0JI0 15,3 kM3, KpyITHEHIITUM 13 HUX
asnsaerca Hypekckoe Bogoxpanmwiuile. MakcuMaabHbIe IOKa3aTeand Bogo3a-
6opa (oxos0 14 KM3/TOZ) ¥ UCTIOIb30BaHUA BoAb! (0Kosio 11 kM3 /Tom) 6butn
JocTUTHYTH B 1980-1990-x rogax. OfHAKO B TIOCIEIHHE TOABI 00'bEMBI BOJO-
3abopa yMeHbIIUINCH 10 9,5-10 KM3/TOz.

OnHO¥ M3 OCHOBHBIX 33/]a4 BOJHOTO XO35MCTBA B peCIyOINKe ABIAET-
cA paljMOHaJbHOE MCII0/Nb30BaHKE BOAHBIX PECYpCOB 10 BCEM OTPaCIAM U
TIPUPOJHO-5KOHOMUYECKUM 30HaM.

Ha Hy> bl ceTbCKOTO X031 CTBa e3KeroJHO pacxozyeTcs IpuMepHo 93%
Bcero o6’beMa BooNOTpebIeHUA U TOUTH 24% 06beMa PeYHOro CTOKa pec-
my6auku. [0y IPOMBIIIJIEHHOCTH M KOMMYHAJIBHOTO XO3HCTBa peciy6-
JIMKY CPAaBHUTEHLHO HEeOOJIBIIIAs U COCTABJISIET COOTBETCTBEHHO 3,1% 1 1,8%.
Ha zosio opoiitaeMoro 3eMmieenus MpuxoauTcs moutu 85% ob6bema Bozio-
moTpebIeHUsA B ceIbCKOM X03:icTBe u 70% morHoro Bogo3abopa B Peciry©6-
nuke TafKUKKCTaH.
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1.2.1.8. Boznsle pecypcbl KbIprei3ckoii PecyGauku

KrIpreiacras — TUIIMYHO ropHad cTpaHa, 94% TeppuUTopur KOTOPOH pac-
II0JI0’KeHAa Ha OTMeTKax cBelile 1000 M Haz ypoBHEM Mops. [10 yZebHBIM I10-
KasaTessaM 3aIlacoB BOAHBIX PECypCOB Ha LyIly HaceleHUsA 3aHUMaeT BTOPoe
MecTo B LlenTpanbHoi Asuu. O6Imas mioniaab JeJHUKOB COCTaBAeT boee
8 ThIC. KM2, WK 4,2% Tepputopuu cTpaHbl. COBpeMeHHbBIEe 3amachl MPecHOM
BO/IBI B TOPHBIX JIEAHUKAX olleHUBaroTcs B 650 km?® (puc. 1.19).

Ha Tepputopuu Pecry6ivku HacuuTsiBaercs 6osee 3500 pek, mpuHaj-
JIeXalluX K BOAHBIM OaccetiHaM pek CeipAapbs, AMyzapbs, Uy, Tanac, iy,
Tapum u o3epa Vccoik-Kynb. Hanbosiee KpymTHBIMY TPaHCTPAaHUYHBIMU PeKa-
mu aBnaoTcesa Ceipgapbs, Hapeil, Kapagapes, Uy, Tanac, Yatkan, Capsikas,
Yon-M3eH-T'ubyur. CyMMapHBIi TOOBOU CTOK PEK B pa3IUnIHBIE [TO BOAHOCTH
roel KosebseTcs B mpegenax ot 44 1o 50 kM3 (¢ yaeToM BO3BPATHBIX BOZ)
(tabn. 1.11).

[NopaBisromee 6G0OJBIIMHCTBO MOBEPXHOCTHBIX BOZ GOpMUpYyeTCs Ha
TepPUTOPUHU CTPAHBI, OAHAKO He 6ojiee YeTBEPTU PEYHOTO CTOKA €Xeroz-
HO HCIIOJIB3YETCS IS HYXKZ HallHOHAJIBHOTO BOAOTIOTPEGIEeHMUs, OCTaTbHas
€ro 4acTh IIOCTYIAeT Ha TEPPUTOPHUU CONIPeAeNbHBIX rocyAapcTB. OOBEMBI
KOJUIEKTOPHO-APEHAXHBIX BOJ, OLIEHUBAIOTCA KaK He3HAYNUTENbHBIE U COCTaB-
J10T okoso 1,3 km3/rog (puc. 1.20). JlocToOBEpHBIE CBEZIEHUS O €KETOAHBIX

PucyHok 1.19.

Kapra Keipreizcrana (OOH, 2009)



Ta6bnuua 1.11.
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PacueTHble nokasateny cpeaHeMHOroNeTHEro NOBEPXHOCTHOIO CTOKA,
bopmmpytowerocs Ha Tepputopmmn Keipreisckoi Pecnybnvkum 8 paspese
BOAHbIX 6ACCENHOB

!.*,;ﬁa;g%})i I AT 1 ot GopmpYOLGS
pputopum KbIprbi3cTaHa, kKm

p. Cbipaapba 46,04 27,40

p. AMynapbs 93,42 1,93

p. 1y 6,64 5,00

p. Tanac-Acca 1,84 1,74

p. inn-Kap-Keipa 0,36 0,36

03. Mcebik-Kynb 4,65 4,65

p. Tapum 6,15 6,15

liToro 159,10 47,23

PucyHok 1.20.

Bogambiit pora Keipreisctara \

obbeMax BO3BPATHHIX BOJ B TedeHUe nociegHux 20 et B KbIpreiacTaHe oT-
CYTCTBYIOT. 3amachl MPECHBIX U c/1a603aCcOIEHHBIX BOAHBIX PECYPCOB, COCpe-
JIOTOYEHHBIX B 03epax, peuMylecTBeHHO B o3epe Vcchik-Kynb, oljleHHUBa-
10TCA B 1745 kM3 1 cocTaBA0T 0K0JI0 71% 3a1racoB HAllMOHATBHBIX BOZHBIX
pecypcoB.

Ha TeppuTopuu cTpaHsbl BeisiBJieHO 106 MeCTOpOXKAeHUM ITPeCHBIX MO/~
3€MHBIX BOJI, M3 KOTOPBIX TOJbKO 44 H3ydeHbl. DKCIUIyaTalliOHHbIE 3aI1achkl
3THUX BOJ| OIEHUBAIOTCA B 6,1 MJIH M3/CyT, TPOTHO3HBIE 3aIachl — IPUMEPHO
B 11-13 e m3/cyT. O6uiuii moTeHIMas IoA3eMHbBIX BOZ B KbIprhi3cTaHe
U3y4eH HeJJOCTaTOYHO.

B KeipreiacTane HbIHE 3KCIUTYaTUPYIOTCS MHOTOYHC/IeHHBIE BOZOXPa-
HWININA ¢ 06IUM 06beMOM aKKyMYIHUPYIOIIUX eMKOCTel cBhile 22 KM3.
KpynHelmmMy u3 HUX ABIsgeTcs BogoxpaHmwuile TokTorynbckont 'DC, a
takke OpTo-Tokoiickoe, KupoBckoe u [lanmaHckoe BogoXpaHUINIIA UppUTa-
[IMOHHOI0 HasHaveHuda (Tabm. 1.12).

B 1iesiom, 3a UCKTIOYEHHEM JIOKATbHBIX 30H B IOXKHBIX PeroHax, KbIprois-
ckas Pecry6iika obecrieueHa 3amacaMy MUTbEBOM BOZABI Ha [JOJTOCPOYHYIO
MIepCIEeKTUBY.

JlegHunKkn 26% O3epa 71%
650 Km® 1745 km®

y

MonsemHble BOAObI 1M \PGKVI 2%

13 km® 44 km®
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Ta6bnuua 1.12. KpynHbie rmapoTtexHuyeckue coopyxenmns Kelproisctana

lon Hau6on. 06bem  YcraHosn.

HasBahnue 3aBep- Peka/ HasHauyenune BbiCOTA "ﬂ’:":g_ BOAOXpPAa- MOLLHOCTb
ruppoysna LWeHns bacceiin ruppoysna NNOTHHbI, HlﬂpM HUNULLA, 3. CTAHLUK,
cTp-Ba M ’ MIH M3 Tbic. KBT

Ana-ApynHcKuii 1986  Ana-Apuya/My OpolueHue 35 2100 90 -

pycnosoi

Ana-Ap4nHcKuia 1966  Ana-Apya/My Opouuexne 245 6 000 51 -

Han1BHOM

AT6aLLnHCKMI 1970 Atbarun/ JHepreTnka 79 55 9 40

HapbiH/

Cbipaapbs

basap-KypraHckuit 1962 Kapa-YHkyp/ OpolueHune 25 2 400 22,5 -
Cbipaapbs

ViccbIkaTuHeKuit 1979 Wccebik-Ata/ OpolueHune 31 492 3 -

qy
Kapa-bypuHckui 2005 Kapa-bypa/ Opovuexne 49 250 17 -
Tanac

KaccaHcaiickuit 1968 KaccaHcai / Opouuexue 64 210 165 -
Cbipaapbs

Kuposckuit 1975 Tanac OpolueHue 86 258,5 570 -

(puc. 1.21) BogocHabxeHue

Kypncaickui 1983 HapbiH/ JHepreTuka 113 364 370 800
Cbipapbs

HaimaHckunii 1966  Kblprbis-Ata OpolueHune 40,5 265 39,5 -

OpTo-TokoicKnia 1962 Hy/Hy OpoLueHune 52 365 470 -

lManaHckui 1985 Akbypa/ OpotueHune 100 90 260 -
Cblpaapba BopocHabxeHune

Cokynykcknii 1968 Cokynyk/My OpotueHue 22,5 3000 11,5 -

Cnaprak 1978 Ak-Cyy/ Yy Opouiexne 15 2 600 22,8 -

TawKymbIpcKnit 2001 Hapbin/ JHepreTnka 75 336 140 450
Cblpaapba

ToKTOrynbcKum 1978 HapbiH/ JHepreTnka 215 292,5 19 500 1200
Cbipmapbs Opouexne

Topt-Tynbckuii 1971 Vccpapa OpotueHune 3an 34 3an 1090 90 -

Boc20  Boc 540

TopT-Kynbcknii 1963 ToH OpoLueHune 19 380 1,4 -

BOJ0EM

Yy-KypraHckui 1962 Hapbin/ OpotueHune 36 223,9 56,4 180
Cblpapbs JHepreTnka 27 2 882

Llamangpicaiickuii 2002 HapbIH/ JHepreTuka 37 238,5 39 240
Cbipaapbs

Kamb6apatuuckuin-1  Mop-ka HapbIH/ JHepreTuka 275 280 4 650 1900

CTp-Ba Cblpaapbs
KambapatnHcknini-2 ~ Ctagus Hapbin/ 3HepreTuka 60 190 70 360

CTp-Ba Cblipaapba




PucyHok 1.21.
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MnotnHa Kupoeckoro

BOJOXPAHUIULLA
Ha peke Tanac

Ta6bnuua 1.13.

Pecypcbl

PeyHoi cTok
O3sepa

bonota

JlegHukm
[Tog3eMHble BObl
[MoyBeHHas Bnara
Bcero

1.2.1.9. Bognsie pecypcbl Poccuiickoit @epepamuu

Poccuiickas Pezepalivs TpUHAAIEKUT K YUCITy TOCYAapCTB, Haubosee
obeclieueHHBIX BOAHBIMU pecypcaMu. CpelHEMHOTOJIETHUE BO30OHOBIIsIE-
MbIe BOZHBIE pecypchl Poccnu cocTaBisitoT 10% MUPOBOTO PEYHOTO CTOKA
(2-e mecTo B Mupe mocie bpaswinn) U olleHuBalTcsA B 4,3 ThIC. KM® B IO/,

B 1ies10M IO cTpaHe 06eceYeHHOCTb BOAHBIMU PECYPCAMU COCTABJISET
30,2 TrIc. kM® Ha YesnoBeKa B rof. OIleHKa 3aracoB BOAHBIX pecypcoB B Poc-
cutickoit ®ezepanuu npruBeseHa B Tabi. 1.13.

Bosbimast yacTh BO30OHOBISIEMBIX BOAHBIX pecypcoB Poccutickoii ®eze-
panwuu (95,8%) bopmupyetcs B mpezenax Poccuu, v yacTh (4,2%) BOZBI MO-
CTYIIAeT C TEPPUTOPHUI COTIPEAENbHBIX TOCYAapCTB. B Ta6i1. 1.14 npuBegeHb
JMaHHBIE O pecypcax PeYHOTO CTOKA IO OTJETbHBIM PEYHBIM bacceiiHaM.

B Tabs. 1.15 moka3aHbl 06bEMBI BOABI B KPYITHEUIITUX 03epax.

Bogubie pecypcel Poccuiickoit @esepaiuy XxapaKTepU3yIOTCA 3HAYU-
TeJIbHOU HepaBHOMEDPHOCTBIO pacipe/iesieHus 10 TePPUTOPUM CTpaHbl. Ha
OCBOEHHBIE PAalOHBI EBPOIENCKON YaCTH CTPaHBI, TZle COCPe0TOYeHO botee
70% HacelleHUs ¥ TPOM3BOACTBEHHOIO MMOTEHIIMAA, TPUXOAUTCS He 6Gosee
10% BOAHBIX peCcypCoB.

OueHka 3anacos BoaHbix pecypcos Poceuiickon Penepaumm
(Munnpupog P®, 2013)

CpenHuit MHOroNETHUIA 06beM

(B0306HOBNEHYE), KM®/ro CtaTu4eckue 3anacbl, km3
4270 -
532 26600
1000 3000
110 39890
869 28000
3500 -

8384 >97000
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Ta6bnuua 1.14. Pecypchl peyHoro CToka no OTAenbHbIM peuHbiM 6accenHam

PeyHoii cToK

CeBepHas [1BuHa

[Tevopa

Bonra

[loH

Ky6aHb

Tepek
06b

EHncen

JleHa

Kosnbima

Amyp

Pocewitckon Penepaumm (Munnpupon PP, 2013)

Mnowapb CpegHee MHoOroneTHee BopgHble pecypcbl OTKNnoHeHue
6acceiHa, 3Ha4eHNe BOAHbIX 2012 ropa, OT CpeHEMHOr0JIETHEro
TbiC. KM2 pecypcoB, km3/rop km®/rop 3HayeHus, %
357 101,0 120,0 18,8
322 129,0 142,2 10,2
1360 238,0 239,0 04
422 25,5 16,4 -35,7
57,9 13,9 9,8 -29,5
43,2 10,5 10,7 1,9
2990 405,0 299,9 -26,0
2580 635,0 497,1 27,1
2490 537,0 677,4 26,1
647 131,0 1444 10,2
1855 378,0 376,2 -0,4

Ta6nuua 1.15. O6vembl Boabl B kpynHeiiwmx ozepax Poccuiickoit Pegepaumm, km3 B rog,

O3epa

baiikan
Jlapoxckoe
OHexckoe

XaHka

(Poccrar, 2013)

06nem Bofbl Ha 1.01.2013 r. CpeaHeMHOroneTHue 3anachbl BOfbI
23000 23000
911 911
293 292
19,3 18,4

B ManoBoAHbIe TOZAB AePUIIUT BOAEI HAOMIOZAETCA B palOHAX UHTEH-
CUBHOI X03MCTBEHHOM JIeITeNbHOCTH B 6acceiinax pek JloH, Ypai, KybaHb,
VpThIl, a TaKXKe Ha 3anaZiHOM mmobeperkbe Kacmuiickoro Mopsi. PecypcHBIi
IIOTeHIIMaJ [10/;3eMHBIX BOZ Ha Tepputopuu Poccutickoit ®esepanuu co-
crasiseT noutu 400 km3 /roz. O6Iee KOJIMYeCTBO 3alacoB II03E€MHBIX BOJI,
MPUTOAHBIX JJIs1 UCIIONIB30BaHUA (MUTHEBOTO U XO3ANCTBEHHO-OBITOBOTO,
IIPOU3BO/ICTBEHHO-TEXHUIECKOT'0 BOJOCHAOKEHM A, OPOLIeHNUA 3eMeJIb U 00-
BOZHEHUs ITACTOMILL), COCTABIIAET OKOJIO 34 KM3/TOf,.

ObecnevueHHoCTh TeppUTOpuU Poccuiickoit Pesepanny 3amacaMu moz-
3eMHBIX BOZI, KOTOPBIE MOT'YT MCIIOIb30BaThCA 1A IUTheBOr'0 U X031 CTBEHHO-
OGBITOBOTO BOAOCHAOKEHUs, TaKXKe HEpaBHOMepHa. [1013€MHBIMU BOJAMU,
Ka4yecTBO KOTOPBIX COOTBETCTBYeT I'MI'MeHNYeCKUM HopMaTuBaM, HeloCTa-
TouYHO obecrnieyeHsl MypManckasi, Kypranckast, Omckas, HoBropozgckasi, SIpoc-
JaBckas 001acTH, OTAeNbHbIe palioHbI ApXaHTeTbCcKoM, PocToBCcKoOM, TIoMeH-
cKoli obnacreit, Pecniybmku Kanmbikus 1 CTaBpOIOIbCKOTO Kpas.

3a60op BOABI U3 MIPUPOAHBIX UCTOYHUKOB (BKJIIOUAs MOPCKYIO BOAY) CO-
craBu1 B 2012 rozy 72,1 kM3, wiu okoso 2% BO30OHOBIAEMBIX PECYPCOB,
IO PsZly peYHBIX 6acceliHOB OH ZocTuran 50% u 6osee. CBoiie 90% obIero
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Ta6bnuua 1.16. [Nokasatenu, xapakTepm3sytoLIMe SKOMHTEHCUBHOCTb MCTMOMb30BAHKS BOMbI
B Poceuiickon @enepaupn (Munnpupon PP, 2013)
Moka3arenb 2010 2011 2012
3abop Bofbl Ha AyLLY HaceneHus, M3/ven. 446,61 421,84 410,19

3a6op BoApl Ha eanHuLly BBI
(BBIT B TEKYLMX LigHaX, MAH py6.), M3/MIH pyo. 1693,0 1333,2 1298,99
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Ta6bnuua 1.17. [Nokasatenu, XxapakTepm3sytoLLMe UCMONIb30OBAHME MPECHOM BOABI
HQ XO39MCTBEHHbIE M XO3SMCTBEHHO-ObITOBbIE HYX bl B Poccuiickoi
Denepaumm (Munnpupon PP, 2013)

lokasarenn 2010 2011 2012
06beM NpecHoil BOibI, MCMOMb3YEMOI Ha NMNTLEBbIE
1 XO3AACTBEHHO-ObITOBbIE HYX[Ibl, MIIH M3 9572,2 9411,66 9023,67
[ons HaceneHns, MCMoNb3yLEro LEHTPann3oBaHHoe
BOJOCHabXeHue, % 67,58 67,99 67,7

MoTpebneHune BoAbI HA yLUY HACeNeHNs

Npu LEHTPaNN30BaHHOM BOJJOCHAGXKEHUM, M3/4en. 103,75 96,76 92,99

06'beMa UCITOIb30BAHUS BOHBIX PECYPCOB IIPUXOAUTCS Ha TEIJIOBYIO U aTOM-
HyI0 dHepreTuky (37%), arpoIpoMBIIIIeHHBIN koMILIeke (24%), a Takxke
KIWINITHO-KOMMYHaIbHOEe X03sicTBO (18%), 06BIBaOIIyI0 1 06pabaThl-
BaIOIIYIO MPOMBINIIEHHOCTD (12%). B Tab:1. 1.16 npuBeZieHbI HEKOTOPHBIE TT0-
KaszaTesu, XapaKTepUu3aylole SKOMHTEHCUBHOCTD MCIIOIb30BaHUSA BOZBL.
Kax BugHO 13 Tab6s. 1.16, moTpebieHre BOABI Ha equHUIly BBII B mo-
CJIeIHYE TOZBI CHIKAETCS, YTO TOBOPUT 00 Y/IyYIIEHUU CUTyaluu B 0bJia-
CTHU pallMOHAJBLHOTO BOJOIOJIb30BaHUA. BMecTe ¢ TeM BOJOEMKOCTh Bajo-
BOT'0 BHYTpPeHHero npoAaykTa Poccuiickoit ®egepanuu cOCTaBIsIET OKOJIO
2,4 M3 /ThIC. pyOseit (2007 rox), 3HAYUTETHHO MPEBHIIIAA aHAJIOTUYHEIE T10-
KazaTeJ CTPaH C Pa3BUTOM SKOHOMUKOM. [IpezmonaraeTcs, 9To B pe3y/IbTaTe
ocymiecTBieHuss BogHoit ctpareruu Poccuiickoit desepariyu Ha epuo/, 10
2020 roza (mpunaATa B 2009 rozy) AaHHBIN oKa3aTenb B 2020 rofly CHU3UTCA
Ha 42% u coctaBuT 1,4 M3/Thic. pybieii (B 1leHax 2007 roga). B taba. 1.17
TIpUBe/leHbl HEKOTOPhIe TToKa3aTean, XapaKTepU3yIollie 1CIoJb30BaHNe
MIPECHO BOABI Ha XO35IHCTBEHHbBIE U XO3IHUCTBEHHO-OBITOBBIE HYKIBI.

1.2.1.10. BogHsie pecypchl pecityoauky MosigoBa

MosnzoBa He6oraTa MOBEPXHOCTHBIMU BOZAMU. DTO OOBACHIETCS TEM,
YTO OCAZKOB 3/1eCh BhIIIalaeT CPaBHUTENIBHO HEMHOT0, a CIlapeHle CUIbHOe.
Cka3bIBaeTcs U BIUAHUE ITepecedyeHHOro penbeda: oBparu u 6aliKu CUIbHO
JIPEHUPYIOT MECTHOCTb. [IpobieMa MpaBUIbHOTO UCIIOIb30BAHUA U OXPAHBI
BOJIHBIX PECYpPCOB U U3bICKaHUA HOBBIX HCTOYHUKOB ABJAETCA BAXKHOM A
rycToHaceseHHo MooBEL.

EcTecTBeHHbIe CKOIUIEHHS BOABI 3aHUMAIOT B pecITy6iirKe Bcero 62,2 kM2
¢ o6bemom 200-220 MiH M3. Bo BHYTpEHHUX MPyZax U BOJOXPaHWIUIIAX
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coziepuTcs okosio 800 MH M3 BoAbI. Best BoAHAS IION[Ab 3aHUMAET OKOJIO
1% TeppuTOpUU.

Pojib BOAHBIX pecypcoB B MosigoBe — 3To GpakTop obecrieueHust Ipozo-
BOJILCTBEHHOI 6€30TTaCHOCTH M TTOTPeOHOCTEHN YeloBeKa B BOJle, UCTOYHUK
reHepUPOBaHUA JIOXOZI0B U OCHOBA SKOHOMUYECKOU 1eATebHOCTH, Cpesia st
OTAbIXa U TYpU3Ma, UCTOYHUK T'MJPOdHEPTUM, ITyTU BOAHOT'O TPAHCIIOPTA,
cpeza Ay 6uopasHoo6pasus U GyHKIITMOHUPOBAHUS BOJHBIX M OKOJIOBOJI-
HBIX 3KOcHcTeM. HakoHel BoJJ0eMbl ABIAIOTCA PELUIIUEHTOM U OYUCTUTEIEM
CTOYHBIX BOZ U 3aTpA3HUTENEH.

B MoJizioBe MaJjio KPYITHBIX PEYHBIX apPTEPUM, HECYIITUX OOJBIIIIE MaCChl
BOZIbI, 3aTO ZIOBOJIbHO MHOT'O CPEeHUX U MEeJKUX pek (Tabi. 1.18). [ToaTomy
pevYHas CeTh HAITOMUHAET ZIEPEBO C T'yCTOU U CJIOKHOM CUCTEMOM BETBJIEHUS.
B cocTaBe peunoii cetu 3085 NOCTOSTHHBIX U BpEMEHHBIX BOZIOTOKOB; U3 HUX
TosbKO 240 UMeIOT AyIuHY 60s1ee 10 KM U JIUIIb BOoceMb pek — JlHecTp, [IpyT,
PeyT, Ukenb, Bbik, BoTHa, Anmyr u KorunbHUK — 60see 100 kM.

Kpome gByx TpaH3UTHBIX peK — /IHecTpa u [IpyTa, Hecyux CBOU BOJEI C
ykpauHckux Kapnar, Bce peky MoJIZIOBBI TUTAIOTCSA 3@ CY€T MECTHOTO CTOKA.
OH cocTaBsgeT B cpefHeM Ha tore pecrybiuku 20-30 MM B ToZi, B IIEHTPe —
40-50 MM 1 Ha ceBepe — 60-70 MM.

Bce MoJijaBCcKYe peKy TpUHAAIEXAT K 6acceiiHy YepHOTO MOPS U ITOUTU
BCe, cJieiysl 00IeMY YKJIOHY IIOBEPXHOCTH, TEKYT C CEBEPO-3amazia Ha I0ro-
BOCTOK. MeJikrie MpUTOKYU UMEIOT Pa3jInyHble HallpaBjieHUs, HO BCe JKe pekK,
TeKyIIUX Ha ceBep U 3amaf, IOYTHU HeT.

Bce ecrecTBeHHBIE BOZIOTOKM MOJIZIOBEI, TPUHAZAJIEXA K OacceiiHy Yep-
HOT'0 MOPsI, OTHOCATCA K TpeM bacceiiHaM — pek IIpyT u JlyHaii; JlHecTpa
U peK, HelocpeCTBEHHO BIiazaomux B YepHoe mope (puc. 1.22). B nemsax
yIpaBJjeHus MU B paMKaxX AreHTCTBa 110 BOJHBIM pecypcaM “Amnene Mor-
JoBel” co3zaHbl 1Ba 6acceHOBRIX yIpaBieHus (JJHeCTPOBCKOe — Ha KapTe
ynpasisieMasl TEpPUTOPHUS MoKa3zaHa nudpoi 1, u lIpyrcko-JlyHalickoe —
TeppuUTOpUs yKazaHa nudpamu 2—4). [IoMHUMO 3TOTO, TOCTAHOBJIEHUEM
[TpaBuTenbcTBa MoszoBsl B 2014 rozy co3ziaHbl 6acceiHOBBIE COBETHI, KyZa
BOIIIU ITPe/ICTaBUTENN PerMoHaNbHBIX BlacTel, 1leHTpaJbHbIX BEZIOMCTB 1

Ta6nuua 1.18. OcHosHble pekn Mongossl (anmnoi 6onee 100 km)

Ha3Banue
peku

[Hectp
Mpyt
Peyt
Vkenb
BbiK
botHa
KorbInHnk
Annyr

Inuna, km Mnowanp, km? O6uwee Pacxop 06nem
napetwe,  BOAbIB rofoBoro

obuas  ©PeAenax 6acceitna B npepenax M ““1’"‘:33';5"*; CTOKa,
CTpaHbl o6was CTpaHbl c KM

1352 657 72100 19070 759 318,00 10,000

989 695 27500 7990 2058 150,00 2,400

286 286 7760 7760 168 5,99 0,189

101 101 814 814 223 0,51 0,016

155 155 2040 2040 175 1,08 0,034

152 152 1540 1540 220 0,47 0,015
243 125 3910 1380 230 - -
142 135 3280 3223 153 - -
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PucyHok 1.22.

[Henenne Pecnybnukn Monposa
no peuHsbiM baccenHam

IPOQIbHBIX 001IeCTBEHHBIX 00beIHEHMH. [IpemonaraeTcs, 4To Ha MaJjbIx
pekax OyayT CO3ZlaHBI To0acCEHHOBbIE COBETHI B COCTAaBE MECTHBIX BIACTEH,
9KOJIOTHYECKOI'0 MHCIIEKTOpaTa U HellpaBUTeIbCTBEHHBIX OpraHusanuii. Ha
OTZEeNbHBIX MAJIBIX PeKaX TAKKe COBETHI YKe CO3/aHBI U YCIEIIHO AeHCTBYIOT,
OIUPAsACh HA MECTHbIE MHUIIUATHUBEI.

V3 Tepputopun MosnoBsl Ha 6acceiiH /IHecTpa npuxoauTcs 57%, a Ha
6acceiin JlyHasi, Bkiatodas [IpyT, — 35% (cam [IpyT — 24% u 6GaccelHbI pek
Karysn u fInmmyr, Tekyiux B JlyHaii, — 11%). K 6acceiiHaM peK, TEKYIINX HETo-
CpeJCTBEHHO B UepHoe Mope uepe3 YKPauHCKYI0 TePPUTOPUIO, OTHOCUTCA 6%
Tepputopuu MoszgoBsl. [Ipy 9ToM cpeaiyt TpaHCIpaHUYHBIX pek (puc. 1.23),
Hecylux BoAbl B MosgoBy, JlHecTp npuHocut 78%, a IlpyT — 21%. V13 HUX
3-5 kM3 npezHasHaveHsl 411 MongoBsl. PopMupyronmecs Ha TEPPUTOPUU
CTpaHBI BOJIHbIE PECYPCHI cocTaBs0T MeHee 1 kM2 (10 10%). MecTHBIe ToJ-
3eMHBIe pecypchl cocTaBaaoT 1,1-1,2 km3.

EcTecTBeHHbIE CKOIUIEHUS BOJBI 3aHUMAIOT B PeCITyOIHKe Bcero 62,2 Km?
¢ o6bemMom 200-220 muiH M2, Ene nmpuMepHo 250 KM? MpUXOJUTCS HA UC-
KyCCTBEHHBIE IIPYAbl ¥ BOAOXPAHUIUINA, B KOTOPHIX COAEPXUTCA OKOJIO
800 mutH M2 Bozibl. Best BogHAs IUIOIIAfb 3aHUMAET OKoJIo 1% TeppUTopum.

TomoBo¥i cTok JHecmpa B cpesiHeM coctaisieT 10 km3. s JlHecTpa xa-
pakTepHBHI IeTHHE TaBOAKU. [I0CKOIbKY B HacTosAIee BpeMsI Ha peKe COOpy-
’)KeHbl TPU IUIOTUHBI T'UAPO3JIEKTPOCTAHLIUY ¢ BOZOXpaHWIMNIIAMU, IpU
IIPaBUJIbHOM YTIpaBJIE€HUU OHU CIIOCOOHBI CIVIXKUBATh TABOAKU, OHAKO 3TO
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PucyHok 1.23.

baccerHbl ocHoBHBIX
TPAHCTPAHUYHBIX PEK
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= [OCYAAPCTBEHHbBIE MPaHNLbI N
——— T[paHnubl bacceiiHOB pek

BacceliHbl OCHOBHbIX
TPaHCrPaHNYHbIX peK

[ ] 6acceitn NpyTa
[ ] 6acceitn Anectpa
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1.2.2. KPYTOBOPOT BOAbl B MPUPOAE

Tpu 4eTBepPTH MOBEPXHOCTU 3€MHOTO IIapa IMOKPHITO BOZOM. BogHyto
060I04Ky 3eMIH Ha3bIBatoT ruzipocdepoii. 'uzapocdepa npeacTaBaseT cobou
COBOKYITHOCTh BCEX BOJ] 3€MHOT'O IlIapa — MOBEPXHOCTHBIX, IIOA3EMHBIX, BO/,
JIeZIHUKOB U CHET'OBOT'0 TIOKPOBa. B cocTas rugpocdepsl BXOAUT BOZA, COAED-
Kalasacs B aTMocdepe, KOTopast UrpaeT BaXKHYIO POJIb B 001IeM KPYrOBOPOTE
BOZ. OCHOBHBIMHU 3JIEMEHTAMU I'UAPOCchEPH! ABSIOTCI OOBEKTHI, TZle cocpe-
JoToueHa Boza (OKeaH, Mope, 03epo, PeKa, BOAOXPAHIIIUIIE, TPy, 60I0TO,
KaHaJl, BOZOHOCHBIN TOPHU30HT).

KpyroBOpOT BOZABI B IPHUPO/IE NIPEACTABIIAET COO0M HENMPEPHIBHBIN IPO-
Ijecc mepeMenieHns BoAbl Ha 3eMie (B aTMocdepe, rugpochepe u 3eMHOM
KOpe), COTIPOBOXKAAIOIINIICS ee $pa30BBIMU MPEBPALIEHUIMU U UMEIOIIN 60-
Jiee WIY MeHee BBIpAKEHHBIH [TUKINYecKUi xapakTep. OH ABIAETCSI CAMBIM
3HAYUTEIbHBIM II0 TIePEeHOCUMBIM MaccaM U I10 3aTpaTaM dHepruu Kpyro-
BOPOTOM Ha 3eMJIe U BKJIIOYAET UCIIapeHUe BOABI C BOAHOU IIOBEPXHOCTH
MUPOBOT'O OKeaHa U CyIIIH, IEPEHOC BOASHBIX IIaPOB BO3AYIIHBIMU TEYeHU-
MU, KOH/ZIEHCAIIUIO U BO3BPAT BOJABI B BU/le aTMOCPEPHEIX 0CaZIKOB B OKEaH
(MaJTBIi, WIM OKeaHUYeCKUii, KPYTOBOPOT) WU Ha CYIITY, T/Ie YacTh €€ CTeKaeT
yepe3 peKu 0OpaTHO B OKeaH (O0JIbIIOK KPYrOBOPOT).

PazinyaroT MeCTHBIHN, WY BHYTPUMATEPUKOBBIH, KPYyTOBOPOT, IPU KOTO-
POM IIPUHUMAETCSI BO BHUMAaHUE BOJa, MCIIAPUBIIASACS C IOBEPXHOCTHU CYIIIHN
Y BHOBbD BHITIABIIas Ha CyIIy B BUZie aTMochepHBIX 0caikoB. COBOKYITHOCTb
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B3aMMOCBSI3aHHBIX MTPOI[ECCOB, KOTOPAs COCTAB/SET 3aMKHYTHIH KPyroo6o-
POT BOZbI B TeYEHUE OIIpe/IeJIEHHOT'O IIPOMEXYTKa BpEMEHU, Ha3bIBalOT I'U/-
POJOTUYECKUM I[UKJIOM.

JIBIDKyIIed cuIol To6asibHOTO KPYyroBOPOTa BOJBI Ha 3eMJIE SIBJIAET-
cs1 COJIHEYHasi SHeprus U cuia TsHkecTu. OKoJIO TPeTH Beell mocTymnatonieit
Ha 3eMJIIO COJTHEYHOU SHEPIUM 3aTpavyrlBaeTCs Ha IPUBeZIEHNE B ABIKEHUE
KpyroBopoTa Bobl. C momiomeHrneM (BelZie/IeHUeM) TeTula TPOUCXOAUT HCIIa-
peHue, KOHZIeHCALIMs BOJASHBIX IIapOB, TAsHUE, 3aMep3aHue U Apyrue pa3oBble
TepexoAbl BOAbI. [0/ BMUSHNUEM CHJIBI TSXKECTH IIPOUCXOAUT BBITIAZIEHUE aT-
MochEPHBIX OCAZIKOB, IBM)KEHHE TTOBEPXHOCTHBIX M TIOZI3EMHBIX BO/JI, KOTOPOE
MOJKET MCIIOTb30BAThCs AJI BRIpAOOTKY aHepruu (TUAPOIHEPTETUKA).

KpyroBopoT BoZibl, 0cOOEHHO MTOBEPXHOCTHHIN U MTOA3€MHBIN CTOK Ha
cyllle, ompefiesisieT TUAPOTeHHYI0 MUT'PAIIUIO BEI[EeCTB, KOTOpas IOMUMO
IepeHoca COMPOBOXKAAETCS MIPOIECCAMU PACTBOPEHMSA, KPUCTAIU3AIINH,
OCaXJIeHUsI © MOHHOT'O0 0OMeHa, OKUCIUTENbHO-BOCCTAHOBUTEIBHBIMU pe-
akiuAMu. TakuMm o6pa3oM, ¢ KPyrOBOPOTOM BOJBI, BHI3HIBAEMBIM IIOTOKOM
COJTHEYHOU DHEPTUH, CBSI3aHBbI KPYTOBOPOTHI MHOTHUX XUMUYECKHUX dJIEMEH-
TOB ¥ UX COEZIMHEHUH. B 6OJMBIIOM KPYrOBOPOTE BOABI 3AMETHOE yJacTHe
IIPUHUMAIOT KHUBble OpraHU3MBbI, 3KOCHCTEMBI. PacTeHUsA nepexBaThIBAIOT
YacTb 0CAZIKOB U CIIOCOOCTBYIOT UCTIaPEHHUIO BJIAaTH /IO TOTO, KaK OHa TOMaeT
Ha 3ewtio. [TouBeHHas Bjara BcachblBaeTCss KOPHAMU PacTeHUM, y4acTByeT B
ob6MeHe BellleCTB U 3aTeM HCIapsIeTcsT U3 INCTheB (TpaHcmupaliys). Bmecte
C MCITaPEHUEM C IOBEPXHOCTH MTOYBBI TPAHCIIMPALIUS COCTABIAET CyMMapHOe
HclapeHue, WIU 3BalloTPaHCIMpalyio. YPOBEHb IlepexBaTa 1 TpaHCIUpaIluu
cocrabiisieT 6osee 40% ob6beMa UCTIapeHUs Ha CyIIIe.

KpyroBopoT BOJBI XapaKTepU3yeTCs BOAHBIM OasaHcoM. KosrdecTBeH-
Hble OlLIeHKU coZlep>KaHus BOJbl B “pe3epByapax” (OKeaHBl, JeHUKU U JIP.),
a TaK)Ke TIOTOKOB BO/IbI, BOBJIEYEHHBIX B II00ATBbHBIN KPYTOBOPOT BOJEL, TIPE-
CTaBJIEHHBIE B PA3JIMYHBbIX UCTOYHUKAX, OT/In4atoTcs (B Tabsn. 1.19 mpuse-
JIeHBI Cpe/iHYe 3HaUeHUs 3aI1acOB BO/BI B IIPUPOAHBIX 00HEKTAX).

Ha puc. 1.24 npuBe/ieHa XapaKTepPUCTHKA TTIOTOKOB ITI00aJIbHOTO KPYTO-
BopoTa BoAbl. ComocTaBisAsA KOMMYECTBEHHYIO OI[eHKY ITOTOKOB BO/IbI, BKJIIO-
YEeHHBIX B KPYyTOBOPOT, MOKHO OTMETUTH HECKOJIIBKO €r0 0CO6EeHHOCTEA.

OkeaH TepsieT 13-3a UCITapeHYsI OOJIbIIIE BOZIBI, YEM MTOIYIAET C OCAJKAMHU.
Bananc Bogipl B MUpOBOM OKeaHe MOAep:KUBaeTcsd 3a CYeT ee IMOCTYIUIeHNs
C PEYHBIM CTOKOM. Pa3HuIIa B BeJTMYMHAX UCTIAPEHUS U OCA/IKOB Ha IMOBEPX-
HocTy MUPOBOTO OKeaHa COCTaBJSET 47 THIC. KM® BOZBI B F'0Jl. DTOT Xe 00beM
BO/IBI €XKETOIHO BO3BpalaeTcst B OKeaH ¢ pedyHbIM (41,7 Thic. KM?), ToA3eM-
HBIM, He [peHUpyeMbIM (2,2 ThIC. KM®) CTOKOM U B BU/IE JIETHUKOBOTO CTOKA
(3,0 TrIC. kM%) B BUJe aticbeproB u Taabix BoA. Ha cyiie HaGmogaeTcs mpo-
THBOIIOJIOXKHAS CUTYalMsA. 3HAUUTETbHAs YaCTh 0CAIKOB, TOAAEP)KHUBAIOIIINX
AKOCHUCTEMBI CYIIIU, B TOM YHCJIe GOJBITUHCTBO arpo3KOCUCTEM, TTPOU3BO/IS-
ITUX MUY [JIA 9eJI0BeKa, COCTOUT U3 BOZBI, MCITApeHHOMU C TOBEPXHOCTU OKea-
Ha. B MaTepHKOBOM 3BeHe €3KETOIHO yJacCTBYeT 72 ThIC. KM BO/IbI, paBHbIE Be-
JIMYVHE UCITAPEHUS C TOBEPXHOCTH BOJ CYIIH. V13 KOTOPBIX 0K0JIO 30 THIC. KM3
(42%) mpuxoAUTCS HA TPAHCITUPAIIUIO PACTUTETbHBIM TOKPOBOM.

Pa3HOCTH MeX/Y TOIOBBIM KOJUYECTBOM OCAaJKOB U MTOBEPXHOCTHBIM
CTOKOM COCTaBJIsIeT MMOCTYIUIEHKE BOABI B TIOA3€MHbIE BOJBI. Bo MHOTHX 06-
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Ta6nuua 1.19. CpegHue 3HaYeHUs 30NACOB BOAbI B MPUPOLAHBIX OOBLEKTAX

BopaHblit pecypc 06bem Bofbl, Km?

OKeaHbl, MOPA 1 3aN1BbI 1338000000
JleHVKW 1 NOCTOAHHbIA CHErOBOM MOKPOB 24064000
[pyHTOBbIE BOLbI, BCEIO 23400000
13 HUX: npecHble 10530000

COJEHbIE 12870000
[ToyBeHHas Bnara 16500
lepBbIii nea 1 Be4Has Mep3snoTa 300000
03epa, BCero 176400
13 HuX:  mpecHble 91000

CONEHbIe 85400
Armocdepa 12900
bonora 11470
Peku 2120
Bronornyeckas soga 1120

Hons ot 3anacoB
npecHoii Boabl, %

68,7

30,1

0,05
0,86

0,26

0,04
0,03
0,006
0,003
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[Lons ot 06wwux
3anacoB BOJibl, %
96,5
1,74
1,69

0,76
0,93

0,001
0,022
0,013

0,007
0,006

0,001
0,0008
0,0002
0,0001

JIaCTSIX 3arachl MOA3€MHbIX BO/ MCTOIIAIOTCSA 3a CUeT MpeBhIeHusa 3ab6opa
BO/IbI HA XO3AWCTBEHHYIO /IeSITETbHOCTD HAJl €€ MOCTYTUIEHUEM.
[TocTyrieHMe IpeCcHBIX BOJ, C PEYHBIM CTOKOM B MUpPOBOIi OKeaH ¢ A3u-
aTCKOTO KOHTHHeHTa cocTapisieT 30,8%, FOxxHo AMepuku — 25,1, CeBepHOM
Amepuku - 17,5, Appuxu — 9,8, EBporsl — 6,9 1 ABcTpanuu — 5,1%. EBpona,
Ha TEPPUTOPUM KOTOPOI PacIiosoKeHbl UHAYCTPHUATbHO Pa3BUThIE CTPAHBHI,

PucyHok 1.24.
Kpyroeoport soasl 8 npupoge (PhysioGeography, 2012)
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He OTHOCUTCS K KOHTUHEHTaM, Te GopMupyeTcs Haubonbunii 06beM Mu-
poBoro 6anaHca MPeCHOBOAHOI'O CTOKA. 3HAYNUTEeIbHAA 9acTh EBPOIIBI — 3TO
parioH®I ¢ ocagxaMu MeHee 400 MM/rog. Ha BeIMYnHy IOBEPXHOCTHOT'O
cToka EBpOMEI, KpOME eCTECTBEHHBIX GAaKTOPOB, CYIIeCTBEHHOE BIUSIHUE
OKa3bIBaeT 6€3BO3BPATHOE U3BATHE BOJABI HA HYK/bI IIPOM3BO/CTBA — OKOJIO
500 kM3 /Toz, wiu moyTu 20% MOBEPXHOCTHOTO CTOKa. Ha KpymHeHImux pe-
kax EBpoIBI cO3jaHBl BOZOXPAaHWININA, B KOTOPBIX 3aZepkuBaerca o 10%
ee BOJHBIX pecypcoB. CyMMapHBIi pedyHOH CTOK C ee TEPPUTOPUM B pa3HbIe
IO BOJHOCTH TOAHI KosebneTcs B mpegenax 2410-3800 km>.

BaxHyI0 posib B KPYTOBOPOTE BOJBI UTPAIOT JIEAHUKHU, KOTOPHIE AAIOT
OKOJIO 7% 00IIero CToKa, MoCTynarIlero B MUpOBOil OKeaH C TEpPUTOPUHI
CYIIN.

Y4yacTue onezieHeIbIX FTOPHBIX MAaCCUBOB B KPYT'OBOPOTE MEHee BhIpaXke-
HO. OHU aKKyMYJIHUPYIOT aTMOCpepHBIe OCAKU B BU/IE JIEASHOTO U CHEKHOT'O
ITOKPOBOB, KOTOPBIN GOPMUPYET CTOK 'OPHBIX PeK.

Kaxk y»xe oTmMedanoch, KpyroBopoT BOJBI COIIPOBOXKAAETCA CI0KHBIMU
¥ MHOTO00Opa3HbBIMU QU3UKO-XUMUYECKUMU MpoljeccaMu. C TOBEPXHOCTHU
OKeaHa UCIapsAeTCs eXeroZHO OrPOMHOE KOJIMYeCTBO BOABL, UYTO ABJIAETCA
MPUYMHOM N3MeHEHH ee H30TOITHOI'O COCTaBa: OHAa CTAHOBUTCSA OeiHee TA-
JKeJIBIM BOZOpOZOM (ZeHiTepreM U TPUTHEM) IO CPAaBHEHUIO C OKEAHUYECKOU
BOZOI (B pe3ynbraTe GpaKINMOHUPOBAHMA U30TOIIOB BOZOPO/A IIPYU UCIape-
HuM). MeXy MOBEpXHOCTHBIM CJIOEM BOJBI OKeaHa M Maccoi BoAbl 6oiee
ITyOOKUX €r0 30H CYIIEeCTBYeT CBOM Pery/ApHbIH, yCTAHOBUBIIUMICA OOMeH.
Mexay mapaMu BoAb U BoZo aTMocdephl M BOZOEMOB yCTaHABINBAIOTCSA
JIOKaJIbHbIe BpeMeHHbIe paBHOBecHs. [1aphl BOABI B aTMOCheEpe KOHAEHCUPY-
I0TCS, 3aXBaThIBasA ra3bl M IPUMeCH, coZepkalirecs B aTMocdepe, a 3aTeM
B BUZle aTMOCPEpHBIX 0CaJKOB BHINAAAIOT Ha cyury. YacTb BOABI IPU 3TOM
BXOJIUT B XUMHUYeCKHe COeJUHEeHU, Jpyrasd B BU/e KPUCTAIOTUAPATHOH,
copOUPOBAHHOM U APyTUX GOPM CBA3BIBAETCS PHIXJIBIMU OCaJKaMU 36 MHOU
KOPBI U HAZIOJITO OCTABJIAET OCHOBHOU IIUKJI.

OcaziouHbIe TOPOZHI B IIpOIlecce epeMeleHUsA B IIIyOb 3eMJIU 110/, BIIUS-
HUEM /IaBJIeHUs U TeMIIepaTyphl TEPAIOT BOAY, KOTOpas IOZHUMAETCs BBEPX
U TIOABJIAETCA B BUZEe TOPAYNX NCTOYHUKOB WY IIJIACTOBBIX BOZ, Ha ITOBEPX-
HOCTH 3eMJIV WM BBIOpaCHIBAeTCA C lTapaMy IIPU BYJTKaHUYECKOU JesaTeNb-
HOCTHU BMecCTe ¢ HEeKOTOPBIM KOJIM4eCTBOM I0BEHU/IBHBIX (I103eMHbBIE BOAHI,
obpasyromuecs U3 KUCJI0POoAa U BOZOPOAa, BEIAEISIIOUIETOCS U3 MarMbl, 1
BIIepBBIe BCTyHAIOLIYe B KDYrOBOPOT BOZBI) BOA. /lpyras >ke, OCHOBHasA Macca
BOJIBI, M3BJIeKas PACTBOPUMEIE COEMHEHUS U3 TIOPOZ IUTOCEPHI, pa3py-
mas uxX, CTeKaeT peKkaMu oOpaTHO B OKeaH. B pe3ysbpTaTe 3TOTO MpoIecca
COJIEBOM COCTaB OKeaHa IIOCTENeHHO U3MeHAeTCA. XUMUYecKHe 3J1eMeHTHI,
obpa3ylolye JerkopacTBOPUMBIE COeAMHEHNS, HAKATUTUBAIOTCS B MOPCKOM
BoZie. TpyAHOPACTBOpUMBIE COEIMHEHNA XMMUUECKUX DJIEMEHTOB OCaX/a-
I0TCA Ha JJHO OKeaHa.

Takum 06pa3om, OTAeTbHbIE IUKINYECKYE TIPOIECCHI, caaralolye 06-
MU KPyrOBOPOT BOZABI HA 3eMJe, He ABJIAIOTCSA IOTHOCTHIO OOpaTUMBIMU.
YacTh BelecTBa B NOBTOPAIOIIUXCA IIUKJINYHBIX IIpolleccax paccenuBaeTcs
(pasbaBisieTcs) ¥ BKIIOYAETCS B JIOKATIbHBIE KDYTOBOPOTHI WIH 3aZlePKUBA-
ercs (pukcupyeTcs).
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[TpoZOXUTENBHOCTD TUAPOJIOTUIECKOTO IIUKJIA MOXXHO YCIOBHO Olle-
HUTH 110 TOMY BpeMeHH, KOTOpOoe HeoOXOANMO IS TOT0, YTOOHI BCA Macca
BOZBI MOIVIa TIOJTHOCTBIO 3aMeHUThHCA (0OHOBUTHCA). IS OlIpe/ie/IeHUsA 3TOr0
BpeMeHM HeoOXOANMO pacrosiaratb nHopMaIeii 0 KOJTHU4ecTBe BOABI, CO-
Jlepxkaleiicsa B “pesepByapax’, U pacxofie (IIOTOKe) BOZBI, BOBJIeYEHHOU B
KPYTOBOPOT.

Tak KaK CKOPOCTh IlepeHOoca OT/ieIbHBIX BHU/IOB IIPUPOJHBIX BOJ HEOAU-
HAKOBa, TO ¥ BpeMs Pacxo/0BaHUA ¥ BO30OHOBJIEHUS PA3IUYHO.

Cpennue mepruosl BO30OHOBJIEHHs 3aM1acoB MPUPOAHBIX BOZ (TIPOOJI-
YKUTEJIbHOCTD I'UAPOJIOIMYeCcKOoro IIUKIIa) JJid Pa3HbIX BUAOB IPUPOAHBIX BOJ,
Y BOZHBIX 0O'bEKTOB COCTABJIAIOT:

— TIOZAI3EMHBIE JIbABI 30HBI MHOTOJIETHEN Mep3IoTH — 10 000 seT;
— TIOJISIpHBIE JIEHUKU U MTOCTOSTHHO 3aJIeraloiiuil CHeXXHbIN MOKpoB — 9700
JIeT;
— Muposoii okeaH — 2500 seT;
— JIeAHUKU F'OPHBIX paiioHoB — 1600 seT;
— noaseMHble BoAbl — 100-1400 neT;
— Boza B o3epax — 10-100 seT;
— Boza 60JI0T — 5 JIeT;
— IOYBeHHas Bjara — 1 rog;
— BOZBI B pycjax pek — 2—6 MecALeB;
— atmocdepHas Biara — 8-9 qHel;
6uosoruyeckas Boja — HECKOJIbKO 4acoB.
Boza urpaet Ba)XXHYy0 POJIb B IO pKaHUU TEIUIOBOTo 6anaHca 3eMIId.
B mpoijecce kpyroBopoTa BOJBI OCYIIECTBAAETCA Iepepacipe/ieieHre Tel-
na. Terwto, 3aTpaunBaeMoe Ha UCIIapeHre B OTHOM MeCTe, BEICBOOOXKIAETCs
IIpY KOHZIeHCALIUY BJIary B ApyroM. CKphITas 3Heprusd, IOCTYIUBIIAasA B aTMO-
cdepy ¢ BOATHBIMU ITapaMU € TOBEPXHOCTH 3€MJIH, YaCTUYHO ITpeobpasyeTcs
B MeXaHHMYeCKYI0 dHepruio, 00ecredynBaoIyio nepeMelleHe BO3AYITHBIX
Macc.

KonuyecTBeHHasd XxapaKkTepUCTUKA JIOKAJIbHOTO, pErHOHAIBHOI'O KPYTo-
BOPOTA BOJbI, TUPOJIOTHYECKOTO [[UKJIA BOAHBIX OOBEKTOB SIBISAETCS OCHO-
BOU JIJII COCTAaBJIEHU BOAOXO3AMCTBEHHBIX OATaHCOB, IJIAHUPOBAHUA Jesl-
TEJIbHOCTY IO 3aIUTe BOAHBIX OOBEKTOB OT UCTOLIEHUS, PAIMOHATEHOMY
HCII0/Ib30BAHUIO BOJHBIX PECYPCOB.
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1.2.3. XM rMAPOCPEPbLI

1.2.3.1. XapakTepucTHUKa IPOLECCOB, IPOTEKAIOLIUX
B IPUPOJHBIX BOJAX

XapaKTepHBIM /IS IIPOIIECCOB, IIPOTEKAIOIIUX B ruApochepe, ABIAETCs
TO, YTO IPUPOJAHBIE BOJHbIE 0OBEKTHI IPEACTABIAIOT COO0H CUCTEMBI OT-
KPBITOT'O TUIIA, 0OMEHHUBAONINECS BELUIECTBOM U SHEPIHUeH C COlpeeTbHEI-
MU cpefiamu: aTMochepoii, mutTocdepoii 1 61MOTOTUYECKO COCTABIISAIONIEH
OKpYy»Karollel cpefbl. ITO onpeesseT GUINKO-XUMUUeCcKre 1 pU3NIeCcKre
IIPOILIeCCHl, ABJIAIONINECS OCHOBON GOPMUPOBAHUS COCTaBA U CBOUCTB NIPU-
POZAHBIX TIOA3EMHBIX U OTKPHITBIX BOZOEMOB.

[TpupozHas Boza, collprKacasach ¢ MUHepajaaMU U TOPHBIMU IIOPOJaMU,
aTMochepHBIM BO3YXOM U OPTaHNUYEeCKUM BeIleCTBOM II0YBBI, IOCTOSIHHO
HU3MeHseT CBOM XMMHUYEeCKUH cocTaB. Takoro posja n3MeHeHUsA CBA3aHbI He
TOJIBKO € GUBNKO-XUMUIECKUMU IIPOIECCAMH, TIEPEBOAMINMY BENUECTBO B
PaCTBOP WM BBIBOASAIIMMU ero U3 pacTBopa. OHU MOTYT OBITH BEI3BAHEI ITPO-
IleccaM¥ HcIlapeHusA, BBIMOPaXXUBaHUS, )KU3HeAeATeTbHOCTHIO OPraHU3MOB
u zIp.

K ocHOBHBIM IIporieccaM, GOpMUPYIOUMM COCTaB IPUPOAHBIX BOZ, OT-
HOCATCA:

— TIepeHOC BellecTBa, OCYIIeCTBIAEMBIN 110 MeXaHNU3MY MOJIEKYIAPHOU U
TypOyneHTHOMU Anuddy3un, a Takke AudGdHy3nOHHO-KOHBEKTUBHOTO MacCo-
mepeHoca;

— TIPOIIECCHI, IEPEBOAANINE BEIECTBO B PaCTBOD;

— IIpOolLlecchl, BEIBOZAIINE BEILIeCTBO U3 PacTBOPa;

— 0OMeHHBIE TTPOIIECCHI;

— IIpeBpallleHle BelecTBa.

K TakuM npoueccaM Ipex/e BCEro OTHOCATCA: pacTBOPEHUeE ra3oB U
TBEPABIX TeJ, TUAPOJIN3 CONeH CIabbIX KUCIOT U CIabbIX OCHOBAHUH, OCaX-
JeHre aMOPOHBIX ¥ KPUCTAUTUIECKUX TBEPABIX BEIIECTB, 00Pa3yIOIINXCs U3
HWOHOB, IPUCYTCTBYIOIINX B IPUPOAHOH BOJE, IPU U3MEHEHUN ee GU3UKO-
XUMUYECKUX XapaKTepUCTUK, Ocak/ieHre (OTCTanBaHKe) TBEPABIX YacTHII,
IIPHUCYTCTBYIOIIMUX B BOJIE 32 cYeT aKTUBU3ALNHU I'UAPOANHAMUYECKUX YCIIO-
BUI CTOKA BOZBI IIPY BBITIAZIEHUH [IOK/Is, B TABOAKOBHIN [TEPUOJ U IP., A TaK-
Ke ABJIAIOIINXCA IPOAYKTaMU MeTabon3Ma 61M0I0rnYeCcKOi COCTaBIAINIei
BOZIHBIX OOBEKTOB.

HekoTopble 13 NepevyrcIeHHBIX IPOLIECCOB IIPOTEKAIOT Ha I'PaHUIle
“rBepaas ¢pasa — JKUAKOCTh (ras)”, uTo 06ycJIOBINBAET BAXKHYIO POJIh MOJIEe-
Ky/lsapHO# Auddy3uu, onpeaesioneil CKOpoCTh MPOIeCcCOB IPU GOPMHUPO-
BaHUU XapaKTEPUCTUK U COCTABA IIPUPOJHBIX BOJ.

ITpoueccsl, nepeBojsIINEe BEIIECTBO B pacTBOP. DTH IIPOIIeCCH IIPO-
TeKAIOT B OCHOBHOM B IIOZIBIKHOM cpeJie, KOTZIa BOZia HAXOAUTCSA B COCTOSTHUM,
yZlaJIeHHOM OT HAChII[eHUs COMAMU U ra3zaMu, U COIIpUKacaeTcs ¢ BMella-
VMU IOPOAAMHU U aTMOChEPOIA.

XuMu4decKui cocTaB O0JIbIIIel 4acTy ITIOBEPXHOCTHBIX U O3 MHBIX BO/
SIBJIIETCS PE3YITAaTOM B3aUMOJEHCTBUSA A0KAEBBIX BOZ C TOpoAaMu 6yn3
ITOBEPXHOCTH 3eMJIM M OCOOEHHO B IOYBEHHOU 30He. Bogkl, mpocaunBalo-
muecs yepes MoYBy, cofiepkat o6619H0 B 10-100 pas 60JbIlle pacTBOPEH-
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HOI'0 IMOKCH/A yIJIepoJa, YeM AOX/eBble BOAbl. DTOT JUOKCUJ yIJIeposa
SIBJISIETCST UICTOYHUKOM KUCJIOTHOCTH /JIs1 OOTBIINHCTBA PeaKlIUi BEIBETPU-
BaHUA.

B pe3ysbTaTe BEIBETPUBAHUSA TOPHBIX TOPOJ 06PA3yIOTCS OCTAaTOYHBIE
IPOAYKTHL K pacCTBOPHUMEIE COJIU, KOTOPBIEe U GOPMHUPYIOT pasHOOOpa3HBIN
HMOHHBIN COCTaB IPUPOAHBIX BOA. Bo3zelicTBIe areHTOB BEIBETPUBAHUA IIpe-
JKJle BCero MpUBOJUT K pa3pylIeHNI0 FOPHBIX IIOPOZ, BCIeCTBYE MUAPOIN3a,
BbIIeJIaYMBaHNA WIN pacTBopeHuA. 1oz BeIBeTprBaHMeM IOHMMAIOT COBO-
KYITHOCTD MPOIIECCOB GU3NYECKOTO Pa3pyIIeHNI U XUMUYECKOT0 (GMOXUMHU-
YeCKOI'o) pasjoKeHUsA TOPHBIX ITI0POJ, U MUHEPAJIOB Ha IOBEPXHOCTH 3eMIN
107, Ie¥iCTBHEM BHEIIHUX areHTOB. [JIaBHBIe areHThl BEIBETPUBAHUA — BOZAa
BO BCeX ee IPOABJIEHUAX, Ilepenabl TeMIepaTyp (cosHeyHasa SHeprus), KUc-
JIOPOZ, ¥ YIJIEKMCJIBIH I'a3, a TaK)Ke KMBble OPraHU3MBbl.

PacTBOpUMOCTB ra3oB B BoZe. [Ipy cpaBHUTENIBHO HEBBICOKOM JIaBJIe-
HUU ¥ OTCYTCTBUHU XUMHUYECKOI'0 B3aMOZecTBUA ¢ BOZON U ee KOMIIOHEH-
TaMHU PacTBOPHUMOCTb I'a30B B BoZe IIOAUMNHAETCA 3aKOHY ['eHpu:

C=K-P wm P=K'"N;,
rzie C — pacTBOPUMOCTb rasa; P, — mapuuasnbHoe JaBjleHure rasa (1mapa) B cMe-
cu; N; — MosIpHasA /10711 KOMIIOHEHTOB B pacTBope; K, K/ — koadduiueHTe!

l'eHpu B pa3IMYHOM KOHIIEHTPALIMOHHOM BBIpQXKEHUH, Ollpe/ieiAeMble OIIbIT-
HBIM IIyTeM.

PacTBOpPHMOCTB TBEPABIX BEIECTB B BoZ€e. [IpUMEHUTENBHO K IIPUPOZ-
HO¥ BoZle paccMaTpUBaeTCss 0ObIYHO PACTBOPUMOCTD TPYAHOPACTBOPUMBIX
BellecTB. KomuecTBeHHOM XapaKTepUCTUKOU TPYAHOPAaCTBOPUMBIX BeIlleCTB
sABJsieTcsA pousBesieHue pactBopuMoctu (ITP). s TpyAHOpPaCcTBOPUMOM
conu Thna K, A, mporiecc 37eKTPOJTUTUYeCKOM AUCCOLMaliY IIPU PacTBO-
PEHUU ONUCHIBAeTCA ypaBHEHUEM

K, A, «nK™ +mA" .

dopmysia Mpou3BeeHUS PACTBOPUMOCTU UMEET BU/
MP(K,A,) =[K™ | -[a"]",

PacueT pacTBOPUMOCTH TBEP/OTO BeIlleCTBa C UCI0Jb30BAHUEM CIIpa-
BOYHOI'0 3HAUYeHUs NPON3Be/IeHNA PAaCTBOPUMOCTU MOXXHO IIPOBECTH CJie-
OyIOIUM o6pa3oM. PaccMOTpUM, HallpUMep, PACTBOPUMOCTD KalbITUA Kap-
6oHaTa, KOTOpasi CyIeCTBEHHBIM 00pa30oM OIpeZesseT COCTaB MPUPOAHBIX
BOJI, B YaCTHOCTH, €€ XKECTKOCTb. DJIeKTpoauThdecKas aucconmanusa CaCo,
TIPU €70 PAaCTBOPEHUH B BO/IE OTIMChIBAETCA YPaBHEHUEM

CaCO, «» Ca®" +CO3 .
[IpousBefieHYe pACTBOPUMOCTH YKa3aHHOTO BEIeCTBa, 3HaYeHHEe KOTO-
pPOT0 IPUBOAUTCSA B CIIPABOYHBIX JaHHBIX, UMEET BUJ
P =|Ca**|-[cO3".
KpomMme Toro, B paBHOBECHOM COCTOSTHHU C TBEpAOU $a3oil B pacTBOpe

CYILIECTBYIOT TaKXKe JpYyTrye mpolecch (ToXXKe paBHOBECHOTO XapakKTepa),
oIpeZiesiseMble TIPUCYTCTBUEM aHMOHA c1aboii yronpHo kucaors H,CO,,
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KOTOPBIE KOJIMYECTBEHHO OIMMChIBAIOTCA KOHCTaHTaMU NOHU3all 1 yTO.TIbHOﬁ

KHCJIOTBL: K, = [H+].[Hc03‘]/[H2C03} ;

K, =[H"|[cO3"]/|HCO; |

YcoBre MaTepuasbHOTO 6asaHca pacTBOPUMOCTH (S) KapboHaTa Kajb-
WS TIPEICTABIAETCA CAEAYIONUM 00pa3oM, yuuTeiBasi, 4To Ca?* aBiseTcs
KaTHOHOM CHJIBHOTO OCHOBAHUSA:

S, = [Ca“] :
8, =|CO3" |+[HCO; | +[H,C0,].

BrIpaskeHUA AJI1 paBHOBECHBIX KOHI[eHTpaLUii kKapOboHaTCoAepKalux
YaCTHUI] C UCTIOJIb30BaHNEM KOHCTAaHT MOHU3AI[UU YT'OJbHON KUCIOTHL U IIPO-
U3BeZIeHUS PACTBOPUMOCTH IIPEJCTaBUM CJIEAYIONUM 06pa3oM:

[cogf] =TIP/S;
[HCO, |=T1P-[H*]/ K.S;
[H,CO,|=TP[H* | / K, -K, -S.

B pesysbTaTe ypaBHEHUE MaTepPUATbHOTO 6aaHca paCTBOPUMOCTH KaJlb-
1Ius KapboHaTta MpuobpeTaeT BUZ
] 1l T+ K, 14 KK,
+——|=1IP, .

K, KK, K,-K,

[TosryaeHHOE BHIpAXEHME I03BOJIAET BEIYUCIUTh PACTBOPUMOCTD Kap-
6oHaTa KaabIusa MPU 3HAU€HUAX KUCJIOTHOCTH BOJBI, KOTOPAs OMpeeiaeTcs
pactBopuMocTbio CO, 13 BO3/yxa WX APyrUMU paKTopaMHu, 06yC/I0BIHNBAIO-
UMY aKTUBHOCTB peaKIuu cpefbl, T.e. [H*] wiu pH Bozwl.

ITpoueccel, BEIBOAALIME BEILeCTBO U3 pacTBOpa. K OCHOBHBEIM IIpo-
IeccaM, obecrieyrBaloUINM yAaleHue pacTBOPEHHBIX Bell[eCTB U3 IPUPOJ-
HBIX BOJI, OTHOCATCS OCaXKJEHUe, COPOIIN, COOCAKAEHNE, KPHUCTAUTU3AIUs
cosei.

VoHBI 1 MOJIEKY/IBl pACTBOPEHHBIX BEIEeCTB MOI'YT YAAAATbCA U3 HACHI-
IIeHHBIX COJIIMU IIPUPOJHBIX BOZ BCiieAcTBHe copbunu. K xopormum copbeH-
TaM B IIPUPOZAHBIX BOJAX OTHOCATCS IVIMHBL, OpraHU4YeCKoe BellleCTBO, BXOJA-
IIee B COCTaB F'OPHBIX IIOPOJ, TOYB U WIOB (rymyc, TOp® U Ap.), KOJUIOUJHBIE
dbopMbI KpeMHe3eMa, TUAPOKCUAB Mn, Fe, Al u zap.

OcaxzeHue (KpUCTa/UIN3aLNA) CONU U3 pacTBOPa IIPOUCXOAUT IIPU IIpe-
BBIIIEHUY KOHIIEHTpaluii MOHOB 3HaUeHU, COOTBETCTBYIOIIUX IIPOH3Be/e-
Huto pacrsopumoctu (T1P).

CoocaxzieHue — BKII0YeHVe PaCTBOPEHHBIX 3JIEMEHTOB B KAYeCTBE BTOPO-
CTENIEHHOTO KOMIIOHEHTA B TBEPAYIO $a3y B MOMEHT ee ocakeHusd. B mpu-
POJHBIX BOZAX, COAEPKAIVX TUAPOKCUBI MapraHlia 1 xKeje3a, IpaKTU4eCKu
HEBO3MOXXHO ITPOBECTH pa3INvure MEXAY COPOLKEN U COOCAKIEHUEM.

Kpucranmmsanuy coseli U3 BoABl CIIOCOOCTBYIOT U3MEHEHU T'e€OXUMU-
yecKoil 06cTaHOBKH. K TaKUM M3MeHeHUAM OTHOCATCS KOHIIEHTPUPOBAHHUE,

S¢ =TIP|1+
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BBIZIEJIEHNME Ta30B, CABUT TEPMOJAUHAMUYECKOTO, KUCIOTHO-IETOYHOTO U
OKUCUTENTbHO-BOCCTAHOBUTEIHBHOTO PABHOBECHSI, CMEIIEHNE BOAHBIX MacC
Pa3IMYHOTO COCTaBa.

[Ipu “crtapeHUY WIH BEIMOPaKMBaHUU OKEAaHUYECKUX, MOPCKHUX, 03€P-
HBIX U IPYTUX BUIOB BOZ IIPOMCXOAUT KOHIIEHTPUPOBaHUE, IIPUBOJAIIEE K
BBITIaZleHuIo coseit. C yBelnueHuEM KOHIIEHTpaIlUK BhIlTaZieHue cojiel mpo-
HCXOJUT B CJIeAYIOMUIEel [TOC/IeZ0BaTeIbHOCTH: KapbOHaTHEIE, CyIbdaTHBIE,
XJIOPU/HBIE.

BrinazeHve kapboHATOB 6OJIbINEL YaCThIO CBA3AHO C lerasaliiei Iprupo-
HBIX BOJI, U3MEeHEHNEM TEMITEPATYPhI, YBETUIEHHEM CTEITEHU UCIIapEHNs.

O6muii 5¢deKT ucnapeHus COCTOUT B yAaJTeHUU U3 pacTBOpa YUCTOMH
BO/IBI, TO3TOMY KOHI[EHTPAI[UU BCEX PACTBOPEHHBIX KOMIIOHEHTOB TIPU HC-
[TapeHuH BO3pacTaioT. XOTs UCIIapeHle ITPOMCXOAUT BO BCEX KIUMATUUECKUX
30HaX, OIHAKO TOJbKO B OTHOCUTENbHO apUAHBIX YCIOBUAX KOHIIEHTPHUPOBA-
HUe PaCTBOPEHHBIX BEIECTB CTAHOBUTCS [VIABHBIM (GAaKTOPOM, KOHTPOJIH-
PYIOIIIUM COCTaB BOJBI.

Kpucraanmusanus coseii B poliecce KOHIIEHTPHUPOBaHUA IPUPOITHBIX
BOJI apUHOM 30HBI COMMPOBOXKAAETCS BhIMaZIeHHEM He TOJhKO KapboHaTOB
U cynbdaToB, HO U XJIOPUJOB KaJbI[Us, MarHUA, HATPHUs, YTO MIPUBOAUT K
06pa3oBaHUIO COTOHYAKOB.

BakHbIM paxTopoM GOPMUPOBaAHUs COCTaBa IPUPOAHBIX BOJ IBJITETCS
pPacTBOPUMOCTb KapbOHATCOAEePKAIINX TOPOJ B IPUCYTCTBUN OAHOUMEH-
HOT'O MOHA. DTOT IIPOIiecC HAO/II0AAaeTCs TPU KOHTAKTe BO/BI, HACHIIIIEHHOM
KapbOHATOM KasbLUsA, C TIOPOJAMHU, COAEPKALIIUMHU CyabdaT Kaablus, KO-
TOPBIN UMeeT IMPOU3BeieHe PAaCTBOPHUMOCTH GoJiblliee, YeM y KapOoHaTa
kanbuua: I[P, =I1P (CaSO, - 2H,0) = 1,3-10-%; ITP, = ITP(CaCO,) = 9,3-10~°.
B aTOM ciiydyae B BoZie yCTaHABIUBAETCs paBHOBECHAsI KOHIIEHTpAIIUs HOHOB
KasblLusA, ollpeessgeMas PaCTBOPUMOCTbBIO cylbdaTa Kalablua S 1 kap6o-
HaTa KaabludA (B MPUCYTCTBUM cyabdara Kanbius S,.). ClesoBaTenbHo,
MaTepHaJbHBIM 6anaHc pacTBOPEHUS KapOoHaTa KaJbI[Us IPeACTaBIsIeTCs
CIeyIOIUM 06pa3oM:

Skc+Sc = [Ca”];
Sy =[CO3 " |+[HCO; | +[H,CO,],
a seipakenue I1P, mpumeT BUA
Py =|Ca®*[-[CO3"| = (Sic +S¢)-[COT|.

PaBHOBECHYIO KOHIIEHTPALIUIO [C032‘], WCIIOB3YS KOHCTAHTHI IUCCOIHA-
LMY YTOJIBHOM KUCJIOTHI, MOYKHO OIIPEJETUTD CAEAYIOUUM 06pa3oM:

Sic =|CO3 ™| +|HCO;5 | +[H,CO, .

Vcnonb3ys BeIpakeHre KOHCTaHThI JUCCOLMALMU YTONbHON KUCIOTHI,
[HCO;] u H,CO; MOXXHO BBIPa3UTh Yepe3 PaBHOBECHYIO KOHIIEHTPALUIO
[cOZ]

2
[H*][co; | [H][HCO;| [H][cOs]
————; [H,CO4|= = .
K, K, K, K,

[HCO; | =
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ITpeo6pa3ys BeIpaskeHue AJIA S C UCIOIb30BaHKUEeM BN PUBeJeHHBIX
dbopMyI1, TONTyIUM:
SKCKlKZ

. .
H K, [H ]+ KK,

oot |-

B utore [1P, MOXHO IIpeCTaBUTD B BUE
(SKC + Sc ) ‘S KC 'Kle
H k=1 KK,

[Tocie BHIYMCIEHHUS S, C UCIONb30BaHUEM 3HaveHus I1P., mo ypas-
HEHUIO, aHAJIOTUYHOMY A Sﬁ, pellleHUe BHIILIENIPHUBeeHHOTO ypaBHEeHUA
OTHOCHUTENBHO S,. He NpeJcTaBadeT npobiem. CieayeT OTMETUTh, ITO
Sic < Sg; MOTOMY IIPH KOHTAKTE BO/BI, HACBIIIEHHOH KapOOHATOM Ka/lbIIUA, C
MIOPOZIaMU, COEPXKAIINMHU Cy/Tb(aT KaIbl¥s, KApOOHAT KalbIUA OyAeT KPUC-
TaJ/IN30BaThCA U BBIBOJUTHCSA U3 BOJBI.

T'uaponus B IpupogHOU BOJie U B Mpolleccax BOJOOYUCTKU. ['Hapo-
JIN3 — 3TO paBHOBECHBIE peaKITMU OOGMEHHOTO B3aUMOJEHCTBUS PA3TUIHbBIX
BEIIeCTB C BOAOH. [l MpUPOAHBIX BOJ, a TAKXKe B MPOIleccaxX BOJAOOYHUCTKYI
Ba)XKHEMWIIUM ABJsEeTCA FUAPOINU3 cojiell B BOAHBIX pacTBopax. ['uaponusy
MTOABEPKEHBI COJIU, B COCTAB KOTOPBIX BXOAAT KaTUOHBI CIabbIX OCHOBAaHUI
(Al(OH),, Fe(OH),, Fe(OH), u ap.). IIpu rugpoiuse coneil CUIbHBIX OCHO-
BaHUH U c/1aObIX KUCIOT aHUOH C1a00M KUCIOTH CBI3BIBAET MOHBI BOAOPOZA
(V3 TUIPOKCOHM) ; JII MHOTOOCHOBHOM KUCJIOTHI CBS3BIBAaHME MOHOB BOJIO-
poZa MPOXOAUT CTYTIeHYaTo.

Hampumep, rupou3 COMU CUILHOTO OCHOBAaHUS U C1ab0¥ KUCIOTHI
Na,CO, omuceIBaeTcs CTyneH4aTo 06paTUMBIMK COKpallleHHEIMA MOHHBIMU
peakusaMu

CO2™ +H,0 < HCO; +OH ;
HCO3 +H,0 — H,CO, +OH .

[Tpu 5TOM ITPOUCXOAUT MOANIETaYMBaHNE PACTBOPA.

T'uaposus cosu ¢1aboro oCHOBaHMsA U cH/IbHOM KucsoThl (AICL,, Al,(SO,),,
FeCl,, Fe,(SO,),, FeSO, 1 ip.) IpoTeKaeT 3a CYeT CBA3BIBAHMA THAPOKCH-
MOHOB KaTHOHOM MeTaJsula (HalmpuMep, aTIOMUHUA), TIOCTaJUMHO peannu3ys
peakiuy o6pa3oBaHuA THAPOKCOKOMIUIEKCOB aTFOMUHUS:

A" +H,0 « AI(OH)*" +H";
Al(OH)*" +H,0 < Al(OH)," +H";
Al(OH)," +H,0 < Al(OH), +H".

KoHIleHTpalus conell B pacTBOPe OKa3bIBAET CYIIECTBEHHOE BIUSTHUE
Ha CTeleHb ruAposu3a coseli. C yMeHbIIeHHeM KOHIIEHTPAITUY COJIEH B BOJIE
paBHOBecHasa koHIleHTpanusa [OH-] u [H*] Takke ymeHbIIaeTcs, YTO IPUBO-
[IUT K CABUTY PaBHOBECUS PEaKI[UH THMAPOIU3a BIIPABO, T.€. K YBEIUUYEHUIO
CTeTleHU TU/IPOJIN3a coJei.

B pacTBOpax cpefiHel KOHIIeHTpallUU cTelleHb rugponusa a=C./C, co-
CTaBJISIET JIUIIIb HECKOJIBKO MTPOIIEHTOB, TPEUMYIIECTBEHHO IO TIEPBOM CTAIHH.
YMeHbIIeHUe KOHI[EHTPALIUH COJTM TPUBOAUT K YBEJIMYEHUIO CTETIEHU TUAPO-
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JIM3a; TIPY 9TOM CYIIIECTBEHHBIM CTaHOBUTCS BKJIA/ TIOCIEAYIOIINX CTAANHT TH-
ponusa. B pactBopax coneit amomunusa C(AlX,)=(0,1+0,001) Mmosb/am3
TUJPOJIN3 MOXET AOCTUYDb IpeJeNbHON TpeThel cTazuu. OZHAKO ocaiKa
Al(OH), B JMCTWIMPOBaHHOM BOJle He Hab/oaeTcs, IOTOMY 4TO KOHIIeHTpa-
1y pactsoperHoro Al(OH), He focTUraeT KOHIIEHTPaLUU 0caKoo6paso-
BaHusA, 00yc/I0BIeHHOM npousBeZieHreM pacTBopuMocTu [TP(AI(OH),) =
=5,1-10-33,

B mpupogHoii Boze, obyaaromiel meao9HoCThio 0 10 MMoib/AM3, B
OCHOBHOM 33 CUET PACTBOPEHHOTO r'MpOKapboHAT-NOHA, IPOUCXOIUT HEUTpa-
nusanus [HT]-uona (U3 MoHa TUAPOKCOHUSA) IO peaKIuu

H' +HCO, < H,CO, — CO, T +H,0.

OTa peakuus cZBUTAaeT paBHOBECHE PEaKIMK THAPOJIN3a BIPABO JaXKe
B CPAaBHUTEJIBHO KOHIIEHTPUPOBAHHBIX PACTBOPAX COJIEH aTIOMUHUA, IPU-
MeHSEeMBIX JIJIsT KOAryIAI[OHHONU OYUCTKY BOJBI.

B uTore B mpupoAHoii Bozie popmuposaHue xonbeB Al(OH), ocymect-
BJIAETCA COIVIACHO OPYTTO-peaknuu

A" +3HCO, — Al(OH), | +3CO, 1

WJIY TIPU U3BECTKOBAHUU BOZBI TUAPOKCUZOM KabIUs (CHJIbHOE OCHOBAHUE)
10 peakuu

A" +30H — AI(OH), | .

JAuddy3noHHBIE IpoLecchl B MPUPOAHOI Boge. [uddy3usa — 3To Mu-
rpalys BellecTBa, BhI3bIBaeMasi 'paIuEHTOM ero KOHILIeHTpaluu. Pe3ynbra-
ToM Aubdy3un ABISETCSI CAMOIIPOU3BOIbHBII MIPOLIECC TEPeHOCa BEIIecTBa.
B mpupozaHoii Boge Auddysusa ocyliecTBaAeTCI B OCHOBHOM B reTepodasHbIX
YCJIOBUAX. DTO pacTBOPeHHE KOMIIOHEHTOB BO3/[yXa B BOZE, PACTBOPEHUE
coJieli TpY KOHTAKTe BOZBI C TIOYBOI M MUHEpalaMu, TPOHUKHOBEHUE NOHOB
Y PACTBOPEHHBIX Ta30B B JIOHHbIE BOAOHACHIIIIEHHBIE OTIOKEHMS.

Bce cka3aHHOE BBIIIE OTHOCUTCSA K TIPOLIECCY MONEKYASPHOU duddysul,
KOTZIa MOJIEKYJIbI WJIX MOHBI JUGOYHAUPYIOT B HEMIOABIIKHOM cpeZie.

JAuddy3uonHo-KkoH8eKMUBHBLI MAcconepeHoc. B IIMPOKOM CMBICIIE TIOZ,
KOHBEKIMEN MOHUMAIOT TEIUIO- U MacCOIIEPEHOC B IBIIKYIIEMCS MTOTOKE.
Ecimu gud§y3us IpoucxoguT B IIOKOAIIENCA CpeZie, TO HEOOXOAMMBIM YCIOBH-
€M KOHBEKIIMH SIBJISIETCS TOABIKHOCTb CaMOM CpeZibl, ¢ KOTOPO BEIeCTBO
epeMeniaeTcs.

B 3aBUCHMOCTH OT ABVIKYIIIEH CHIBI PA3TUYAIOT €CTECTBEHHYIO (WU CBO-
6OZIHYI0) U BBIHYK/IEHHYIO KOHBEKIIHIO. B cIydae ecTeCTBEHHOM KOHBEKITUU
mepeMelleHre BellecTBa IPOUCXOAUT 110/ BIUSHUEM I'paJiueHTa TeMIlepa-
TYPHI ¥ TpaIl€HTa KOHILIEHTPALIMY U BBI3BAHHOT'O UM Pa3JIUYUs IVIOTHOCTEH
cpezpl. [Ipy BHIHYKIEHHOM KOHBEKI[UU MacCOTepeHOC 00y CIOBIEH TTTABHBIM
00pa3oM BHEUTHUM ITOOYAUTENEM U cOUYeTaeT MexaHndeckoe U JubdysnoH-
HOe IepeMelleHe BelleCcTBa.

Takoro poza AndHy3nOHHO-KOHBEKTUBHBIN MaccolepeHoC HabIroaa-
eTcs TaM, T[le UMeIOTCsA IpaJUeHT Halopa U IpaJUueHThl KOHI[eHTpaluu
pPacTBOPEHHBIX BellleCTB, 61arofapsi KOTOPBIM BO3HUKAIOT MOJIEKY/ISIPHBIE
MOTOKH.
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[ToBepxHOCTHBIE BOJBI BCerZja HaX0/ATCA B IBIKEHUH, B OCHOBHOM B BU/IE
TypOy/IEHTHBIX TOTOKOB. ECITH B TaKO¥ BOZHOU Macce CyIeCTBYET IPaZUeHT
KOHIIeHTPAIIMK HEKOTOPHIX BEIeCTB, TO IIpoliecc CMelleHUs, CBA3aHHBbIHN ¢
TypOyJIEeHTHBIM TeYeHUEM, IPUBOAUT K IIEPEHOCY PACTBOPEHHOTO BEILIECTBA.
DTOT mpollecc Ha3bIBaeTcs mypoyneHmHol dugpgysueii. KoapdunueHt Typ-
GyneHTHOH AN bYy3UN Ha HECKOJIBKO MOPSAKOB MPeBHIIIaeT Ko3bbUIueHT
MOJIEKYIAPHOU Aubdy3Uu.

VIToroM KOHBeKTUBHOH A1 dY3UH ABIAETCA CMellleHNe BOJ, Pa3IHnIHOr0
cocTaBa M MUHEpPATU3aIUU. B 3aBUCUMOCTH OT 00beMa CMEIINBAIOIIUXCS
BOZHBIX MAcC, a TAKXKe BIUAHUA HEKOTOPHIX APYTUX GaKTOPOB CMelIeHUe
HX COIIPOBOXK/aeTcss akTUBU3al[Kel! IIpoIleccoB MaccollepeHoca, IIepeBoJoM
cojiel B pacTBOp WIU BEIBOZOM BellleCcTBa U3 pacTBopa. B nTore HapyuiaeTca
JVHaMUYecKoe paBHOBeCHe, YCTAHOBUBIIEECS MeX/y BOAHBIM PAaCTBOPOM,
BMelaroiie TopoZoi ¥ paCTBOPEHHBIMHU ra3aMH.

PaccMOTpeHHBIe IIPOIIECCH! ABJIAIOTCSA B OCHOBHOM BHYTPUBOOEMHBIMU,
IIPOUCXOJAIINMY B BOZHOM OOBEKTE C yUYacTHEM BEI[ECTB, IPUCYTCTBYIOMINX
B HEM.

Jndodysus B cucteme “Taz—KUAKOCTb” B TPUPOJHBIX BOAAX OCYIIECTBJIS-
eTcsl B OCHOBHOM: IIPY PAaCTBOPEHUU KUCJIOPO/a B BOZE C €I0 IMOC/AeAYIOIINM
HCITOJIb30BAHUEM B OMOXMMUYECKUX PEAKIUAX; IIPU PACTBOPEHUM OKCH/A
yriepozga (IV) ¢ ucrnosb3oBaHUEM ero B peaKIusaxX HeUTpaaru3alyuu pu KoH-
TaKTe BOJBI C KapOOHATCOAEP)KALIUMU MUHEPATIaMMU:

CO, +H,0 < 2HCO; .

Ham6osee pacrpocTpaHEHHBIM B CUCTEME “Ta3—KUAKOCTD” SIBJISIETCS ZIBYX-
IUIEHOYHBIN MexaHu3M Auddy3un pu NpoTekaHuu peaknuu A +B —R_,
cxeMa KOTOpOro IpuBe/ieHa Ha puc. 1.25.

Ha puc. 1.25 npezcraieHo (B crydae ObICTPOI XUMUYECKOH peaKIIm)
3HaYeHHe MaplaIbHOro AaBeH!A ra30BOro KOMIIOHeHTa P, B Azpe ra-
30BOro IoToka (Hampumep, kuciaopozga wiu CO, B Bo3ayxe). 3HaYeHUe PAO

or Ox

Pa, Cs,

Cs, /

C —
rnl

1 2 3

Cxema pByxnneHo4HON Mofenu npouecca anddysnm B cucteme “ras —xuakocTs”:

1 — agpo notoka rasa; 2 — rpanmua pasaena ¢as; 3 — 30Ha peakwumm; O, — TOMLMHA NOTPAHHYHOM MAEHKH

CO CTOPOHbI rA30; O, — TOMLMHA MOMPAHUYHON MIEHKM CO CTOPOHbI XMAKOCTH; O’ — 4QCTb MIEHKM CO CTOPOHBI XHAKOCTH,
KOTOPYIO MPOXOANT PACTBOPEHHBIN Fa3 AO Peakwmu, " — 4aCTb MIEHKHM CO CTOPOHbI XMAKOCTH, KOTOPYIO MPOXOAMT
KOMMOHEHT B, Haxoasiumvics B xugkoctn
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He U3MeHsAeTCs [0 MOBEPXHOCTU NOTPaHUYHOM IVIEHKU CO CTOPOHEI rasa
BCJI€[ICTBHE TOT'O, YTO KOHBEKTHUBHBII MacCOIEPEHOC CyIeCTBEHHO BhIIIE
AndPysnoHHOro MaccollepeHoca B IOrpaHUYHOM IieHke. Ha rpaHune pas-
Zeina AByX a3 IPOUCXOAUT PACTBOPEHME Ta3a B )KUAKOCTH COIVIACHO 3aKOHY
l'enpu C, =KP, ¥ ycTaHaBIUBaeTCA KOHIEHTpPauA rasa B Boge C, . Yuu-
THIBas, YTO r'a3 B XKUAKOCTHU pearrupyeT ¢ KOMIIOHEHTOM B, KOHIIeHTpalus
€ro B IUIEHKe XuAKoCTH Oyzer MeHpme C, ¥ npoduib KoHUeHTpauuu C,
6yzeT HUCNAaJAoOMUM 0 MOMeHTa BCTpeur ¢ KOMIIOHEHTOM B 1 6BICTPOro
IIPOTEKaHUs peaKIuu.

Juddy3noHHBII TepeHoC KOMIIOHeHTa A yepes 0', OIpezesseTcs CKO-
POCTBIO MaccoIepeHoca

W/:Bm<CAO *CA)’

rze (3, — K0abPUIMeHT MacCcOOTAaYU A B KUJKOCTH.
Y4uTeIBadA, 4TO Ha YPOBHE 30HBI peaKuHH 3 C,=0, nomyuynm

W' =B,Cy, = 6,

rae D, — koadounuent auddysun A. CKopocTb MacconepeHnoca B uepes o
AQHAJIOTUYHO OIpeJiesisieTcs BhIpaKeHeM

Dy

- B C C >
B BO 6// By
rae 3, — koadounmeHT macconepesadu B B xxuakocTy; Dy — k0oadduieHT
muddy3uu B B KUIKOCTHU.
B crannonapHoMm pexxume W/=W", moatromy
Dy

0 6// B,

—Ca,

0’

6’ 5 Ca =

Tak kak ToamuHa AudbY3MOHHON MIEHKU CO CTOPOHBI KUJKOCTH
6, =08/4+8”, To cTalMOHapHAsA CKOPOCTh MacCOIIePeHOCa ONpeeIUTCA Kak

DACA0 1+DBCBO

1
W n 6_( DACAD + DBCBO ) n 6 DACAO

K K

BTOpO# COMHOKUTEND IIPUHATO HAa3bIBaTh K0P PUIMEHTOM YCKOPEHUA.

CKOpOCTb MaccollepeHoca 6e3 XUMUYECKOU peaKITUH WIK TPU MEAJIEHHON
XUMUYECKOU PeaKIMy ONpeeseTcss B OCHOBHOM CKOPOCThIO Auddysuun A
yepe3s IVIEHKY CO CTOPOHBI JKUJKOCTH, T.€. COOTBETCTBYET Mpolleccy pusmye-
cKoit abcopbIuu.

OG6MeHHbBI€e mporiecchl. /s 3IeMEHTOB, UCIIOIb3yEMBIX OpraHU3MaMu
B OTHOCHUTELHO GOMBITHX KodecTBax (a3oT, pocdop, MHOTAA yIyiepos, Ka-
JIUH, KaJbIUi, KpeMHUI), 61oorundeckoe morsomuieHue (copbIiius) 4acTo
SIBJISIETCSA JOMUHUPYIOMUM GaKTOPOM, PETYIUPYIONIUM COAePKaHUE UX
B IIPUPOJHBIX BOZaX B IIMPOKOM JUalla30He KOHIeHTpauui. To ke caMmoe
MOXKHO HabJII07aTh A1 MUKPO3JEMEHTOB (MapraHiia, Meau, HUKeJsI, MO-
nubzeHa, ceyleHa), IPUCYTCTBYIONINX B BOAHBIX 0O'bEKTaX B HE3HAUNUTETbHbIX
KOHIIEHTPALHIX.
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XUMUYECKU COCTaB BOZABI BO MHOT'OM 3aBHCHUT OT OOMEHHBIX ITPOIECCOB,
MIPOTEKAOIINX HA IOBEPXHOCTH Pasziesia XKUAKOU U TBepAon pa3 (MOHHBIH 06-
Me€H, OKUCIUTETbHO-BOCCTAHOBUTENbHBIE 1 GMOI€OXUMUYECKHIE PEAKIIUN).

HonHblll 06MeH — TIPOTIeCC MOTIOIIEHU TBEPABIM BEIIECTBOM 13 BOZABI
OJHUX OHOB U 3aMeHbI UX JPYTUMH, HAaXOJAMINMUCA B TBEPZOM BellleCTBe
(IIMHUCTBIE MUHEPAJIBI, OPTaHUYECKOE BEIECTBO MPUPOAHBIX BOZ). Peakiiu
HMOHHOTO 00MeHa 06paTUMBIL. VIX ABIKYIIEH CUIOHN SIBJISIETCS CTPeMIEHNE K
YCTAHOBJIEHHUIO XMMHUYECKOTO PAaBHOBECHUA MEX/AY B3aUMOZEHCTBYIOUNMUI
dasamu.

OOMeHHBIe NOHBI, COCPeJOTOYEeHHBIe Ha IOBEPXHOCTU cOpOeHTa, Ha-
3BIBAIOTCS MOIVIOMAIOINM KOMILTIeKcoM. CTelleHb AMCIePCHOCTU TBepAOH
a3l yBesTmuIMBaeT ee CiocOOHOCTb K 00MeHy. HeMairyto poJib UTPaeT B 3TOM
U coCcTaB cOpOeHTa, B YaCTHOCTH MUHEPAJIOru4ecKui cocTas nopoz. Hampu-
Mep, 60JIbII0I 06MEHHOM CITOCOGHOCTHIO 06/1a/Ja€T MOHTMOPWUTOHUT, MUHU-
MaJbHOU — KAOJUHUT.

CrerneHb IIOIVIOIEHNS NOHOB 3aBUCUT OT BaJIEHTHOCTH KaTHOHOB. XOpO-
III0 TIOTVIOLIAIOTCS MHOTOBAJIEHTHBIE HOHEL, cy1abee — ofHOBaIeHTHBIE. Cpean
MOHOB OZMHAKOBOW BaJIEHTHOCTH JHEPTHUs MOITIOUIEHN TalaeT ¢ YMeHb-
IeHneM OTHOCUTEIbHOM aTOMHOM Macchl U paguyca nona: K* > Na* > Lit;
Sr2+ > Ca?* > Mg?+.

Adcopbyus Ha meepdom opeaHuUuecKkoM seujecmae. PacTBOpeHHOe OpraHu-
YecKoe BellleCTBO MIPHUPOAHBIX BOZ BKIIOYAET ITUPOKUM KPYT COeIUHEHUHN — OT
OTHOCUTETBHO HEOOIBIINX MOJIEKYJI 10 OJTUTOMEPOB U IMoanMepoB. KoHIleH-
Tpalus pacTBOPEHHOT'0 OPTaHUYeCKOTO BellleCTBa B IOYBEHHBIX PACTBOPAX
0OBIYHO MHOT'O GOJIBINE, YeM B pekax U 03epax. OCHOBHOE KOJIMYECTBO OP-
TaHUYEeCKOTO BelleCcTBA IPUPOJHEIX BOZ MPeACTaBIEHO I'YMYCOBEIMU Bellle-
CTBaMU, KOTOPBIE COCTOAT U3 TYMUHOBBIX U QyIbBOKUCIIOT.

['YMUHOBbIE KHUCIOTHL IPEJCTABIISIOT COO0I BEICOKOMOJIEKYIIIPHBIE TI0-
JIUMEPHI, coZiepKale KapOOKCUIbHbBIE U GeHOMbHbBIE TUAPOKCUAHBIE GYHK-
I[OHAJbHBIE TPYIIIEL. [IpU MOAKUCIEHUY TYMUHOBBIE KUCIOTHI TEPSIOT pac-
TBOPHMOCTbH U BBIZIEJIAIOTCSA U3 PACTBOPA B BU/E AUCIIEPCHOH (a3kl.

['yMycoBBIe BelllecTBa B PACTBOPE aKTUBHO B3aUMOZEHCTBYIOT C MIOHAMU
MeTaJlIOB, 06pa3ysi KOMILIEKCHI XeJIATHOT'O TUIA. DTO SABJSAETCS MIPUIUHOU
dbopMUpOBaHUA BBICOKUX KOHIIEHTpAIUi MeTa/IoB B pacTBope. Copbius
Ha TBepZo# ¢aze IyMUHOBBIX KUCIOT CIIOCOOCTBYET yaIeHHUIO METAJIOB U3
pacTBopa.

[IpucyTcTBUE B pacTBOpe OPraHUYeCcKUX JUTAHJ0B TaK)XXe BHOCUT U3-
MeHeHUs B aJcopOI[UI0 METAIOB HAa OKCUAAX U TIOBEPXHOCTYU TTIMHUCTHIX
MUHEDPAJIOB.

Ecnu voH MeTasa B pacTBOPe HaXOJUTCA B KOMILIEKCHOHM dpopMe, ero
azcopbuus MOXKeT OBITh [TOJaBJeHa, HO B HEKOTOPHIX CHCTEMAX OHA B Jieli-
CTBUTEJIBHOCTH JQXKe YBEIMYNBAETCS 3 CUET 0O0pPa30BaHUA TPOUHBIX METAILI-
JIUTaH/I-TIOBEPXHOCTHBIX KOMIITIEKCOB.

Xumuyeckre 1 GU3NKO-XUMUYECKIE IPOLECChI. B IPUPOAHBIX BOAAX
IIPOTEKAIOT Pa3INYHble XUMUYecKre U GU3NKO-XUMUYecKe IIPOIlecCH, OKa-
3bIBAIOIIME CYIIECTBEHHOE BIUSIHUE Ha UX COCTAB.

XuMUYecKue peaKIuy B IPUPOAHBIX BOJAX B OCHOBHOM HOHOOOGMEHHBIE
1 OKHCJINTENTBHO-BOCCTAHOBUTEIbHBIE. CYMMapHOe OTHOCUTEIbHOE CoZlepiKa-
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HHE OKUC/IUTEIbHO-BOCCTAHOBUTE/IbBHBIX PEAr€HTOB XapaKTEPU3YyeT BEJINYN-
Ha OKUCIUTENbHO-BOCCTAHOBUTEIHHOTO (pefiokc) nmoTeHuuana. IIockoabKky
B IIPUPOZAHOM BOZle IPUCYTCTBYET PAaCTBOPEHHBIN KUCIOPOZ, TO Cpefia UMeeT
OKUCIUTENIbHBIN XapakKTep. OTpI/I]_IaTeJIbHoe 3HAa4Y€HHE PEAOKC-TIOTEHIINAJI
HabJI0ZaeTCs B aHA3POOHBIX YCIOBUAX — CPe/ia UMEET BOCCTAaHOBUTENbHBIN
XapaxTep.

OxucnumensvHo-8occmanogumensvHsvimu peakyusamu (OBP) Ha3pIBatoTCA
peaKnny, COIpoBOXAaroIeCd IIEPEX0J0M 3JIEKTPOHOB MEXAY YIaCTBYIOIIN-
MU B peaKIUM YacTullaMu (aToMaMu, MOHAMU, MOJIEKylIaMu). PasmudatoT
Tpu TUna OBP: mexcmonexynsapHrole, MeNcUOHHBLE, BHYMPUMONEKYNSAPHDBLE,
CAMOOKUCJIEHUA-CAMOB0CCMAHOBJIEHUA.

HpHMepOM IIEPBOTO TUIIA MOXXET CIYXXUTb p€aKIUA, IPONCXOAIIAsA B
armocdepe

NS +205 = 2N 0, >
WJIN B BOJZIE
4Fe*" +0, +10H,0 = 4Fe(OH), | +8H" .

[TpumepoM BTOporo tTuna OBP MoXeT CIyKUTh peakinusa
2KC1"°05% = 2KCl ' +303 .

[Tpumepom TpeTtbero Tuna OBP — peakuus, mpoTeKarlias npu obe3sa-
paXUBaHUU BOJHI,

Cl +H,0=HCl ' +HCI™'0,

IZie XJIOP BBICTYIIAeT B KauecTBe OKUCAUTENA U BOCCTAHOBUTENA (peaxiius
CaMOOKUCJIEHUA-CAMOBOCCTAHOBIEHUA).

domonuz — poTOXUMUYECKUE ITPEBPAIIEeHNsI, IPOTEKAIOINE B IIPUPOJ-
HBIX BOZaX NoZ Bo3jelcTBUeM Y®-usnydeHus CoyHIIA IPU y4acTUU CBOOO-
HBIX PaJIUKaJIOB U BO30YKAE€HHBIX YaCTHIL. TONIITMHA CJIOST BOABI, B KOTOPOM
ocyIecTBgeTcs GOTOMN3, MOXKET JOXOAUTD /10 HECKOIBKUX MeTpoB. PoToN3
MPOTEKAET C yYacTUEM KHUCIOPOZAA U CBOOOAHBIX PaJUKAJIOB, UTPast BAXKHYIO
POJIb B IIPOLIECCAaX CAMOOYUIIEHHUA HEITyOOKUX BOZOEMOB, PeK, IIPYZOB, IIPH-
OpeXXHbIX 30H MOpeii, 03ep, BOJOXPAHIIUII OT 3aTrPA3HAIONINX BEIIEeCTB.

1.2.3.2. K1ucjI0THO-OCHOBHOE paBHOBeCHE B IPUPOAHBIX BoJax

BrusiHue kap6oHATHO cucTeMbl Ha pH nNpUpOAHBIX BOA. BaxkHOI
XapaKTepHUCTUKOM IPUPOAHBIX BOJ, ABJAETCA BOJOPOAHBIN IToka3aTesb — pH.
DJIeKTPOHEUTPaTBHOCTDh PACTBOPOB B MIPUPOAHBIX IOBEPXHOCTHBIX BOZAX
cobroaeTcs 3a CUeT paBeHCTBA MeX/Y COAepXKaHueM KaTHOHOB HATPUs,
Ka/us, Mar"us, Kajablysd, BOLOPOAa U KOJIMYEeCTBOM aHUOHOB — XJIOPUJ-,
rUApoKapboHaT-, KapboHaT-, cyabdaT-, HUTPaT-UOHOB:

[Na*]+[K*]+2[Ca?*]+2[Mg?*]+[H*] =
= [CI1+[HCO;1+2[COX1+2[SO>1+[NO;].

[Ipu OTCYTCTBUU MPOIIECCOB PAaCTBOPEHHsA U 06pa3oBaHUs HOBHIX (a3
noubl K*, Nat, Ca?*, Cl-, SOj‘, NO; ne OyZyT OKa3bIBaTh BAUSHUE Ha pH
o6pa3syromuxcs pacTBOpPoB. KUCIOTHO-0CHOBHOE paBHOBeCHE Oy/ieT ornpeie-
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narbed npucyrcrsuem HCO, u CO?‘ HMOHOB. [103TOMY /151 GOTBUTMHCTBA TPU-
POZHBIX BOZ KOHIIEHTPAIUA NOHOB BOZOPO/a Ollpe/iesifeTcs coAep:KaHueM
rUApoKapboHaT U KapboHAT-MOHOB. B JaHHBIX pacTBopax npu pH paBHOM 7
6yzeT cobMI0AaThCS PAaBEHCTBO MEX/AY COZepKaHeM NOHOB BOZOPOZAA U KO-
JITYEeCTBOM I'HIPOKAapOOHAT-, KApOOHAT- U THAPOKCHUAHBIX HOHOB:

H* = HCO,+2CO; +OH-~.

B 3TOI1 CBA3W M3y4YEHUIO PAaBHOBECHUH, BOSHUKAIOUIUX B KapOOHATHOM
CUCTEME, YAENAIT 0c0b0e BHUMAaHMUE.

YcraHoBeHO, uTo BhieneHre CO, B pe3yabTaTe AbIXaHUA U Pa3Ioke-
HUA OpraHNuYeCcKuX OCTaTKOB BBI3bIBaeT NOHWKeHHe PH B IPUPOAHEIX BO-
Jlax, IoToMy 4To nmpu abcopbruu CO, Bofoit obpasyeTca ciabas yroabHasd
KucjaoTa:

H,0+CO, « H,CO, « H*+HCO; «— 2H*+COZ".

C apyroii croposl, nornomenue CO, B nponecce GOTOCHMHTE3a IPUBO-
[AUT K yMeHblIeHuIo KoandecTsa H,CO, u H*, 1.e. kK pocty pH. MoxHO npez-
IIOJIOKUTb, uTO pH perynupyercsa paBHoBecreM CO, 1 kap6oHaTa KalbIUs.
TakuM obpasoM, noBbllIeHNe konudecTBa CO, yBeIUUUBaeT cofep:KaHue
H,CO,, 4To, B CBOIO O4epe/ib, BEI3bIBAET YMEHbIIeHHe coZep:kaHuA kap6o-
HaTa KaJbLUA, a yMeHblIeHHe cogepskanua CO, NIPUBOAUT K OCAXK/EHUIO Kap-
6onara Kanbuud. Boga, cogepxamas H,CO, u HCO,, obnazaet 6ybepHbBIMU
CBOMCTBaMM, TIO3TOMY ZOCTATOYHO OOJIbIINE U3MEHEHU KOHIleHTpaluy H*
MOTYT He IIPUBOZAUTH K CJIBHOMY U3MeHeHUIo pH.

PesynbTHpyoliye COOTHOLIEHUA MeX Ay MOJIeKyJlaMi U HOHaMHU, aTMO-
cdepubiM CO, 1 TBEpALIM KapOOHATOM KaJIbIMA IPUBOAAT K GOPMUPOBAaHHIO
6ydepHoro pacropa c pH 8,0-8,4. IIpu 3TOM He UCKJIIOYEHO, YTO aKTUB-
HOCTb OPTaHWYECKOI'0 BellleCTBa WM Apyrue JoKaabHble IPUYUHEI MOTYT
o6pa3oBaTh Ha HEKOTOPOe BpeMs Gosee Hu3KMe (0 6) U 6osiee BHICOKUE
(mo 10) 3HaueHus pH.

Eciu u3BecTHa cyMMapHas aKkTUBHOCTb KapboHaToB u pH pacTBopa,
BCeTZa MOXKHO BBIYUCIUTh aKTUBHOCTb KAXKJOTO U3 KOMIIOHEHTOB Kapbo-
HATHOM cucTeMBI. [I7I1 OPUEHTUPOBOYHBIX PACUYETOB yZI0OGHO UCIIONb30BATh
pacrpeZienuTenbHyto fuarpammy (puc. 1.26), KoTopas pecTaBiseT co6oi
3aBUCUMOCTbD COZIEp>KaHUsA (B Z0JISIX) KOMITOHEHTOB KapOOHATHOM CUCTEMBI
oT BesIn4uHb pH pacTsopa.

JlnarpaMma BKJIIOYaeT Be 3aBUCUMOCTHU: IlepBas 3aBUCUMOCTH IIOKa3bl-
BaeT U3MeHeHUe CoZiepXKaHUsA THAPOKapOOHAT-NOHOB B cucTeMe oT pH Bozpl,
BTOpas — M3MeHeHUe coZleprkaHusA okcrga yriepoga (IV) (mpeuMyiiecTBeHHO
B KHCJIOU cpeZie) U KapOoHaT-UOHOB (TIPeUMYIIEeCTBEHHO B IEJIOYHOM cpese)
oT pH Boz®I.

YcraHoBIeHa 3aBUCMMOCTb pH pacTBopa OT coZiep:kaHusA OKCHAA yITe-
poza (IV) B Bozayxe:

pH=—Ig[H"|= _1g(1<1 Kp(co, Peo, )1/2, (1.1)

rge K, — koHCTaHTa AMCCOLMAllMK YIOJbHON KUCJIOTH IO NepBOH CTy-
MIeHU, MOJIb/AM?3; Kr(coz) — KoHcTaHTa I'eHpH A1 okcuza yriaepoza (IV),
Mouib/ (M3 I1a) mau Mosb/ (AM3-aTM) ; PCoz — MapIrasbHOE JIaBleHNe OKCH/A
yrinepoga (IV) B Bo3ayxe (I1a wiu at™m).
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Heo6x0AMMO OTMETHUTD, YTO MOAXOBI K OlleHKe 3HayeHus: pH mpu pas-
HOBECHH JJIA POI[eCCOB PACTBOPEHUS TAKUX ra3oB, KaK, HAl[PUMED, OKCHU/
yrepoza (IV), okcuz cepsl (IV), amMuak, B BoZie, He CofiepKallei ApyTrux Ipu-
Mecel, ABIATCA obmmumu. IToaTomy dpopmyna (1.1) MoxkeT OBITH UCITOTbH30-
BaHa /i1 olleHKU pH aTMocdepHBIX 0CaZIKOB, KOT/Ia B BO3/yXe MPUCYTCTBYIOT
okcuzbl yrnepoga (IV), cepsl (IV), aMMuak wind Apyrue ra3bl U UX CMECH, 110-
CKOJIBKY B 3TOM CJIy4ae B PAaCTBOpE MPAKTHUYECKHU OTCYTCTBYIOT UCTOYHUKHA
IpUMeceH, ClTOCOOHBIX TTOBIUATh Ha pACCMOTPEHHBIE PABHOBECHS.

AXTHUBHOCTb MOHOB BOZOPO/ZA (a; ) B pacTBOpe KapboHaTa KaJabIusi B
3aBUCUMOCTH OT IIapIMaJbHOIO aBJIeHUs YIVIEKHUCIOTO ra3a HaZl pacCTBOPOM
ompezenseTcs mo Gpopmysie

2 102
3 p2 K7 Ktco,) K a2t

a. .. = :
Ht CO, >
2KC3C03 FYHCOQ

rae K, u K, — koncranThl guccounannu H,CO, o TepBOM U BTOPOU CTyTIEHU;
Kr(coz) — xoHcraHTa l'enpu a1 CO,, Noy2+» “rcos ~ k03 PUITeHTHl aKTUB-
HocTH MoHOB Ca2* u HCO;.

(1.2)

XapaKTepHCTHKA KapOOHATHOMH cHCTEMBI IPUPOAHBIX BoA. Kap6o-
HaTHas CUCTEMA IIpeACTaBIIAeT cOO0H OAUH U3 CJIOKHBIX KOMIUIEKCOB IIPU-
POZIHBIX PaBHOBECHUH U OIlpefiesigeT XapaKTep pszia MPOIeCCOB U ABIEHUH,
IIPOTEKAIOIIUX B IPUPOAHBIX BOJAX.

OCHOBHBIMU KOMIIOHEHTAMH KapOOHATHOMN CUCTEMBI IPUPOJHBIX BOJ
SABJIAIOTCA OKCUZ yrepoga (IV), ruzpokap6oHaT- ¥ Kap6oHAT-UOHEL. B pac-
TBOpE MeX/y HUMHU CyLeCTBYeT IIOABIXHOE paBHOBeCHe:

H,CO, « H* 4+ HCO; «» 2H* + COZ".

CooTHoOIIIeHNEe MKy KOMIIOHEHTaMH KapOOHATHOHN CUCTEMBI B 3HAYTH-
TeJbHOI Mepe onpezensaerca BennunHod pH cpegrl. Tak, npu pH < 4,5 u3
BCeX KOMIIOHEHTOB KapOOHATHOTO PaBHOBECHUS B BOZIE IPUCYTCTBYET TOJIHKO
cBObOOAHAA yroapHas KucioTa. B nnreppane pH ot 6 1o 10 rugpokapboHar-
HIOHBI ABJIAIOTCA OCHOBHOM GOpMO# TPOU3BOAHBIX YTOIBHOMN KUCIOTHI (MaKCH-
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MaJsbHOE UX coZiepkaHue Habmogaercs npu pH 8,3-8,4). ITpu pH > 10,5 rias-
HOU GOPMOM CyIeCTBOBAHUSA MPOU3BOJHBIX YTOJIbHON KUCIOTHI ABJISIOTCS
KapbOOHaT-UOHBI.

OxapakTepu3yeM OCHOBHbIE KOMIIOHEHTH KAPOOHATHON CUCTEMBI TTPH-
POZHBIX BOZOEMOB. [JTaBHBIMU UCTOYHUKAMHU MOCTYIIEHUA OKCUZA yIJie-
poza (IV) B mpupoAHBIE BOABI ABJSAIOTCA IPOLECCHl OMOXMMUYECKOTO pac-
1a/ia OpraHNYeCKUX OCTATKOB, OKUCIEHHN OPraHUYECKUX BEleCTB, AbIXaHUs
BOZIHBIX opranuaMoB. Oxcuz yriepoga (IV) cozep:kuTcs B BoZie B OCHOBHOM
B BU/Ie PacTBOPeHHEBIX MoseKysn CO,, ¥ TUIIb Majiasd 4acTb ero (oxomo 1%)
MIPY B3aMMO/JIEUCTBUHU C BOZIOUM 06pasyeT yroJlbHYI0 KUCIOTY:

CO, + H,0 « H,CO,.

OpHOBpEMEHHO ¢ mponeccaMy nocryrieHusa CO, B BOZOEM 3HAUYUTEIb-
Had yacTb oKcuza ymiepoza (IV) morpebiserca npu GOTOCHHTESe, a TaKXKe
pacxoziyeTcs Ha paCTBOpeHHe KapOOHATOB U XUMHUYECKOE BEIBETPUBAHUE
AJIFOMOCHUIMKATOB, IPUCYTCTBYIOIINX B BOJE:

CaCo, + CO, + H,0 « Ca(HCO,),,
HSiO; + CO, + H,0 « H,Si0, + HCO;.

YMeHbIIeHHE coflepykaHus okcuza yriaepoza (IV) B Boe TpOUCXOAUT
TaKXKe B pe3y/IbTaTe €ro BhIJeNIeHUs B aTMocdepy.

KoutienTpanus okcuga yriepoga (IV) B IpUpPOAHBIX BoAiaxX Kojie6ieTcs
OT HECKOJIbKUX JIECATHIX JOJIEH eIUHUITEI 0 3—4 MT/AM3, U3peKa JOCTUTast
BesmuuHbl 10-20 Mr/aM3. OOBIYHO BECHOU U JIETOM COZEp)KaHUEe OKCH/A
yraepoza (IV) B BosoeMe MOHMIKAETCS, & B OCEHHE-3UMHUM MTePU0/] YBEU-
YUBaeTcs, JOCTUTAasA MaKCUMyMa B KoHIle 3uMbl. Okcuz yrepoza (IV) umeet
HCKJIIOYNUTENbHO Ba)KHOE 3HaUeHUeE /IJI1 pACTUTEIbHBIX OPraHN3MOB (KaK Uc-
TOYHMK yT7IepoZa). B To xe BpeM:A MOBHIIIeHHBIe KOHIeHTpanuu CO, yrHe-
Tarlle AeUCTBYIOT Ha KUBble OPTaHU3MBbI. [Ipy BRICOKMX KOHIIEHTPaLUAX
CO, BOZA CTAHOBUTCA arpeCCMBHOM 10 OTHOLIEHMIO K MeTa/lIaM 1 6eTOHY B
pe3ysbTaTe 06pa3oBaHUs PACTBOPUMBIX THIPOKAapOOHATOB, HAPYIIAIOIINX
CTPYKTYPY 3TUX MaTepUaoB.

Jlpyroii KOMITOHEHT KapOOHATHOM CUCTEMBI — KapOOHATHI — IITUPOKO pac-
MIPOCTPaHEeH KaK B IOHHBIX OTJIOXKEHUSAX MOPEeH 1 OKeaHOB, TaK U Ha TIOBEPX-
HOCTU MaTepUKOB. MoIllHbIe TOJIIY U3BECTHAKOB, Meprejiei, 0JIOMUTOB U
JIPYTUX KapbOOHATHBIX TOPO/] BCTPEYAIOTCS IMTPAKTUIECKU IIOBCEMECTHO.

Kap6oHaT KalbIys B IPUPOZE BCTPEYAETCSA MPEUMYIIIECTBEHHO B BUJE
JBYX KpUCTA/UTMYeCKUX GOPM — KaJIblMTa U aparoHurta. Kaaeuut pacmpo-
CTpaHEeH 3HAaYUTEThHO IHMPE U HanboJiee XapaKTepeH /st 0CaKOB, 06pasyro-
IIUXCS B XOJIOAHOU cpezie. AparoHUT, 00pa3yIoIIUNACA B TPOIMYECKUX MOPSX,
OTHOCHUTCS K MeTacTabuIbHOUM hopMe KapOoHaTa KaablUs U TOCTETIEHHO
MIEePeXOAUT B KaJIbIUT.

OCHOBHBIM UCTOYHUKOM THAPOKapOOHATHBIX M KapOOHATHBIX MOHOB B
TIOBEPXHOCTHBIX BOZAAX ABJIAIOTCA IIPOLIECCHl XMMUYECKOTO BEIBETPUBAHUA U
pacTBOpeHUs KapOOHATHBIX TTOPOJ, THUIIA U3BECTHSAKOB, MEPTEIEH:

CaCO, + CO, + H,0 « Ca?* + 2HCOO;,
MgCO, + CO, + H,0 «» Mg?* 4 2HCO;.
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Heo6X0AUMO OTMETHTD, YTO MPOLIECC HETIOCPEACTBEHHOT'O PACTBOPEHMS
KapboHaTa KaJbl¥s [0 YpaBHEHUIO

CaCO, < Ca?* + COZ-

MIPAKTUYECKH HE UT'PAET POJIU IIPU ITEPEX0/ie MaIOPACTBOPUMBIX KAPOOHATOB
B pPacTBOpP.

Ob6pasyrolnuecs B X0/ie 3THX MMPOIECCOB AHUOHBI BKTIOYAIOTCSA B OOIIYIO
cucTeMy Kap60HATHOTO paBHOBECHS, CYIIIECTBYIOIIYIO B IPUPOAHBIX BOZAX,
U OKa3bIBAIOT CYIIECTBEHHOE BIUsAHUE Ha pH pacTBOpOB.

HekoTopas yacTb ruZJpOKapbOHAT-MOHOB MOCTYIIAET C aTMOCHEPHBIMHU
ocaZiKaMU U TOA3eMHBIMU BogaMu. ['mapokapboHaTHBIE U KapOOHATHBIE
VOHBI TIOCTYTIAIOT B BOZOEMBI CO CTOYHBIMU BOJAMU MPEANPUATHN XUMUYe-
CKOM, CUINKAaTHOU, COZIOBOM IIPOMBIIIIIEHHOCTHU U JIP.

[ToMrMO KanbIUTa U aParOHUTA, B TUTOCHEpE JOCTATOTHO ITUPOKO pac-
MIpOCTpaHeHb KapOOHATHBIE TOPOZBI, COAEPKAIIME KAMbIIUA U MarHUH, — 3TO
nonomut CaMg(CO,), 1 BHICOKOMarHe3uaabHble KaJbLUTEL. MarsesuaibHble
KaJbIUTHI, 06pasymolrecs B palloHaX MOPCKOTO MEIKOBO/bsI, OOBIYHO CO-
nepxar ot 11 10 19 % (moin.) MgCO, 1 OTHOCATCA K BEICOKOMArHe3MalbHbEIM
kanpuuTaM. Kanbuut, cogepxamuii MmeHee 5 % (mos.) MgCO,, Ha3pIBaIOT
HU3KOMarHe3uaJbHbIM.

[Tpotiecc pacTBOpeHUs JOJIOMUTA MOXKHO TIPeICTaBUTh YpaBHEHUEM

CaMg(CO,), < Ca* + Mg2* + 2COZ".

B mpupoge BO3MOKHbI B3aMHbIE IIpeoOpasoBanust (IIepexobl) Kajb-
IIUTa B ZIOJIOMUT ¥ OOpaTHO:

CaMg(CO,), + Ca?* «— 2CaCO, + Mg?*.

151 6OTBIIMHCTBA MTOBEPXHOCTHBIX BOJ KAJIBLIUT — MEHEE YCTOHUYMBast
dbopma kKapOOHATHBIX MOPO/, IO CPABHEHUIO C JIOJIOMUTOM.

[To Mepe HaKOIJIEHUA I'UAPOKapOOHaT- U 0COOEHHO KapOOHAT-MOHOB
MOC/IeIHYE MOTYT BBITIA/IaTh B OCA/IOK:

Ca(HCO,), — CaCO, + H,0 + CO,,
Ca?* + CO> — CaCO, | .

B peuHBIX BOZIAaX coJiep:kaHue THAPOKapOOHATHBIX U KapOOHATHBIX
MOHOB Kosebsercs ot 30 g0 400 mr HCO;/ZIMS, B o3epax — oT 1 0 500 mr
HCO; /aM3, B MOpcKo# Boze — oT 100 1o 200 mr/am3, B aTMochepHBIX 0ca-
kax — oT 30 7o 100 mr/am®, B TpyHTOBBIX BoZax — oT 150 o 300 mr/am?,
B IIOZI3€MHBIX BoZiax — oT 150 70 900 mr/am3.

KapGoHaTHOe paBHOBecHE B MOPCKOIi Bojie. Heopranudeckue coein-
HEHUA yIyiepoJia B MOPCKOU BO/ie TPeZCTaBIeHbl, KaK U B CIy4ae MPeCcHbIX
TIOBEPXHOCTHBIX U NOA3EMHBIX BO/Jl, OKCUZOM yriepoza (IV) u moHamu HCOB‘
u CO?‘. Boza okeaHOB Tpe/icTaB/sIeT cO60M MHOTOKOMIIOHEHTHBIN PacTBOP
3JIeKTPOJIUTOB CpelHEN KOHI[eHTpaI[UuM, KOTOPBIN XapaKTepu3yeTcsl BbICO-
KMMU 3HAaYEHUSIMU MOHHOM Ccuibl. PacTBOopeHMe U TUAPOIN3 KapbOHATOB
00yCJIOBIMBAIOT MOSIBJIEHWE B PACTBOPE BCEX MPOU3BOAHBIX YTOIBHON KHC-
JIOTHI.
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CxeMa o6MeHa yIyiepozia MeKy ero COeIMHEHUsMU B OKeaHe TIpUBeeHa
Ha puc. 1.27.

OcHOBHBIM (aKTOPOM, OT KOTOPOT'O 3aBUCHUT COCTOSHIE KapOOHATHBIX
paBHOBecul, ABnsAeTcA cogepxanue CO,. Cyzanenuem CO, U3 BOADL, HAIIPU-
Mep npu poTocuHTe3e, pacTeT pH, yBeInunBaeTcs KOHIIeHTpalusa kapboHat-
HBIX ¥ YMEHbIIAeTCs KOHIIEHTPAIUsA TuAPoKapObOHATHEIX MOHOB. [TocTyIute-
Hue CO, B MOPCKYIO BOAY Be/I€T K IIaZIeHNI0 pH, yMEeHbIIEHHUIO KOHIIeHTPAI[UK
KapOOHATHBIX U YBETUYEHHUIO KOHIIEHTPAUU I'UPOKapOOHATHBIX HOHOB
HarpeBaHue MOpckoi BOJBI cZIBUTaeT paBHOBECHE B CTOPOHY YMeHbIIeHUsA
KOHIIeHTPAI[UU THAPOKAPOOHATHEIX U YBEJIUYeHUs KOHI[eHTpaluu Kapbo-
HaTHBIX MOHOB.

IIpoTexkaHue MpoLEeCCOB pacTBOpeHus uin ocaxzenus CaCO, B pac-
cMaTpuBaeMoi kapboOHAaTHOU cucTeMe OKeaHa 3aBUCHUT OT MapUHaIbHOIO
Aasnenusa CO,, TeMnepaTypsl, COJTEHOCTH BOABI ¥ BEIMYMHBI THAPOCTATH-
YyecKoro JapjeHuda. B okeaHax coszaeTcsa BecbMa HeOZHOPOAHOeE paciipesie-
JIeHVEe I'PaHUIBl HACBIIIEHHOCTH BOZbI KapboHaTOM KaiblusA. C yOuHOH
OOBIYHO BBIZEJIOT YEThIPE 30HbI C PA3IMYHOM CTEMEeHbI0 HACKIIEHHUS BOZBI
KapOOHaTaMH.

Ilepsas 30Ha — TOBEPXHOCTHBIH CI0M BOZHI A0 ybuHbl 300-800 M, 3Ha-
YUTENbHO MepeHacheHa. DTOMY CIIOCOOCTBYIOT CPaBHUTENBHO BBICOKHE
TeMIlepaTyphl U HU3KHe [TaplyaabHble JaBleHua okcuza yriepoza (IV).

Bmopas 30Ha oxXBaThIBaeT caoi rybuHo# g0 1500-2000 M. B cBsizu ¢
WHTeHCcudUKanyel Ipolecca OKUCIEHNU OPTaHUIECKOT'0 BEIeCcTBa B 9TON
30He [IPOMCXOAUT yBenudeHue gasnenns CO, U MOXKeT BOSHUKHYTh He/JOHa-
CBIIIIeHUE KapOOHATOM KaJIbIIUs.

Tpemsbs 30Ha — 1o 3500-4500 M oTIMYaeTcs COCTOAHUEM, OIU3KUM K
PaBHOBECHOMY.

Yemeepmas 30Ha — oT 3500-4500 M — 10 fIHA XapaKTepU3yeTCA XOPOIIO
BBIPQ)KEHHBIM HeZJOHACHIIIIeHIeM BOZIbI KapOOHATOM KaIbLIUsA, CBI3AHHBIM C
POCTOM T'HMZPOCTAaTUUECKOTO JaBIeHYs.

Atmocdepa
Cco,

Bona

PacTtBopeHHble
opraHunyeckne
BelecTsa

v

s = (0, &= H,(0; &= HCO; &= CO;"

I ><< 1 1

OcTatkun
«<—= KuBoTHbI +«— C(CaCo «<—— CaCo
OpraH1M3moB BOTHbIE 3(kpuct)  —— 3(pacr)

| I 1

fl
¥

PucyHok 1.27.

v v !

CaCOs(rs) [oHHble oTNoXeHus CaCOs(re) CaCOs(rs)

Cxema 06MeHa yrnepoaa Mexiy ero COeAMHEHNAMM B OKEAHE
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[IleIoYHOCTHh IPUPOAHBIX BOA. OLHOM U3 BaXKHEHIITHX 0COOEHHOCTEH
OOJIBIIMHCTBA MIPUPOAHBIX BOJ, ABJISAETCS CIIOCOOHOCTb HEUTPATU30BATh MOHBI
BOZOPOZA. JTa CIIOCOOHOCTh HAa3bIBAETCS MIETOUHOCTHIO BOJBI.

OCHOBHBIMU KOMIIOHEHTAaM¥, OTBETCTBEHHBIMU 3 TIPOIIECCHI CBA3BIBA-
HUSI MIOHOB BOZIOPO/IA, B OOJIBITMHCTBE MTPUPOAHBIX BOZ SABJISIOTCS HOHBI HCO;,
CO§‘ u OH~. Ipyrue noHs! (IpOM3BOAHbBIE OPraHUYeCKUX KUCJIOT, pocdaTsl,
6opaTel U T.ZI.) BHOCST JIUIIIb HE3HAYNUTENbHBIM BKJIaJ B IIPOIIECCH HEWTpa-
JIM3alluy MOHOB BOJZIOPO/ia U HAUMHAIOT UT'PaTh OlpeZieJIeHHYIO POJIb JUIb
TTOCJTe CBSA3BIBAHUA TUAPOKAapOOHAT-UOHOB.

OcCHOBHbIE XMMHUYECKHE PeaKIMU, IPOTeKalol[ie B BOJOeMe IIPU Hel-
Tpanu3aliu HOHOB BOZOPOZA, MOXKHO NPeCTaBUTh CIeAYIOUINMU YpaBHe-
HUSIMHU:

HCO, + H* < H,0 + CO,;
CO} + H* < HCOg;
OH  + H* «+ H,0.
Takum o6pa3oM, IIeJTOYHOCTh MOXKHO OIIPeeTUTh KaK CyMMY KOHI[E€H-

Tpaluii HOHOB TMIpOKapboHaTa, F’UAPOKCUIA U YABOEHHOM KOHIIEHTPAIIMHU
KapOOHaT-MOHOB

I, = [HCO]] + Z[Cog'] + [OHT],
rze 11— o6mmas megI09HOCTb BOABI, MOJIb/AM3.

BesmuuHa I1eI0YHOCTH IPUPOAHBIX BOJ UMeeT OOIbIIOe 3HAYeHHE I
¢dboTocuHTe3a, IPOTEKAIOIIEro B BoZ0eMax: P CBA3BIBAHUU YIVIEPOZA U CUH-
Te3e OpraHUYecKUX COeIMHEeHUH, B cIydae OTCYTCTBUA JOTOJHUTEIBHOTO
noctymwienus CO,, B pacTBope HenusbexxHO moAHUMeTcs pH, a KoJIM4ecTBo
CUHTE3UPYEMBIX OPTaHMYECKUX COeJUHEHNN 3aBUCUT OT coZepxkanusa CO,
u HCO; B pactBOpe. [103TOMY 4acTo I[e/I0YHOCTh IIPUPOJHBIX BOAOEMOB
HCIIO/b3YIOT B KaueCcTBe CPaBHUTENbHOU XapaKTepPUCTHUKYU IIPU OLleHKe IIPOo-
ZYKTUBHOCTHU BOZIOEMOB.

VIHoTrZIa B IPUPOAHBIX BOZOEMAX B CBA3U € OYPHBIM ITPOTEKAHUEM IIPO-
1eccoB GOTOCHHTE3a U HeZJOCTaTOYHOM ckopocThio mocTyruieHusa CO, pH noz-
HuMaetca 70 10 u Boie. Takre BeICOKMe 3HaUeHUA PH, Tak ke Kak U 3aKuc-
JIeHUe, OTpULIATeIbHO CKa3bIBAIOTCA HAa Pa3BUTUY BOZHBIX 9KOCHUCTEM.

JlJ1s TOBEPXHOCTHBIX BOZOEMOB, HAaXOAIMIUXCA B PAaBHOBECUHU C Kap6o-
HaTOM KasbLUs U OKcuzoM yriepoza (IV), cogepxamumMcs B aTMOChEPHOM
Bo3Ayxe, pH BoABI 0JKEH COCTABIATh 7,3-8,4. B aTOM cilyyae 3HaueHUe
IIEeJIOYHOCTH B 3TUX BOZOeMaX OyZEeT ONpeAenaThCs JUIIb KOHIeHTpaluei
rupokap6oHaT-uoHoB. KonuenTpauusa HCO; B Takux Bojoemax, a Cl1eAoBa-
TeJIbHO, U IIeJIOYHOCTH OYAyT paBHBI IPUMEPHO 1 MMOb/AM3.

CrnezyeT OTMETUTD, UYTO IIPU OTCYTCTBUU IIPOLI€CCOB PACTBOPEHUA WIN
OCa’K/IeHUA Bell[eCTB I1eJIOYHOCTD BOZABI OcTaeTca Hen3MeHHoU. [Ipu n3meHe-
Huu pH cpeipl TPOXCXOAT INUIITh B3aUMHBIE TpaHCPOpMaIlly KOMIIOHEHTOB
KapOOHATHOM cUCTEMEL. [103TOMY IIeJI0YHOCTD YaCcTO HAa3hIBAIOT “KOHCEPBA-
TUBHOM BeJIMYMHOU”.

ITpoiecchl 3aKucaeHUs TIOBEPXHOCTHHIX BoZoeMOB. OfHOMN U3 MpU-
YYH yMeHblleHNd pH IpHpoHBIX IOBEPXHOCTHLIX BOZ ABJIAETCA 3aKUCIeHNe
BOZIOEMOB B pe3y/bTaTe BbIIaZleHUA KUCIOTHBIX JOXKIeH.
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B BozoeMe MOXHO BBIZIEIUTh HECKOJIBKO 3TAIOB IIpollecca UX 3aKUce-
HuA. Ha mepBoM, HecMOTps Ha [TOCTYIUIeHUe KUCIbIX 0caZikoB, pH npakTuye-
CKU He MeHsAeTcsA. ['Mpokap6oHaT-UOHBI, IPHUCYTCTBYIOINE BO BCEX IIOBEPX-
HOCTHBIX BOZ0OEMaX, IIOJTHOCTBIO HeUTPaNIU3yIOT OCTyTalole HOHbl H:

HCO; +H" — H,0+CO, .

[Ipu BO37eHCTBUU KHUCIOTHBIX JOXK/EH KUCIOTHOCTD BOJBL B BOJOEME
He OyZeT BO3pacTaTh /10 TeX MOP, MTOKA I[eJI0YHOCTD BOZAbI HE YMEHBUIUTCA B
10-15 pa3 g0 Beruuunbl MeHee 0,1 Mosb/AM3. B 3TOM ciydae B TepUoj Hau-
60J1ee UTHTEHCUBHOTO ITOCTYTUIEHHS KUCIBIX BOJ, B BoZ0eM (OCeHb — OOMIbHbIE
JOX/IU 1 0COOEHHO BeCHA — TasHUEe CHEera) BO3MOXKHbI 3HAUNUTENIbHbIE OTKJIO-
HeHUs B BelnyrHe pH MMOBEPXHOCTHBIX BOZOEMOB. DTH OTKJIOHEHUS HOCAT
BpEMeHHBIH XapaKTep U C IpeKpanieHreM HHTEHCUBHOTO IIOCTYIUIEHUS KHC-
JIBIX OCAZIKOB BOZI0€M TIEPEXOAUT B OOBIYHOE COCTOsIHUE, pH IIoAHUMAETCs 10
MEPBOHAYAIBHBIX 3HAYeHUH. Jlake 3TU KPAaTKOBPeMeHHbIe U3MEeHEHNUS Ype3-
BBIUAIHO OIIACHHI /11 BOAHBIX 9KOCUCTEM, IIOCKOJIBKY MX CPOKU COBIIAZAIOT C
MepUoJaMU Pa3MHOXXEHUS OTAETbHBIX BUJOB BOAHBIX OPTaHU3MOB.

Ha BTOpO¥ cTazny 3aKucIeHns BogoeMa pH Bogbl 0OBIYHO He IOZHUMA-
eTcs BhIlIe 5,5 B TeyeHHe Bcero roga. O Takux BogoeMax 06BIYHO FOBOPAT KaK
006 yMepeHHO KUCIBIX. Ha 3TOM dTare 3aKUCIeHUs TPOUCXOAAT 3HAUUTEb-
Hble U3MEHEeHUs B BUJOBOM COCTaBe KMBBIX OPIaHU3MOB.

Ha TpeTbheM aTarne 3akuciaeHus pH BogoeMoB cTabUIM3UpyeTCsa Ha 3Ha-
yeHuax pH <5 (o6sr9H0 pH 4,5), gaxke eciu aTMochepHbIe 0CaIKU UMEIOT
6osee BrICOKME 3HAUeHUs pH. DTO CBA3aHO € MPUCYTCTBHEM I'YMYCOBBIX Be-
IIEeCTB U COeMHEHU aIIOMUHUSA B BOJOEMAaX U TOYBEHHOM cJioe. ['yMycOBbIe
COeHEHUs B OCHOBHOM IIPe/ICTaB/IeHBl B BOZI0OEMax pacTBOpaMU CIabBIxX
opraHuyecKux KucjaoT. CBA3BIBasA WIN BhIZENAA MOHE HT, 3TH KHUCIOTHI CTa-
6mIu3upyIoT 3HaYeHue pH B BogoeMe. DTOMY CIIOCOOCTBYIOT U COeAMHEHUS
AIIOMUHYSA, IPAaKTUYECKU BCET/a IPUCYTCTBYIONINE B TouBe. IIpu pacTBOpe-
HUU WIK OCAKAEHUU COeANMHEHUN aTFOMUHUSA TaKKe POUCXOAUT CBA3BIBAHME
WY BBIZIEJIEHVEe MOHOB BOZOPOZA.

VI3MeHeHMe BUZOBOI'O COCTaBa BOAHBIX SKOJIOIMYECKUX CUCTEM IIPU 3a-
KHCJIEHUU BOJ0OEMOB BO MHOT'OM CBSI3aHO C YBEIMYEHUEM COZEePIKaHVSI NOHOB
Al3* B pacTBOpE, KOTODPHIH, [TePEX0/IsI B HEPaCTBOPUMbBIE COeIMHEHUS B Opra-
HU3Me PbIO, ABIAETCA IPUINHON UX THOeH.

1.2.3.3. Okuc/IUTEIBbHO-BOCCTAHOBUTEIBHbBIE IPOLIECChI
B ruapocdepe

OKUCIUTENbHO-BOCCTAHOBUTENIbHbIE PEAKIINH JIEXKAT B OCHOBE PACIIPO-
CTpaHEeHHBIX IIPOIleccoB 06e3BpekUBaHUA U 06e33apaKUBaHUsA CTOUYHBIX
BOJI, pa3HOOOPAa3HbIX MTPeBpallleHUH 3arPA3HAIONNX BENECTB B BOZIE BOAHBIX
OOBEKTOB.

B oxuCIUTEeNbHO-BOCCTAHOBUTEIBHBIX peaKIUAX, COIPOBOXIAIOITNXCSA
M3MeHEeHWEeM CTelNeHU OKUCIEHUs YIaCTBYIONNX B HUX YacTUI] (aTOMOB,
HMOHOB), HEOOXOAUMO OZHOBPEMEHHOE ITPUCYTCTBUE U OKUCIUTENEN, U BOC-
CTaHOBUTEJIEH, KOTOpble 0OMEHUBAIOTCS DJIEKTPOHAMH.

[TpuHIUTIHANBHASA BO3MOKHOCTh MTPOTEKAHUS OKUCJIUTENHHO-BOCCTA-
HOBUTEJBHBIX PEAKIIU, a TAK)KE UX HAITPABJIEHHOCTb MOTYT OBITh OITpe/ieIeHbI
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110 BEJUYMHE OKUCIUTENbHO-BOCCTAHOBUTENBHOTO TOTEHITNAaNa (peZoKe-
moTeHnuazi, ot anmmickoro RedOx — Reduction/Oxidation). Ha npakTuke
[T U3MePEHUs OKUCTUTENbHO-BOCCTAHOBUTENIBHOTO TOTEHIMAIA B BOAHBIX
PacTBOPax UCIIOJIb3YIOTCSI MILIUBOJIBTMETPEI (pPH-METpPHI, HOHOMEDHI) C ILIa-
TUHOBBIM U BOJOPOJHBIM 3JIEKTPOAAMHU, 3HAUYEHUE DJIEKTPOABWIKYIIE CHTBI
MeXIy KOTOPBIMU MPUPABHUBAETCA K 3HAUEHUIO OKUCIUTEIbHO-BOCCTAHO-
BUTEJILHOTO MoTeHI[ana E u BeIpakaeTcs ypaBHeHreM HepHcra

L 0,059, dy
ay

E=E,
C

rae E, — crangapTHeIM (HOPMalbHBIN) OKUCIUTENbHO-BOCCTAHOBUTE IbHBIN
MTOTEHIIMAJ PefOKC-TIpoIlecca IPU aKTUBHOCTSX YIaCTBYIOIINX KOMITOHEH-
TOB, PaBHBIX €IUHUIIE, ¥ 3aBUCUT OT IIPUPOJBI PeOKC-TIPOIleCCca U OT TeM-
neparypsl, B; n — 4MCJI0 3/1eKTPOHOB, y4aCTBYIOLUIUX B PeaKluu; d,,, d,, — aK-
THUBHOCTH BEIIECTBA B OKHUCJIEHHON 1 HEOKUCIEHHOH (BOCCTaHOBUTEIBHOM )
¢dbopMax cOOTBETCTBEHHO.

BenmuuHel E cBeZleHBl B TAG/IUIIbL, U C KX IIOMOIIBIO MOKHO PeIlaTh BOI-
POC O HallpaBJIEHUH U ITOJIHOTE IIPOTEKAHUSA TeX WIN UHBIX PeJOKC-IIPOLIeCCOB
(CnpaBouHUK XUMUKa, 2012).

K CHIBHBIM OKUCJIUTENAM OTHOCATCA GTOP, KUCIOPOZ, XJIOP U APyTHe
Bell[eCTBa, o6azarontyie 60IbIINMI 3HAaUeHUSIMU OKUCIUTETbHO-BOCCTaHO-
BUTEJIbHOTO IIoTeHIMana E,,. BeljecTsa ¢ IpOMeXXyTOYHOM CTEeNeHbIO OKHCIIe-
HUA B 3aBUCUMOCTH OT 0OCTOSITENBCTB MOTYT BBICTYIIATh M B PO OKUC/IU-
TeJiel, ¥ B POJIM BOCCTaHOBUTEJIEH.

CocTosiHUE OKUCIUTENbHO-BOCCTAHOBUTEIBHOU PEAOKC-CUCTEMBI MO-
JKeT OBITh OXapaKTEepPU30BAaHO 3HAYEHUSMU /IBYX MMoKa3aTesnel — E u pH. s
XapaKTePUCTUKU OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX IIPOLIECCOB, IPOTE-
KaIOIIKUX B BOAHOU CcpeZie, UCIOMb3yeTcsa guarpaMma Ilyp6e. OHa HamIAgHO
oToOpakaeT TepMOAMHAMUYECKU YCTOWYMBEIE GOPMBI CYIleCTBOBAHUS dJle-
MeHTOB (MOHOB, MOJIEKYJI U Ip.) B pacTBOpax IIpH pa3INYHBIX 3HaUeHUAX pH
1 OKUCJIUTENbHO-BOCCTAaHOBUTEIBHOTO IToTeHIInana E. /luarpamMma B CxaToi
1 HamIAgHOU GopMe IOKa3bIBaeT, KaKue XMMUYeCcKUe YacTUIbl (MOHBI, MO-
JIEKYJIbI) TepMOJUHAMUYECKU YCTOUYUBEL K OKUCIEHUIO-BOCCTAHOBIEHUIO
U KUCJIOTHO-OCHOBHBIM peaKIvaAM B 3aBUCUMOCTU OoT pH u E. Jluarpamma
[lyp6e aJis1 BoAbI IpUBeAeHa Ha puc. 1.28.

B pezokc-crucTeMe, 06pa3oBaHHON XUMUYECKU YUCTOM BOJO B OIIpese-
JIEHHBIX YCJIOBUAX, IPOUCXOAUT BOCCTAHOBJIEHHE MOJIEKYJ BOAOPOAA Y OKHUC-
JieHre MOJIeKYJI BOZBI COIVIAaCHO YPaBHEHUAM

2H* +2e =H,;
2H,0 < O, + 4H* + 4e-.

B pe3ysbTare BoJja HACHIIIAETCS MOJIEKYIAPHBIM BOJOPOIOM WIH KHUCJIO-
POZIOM /IO TeX TOP, TTOKA AaBJeHUe 3TUX ra3oB He JOCTUTHET PABHOBECHOTO.
CrereHb HACHIEHNS BOJBI KMCJIOPOAOM WJIM BOJOPOZIOM OI[eHUBAETCS COOT-
HolleHHeM GpaKTUIECKOTO ¥ PAaBHOBECHOTO (MTapIIMaIbHOTO) AaBIECHUH.

OTH ycJI0BUA BHIpaXaloT TakXke depe3 nokasarenb rH,, npezacTasiamo-

mui cob60i OTpUIIaTENbHBIN TorapudM AaBIeHU MOJEKYIIPHOTO BOAOPOAA
B cpefie. Tak KaK OKUC/IUTETbHO-BOCCTAHOBUTENbHbIE YCIOBHUSA B 3HAUUTE/b-
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Huarpamma

CTABUNBLHOCTM BOAbI
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HOU Mepe 3aBUCAT OT aKTUBHOU KOHIIEHTpallui MOHOB BOZOPOJa B cpele,
TO CBA3b MEX/Jy HUMU BeIpaxaeTca ypaBHeHueM: rH,=E /0,029 +2pH (mpu
temneparype 20 °C u atmochepHoM AaBieHun 106 315 I1a).

B cpeze, cunbHbBIe OKUCIUTENbHBIE CBOMCTBA KOTOPOH COOTBETCTBYIOT
YCIIOBUAM, CO3JaBaEMBIM ITyTEM HACHIIIEHUS ee KUCIOPOAOM (IIpU U30BITOY-
HoM gaBienuu 98,01 kI1a), rH,=41; 0pu CUIbHO BOCCTAHOBUTENbHBIX yCJIO-
BUAX, COOTBETCTBYIOIIUX HACBHIIIEHUIO CPe/ibl MOJEKYIAPHBIM BOZOPOLOM
(mpu TaKOM >Xe U30LITOYHOM AaBaeHun), rH,=0. [Ipy paBHOBECHU OKHUCIHU-
TeJIbHO-BOCCTAHOBUTE/ILHEIX NIPOIleccoB B cpefie rH,=27,9. 3Havenusa rH,
HIDKE 3TOM BEJIMYMHBI YKA3bIBAIOT Ha GOJIBIIYIO WIM MEHBIIYIO BOCCTAHOBU-
TeJHHYIO CIIOCOOHOCTD CPeZBl, a BBIIIE — HA OKUCIUTENBHYIO €€ CIIOCOOHOCTD.
[TpucyTcTBUE B cpesie CBOOOJHOTO KUCIOPO/a ONpezessaeT mpeobiajaHue
OKUCJIUTENbHBIX IIPOIIECCOB.

ObacTs TepMOAMHAMUYECKOH YCTOHYNBOCTH BOJBI HAa IMarpaMMe orpa-
HU4YeHa NpsAMBIMHU “a”, Ayia koTopoii rH,=0 u “B” — aa rO,=0. YpaBHeHue

“q”

psAMoU “a
E =-0,0591pH - 0,0295IgPy, ;
npsAMoi “B” E=1,228-0,0591pH + 0,0147 1gP,,.

.HI/IHI/IH, IIOCTPOECHHAaA AJIA 3HAYEHUN rH2=r02, ACIUT JuarpaMMy Ha AB€
30HBI: HUXKE pacCIIoJIOXKeHa 30Ha BOCCTaHOBJIEHHA, BBIIIIE — OKUC/II€HUA.

[19}]

B obacTy, paciooXeHHOHM HIKe IMHUY “a”, IPOUCXOAUT Pa3IoKeHHe

W

BOJbBI C BBIZICJIEHUEM BOZOPO/iA, a BBIIIE INHHUN B’ — C BBIZICJIEHHEM KHUCJIOPO-
ga. XoTd paCcCMOTpEHHasA AruarpaMMa ClipaBeAjinBa AJd XUMUYECKU YUCTOU
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BOZIbI, €€ MOXKHO KCITOJIb30BATh IS OLEHKHU COCTOSTHUS BOZHBIX pa3baBiieH-
HBIX PaCTBOPOB.

OKHCINUTEIbHO-BOCCTAaHOBUTE/IbHEIE PEaKI[UK UI'PAIOT UCKII0YUTENIbHO
Ba)XHYIO POJIb B OIIMCAHUM IIPOLIECCOB, IPOTEKAIOIINX B IIPUPOAHBIX BOJAX.
dopmupoBaHue KauecTBa IPUPOAHBIX BOJ, B 3HAUUTE/IbHON CTEIIeHH oIIpe/e-
JIieTCA OKUCIUTETbHO-BOCCTAHOBUTENBHBIMU PEAKITUAME, UX KUHETUYECKU-
MU XapaKTepUCTHUKaMU, KOTOpbIe, B CBOIO ouepe/ib, 3aBUCAT OT BeJUYUHBI
OKMCJIUTENbHO-BOCCTAHOBUTEIBHOI'O IOTEHIIMaIa BOABI IIPUPOAHOIO BOJ-
HOTO 00beKTa (peZoKC-TTOTEHIINAI, ONpeAeNeHHBIN A BoAbl, 6yzeM 060-
3Ha4arth E, ), HaXOAAIETrocsa B COCTOAHUNA PABHOBECHA.

JlJ151 OKHCIUTEIbHO-BOCCTAaHOBUTENBHBIX PEaKIUi, IPOTEKAIOLIUX B IIPHU-
POIHBIX BOZOEMAX, XapaKTEPHHI IBe 0COOEHHOCTH:

1) GOJMBIIMHCTBO peaKIUi KaTaJiusupyercs GpepMeHTaMU MUKPOOpra-
HU3MOB (HampuMep, OKUCJIeHHEe OPTaHNYECKOTO BellleCTBa MOJIEKYIAPHBIM
kucmopogoM, BocctaHossenue Fe (I11) B Fe (II) u T.4.);

2) mpouecchl OKUCIEHHUA UAYT € yIacTHueM TaKUX OKUCIUTeNeH, KaK CBO-
60ZHbBIE paUKAJIbI, TIEPOKCU BOJOPO/A, O30H U .

B nmpupoaHoi Boze sHaveHue E, kxonebaercs or —400 g0 +700 MB, uTo
onpezesseTcs BCe COBOKYIIHOCTBIO IPOUCXOALIUX B HEM OKUCIUTENIbHBIX
1 BOCCTAHOBUTEIBHBIX IIPOLIECCOB.

B 3aBucrMOCTH OT 3HaueHUA E, BHIJE/IAIOT HECKOJIBKO OCHOBHBIX yCJIO-
BUI, BCTpEYaIINXCA B IPUPOAHBIX BOZAAX.

OKucIuTebHbIE — XaPAKTEPU3YIOTCA 3HaYeHUAMH E;, >+ (100-150) mB,
IIPUCYTCTBUEM B BOJie CBOOOZHOI'O KMCIOPO/aA, a TaKXKe PsAZia dJIEMEeHTOB B
BHICIIEN cTeneHu okucaenus (Fe3*, Mob+, AsS+, Vo+ US+ Sr4+ Cu2*, Pb2+).
Cutyanus, Hanbosee 4acTO BCTPEYAIOIIAsSICS B TIOBEPXHOCTHHIX BOJAX.

[lepexozsHble OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIE — XapaKTE€PU3YIOTCA
BenmanHamiy E, o1 0 10 +100 MB, HeyCTONYMBEIM T€OXUMHUYECKAM PEKUMOM
Y IIepeMeHHBIM coZiep:KaHleM CepOBOo/opoJa U KUCI0PoAa. B aTux ycioBuax
BO3MOXXHO ITPOTEKaHMe MPOIeCCOB KaK OKUCIEHU, TaK U BOCCTAaHOBJIEHUSA
MeTaJUIOB.

BoccTaHOBUTEIbHBIE — XapAKTEPU3YIOTCA 3HaYeHUAMH E, <0. TUIHIHBI
JUIS1 TIOZA3€MHBIX BOZ, TZle IPUCYTCTBYIOT MeTalIbl HU3KUX CTelleHel OKuce-
Hus (Fe2t, Mn2*+, Mo**, V4 U4T), a Takke cepoBOZIOPO/I.

OmpezienieHue peJOKC-TIOTEHIMAIa IO3BOJIAET IPOrHO3UPOBATh GOPMEL,
B KOTOPBIX BO3MOXKHO CyIlleCTBOBaHHE XMMUYECKUX dJIEMEHTOB C [lepeMeH-
HOI BaJIEHTHOCTBIO B IPUPOZAHBIX BOZAX, a TaKXKe OLIeHUTh YCJIOBUA, IPU KO-
TOPBIX BO3MOXKHO TIepepacipeenetre (pacTBOpeHue, ocakaeHue, cCopoIus,
OMOAKKYMYJIALVSA U TIP.) METAJUIOB MeXKAy KOMIIOHEHTaMU BOZHBIX OOBEKTOB.
YacTo (HampumMep, npu 06paboTKe BoAbl B 6acceiinax) OBII sABiseTCS OFHUM
13 OCHOBHBIX ITapaMeTPOB KOHTPOJIA Ka4ecTBa BOJBL, TAK KaK II03BOJIAET Olle-
HUTH 9PPEKTUBHOCTD MPOIECCOB 06€33apasKUBAHUSA BOJIBI.

B npupogHbIX Bojgax, Kak IIpaBWIo, He JOCTUTaeTcs TepMOAUHaMU4e-
CKOe paBHOBecCHUe, a HabJIogaeTcs JMHaMIUIeCKOe OKUCIUTETbHO-BOCCTaHO-
BUTeJIbHOE paBHOBeCHe, TaK KaK B HUX ITIOCTOSIHHO IIPOTEKal0T OKUCIUTETbHO-
BOCCTAaHOBUTENbHBIE PeaKIUU. [Ipu 5TOM MOXXHO BBIIEJTUTD JBE OCHOBHBIE
PeZOKC-TI0ACUCTEMbl, OCHOBAHHBIE HAa Y4aCTUH B OKUCIUTEIbHO-BOCCTAHOBU-
TeJIbHBIX [TpoljeccaxX MOJIEKY/IAPHOro Kucaopoza (MeJjIeHHO yCTaHaBIuBalo-
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Ieecs paBHOBECHE) U IIEPOKCHZA BoZopoza (6EICTpopearupyolas moCcrc-
TeMa). MiamMepsAemoe 3HadeHue E, IPU 3TOM ONpeZeNaeTcsa IPOIeccaMy,
MPOTEKAIOIIUMU TJIaBHBIM 006pa3oM B “MeZJIeHHOI” TIoAICHCTEME.

[Tepoxcuyg Bogopoza (H,O,) IpuUCyTCTBYeT B IPUPOJHBIX BOAAX IPU
a’pOOHBIX yCIOBUAX. 3HaUUTeNbHOe KonndecTBo H,O, HaXoAUTCA B aTMO-
coepHbIX ocazakax. [lepokcu BoZopoAa ob6pasyeTcs B IPUPOAHBIX BOJAxX
U B pe3y/bTaTe BHYTPUBOZOEMHBIX IIpOlleccoB (IIpeBpalleHle TUAPOKCUZ-
HOI'0 paJuKasa 10/ BO3elCTBHeM COJTHEYHOro cBeTa — YP-4acThb CIeKTpa;
KaTaJIuTUYecKUe MpollecCchl OKUCIeHU JIETKOOKUCIAeMbIX OPraHuIeCcKUuX
Bell[eCTB; BblJeJIeHe B IIpolecce GOTOCHHTe3a HEKOTOPBIMU BHUAAMH BOJO-
pociieii u ip.).

CiezyeT OTMETHUTD, YTO BelLeCTBa, 00OIaatoye BOCCTAHOBUTENbHEI-
MM CBOMCTBAMHU, MPOAYLIIPyeMble OUOTOH, 6osiee 3)PEeKTUBHO OKUCIISIOTCS
[IePOKCHUIOM BOZOPOZA, YeM PaCTBOPEHHBIM KUCI0pooM. [Ipu B3anumozeict-
BUU C KMCJIOPOJOM OHH CJIY’KaT JJONOJHUTEIbHBIM HcTo9HuKOM H,0, B Bo-
JHOI cpeze.

[TepeHoC 371€KTPOHA B peLOKC-IIPoIiecce COIPOBOXAAETCA IEPEHOCOM
IIPOTOHA, 00YCIOBINBAS TEM CAMBIM I PEaKLIHi, IPOTEKAIOMIKX B BOZHOM
pacTBoOpe, >KeCTKYIO B3aMOCBA3b MEX/Iy OKMCIUTEIbHO-BOCCTAaHOBUTEIbHBIM
U KMCJIOTHO-OCHOBHBIM paBHOBecueM. Hampumep, eciu uoH Fe (II) otgaer
3JIEKTPOH, TO BBIAEJAIOTCA TPU MOHA BOJOPOAA, YTO IIPUBOAUT B KOHEUHOM
pe3yabTaTe K 06pa3oBaHUIO TPYAHOPACTBOPHUMOTIO TUAPOKcHza xene3a (II1)
Y YBeJIMUEeHUIO KOHIIeHTpallui HOHOB BOZOPOZA B pacTBoOpe:

[Fe(H,0),]2* < Fe(OH),| + 3H,0 + 3H* + ¢-.

[IpoTeKaHUEM ITOU PEAKITUU OOBSICHAETCSI KUCTBIM XapaKTeP IMaXTHBIX
BOZ ¥ 0Opa3oBaHUe XapaKTEPHOTO ocajKa “p:KaBuUMHB” B MeCTaX BHIXOJA
Ha MMOBEPXHOCTD IMOA3EMHBIX BOJ, COIEPXKAIIUX MOHBI IBYXBAJIEHTHOTO JKe-
Je3a.

TakuM 06pa3oM, OKUCIUTENbHO-BOCCTAaHOBUTENbHBIH IIOTEHITHAJ B3aH-
MOCBA3aH co 3Ha4eHreM pH. Bennuunnl pH u E;, 0OTHOCATCA K BaXXHEWIIMM
TIOKa3aTessIM CBOMCTB IPUPOAHBIX M CTOYHBIX BOJI, OHU ITO3BOJIAIOT OLIEHUTh
OKHCJIUTENbHO-BOCCTAHOBUTENBHBIN PEXKUM BOJBI B BOAHBIX 00hEKTAX, CTe-
TleHb 3arpsI3HeHUs ee TIPOAYKTAaMU Paclia/ia OpraHUYecKUX COeJMHeHUHN U CTOY-
HBIMU BOZIaMU ITPOMBIILIEHHBIX IPEeAIPUATHI, COCTOSHYE XXUJKOU U TBep/oi
¢da3 Ha OYMCTHBIX COOPYKeHMAX U T.J. Hanpumep, Huskue 3HadeHus E, ObI-
TOBBIX U IIPOU3BO/ICTBEHHBIX CTOUHBIX BOJ, CBU/IETENBCTBYET O IPUCYTCTBUU
BOCCTaHOBUTeNeH (aMMUaKa, HUTPUTOB, OPraHUYECKUX BEIIECTB U T.J.);
BBICOKHE — OKUCIUTENEMN, HanmpuMep xpoMa (VI), Ta3006pa3HOro Xjopa Win
IPOJYKTOB €ro B3auMozelcTBus ¢ Bozoi (Tabs. 1.20). Ynpasnaa E,, MOKHO
HaIlpaBJIE€HHO BJIUATH Ha MPOIIECCHI, POUCXO/SAINME B IPUPOAHBIX BOAAX 1
Ha COOPYKEHUIX OUUCTKU CTOYHBIX BOJ.

Bemmuuzel pH 1 E, BIUAIOT Ha Pa3aU4YHble QU3NKO-XUMUYECKre U 610-
XUMUWYECKHE TIPOIIECCHI, JIeXKalllFe B OCHOBE y/laJleHUs M3 BOABI 3arPA3HSIIO-
IIMX BEIIECTB. B CBSA3M ¢ 9TUM Ba)KHO 3HATh OCHOBHEIE CITOCOOLI U3MEHEHUS
BeauurHbl pH 1 E;, BOAHBIX pacTBopoB (puc. 1.29).

C ApyTOi CTOPOHBI, BeTUYNHA OKUCIUTETbHO-BOCCTAHOBUTENBHOTO T10-
TeHIIMaja peaKluii, TPOoTeKalouUX ¢ yYacTUeM MOHOB BOZOpOAa WIU T'U/J-
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HaumeHoBatue pH E,B

HeounLLeHHbIe 6bITOBbIE CTOYHbIE BOAbI 7,2-7,6 —-0,20...+0,01
O4mLLIEHHbIE ObITOBbIE CTO4HbIE BOAbI 7,2-8,3 +0,015...-0,125
COpOXEHHbIN 0Caf0K 6bITOBbIX CTOYHbIX BOA, 7,2-1,5 -0,20...+0,07
CTOYHbIE BOAbI MSICOKOMOMHATOB 7,3 +0,005
[TpOMbIBOYHbIE XPOMCOLEPXKALLME CTOYHbIE BOAbI rallbBAHUYECKNX LLEX0B 3,2-7,8 +0,35...+0,80
CTOYHbIE BOAbI KOXEBEHHbIX 3aBOJI0B 6,0-13,0 -0,1...-0,4
CTO4HbIe BOAbI MEX0BbIX habpuk 4,0-7,0 +0,01...40,2

pokcuja, 3aBucuT oT pH cpezabl. PaccMOoTpUM B3aMMOCBA3b MEXAY 3TUMU
TTOKa3aTeIsIMU.

B 0611eM BUle OKUCIUTETHHO-BOCCTAHOBUTENbHBIN TPOIIECC MOKHO
TIpe/ICTaBUTh CJIeIyIONIMM ypaBHEHUEM:

OKHCJIEHHBIE GOPMBI + NE «+ BOCCTAHOBJIIEHHbIE GOPMEI, (1.3)

r/le né — KoMu4ecTBO (1) 3JIeKTPOHOB (€), TPUHUMAIOIINX YIaCTHUE B TaHHOMN
OKHCJIUTENbHO-BOCCTAHOBUTENBHOM peaKIHy.
KoHcTaHTa paBHOBecHs 3Toro mpoiiecca (K) Mo)keT ObITh 3alicaHa B

BUZE

I1B

et

K= %
1o, -(0,)"

(1.4)

rae HBai u HOai — IIPOU3BEAEHUA aKTUBHOCTU BOCCTAHOBJIEHHBIX U OKUCJIEH-
HBIX pOPM BEIIECTB COOTBETCTBEHHO; N — KOJUYECTBO 3JIEKTPOHOB, Y4acT-
BYIOLIUX B IIPOLIECCE; A, — AKTUBHOCTD 3JIEKTPOHOB.

[To aKTUBHOCTBHIO SJIEKTPOHOB MIOHUMAETCS CITOCOOHOCTD CUCTEMBI T10-
CTaBJIATDb JIEKTPOHBI AJI1 OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX IPOLIECCOB.
Heo6x0a1Mo MOHUMAaTh, YTO PACTBOP CBOOOAHBIX 2JIEKTPOHOB B BOJE, TAK JKe
KaK U pacTBOP CBOOOZHBIX HECOMbBAaTUPOBAHHBIX IIPOTOHOB, — 3TO He boJee
yeM abCTPaKIIKs, KOTOPYIO UCIIONb3YIOT PU ONTUCAHUN KUCJIOTHO-OCHOBHBIX
PaBHOBECUM B IPUPOJHBIX BoAax. Tak, HallpuMep, aKTUBHOCTb HOHOB BOZIO-

Cnocobbl nsmeHeHNA BenUnHbI pH 1 Ep pacTBOpOB

Xumnyeckme Dusnueckne brnoxmmunyeckne
- peareHTHble - aspauua - a3pobHOe OKMCNeHne
- SIEKTPOXMMUNYECKNe - pagnonus - aHaspobHOe BOCCTaHOBNEHE

PucyHok 1.29.

Cnocobebl nsmeHeHms senmuurbl pH 1 £, BogHeix pactsopos
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pOZia MOXKET XapaKTepU30BaTh KMCJIOTHO-OCHOBHBIE CBOMCTBA BOAHI. [103TO-
MY BOJY IIaXTHBIX BBIPAOOTOK € GOJBIION BETUYNHON aKTUBHOCTU MOHOB
BOZIOPO/ZIa HA3bIBAIOT KUC/IOM. [To aHA/IOTUM: BoJia € BBICOKOK aKTUBHOCTBIO
CBOOO/IHBIX 3JIEKTPOHOB Ha3bIBAETCS BOCCTAHOBUTENBHOM (HapuMep, cepo-
BOJZIOPOZIHBIE BO/BI HepHOTO MOPs, “MepTBas” BoJja U3 HAPOAHBIX CKA30K), a C
HU3KOH — OKUCJIUTENIBHON (HampuMep, XJI0pUPOBaHHAs WK O30HUPOBAaHHAs
Boza, ““KuBas’ BoJa).

YcToiyuBbIe BOAHBIE CUCTEMBI, KaK OyZeT MOKa3aHo HIKe, MOTYT XapakK-
TePU30BaThCA BeTMYMHAMH d,, PasiTudaomumMuca Ha 20 IOpAAKOB, HO3TOMY
yAO0OHBIM IyTEM BbIpa)KeHUsI aKTUBHOCTH CBOOO/IHBIX 3JIEKTPOHOB SIBJIETCS
mKasia pé. [To aHasoruu ¢ BeTMIMHON pH BeslMurHa pé onpeenseTcsa COOT-
HOILIEHUEM

pé=-lg(a,). (1.5)

BesnurHa aKTUBHOCTH 3JIEKTPOHOB U 3HaUeHUe PE€ YAOOHKI 71 BhIpa-
JKEHUS OKHCIUTENbHO-BOCCTAHOBUTENBHOTO IIOTEHI[MANA cucTeMbI. CBSA3b
MEXY ABYMS 3TUMU BbIPAKEHUAMHU OKHUCIUTENHHO-BOCCTAHOBUTETHHOT'O
MTOTEHIIMAJIa CUCTEMbI MOXXHO MTPE/ZICTABUTH B BUJIE

pe=F-E /(2,3-R-T), (1.6)
rge F —uucno ®apagea (96485,3383 Ki/moib); R — yHuBepcanbHasa razosas
niocrossHHasA (8,314 /x/(monb-K)); T — Temmnepatypa, K.

[1pu oAICTAHOBKE COOTBETCTBYIONIUX BETUUMH MTOJYIUM

pe=10%E, /(1,98-T). (1.7)

I cTaHZAPTHBIX YCJIOBUM 3TO BhIPAKeHUE IPUMET CIEAYIONUIN BU:
(pe)°=16,9-E;, (1.8)
rae E,’ — OKMCINTENTbHO-BOCCTAHOBUTEIbHBIN IIOTEHIAT, U3MEPEHHEBIN B

CTaHZAPTHBIX YCJIOBUAX OTHOCUTENBHO CTAHZAPTHOT'O BOJOPOJHOTO JIEKTPO-
Za (cTaHZapPTHBIN IEKTPOAHBINA MMOTeHIINAN), B.

Heo6xoAuMO OTMETHUTb, 4TO E,’ U p€ ABNAIOTCA BIIOJHE OIPe/le/IeHHBIMU
BeJMYMHAMU, KOoTZia 00a uieHa JaHHOH peloKC-TIaphl IPUCYTCTBYIOT BMECTe
B pacTBOpe WM B KOHTAaKTe C HUM. B TO ke BpeMs B peasbHBIX IPHUPOAHBIX
BOZIaxX IIPAKTUYECKU BCErZla CoAepKUTCA Oosiee OZHOM pefoKc-1apsl. Kaxxzaas
napa 6yZieT ompeZieNATh IpUCyllee el 3HaYeHue pé (wiu E, ), ofHAKO A1
Pas3HBIX [Iap 9TU JBe BeJIMIMHBI MOTYT OKa3aThCs HEOAWHAKOBBIMU, IIOCKOJIb-
KY ZJIs1 IPUPOJHEIX 00BEKTOB XapaKTEPHO CKOpee OTCYTCTBHE PaBHOBECUS
Kaxzou u3 popM co BceMu ApyruMu popmamu, yeM ero Hamuuue. Eciu He
BCE PeJJOKC-TIaphl HAXOAATCA B PABHOBECHH, HEJIb3 TOBOPUTL O pé (wnu E,)
pacTtBopa. MOXXHO TOBOPUTE JIMIIE O 3Ha4eHUU pé (uiu E, ), onpesenaeMom
OTZIeTbHOM TTapOU B pacTBOPE.

3Has npezcTaBleHHble 3aBUCUMOCTH, MOKHO COCTaBUThb JUarpamMMBbl
pé — pH unu auarpaMmsl E;, — pH. /lnarpaMMbl 5TH WAEHTUYHBL, 38 UCKJII0Ye-
HUEeM LIKaJbl OCU OPAWHAT, MAcIITab KOTOPOU U3MEHAETCS B COOTBETCTBUU
c ypasHenueM (1.8). IIpu Temneparype 298K E,=0,0591pe. HegocTtaTok
ucnonb3oBanus E, B KadecTBe NepeMeHHON COCTOUT B TOM, UTO HAKJIOHEI
rpaHull pa3JUYHBIX IOl yCTOMYMBOCTY 3aBUCAT OT TeMIlepaTyphl, Yero
ynaeTcs u3bexxaTh B ciiydae, Korzia IepeMeHHOH ABIgeTcs peé.
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PucyHok 1.30.

3ABUCMMOCTb OKMCAUTENBHO- pe
BOCCTAHOBMUTESIBHOIO NoTeHunana

(ans pasnuyHeEIX TPUPOAHLIX BOA)

1 Npenenos yCTONYUMBOCTH BOAbI

ot pH

-10 -

-15 <

Juarpammel pé — pH (unu E, — pH) ABaAI0TCA yA0OHBEIM CII0COO0M M30-
6pakeHHs 06JIaCTeH yCTOMYNBOCTY OKUCIEHHBIX M BOCCTAHOBJIEHHBIX pOPM
omnpeZesieHHbIX OKUCIUTENTbHO-BOCCTAaHOBUTENbHBIX cucTeM. KaxxabIit oT-
pe3ok IpsAMOY Ha AuarpaMMe oTBedaeT 3aBUCUMOCTH pé oT pH i onpeze-
JIEHHOU peaKIIrH.

Ha puc. 1.30 npeacTaBieHbl 3aBUCMMOCTH BeIMYUHEI pé oT pH A4 pas-
JIMYHBIX IPUPOJHBIX BOZI, UMEIOUTNX HanboJIblllee pacipocTpaHeHHeE.

B npupoAHBIX BOZAX OKUCIUTEIPHO-BOCCTAaHOBUTEIbHBIE IIPOLIECCHI ITPO-
TEKaIoT [P y4acTuu 6akTepuil. B KaxKZ0H U3 OKUCIUTENbHO-BOCCTAHOBU-
TeJbHBIX PEAKIUN YYaCTBYET CBOM TUI OaKTEPUH, U PEaKIIMU IPOTEKAIOT
B CTPOro¥ mocjieZjoBaTeIbHOCTU. BrICTpee MpoTeKaT peakuu, A1 KOTO-
PBIX B JaHHBIX yCJIOBUAX OKUCIUTENIbHO-BOCCTAHOBUTENbHBIN IOTEHLINA
nMeeT Haubosblllee 3HaYeHUe. [I03TOMY IIPU MOCTPOEHUHN 0600IIAIOITUX
pé-pHu E, - pH aparpaMM paccMaTPUBAIOTCA BCE BO3SMOXKHEIE 1A JAHHOM
CUCTEMBI OKUCIUTEIBbHO-BOCCTAHOBUTEIbHEBIE IIPOLECCHl, HO Ha AUarpaMMy
B UTOT€ HAHOCATCSA JIUIIb T€, KOTOPBIE OTBEYAIOT 60Jiee BEICOKUM PEJOKC-
YPOBHAM.

Penokc-6ydpepHOCTb MPUPOAHBIX BOJ

Hapsizy ¢ peZloKc-ypOBHEM pé IPUPOJHBIE BOABI XapaKTePU3YIOTCS TOHS-
THeM peAokc-OydepHoCcTU (WIN PeJOKC-€MKOCTH), aHAJOTUYHBIM TIOHATHIO
KHCIOTHO-OCHOBHOM 6ydepHocTH. TOBOPAT, YTO crcTeMa sABJsAeTcs “3abyde-
PEHHOIT” OTHOCUTENTBHO PELOKC-TIPOLIECCOB, €CIU B HEH IPUCYTCTBYIOT COE/U-
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HEHUsI, CIOCOOHBIE OKUCIISATHCS VI BOCCTAHABIUBATBCS, YTO MIPETISITCTBYET
3HAYUTEIbHBIM U3MEeHEeHUAM pé IpHU A00aBIeHUN HeOOIbIINX KOJTUIECTB
CWIBHO OKUCJIAIONUIMX WIX BOCCTAHABIMBAIOIINX areHTOB.

AHayi3 3aBUCUMOCTH BEJTMIUHBI OKUCIUTETHHO-BOCCTAHOBUTEIHFHOTO
IoTeHIIasa oT pH pacTBopa U OT MapLUaJIbHOTO JaBlIeHUs KUCIOPOJa B PaB-
HOBECHOM BO3/IyXe IMOKa3bIBaEeT, YTO PEJOKC-YPOBEHDb CHUCTEMBI CJ1ab0 3aBU-
CHUT OT COZlep:KaHUsA KUCIOpoJa B Bo3ayxe. [Ioka B cucTeMe eCTb CBOOOJHBIH
KHCJIOPOZ, BeJIMYMHA D€ OCTaeTCs BBICOKOH. I103TOMYy B IIPUPOZAHBIX BOJAX,
KOHTaKTUPYIOIIKUX ¢ aTMOCHEPHBIM BO3JYXOM WIU C TOYBEHHBIM BO3/yXOM,
coZiepKalluM KUCIOPOZ, 3Ha4eHNe pé IPaKTUIEeCKU BCerZja OCTAeTCs BBICO-
kM. [IpupogHbIe BozbI 061aat0T 6ypepHOM pejoKC-eMKOCThIO, CBA3aHHOMN
C TIPUCYTCTBUEM KUCIOPOJA B PABHOBECHOM C HUMU BO3/YXE.

OpHako HeOOXOAMMO OTMETUTD, YTO JJIs1 IPUPOAHBIX BOJ, KOHTAKTH-
PYIOIIMX € BO3LYXOM, COZepKallUM KUCIO0PO/, He IPUHATO AaBaTh TOYHOHU
OIIeHKU BEJIMYUHEI PE CUCTEMBI JaXke MPpU GUKCUPOBAHHOM 3Ha4YeHUU pH.
DTO CBA3aHO C TeM, YTO IIOJHOE BOCCTAHOBJIEHNE KUCI0POAA 110 PeaKIUy,
IO CyILIeCTBY, IPOUCXOAUT He B BU/E OJHOM CTYIIeHHU, a KaK /iBe IocaeZoBa-
TeJbHbIEe PeaKLIU:

O, +2H* +2é - H,0,; (1.9)
H,0, + 2H* + 2¢& < 2H,0. (1.10)

JluMuTHUpYIONIeH mpu 3ToM siByigeTcs peakiud (1.9). 3HadeHUe pé 3Ton
peakuuu npu pH 7 paBHO 4,5, B TO BpeMA Kak p€ peakliuu

%0,+H"+¢é—%H,0 (1.11)
npu pH 7 pasHo 13,8.

HekoTopble IPUPOAHBIE PEOKC-CUCTEMBI BeAyT cebs1 Tak, KaK OyATO
BeJIMUUHY pé onpezensaeT peakuusa (1.11), a gpyrue — (1.9). IlosTomy Ansa
BO/, KOHTAaKTHUPYIOIINX C KUCJIOPOJOM, JIydllle XapaKTepu30BaTh 3HaUeHUe pe
TEPMHUHOM “BBICOKOE” 6€3 TOYHOT'O YMCIOBOT0 3HAYEHUS.

OfHako ec/v KOHTAKT IIPUPOAHBIX BOJ, C BO3ZYXOM, COZEPKallUM KHC-
Jopoz, 6yZeT HapyIleH, JOCTaTOYHO OBICTPO MOXKET PE3KO U3MEHUTHCS Pe-
JIOKC-COCTOSIHME BOZJBL. B cilydae OTCyTCTBUA MOCTYIIEHUA KHUCIOPOZa IIpU
temneparype 298 K B Bozie MoXeT OBITh OKUC/IEHO He 6osee 7,9 Mr/am® opra-
HUYECKUX BellleCTB, eCIM MX MOJIeKY/IAPHYI0 GpopMyTy NpuHATE Kak {CH,O}.
[Tpu 3TOM Bech KUCIOPOZ OyEeT U3pacxof0BaH.

B ciyyae, eciiv BOCCTaHOBUTENU, HAIpUMep OpraHUYecKre CoeZIMHeHN A,
[IPOJIOJKAIOT IOCTYIIATh, B CCTeMe HaUMHAaIOT IIPOUCXOAUTh OKUCIUTEIbHO-
BOCCTAaHOBUTEJNbHBIE peakuu 6e3 yyacTus Kucaopoza. IIpu aTom pefokc-
YPOBEHB CUCTEMBI CHU3UTCS. PACCMOTPUM peakIiuu, Haubosiee BayKHBIE C TOU-
KU 3peHus peZoKc-0yhepHOCTU U COCTOSHUS BBOJHBIX SKOCUCTEM B I[€JIOM.

Jenurpudukanusa. Posb peakIiuyu COCTOUT B IIpeBpallleHUuN HUTpaTa
(BaXXHOTO KOMIIOHEHTA ITUTAHWs) B OMOJOTHYECKU NHEPTHBIN MOJIEKYJIAP-
HBI a30T. [1py 5TOM 6aKTEPUU UCIOIB3YIOT AJIS1 OKUCIEHUA OPraHUIEeCKOTO
BemecTBa 10 CO, KUCIOPOJA HUTPATHBIX HOHOB:

2,5C,, +2NO; + 2H* — N, + 2,5CO, + H,0. (1.12)

opr
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B mporiecce feHUTpUdUKAIIIN TOMUMO a30Ta MOTYT 00pa30BaThCs FEMU-
OKCUJI, OKCH/] ¥ TUOKCHUZL a30Ta, KOTOPbIe UT'PAIOT BAXKHYIO POJIb B IIPOIleCcax,
MIPOTEKAIIKX B Tporiocdepe (OKCHZ U AUOKCHZ a30Ta) U cTparocdepe (reMu-
OKCHZ a30Ta). B TO ke BpeMsi, OCKOJIbKY KOHIIEHTPAIUs HUTPAT-UOHOB B
MIPUPOAHBIX BOAAX JOCTATOYHO HU3Kas (MCKIIOUEHUE MOTYT COCTABJIAT JIUIIb
MTOYBEHHBIE BOZBI), 9TH MOHBI HE OKa3bIBAIOT BIUIHUA Ha peloKC-6yepHOCTD
TIPUPOJHBIX BOZ.

BoccraHoBieHue cynbdaToB, win cyabdar-peAyKiua. OTO Peakiuu, B
KOTOPBIX 6HaKTepUU UCIONb3YIOT AJIsT OKUCIEHUA OPTaHUYeCKOTO BEIeCTBA
KHUCIOPOA-CynbdaTHBIX MOHOB, 06pa3ys B KaueCTBe MPOAYKTOB JKU3HEes-
TEJIBHOCTHU CYNbPUAHBIE GOPMBI:

2C,,, + SO + 2H,0 — H,S + 2HCO;. (1.13)

opr

Ecisiu pH BozwI BhIIIIE 7, 06pa3yeTcs IIaBHBIM 06pa3oM noH HS-, a B pu-
CYTCTBHH JIIOOBIX CIIOCOOHBIX K PEAKITUAM COEIMHEHUH JKese3a CylnbOUHbIE
dbopMEI OyZyT pearnpoBaTh C HUMHU, 00pa3sys ocaJKu B Buze cynbdrIoB. Boc-
CTAHOBJIEHUE CYThGATOB OKA3bIBAET CYIeCTBEHHOE BIUSHIE Ha COCTOSTHUE
3KOCHCTEM BOZ0eMOB. /JIjiA 60/IbIIMHCTBA KOMIIOHEHTOB (iopsl 1 dayHe! H,S
ABJIAETCA BBICOKOTOKCUYHBIM. IIpeBpalieHre OKCH/IOB JKejle3a B CYIbQUbI
0OBIYHO BHI3BIBAET M3MEHEHNE I[BETA BOZABI OT KPACHOBATOTO WM KOPUIHEBA-
TOTO /10 YePHOT'0 WJIM ceporo. BelecTBa, cOpOMpOBaHHBIE paHee Ha THPOKCH-
ne Fe (IIT) (HampuMep, MOHBI TSKENBIX METAJUIOB WK GpocdaT-uoHbL), 6yayT
BBIZIEJIATHCA B PacTBOP. [Ipu 3TOM MHOTHE TsiKeJble MeTa/UTbl (Halpumep,
Cu, Zn, Mo, Pb, Hg), KoTOpble B OKUCJIEHHBIX BOJax ObUIN IPe/CTaBIeHBI
OTHOCHUTEIBHO PACTBOPUMBIMY COEINHEHUAMU (TIpU He OUeHb BEICOKUX pH),
00pa3yoT MaJopacTBOpUMBIe CyTbGUIbI. [I0CKONBKY CylbdaT-HOHBI OTHO-
CATCA K IVIABHBIM MOHAM IIPUPOJHBIX BOJI, UMEIOT IIIMPOKOE pacpocTpaHeH e
U coZiep:KaTCs B IPUPOJHBIX BOZAX BO MHOTHX CJIy4asaXx B IOCTATOYHO OOJIb-
WX KOHIIEHTPAIUAX, OHHU CIIOCOOHBI Ha HEKOTOPOE BpeMs CTaOWIM3UPOBATh
pPeZlOKC-ypOBEHb CHCTEMbI, HECMOTPS Ha BO3MOXXHOE IOCTYILJIEHUE BOCCTa-
HoBUTeJIeH. [Ipy 3TOM pé cucTeMbl OyZeT OTPUIATENbHBIM, ITIOCKOJIBKY IIPU
pH 7 ana peakium (1.13) pé paBHO MUHYC 4,5.

®epmenTarus. [IpoTeKarOUINI IPU yIaCTUU MUKPOOPTaHU3MOB ITPOIECC
paspylIeHHUs OPraHUYECKUX BEIECTB IPUBO/JUT K MOSBIEHUIO HOBBIX, O0Jee
MPOCTHIX OPTAaHUYECKUX COeIUHEHUM. BpyTTO-ypaBHeHNE 6GaKTepHUalTbHOM
dbepMeHTalMY BHIVIAAUT CIEIYIOIIUM 06pa3oMm:

[opranuyeckoe . [opranuueckoe

coeavHeHue A] coeauHenue B] +  CO,. (1.14)

CaMoi mpocToi U ofHOHW M3 Hamboyiee BAXXHBIX PEAKIIUM 3TOTO TUIIA
sBJIsIETCS oOpa3oBaHue MeTaHa:

C,,. + 2H,0 — CO, + CH, . (1.15)

opr

[Tporieccrl GpepMeHTAIIUH MPOTEKAIOT MIPU 3HAUEHUAX pé < —4,5 BILUIOTh
Zi0 TPaHUIIBI YCTOMYMBOCTH BOABI.

Ha puc. 1.31 npeacrasieHa 3aBUCMMOCTb U3MEHEHUA PeJOKC-YPOBHA
CHACTEMBI B 3aBUCUMOCTH OT KOJIMUYECTBA MNOCTYIAOIIUX B HE€ BOCCTAHO-
BUTENEN (C,pr), KOTOPAA HAIIALHO AEMOHCTPUPYET YPOBHHU, OTBEYaIOIIe
“3a0ydepeHHBIM” COCTOSTHUAM, XapaKTEPHBIM JJIs1 GOTBITNHCTBA IPUPOAHBIX
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pé 15+
)
0,— H,0
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KonuuecTBo oKucneHHoro yrnepoga, MMonb/n

_‘IO_

PucyHok 1.31.

MN3meHeHne pe npecHom Boasl (MCXOAHbIE 3HAUEHMS KOHUEHTPAuMK kucnopoaa 10 mr/ams,
cynbdaT-noHos — 96 Mr/am3) B 30BUCHMOCTH OT KOHLEHTPALMM PA3NOXMBLIErOCH OPFraHUYECKOrO BELLECTBA
(8 nepecuete Ha yrnepoa) npu pH 7

Boz. [Ipeamosnaraercs, 4To Boza IIepBOHAYAIbHO HAXO/AMIACh B PABHOBECUU

¢ aTMocdepHBIM KUCIOPOZIOM, HO OIIOTHUTENBHOE ITOCTYIUIEHNE KUCIOPoa

B IIPOI[eCCe PA3TI0XKEHUsI OPTaHUYECKOTO BelllecTBa OTCYTCTBOBaIo. Kpome

TOTO, PeaKIUH, BKIIOYAIOIINe COeJUHEHNS a30Ta, CO3al0T JIUIIb HeOOIIb-
2—

yto 6ydepHocTs MexAy yposHamu O,/H,0 u SO;"/H,S.

OOBIYHO 3HAYEHUS PE B IPUPOJHBIX BOZAX B OCHOBHOM COOTBETCTBYIOT
“3abydepeHHBIM” COCTOSHUAM, TaK Kak He3abydepeHHbIE COCTOSTHUS HeyC-
TOWYUBHI. EIVHCTBEHHBIM MECTOM, TZle MOXKHO OXXHZATh COXpaHeHUs “He3a-
6ydepeHHOr0” pé, ABseTcs 06;1acThb, B KOTOPOH pé KoHTpoupyeTcs anddysueit
MeXy aHadpOOHOI BoJoM (HampuMep, TOPOBO BOAOM 0CAZKOB) 1 a9pOOHOM
(mampuMep, He HaCBIIEHHOM KUCIOPOZOM BOJOU 03epa WIK OKeaHa).

B moz3eMHBIX BOZaX, HAXOAAIMMXCA B KOHTAKTE C OCaZKaMU, peJoKC-
peakIiy ¢ yuacTheM TBepZAoi pasbl MOTYT Takke “3abydepuBaTh” pé.

XOT# BOCCTaHABIMBAIOIIUM areHTOM B IPUPOAHBIX BOAAX OOBITHO SABJISA-
eTcs OpraHuYecKoe BelllecTBO, CHIDKeHHE pEé MOXXeT OBITh BEI3BAHO TaKKe
OKHCJIEHMEeM MHUHepPasoB, cogep:kamux Fe (II) win BoccTaHOBIEHHBIE (OP-
MBI cepbl. Hampumep, 13 BOJBI HEKOTOPHIX UICTOYHUKOB, BEIXOZSIINX U3 YIIb-
TPAOCHOBHBIX ITOPO/, (COCTOAIINX IMIABHBIM 00pa3oM U3 CUIMKATOB MAarHUsA
U KeJjie3a), BBIAENAIOTCA Ny3bIPbKU BOZOPOAA, UTO ABJAAETCA Pe3yIbTaTOM
BOCCTAHOBJIEHUS BOABI MUHEPATAMU 3aKHCHOTO JKeJle3a.

OKHUCIUTENbHO-BOCCTAHOBUTE/IBHBIE YCIOBUA

U MUTpanus dJieMeHTOB

HekoTopble pygHblE MECTOPOXKAEHUS, 0COOEHHO NHGWIbTPAI[UOHHbBIE
MEeCTOPOX/EHHUA ypaHa ¢ IepeMemalmuMcs GPOHTOM, ABIAIOTCA CIEACT-
BUEM peZJOKC-peaKInii B I0A3eMHBIX BoZaX. VIHTeHCUBHOCTb MUI'DALUH dJIe-
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MEHTOB IIPUHATO XapaKTepu30BaTh K03 duLlneHToM BoAHOM Murpanmuu K,
PaBHBIM YaCTHOMY OT JieIEHUs KOJTMYECTBA 3JIeMeHTa X B MUHEPaJIbHOM OC-
TaTKe MPUPOAHOU BOABI Ha €ro colepkKaHue B TOPHBIX IMOPOJAX, JpeHUpye-
MBIX 3TOU BOZOM:

100

K,=m, 5
a-n,

IZle m, — coZiep;kaHue aJleMeHTa X B BoZie, MI'/AM3; n — cojep:kaHue aJleMeHTa
X B IopoJax, %; a — MUHepaIu3alusi BOAbl, MT/AM>.

Yem Gonpine BenruurHa K, TeM 6o/1bllle MUTPAIJMOHHAA CIOCOOHOCTD
JIAaHHBIX 3JIEMEHTOB.

OueHb NOABWKHBIE aKTUBHbBIE MUT'DAHThI UMEIOT 3HadeHue K caoiie 20,
moaBrKHbIE — OT 20 10 1. KoadpuiieHT BOAHON MUTpAIMH TAKUX C1aboToz-
BIJKHBIX MUTPAHTOB, KaK JKejle30, TUTaH U aJlOMUHUH, He npeBrimiaet 0,1.
Vi3sMeHeHVe MHTEHCUBHOCTY MUTPAIIUU B OJHUX U TeX K€ YCIOBUAX CpeZbl
B 3aBUCHUMOCTH OT GpOPMEI, B KOTOPOU 3JIEMEHT COAEPIKUTCSA B IMTOPOZE, Xa-
pakTepusyeTcs K03pPUIEeHTOM KOHTPACTHOCTY MUTpauuu. Hanpumep, B
pa3IUYHBIX 00CTaHOBKAX MUTPALs UOHOB I[UHKA B CyTbGUAHON GpopMe U B
dbopme okcuza umeeT Ko3GPUITMEHT KOHTPACTHOCTH MUTpaLuu okoso 100.

OzHuMM U3 HanboJee BaKHBIX XapaKTEPUCTHK, CyIleCTBEHHBIM 00pa-
30M BJIUAIOMINX Ha MUTPALMIO 3JIEMEHTOB B JlaHAMAdTaX, ABIIIOTCA KUC-
JIOTHO-OCHOBHBIE U OKUCIUTENbHO-BOCCTAHOBUTEIbHEBIE XapaKTEPUCTUKHU
cpensl. OAHAKO ClefyeT UMETh B BUAY, UTO KUBBIE OPTaHU3MBI CIIOCOOHEI B
3HAUUTEIBbHOH CTelleHN TPaHCHOPMUPOBATH MIPOLIECC MUTPAIUU.

TeoxuMudeckuii 6apbep — 3TO yUaCTOK 30HHI I'UIIepreHesa, rje Ha KOpoT-
KOM paCCTOAHUU NIPOUCXOAUT Pe3KOe YMEHbIIeHEe UHTeHCUBHOCTY MUTpa-
LIUY, 9YTO IPUBOAUT K KOHIIEHTPUPOBAHUIO XUMHUYECKUX DJIEMEHTOB.

dusuko-xuMHYeckre 6apbepbl BOSHUKAIOT TP PE3KUX N3MEHEHUAX Be-
snuynHel pH win cootnomenus pH/E,. Hampumep, eciv KMCI0poAcoaepKa-
mas BoZia HAUMHAET JBUTaThCA II0 BOAHOMY I'OPU30HTY, B KOTOPOM IIepBOHA-
YaJIbHO CYLIECTBOBAJIM BOCCTAHOBUTEIBHBIE YCIIOBHA, TO MEX/Y OKUCTUTETEHON
Y BOCCTAHOBUTEIBHOM CpeZlaMU MOXKeT 06pa3oBaThCs peoKC-GPOHT. DTOT
bpoHT OyZieT IepeMelaThcsl B HallpaBJIeHUH JBKEHUS BOZBI, HO CO 3HAYH-
TeJIbHO MEHBIIEH CKOPOCTHIO, YeM Bozia. CKOPOCTD ABMKEHUA PPOHTA OIIpe-
JIeJISIeTCs CIOCOOHOCThIO BOJOHOCHOTO TOpH30HTa (0COGEHHO cozieprKallie-
rocs B HEM OPTaHUYECKOTO BeIleCcTBa) MOTPeOIIATh KUCaopos. Eciu tunug-
HBIY BOZOHOCHBIN FOPU30HT B 0CAJ0YHBIX TOPOJax cofepxan 1% peakiu-
OHHOCITOCOOHOT'0 OPraHUYECKOTO yIVIEPOZa, a oA3eMHas Boga — 10 mr/am3
PacTBOPEHHOTO KUCIOPO/a, TO, COIVIACHO pacyeTy, GPOHT JOIKEH MUTPHUPO-
BaTh B 13000 pa3 MezsieHHee, YeM Boja. Psaj anemeHToB (0CO6EHHO ypaH,
CeJIeH, MBIIIbSK, MOJUO/EH) HEPACTBOPUMBI B BOCCTAHOBUTEIBHBIX YCIOBUAX
Y PacTBOPUMBI B OKUCJIUTENbHBIX. [Ipy MPOABIKEHUN GPOHTA OKUCIEHUS
9THU 3JIEMEHTBI, IPUCYTCTBYIOIIYE B BOJOHOCHOM F'OPHU30HTE, PACTBOPAIOTCA.
JIBIoKyIIMecs 1oz3eMHbIe BOJBI TepeHOCAT X depe3 GPOHT B BOCCTAHOBU-
TeJILHYIO 30HY, TZle OHU cpa3sy e ocakgaroTcs. Takum o6pa3oM, 3J1eMeHT,
coZiepKaIUiicsa BO BCEM BOZOHOCHOM I'OPU30HTE 10 IIPOXOXKAeHUA GPOHTA
WJTU TIepeHEeCeHHBIH U3 IPYTUX 001acTel CUCTeMBI TOJ3€MHBIX BOJ, KOHI[EH-
TPUPYETCS B HEMOCPEACTBEHHOU 6IM30CTU K PPOHTY, YTO CO3aET BO3MOXK-
HOCTb 9KOHOMHYECKU BBITOJHOM €T0 0OBIUHU.
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1.2.3.4. CBoGoOAHbIE pafiuKaJIbl B IPUPOAHBIX BOAAX

CBOOOZHBIE PAIUKAJIBl — XUMUYECKHUE YACTHUIbI (MOJIEKYJIBI MJTU ATOMBI),
coZiepKalliyie OfUH WU HeCKOJbKO HecllapeHHBIX 3JIeKTPOHOB Ha BHEIIHe!
3JIEKTPOHHOM o60ouke. OHU 06J1aZ1a10T TapaMarHeTU3MOM M BBICOKOI pe-
aAKIIMOHHOM CIIOCOOHOCTHIO.

CBO6O/HBIE PAJUKAIBI MOTYT OBITH KOPOTKOXKUBYIIUMU (BpeMsI JKM3HU
JIOJTV CEKYH/IBI) WJIH JIOJITOXKUBYITUMU (710 HECKOJIBKUX JIET), HEUTPaTbHBIMU
WY 3apsKEHHBIMU, UMETD OZIH WX GOJIbIIIee YHUCIO HECTTAPEHHBIX 3JIEKTPO-
HOB (HampuMep, 6UpaZuKajbl), 6BITh TBEPABIMH, JKUIKUMU WU Ta3006pas-
HBIMU BeniecTBaMU. CTabMIBHOCTh CBOOOHBIX PAZIUKAIOB ONPEAEAeTCs
CKOPOCTSIMU UX PEKOMOUHAIIUY WIK AUCIIPOTIOPITMOHUPOBAHUA.

3apoXeHue paJuKaJIbHOH MU MOXXHO HHUITUHUPOBATD IeCTBUEM Ha
BEIeCTBO KECTKUX YCIOBUM (BBICOKUE TeMIIepaTyphl, 3JIeKTPOMAarHuTHOE U
WOHU3UPYIOIlee U3TydeHue U Zp.).

HecmapeHHBIH 3JIEKTPOH B pafiKaiax MPUHITO 0603HaYaTh TOUKoU. Ha-
IIpuMep, TUAPOKCUAHBIN paZinKas o6o3HavaoT kak HO®, pagukai mepoxkcuza
Bogopoza kak HOO® (HO,"), cynepokcuHbINi HOH-paguka — O, ~. PopMyIbl
pazukanos atunosoro cnupra: CH,CH,0"; CH,"CHOH.

CBOGOAHBIE PAZVKATIBI UTPAIOT BAYKHYIO POJIb B GU3UKO-XUMUYECKUX
TIpeBpaIeHNUIX BEIIECTB B IPUPOAHBIX BOZAX, JEXKAITUX B OCHOBE ITPOIECCOB
CaMOOYMINEHUS BOAHOH cpesibl. PaccMoTpuM ImyTu 06pa3oBaHusA, CBOUCTBA
U TIpeBpallleHusT CBOOOAHBIX PAaJUKAIOB B IPUPOAHBIX BOZAX.

[TpoucxoxkAeHNe MEPBUYHBIX CBOOOAHBIX PAZUKAIOB

I3BE€CTHO HECKOJIbKO TIyTEl MOSBIEHNUS CBOOOAHBIX PAZUKAIOB B IIPH-
POLHBIX BOAAX:

1) KkaTaauTUYeCcKoe UHUITUMPOBaHUE;

2) pacTBOpEHHE ra3oB U3 aTMochepHI;

3) paZAualMOHHO-XUMUYECKOe NMHUIIMMPOBaHUE;

4) 6uoyoruyecKkast SMUCCHUS;

5) xaBUTaIOHHBIE 3)DEKTHI;

6) doTOXMMUYECKOE UHUIIUMPOBAHHUE.

Kak npaBuiio, B IpUpOAHBIX BOAAX KaTaIUTUYEeCKOe UHUIMHPOBaHUEe
CBOOOZIHBIX PAJIUKAJIOB CBA3aHO C OHO3JIEKTPOHHBIM BOCCTAHOBJIEHUEM KIC-
JIOpOZia ¥ ITepoKCcH/ia BoZopoa. B mpUpoaHbIX BoJax MHUIIMATOPaMU peaKIui
06pa3oBaHUs PaJUKAJIOB CIy:KaT MOHBI Me/IU, XeJIaTHbIE KOMIUTEKCHI JKele3a
(II), koTOphle 06Pa3yOTCsA B IPUPOJHBIX BOAAX B pe3y/IbTaTe BOCCTAHOBIIE-
HuA TUAPoKcuaa kenesa (I11). BocctaHoBUTe b HASA Cpefia CO3Ja€TCs B TOM
cIydae, eCiv B BOZIe IPUCYTCTBYIOT BellleCTBA-BOCCTAHOBUTENM (Hampumep,
CepoBOJIOPO/;, UOHBI METAJJIOB B HU3KOW CTeTIeHU OKUCJIEeHNS).

Ab6copbITus BOZOM aKTUBHBIX Ta30B U3 aTMochephl IPUBOAUT K MOSB-
JIEHUIO B IPUPOJHBIX Bogax pazukanos HO*, HO,®, CH," u ap. Yem Gonee
PEeaKIMOHHOCIIOCOOHBI paJUKasIbl, TEM MeHbIIIE TTyOUHA IPOHUKHOBEHUS
uX B To/y Bogbl. Tak, pagukanel HO®, HO,® 6yayT pearnpoBaTh JIUIIb B I10-
BEepPXHOCTHOM cJjoe. [To umeromumMesa oleHKaM, ITIOTOK pafuKaabHbBIX YaCTHL]
u3 aTMocdepsl KpaiiHe HeaHaunTeneH. [opasno 6ojiee BayKHYIO pOJIb UTPAET
pacTBOpeHue 030Ha. B Boge 030H OpIcTpo nepexoaut B O,, IpuYeM Ipolece
STOT MPOTEKAET Yepe3 MPOMEXYTOUHOe 0OpasoBaHue CBOOOAHBIX pajuKa-
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n08 HO*, O," no nenHoMy MexaHu3My. CKOpOCTb 06pa3oBaHMA paJuKanoB
IIPU PaCTBOPEHUH 030HA OYZET OTPEAENAThCS CKOPOCTHIO €TI0 MOCTYIUIEHUS
B BOZIHYIO cpeZly. DTa CKOPOCTb TeM BBIIIIE, YeM Bhillle cogep:kanue O, B aTMO-
chepe, KOTOpOe MOXKET BapbUPOBAThHCSA B IIMPOKUX MIpeiesax.

W3 apyrux rasoB B UHUIIUMPOBAHUU PAJIUKAJIOB MOXKeT [IPUHATDH y4acTue
NO,, CTIIOCOOHBIN OTHUMATh 3JIEKTPOH OT ZIOHOPOB, B YaCTHOCTH OT H,0,.

B 0OBI9HEIX yC10BUAX (6€3 NPUHYAUTENIbHOTO yBelndeHus notoka O,
NO, B BoAHY!O cpesly) CKOPOCTb MHUIIMMPOBAHUA PAJIUKA/IOB 33 CYET PACTBO-
peHUA aKTUBHBIX F'a30B OTHOCUTEIbHO MaJa.

PaguannoHHOe HHULIUMPOBAaHUE B OTCYTCTBHE PAAUALlMOHHOIO 3a-
IpA3HEHUs BOJHOU CpeZibl OCYIeCTBIsAETCA MOJ, 1efiCTBHeM eCTeCTBEHHOTO
pazroaKTUBHOTO GpoHa (KOCMUYECKUX Jydeld, IOCTUTAIONIUX TIOBEPXHOCTU
3emy, a TakKe IIpU pacna/ie NPUPOAHBIX paAOaKTUBHBIX U30TOIIOB, B 4aCT-
HocTH Y9K).

CkxopocTb 06pa3oBaHUA pAUKAIOB MO IEHCTBUEM €CTECTBEHHBIX PaK-
TOPOB OYeHb Maja. B To ke Bpemd IIpU pafUualiOHHOM 3arpsA3HEHUU CKO-
POCTb UHUIIMHUPOBAHUS CBOOOJHBIX paZINKaloOB PE3KO BO3pacTaeT.

Bo3szeticTBre paZiOaKTUBHOTO U3JydYeHUs HAllpaBIeHo B MePBYIO ove-
peZAb Ha BOAY U IIPUBOJUT K 06pa30BaHUIO 11eJI0T0 Habopa aKTUBHBIX U CTa-
OGUIBHBIX TIPOMEKYTOUHBIX YaCTHII:

H,0—=%Y ,HO", H, e, H,0,, H, .
B aapo6HBIX ycI0BUAX YacTUlbl H, € B3auMozelicTsyioT ¢ O, ¢ 06pa3oBa-

HueM pazgukanos - HO,®, O, . ®akTuyecku Ip4 paJuoin3e OKCUTeHUPOBaH-
HOIi BOZIBI B HEHTPaJIbHOU cpesie MPOUCXoAUT reHepanya HO* u O, ™

H,0—>"-HO', O .

CKOpOCTh MHUIIMMPOBAHUS PAIUKAJIOB OIIPe/essieTcs MOTIONeHHOH J0-
301 U pafuallMOHHBIM BBIXOZOM: YncyioM yacTull Ha 100 3B norsiomieHHOMN
SHepruu. PagnanmoHHbIA Beixo A1 HO® u O, paaukainos paBeH 3.

Buosorndeckas SMUCCHs CBOOOHBIX PAZIUKAIOB — MaJOU3ydYeHHOE
ABNeHue. I3BecTHE IpUMephl 00pa3oBaHud pajukana O, ~ HEKOTOPHIMU
BUZaMU OpraHusaMoB (Makpodaramu). [louBeHHbIe IPHOBI BBHIAEIAIOT OAHO-
BpeMeHHO H,0, 1 KaTamMsaTop, IpY B3aUMO/eiCTBUHU C KOTOPBIM B cpeJie 00-
pasytoTcs pagukanbsl HO®. Takue rpubbl y4acTBYIOT B pa3pylIeHUY TUTHUHA,
JIT u np. HekoTopele TOYBeHHBbIE 6aKTepUU (HUTPO30OMOHACH) BBIAETSIOT
pazukan NO* B xoze okucieHus NH,.

B mpupoaHoii BOAHOU cpesie ob6pasoBaHue paJuKajaoB 3a CYET OGHMOJI0-
TUYECKUX MPOIECCOB MTPOUCXOJUT OMTOCPENOBAHHO Yepe3 MPoIlecchl 06paso-
BaHUA U paspylleHusa Nepokcuja Bogopoza. Hapsazy ¢ pasnoxenuem H,O,
BHYTPUBOZOEMHBIN KPYTOBOPOT IMMEPOKCH/A BOAOPO/A BKIOUAET PEAKITUU
OKUCJIEHUS] OPTaHUYECKUX CYyOCTPATOB, a TaKKe aOUMOTHYECKHE KAaTaTUTH-
yeckre ¥ GOTOXUMUYECKUE TIPOIIECCHI, COTIPOBOXKAAONINECT 06pa3oBaHUeM
PEaKIIMOHHOCITOCOOHBIX YaCTHII.

AbUoTHYECKHEe TTPOIIECCH KaTaJIUTUYECKOTO Pa3IOKeHUs MePOKCHIA
BOZIOpoOZia ¢ o6pa3oBaHrEM CBOOOAHBIX paZiKaloB B IPUPOAHBIX BOJAX IIPO-
TeKaloT KpaliHe MegeHHO. [Ipu aToMm pacmazaetcs 10-50% mepoxkcuza Bo-
Jopoza.
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YCTaHOBJIEHO, YTO BOJOPOCTN CTUMY/IUPYIOT PaZUKaTbHBIE TIPOIIECCHI
B IIPUPOJHOM BOoAHOMU cpeZie. OHU B ITpoljecce CBOeM KU3HeAeATEeTbHOCTHU
06pasyIoT BelllecTBa BOCCTAaHOBUTENbHOI IIPUPO/EL, HE TOJBKO T€, KOTOPBIE
yYacTBYIOT BO BHYTPUKJIETOUHBIX OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX TIPO-
1[eccax, HO U TaKHe, KOTOPbhIE BbIIESIOTCSA BO BHENTHIOIO CPEAY, MHULIMUPYS
BHEKJIETOYHBIE TTPOIIECCH PAZIUKATBHOT'O OKHCIEHUS PACTBOPEHHBIX B BOZIE
BeIleCTB. DTO MPOIIeCC KOCBEHHOTO OGUOTeHHOTO MHUIIMUPOBAHUA CBOOOIHBIX
PaJUKaJoB.

B mpupogHBIX BOZAX BOZOPOCIU MPOAYIIUPYIOT BO BHEIIHIOK CPELy Be-
mecTBa-BocctaHopurenu (DH,), koTopsle B npucyrcTeuu H,O, croco6eT-
BYIOT 00pa30BaHUIO CBOOOAHBIX TUAPOKCUIHBIX PAZIUKAJIOB, B3aUMOJEHCTBYs
¢ MoHaM¥ MeZu (KaTaJau3aToPhl PeOKC-TIPOIIECCOB).

O61as cxeMa 6MOTEHHOTO MHUIIMMPOBAHUS PaJUKAJIbHBIX IIPOIIECCOB
CaMOOYMINEHHA MOXXeT ObITh Mpe/cTaBleHa B BUE

6uoTa

/

H,0, + DH, /M 1jo°

N/

abuoTHYeCKHe
HUCTOYHUKU

B 2TOli cxeMe He YYUTHIBAETCS, YTO MPOAYIIUPYEMBII 6MOTO# BOCCTaHO-
BuTenb DH, MOXeT y4acTBOBaTh B IPYTHX IPOLECCaX OKUCIEHHNs, B YaCTHOCTH
OKUCJIATHCA KUCIOPOoZoM. He yuUTBIBaeTCA TaKKe, YTO IIEPOKCU, BOAOPOZAA
MOXKeT B3aMOZeicTBOBATh C [PYTMMU KOMIIOHEHTaMU CpeZibl, a TaKXKe pas-
pylLIaThCA IO KaTaJla3HOMY MeXaHU3MYy.

B xayecTBe KaTaan3aTOpOB MOTYT y4acTBOBATh MOHBI MeTaJIOB Iiepe-
MEeHHOM BajleHTHOCTHU. Eciu B Bozie nocTosAHHO npucyTcrsyeT H,O, (cm. pas-
naen 1.2.3.3), To CKOpOCTh MHUITUUPOBAHUS PaZIKaNioB 6yeT ONpeAesaThCs
CKOPOCTBIO BhIZIeieHHss DH, BO BHEIIHIOO cpeay. BoccTraHOBUTENIN MOTYT
006pa30BBIBaThCA U B KAUECTBE IIPOMEKYTOYHBIX IPOJYKTOB TpaHCHOpMAIIU
BEI[eCTB, KOTOPhblE CAMU BOCCTAHOBUTEIbLHBIMU CBOMCTBAMU He 06J1aJaloT.
Hanpumep, Tpanchopmariisa BUHHOU KHUCJIOTH COIIPOBOXKAaeTcss 06pa3oBa-
HUEM JUTHAPOKCUPYMapOBOH KUCIOTH, KOTOpas obaZiaeT APKO BEIPAXKEH-
HBIMU BOCCTAHOBUTEIbHBIMU CBOMCTBAMU.

KaBuranuoHHsle 3¢ deKThl. B ToIle IpUPOAHBIX BOJ IIPUCYTCT-
BYIOT CBOEro pozia “o6saka” M3 MUKPOIY3bIPbKOB Ia30Boii ¢asbl pasme-
pom 1-10 MKM, TOBEPXHOCTh KOTOPHIX TTOKPHITA TOHYAUIIIEH IJIEHKOH I10-
BEPXHOCTHO-aKTUBHBIX BEIl[eCTB.

B 0GBIYHBIX YCIOBUSIX 0JII CBOOOZHOTO ra3a B MPUPOAHBIX BOJAX TIO
CPaBHEHUIO C PACTBOPEHHBIM ra30M COCTaBJsieT Bcero 1079, OgHaKo mpu us-
MeHeHUU YCI0BUH (TeMIepaTypa, CKOPOCTb ABMKeHU:A, GU3NIecKre BO3-
JEHCTBUA) 3Ta AOJIA MOXKET ZocTUraTh 10-2. [Ipu 3TOM MOBEPXHOCTH paszesa
ras—-BoJZla B BOJHOM cpeZie 3a cueT IIy3bIPbKOB r'ada MOKeT YBeJIUYNBaThCA
Ha MHOT'O MOPSAAKOB. BeslegcTBUE GOMBIION CKOPOCTH ABM)KEHUS Ta30BBIX
ITy3BIPbKOB OCYIIECTBIAETCS NHTEHCUBHBIN 0OMeH Ia30B MeX/y BOAHOU U
ra3oBoi ¢pazamu.
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[Tporiecce! “cxonbIBaHUA” My3bIPbKOB (KaBUTAI[UU) XapaKTepU3yITCA
BBICOKMMU dHePreTUIeCKUMU XapaKTePUCTUKAMU (13-3a OOJIBIION TOBepX-
HOCTHOU CBOOOJHOM SHEPIUN):

0,"” + H,0 = HO," + OH- = HO" 4 O + OH-~.

B MOMEHT “CXJIOTIBIBAHUS” BO3HUKAIOT OOJIbIIIE UMITY/IbCHBIE AaBIE€HUA,
JJIeKTpUYecKre pa3pAzAbl, IPOUCXOAAT NOHM3AIUY YaCTULL U Pa3phblB XUMUYe-
ckux cBa3ed. KpaTkoBpeMeHHbIe Ileperabl aBleHUA JOCTUTAI0T AeCATKOB
MIIa, BO3HUKAIOT OOJIbIINE I'PAJUEHTHI 3JIEKTPUIECKOTO MOJIA.

Hasuuuem B IpUPOJAHBIX BOJAX JeKTPHUUECKU 3apAKEHHBIX MUKPO-
My3bIPbKOB I'a3a 00bACHAIOTCA HEOOBIYHbIE CBOMCTBA TaK Ha3bIBA€MOI OMar-
HUYeHHOU BoAHL. [leio B TOM, YTO JABUKeHUE IPHUPOAHOY BOJBI, HACHIIIIEHHOMU
MUKPOIY3BIpbKaMH, B 3JIEKTPOMArHUTHOM I10JIe IPUBOAUT K UHTeHCUU-
KaIly MIPOLIeccoB “CXJIONBIBAHUA” U pa3pbiBa MIy3bIPbKOB, COIIPOBOXAAI0-
muxcs o6pa3oBaHeM CBOOOAHBIX PAZMKAIOB U APYTUX aKTUBHBIX YaCTHII.
Haubonpmue HapymeHus GU3NKO-XUMUIECKUX CBONUCTB BOAHBIX CHCTEM
MPOUCXOJAT B YCJIOBUAX TYPOYJIEHTHOTO PEXXMMa TeUeHUs U HAJIUYUS He-
OJHOPOZHOI'0 MarHUTHOI'O NTOJIA. /IMHaMUYHBIM, HeCcTallMOHAPHBIN XapaKTep
IIPUPOAHOU BOABI IPUBOAUT K HEIIPEPHIBHOM IreHepaliy 2JIeKTPUYECKUX U
MarHUTHBIX ITOJIEH, TIOCTOSTHHOMY Ilepepacipe/ieieHuI0 00'beMHBIX 3aPs/IOB
Macc BOZBI.

O6pasoBaHue cBOOOAHBIX pasinkanoB HO' B pe3y/ibTaTe KaBUTAIIMOHHBIX
3¢ deKTOB OBLIO J0OKA3aHO MPU U3YYEHUH IIPUYHH CBEUEHU BOJHOH CPEbI
o3epa Batikas. C HOMOIIBIO YyBCTBUTEIbHBIX GOTOYMHOXUTENEH OBLIO 06-
Hapy»KeHO CBeYeHHe C MaKCUMyMOM Ha rny6oune 50-75 M. “Hocurtenamu”
CBeYEHUs OKA3JIMCh MUKPOITY3BIPbKY ra3a. [Ipy UX CXJIOMbIBAHUY 00pasy-
1oTcsa pagukainsl HO'. Bsaumogeiicteue HO® ¢ pacTBOpeHHBIMU B BoJie Opra-
HUYECKUMU BeIllleCTBAMUY IIPUBOAUT K 00pa30BaHUIO BTOPUIHBIX PAZNKAJIOB,
YacTh U3 KOTOPHIX PEKOMOUHUPYET C BblleJIeHueM KBaHTa CBETa.

KaBuTtaunonHsle 3QpGeKTh 1 UX POJIb B paJUKaJIbHOM OKHCIEHUU Pas-
JIMYHBIX 3aTPA3HAIONINX BeNleCTB HauboJiee CyIeCTBEHHBI B OKeaHNYEeCKUX
¥ MOPCKHX BOZIax, JJis ITyOOKOBOAHBIX IIPECHBIX BOZOEMOB.

B npupoHEIX Bogax HauboJiee MIMPOKO IPeCTaBlIeHbl peakuu ¢poTo-
XUMHYECKOTO MHUITMUPOBAHMS CBOOOAHBIX PAZUKAJIOB IO AelCTBUEM
COJIHEYHOro YP-U3my4deHus .

Obpa3oBaHue paIMKaIOB IIPU 3TOM IIPOUCXOJUT 110 HECKOIBKUM MeXa-
HU3MaM.

1. ToMoTeHHOe pacileIieHue CBA3U ABAeTcsa 9P PeKTUBHBIM KaHATIOM
WHULMMPOBAHUS PAIUKAJIOB, €CJIUM KBAHTOBBIHM BBIXOZ IIPU IeICTBUY COTHEY-
HOTO MU3ay4yeHud npessiaeT 0,1. 3TO peakluy TUIIA:

— OTILIEIlIEHUEe MOJIeKyfI rajJjioreHa B I‘aJIOI'eHI/IpOBaHHbIX erIeBoz[opoaax
RX R +X°;
— pasprB CBA3U B HI/ITPOKCI/I]IbeIX COEeINMHEHUAX
RONO — RO* + NO;
— Pa3phIB CBA3U B IIEPOKCHUAHBIX COEAMHEHUAX
H,0, — 2HO";
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— BeiZlesieHue N, U3 a30coeJMHeHn i
RN=NR —R'+ N,.

2.Ilepenoc 3apsaga. oroxumuyecKre peakI[uy mepeHoca 3apsza Hau-
6oJee cyIiecTBEeHHBI /711 KOMIUIEKCOB JKeye3a:

FeOH2+ — Fe2+ 4 HO",
a TaxKe I HEeKOTOPBIX KOMILJIEKCOB MeZu:
CuXt — Cut + X°,
rae X — Cl, Br, I u gpyrue 1uraszsl.

Ob6pazoBaHue paIuKaIoB BO3MOXXHO B pe3y/IbTaTe BO3JeHCTBIUA COMHEY-
HOTI'O CBeTa Ha MOJIeKyJIApHble KOMIUIEKCH] IlepeHoca 3apaa, HalpuMep Npy
3JIEKTPOHHOM IlepeHoce B KoMiuiekce O, ¢ kpacurenem T:

T+0, < TO, —%—(TO,)* - T" + 05,
rae hv — mepeHoc sHepruu ¢ oTpeIBOM H.

3. ®oTO2/1eKTPOHHBIN nepeHoc. POTO3IEKTPOHHBIN IIEpEHOC BechMa

pacIpocTpaHeH B IPUPOJHBIX BOJAX:

T Tt 4 e[—2-05 ]

B zaHHOM Ciiydae mapTHEPOM D 10 IOHOPHO-aKIEIITOPHOM CBA3U CIIY)KUT
MOJIEKYJIa BOZBL. B peakiusix GOTO3IEKTPOHHOTO IIEPEHOCA TAKIKE YIACTBYIOT
dYIBBOKUCITIOTHI.

®OTO2/1EKTPOHHBIN ITEPEHOC OCYIIECTBISAETCS Ha HEKOTOPBIX MUKPO-
reTeporeHHbIX OKCHZAX 110 THITY TOJYIPOBOAHUKOBOTO MEXaHNU3Ma — 38 CUET
nepebpoCKY 3JIEKTPOHA B 30HY IIPOBOJUMOCTH:

TiO, ——TiOj +¢|—2—0; |.

4. Yepe3 IpoMe:KyTOYHOE 0Opa3oBaHIe 3JIeKTPOHHO-BO30Y:K/IeHHBIX
gactun,. O61ias cxeMa peaKIuHy ¢ y9acTUEM JIeKTPOHHO-BO30YKIEHHBIX
YacTUI] MOXKeT OBITh IIpe/iCTaB/lIeHa B BU/E

T T % .05

OkucieHve
cyberparoB-goHopoB H (RH)

HO;, 2% TH+R —% R0

B3anMozeiicTBUE TPUILIETHO-BO30YKAeHHOM YacTUIIH T* ¢ pacTBOpeH-
HBIMU BelllecTBaMU MOKeT COIIPOBOXKAAThCA IEPEHOCOM dHEepTUU C OTPEIBOM
H wiu nepeHocoM aneKTpoHa.

CyMMUpys pacCMOTpeHHBIE ITyTH 00pa3oBaHMsI CBOOOAHBIX PAJUKAJIOB B
IIPUPOZAHBIX BOZAX, MOXXHO OTMETUTbh, UTO HapAZAY C CUHIVIETHBIM KUCIOPOJOM
B KayeCTBe PeaKI[MOHHOCIIOCOOHBIX YacTHI] obpasyrores pagukainsl O, ~, HO".
B psize ciydyaeB BO3MOXKHO 0Opa3oBaHMe TaKKe aJlKUIbHBIX PAZUKaIOB R,
OBICTPO MePeXOAAININX B MAJIOPEeaKIIMOHHOCIIOCOOHBIE aKUIIIePOKCUIHbIE
paaukainsl RO,. KpoMe Toro, Bo3aM0o:XHO 06pa3oBaHue alKOKCHIbHBIX paju-
kasoB RO, aHHOH-PaIMKaIOB BOCCTAHOBUTEIbHOU IIPUPOALI U IPYTHUX MeHee
3HAQUUMBIX OPraHUYECKUX CBOOOJHBIX PaZIKaJIOB.
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Ocobas posb B paKaJIbHBIX [TPOIlECCaX OKUCIEHUS B BOAHBIX Cpeax
npuHagnexut pagukanam O, ", HO®.

CaoiictBa pagukanos 0, ~, HO*

Pagukain O,°, obnazaeT ABOKMCTBEHHOMN peakIIMOHHO CIIOCOGHOCTBIO,
T.€. KaK OKHC/IUTENIbHBIMU, TAK 1 BOCCTAHOBUTETPHBIMU CBOMCTBaMHU.

Haubosee xapakTepHble peakiyu O,°

1) B3auMozielicTBHE C MIOHAMU MeTaJUIOB llepeMeHHOU BajJleHTHOCTHU;

2) Kak akienTopa atoMa H B peaknusax ¢ JOHOpaMH BOZOPOAA;

3) KakK IoHOpa 3JIeKTPOHA B PEAKIIUAX C OKUCIUTENSAMY;

4) pucMyTanys (ZUCIPONOPIIMOHUPOBAaHUE);

5) obpasoBaHue r'UAPOKCUAHOTO paaukaia HO".

COBOKYTIHOCTb ITpOlieccoB obpazoBaHuA U rubenu O, IPUBOJMUT K CTa-
IIMOHAPHOM KOHIIEHTPAI[UH 3TOTO pafiiKaja B IPUPOAHBIX BOaX HAa YPOBHE
10-8-10-° mosb/aM3.

Haub6onee apdexTrBHO pasukansl O," ~ B3aUMOJEHCTBYIOT B HEHTpaslb-
HBIX BOJHBIX PACTBOpPAX C IOHAMU ME/HU:

0,"+ Cu?* — CuO,* — Cu* +0,,
0,°” + Cu* 4+ 2H* — Cu?* 4+ H,0,.

KOHCTaHTBI CKOPOCTH 3TUX peakiuil 6;usku K AudboysnonubiM. Pak-
TUYECKU B OTUX PEAKIUIX NOHBI MEJU ABJIAIOTCA KaTaJIu3aTOPaMU AUCIPO-
TIOPLIMOHUPOBAHUSA MEPOKCU/THBIX PAZIUKATIOB.

Kak aknenrop H aToT pagukan 3¢ppeKTUBHO B3aUMOJENUCTBYET C TAKU-
MU ZIOHOPaMH, KaK COJTM aCKOPOMHOBOU KUCIOTHI, TUAPOXUHOH, (PEHOJIBI,
HEKOTOpble aMUHBI:

O, +DH-—HO,” +D"".

B peaxnuax ¢ okucauTenaMu A pagukan O, ydacTByeT KakK JOHOP dJ/IeK-
TpOHa:

O,y "+A—=0,+A"".

HauboJiee xapaKTepHbI PeaKIMK ¢ OKCUAAMU a30Ta:

0,"” + NO, - NO,” + 0,,
0,"” + NO = NO, + O,
0,"” + NO — NO,~.
Hapsny c mocnegHel peakiueii k o6pazoBanuio HO-pasnKaaoB IpUBoO-
auT B3aumogeiicreue O,°~ ¢ H,0,:
0,”~ + H,0,— 0, + HO"+ OH".
KoHCTaHTa CKOPOCTU 3TOW peaKl[U HEBEJIMKA, OJHAKO OHA MOXKET Ka-
TaJIU3UPOBATHCSI HOHAMU METAJLUIOB, B YaCTHOCTH MOHAMU MEJU.
OfHa 13 OCHOBHBIX peaKIUi CylepOKCHUAHBIX NOH-PaIUKAIOB — UX JIHC-
MyTalusm:
. — . — +
0,"" + 0, + 2H* = 0, + H,0,.
OTa peakIys B OTCYTCTBUE KaTAIU3aTOPOB BOOOIIIe He uaeT. DPPeKTUB-
Has KOHCTaHTa CKOpoCTH AucMmyTanuu O,° ~ 3aBUcHT oT pH cpezpl. B 6uomoru-
4eCKMX CHCTeMax JUCMyTalusA pagukanos O, ~ KaTaausupyeTcs GpepMeHTOM
CYIIePOKCHUANCMYTa30H.
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Pagukanbt HO® — Hanbosiee peaKImOHHOCIIOCOOHbIE OKUCTUTENH B TIPU-
poZHOU BogHOM cpefe. Bpemsa xusHu pasukana HO® B IpupoAHBIX BoZax
ompezensaeTcs y4acTUeM ero B peaKIUAX C pACTBOPEHHBIMU OpraHU4ecKUMU
Y HEOPTAaHUYECKUMHU BeNeCTBAMU:

— OTPBIB H ot OpraHUYeCKHuX COe,ZLI/IHeHI/Iﬁ
HO'+ RH — R* + H,0;
— IIPpUCOEIMHEHME I10 KPaTHOﬁ CBA3U
HO® + CH,= CH, — "CH, - CH,- OH;
— [TepeHOoC 3JIEKTPOHA
HO* + NO, — NO, + OH-.

B pesysbTaTe COBOKYITHOCTH IIPOIECCOB 00pa3oBaHus U THOen pafuKa-
0B HO* crariuoHapHas KOHIEHTPALUsA UX B IPUPOAHBIX BOAAX U3MEHAETCS
B mpezenax 10151017 monb/am3.

B o6uem ciydyae HO® B3auMO€CTBYET CO BCEMU PACTBOPEHHBIMU B
BO/Ie OPTaHWYECKUMU U HEOPTraHUYEeCKUMU BelllecTBaMu. [Ipu 3ToM B cpezie
06pasyrTcsa BTOPUYHBIE CBOOOAHbBIE PAZMKAJIBI, YaCTh U3 KOTOPHIX MOXKET
TIPUBOAUTH K pereHepanuu HO® 3a cueT moceAyIonux IpeBpalleHui ¢ yaac-
THEM MOHOB MeTamnos (Meau), O,, H,O, u T.4.

OG6pa3oBaHUe U CBOIICTBA OPraHUYECKUX CBOOOJHBIX PAJNKAIOB

Oprauuyeckue cBOOOJHBIE paUKaIbl 00Pa3yIOTCs B OKPYKaroIlel pH-
POJHO¥ cpe/ie B OCHOBHOM B pe3y/bTaTe BTOPUYHBIX MPOoIfeccoB. OpraHuye-
cKyie cBOOOHbIE paZMKaIbl 06IaZIAI0T IIMPOKUM CIIEKTPOM CBOMCTB U pe-
aKI[MOHHOM CIIOCOOHOCTHIO, TOTOMY PacCMaTPUBATh UX Ieecoobpa3Ho B
006111eM BH/IE C WITIOCTPaLMel TeX WIN MHBIX 0COOEHHOCTEH Ha KOHKPETHBIX
[puMepax.

HecmapeHHBIH 2/IEKTPOH B OpraHMYeCKUX CBOOOAHBIX pafuKaaaX MOXET
OBITH JIoKanu3oBaH Ha aroMmax C, N, O 1160 Je0KaJIrM30BaH IO CUCTEME CO-
MPsDKEHHBIX CBsA3eli. YeM B GoJIbllleli cTeleH! OH e0KaIN30BaH 10 MoJie-
KYJIIPHBIM OpOUTAIAM, TEM MeHee PeaKIIMOHHOCIIOCOOEeH COOTBETCTBYIONIH
paZiKal.

[To peaKIIMOHHOM CITOCOOHOCTU OpTaHUYeCKHE PAAUKaIbl MOXKHO MOJ-
PasZie/TUTh Ha PaJMKaIbl-OKUCIUTEMH R *, BOCCTaHOBUTENMN R, *, B TOM dncCyIe
JIOHOPBI 3JIeKTpoHa D-, ¥ Ha paJuKasbl, 06JaJaoliue U OKUCTUTENbHBIMU,
Y BOCCTaHOBUTEJIbHBIMM CBOMCTBaMHy, T.€. R, . Takoe pasjieieHne HOCUT
KauyeCTBEHHBIN XapaKTep, TaK KaK OKUCIUTENbHbIE I BOCCTAHOBUTEIbHBIE
CBOICTBA TOM WIM MHOM YaCTHUIBI OMPEAeAIOTC MIPHUPOJOH IapTHepa 110
peaKIuu.

[lepeunciuM HanboIee XapaKTepHbIe PEaKIIMU OPraHuIecKHux cBo6os-
HBIX paZIUKaoB.

1. PexoM6UHAIWA W AUCIIPOIIOPIIHOHHNPOBAHME:

2R* — HepaaukaibHble IPOAYKTHL.

B 3aBUCHMOCTY OT IPUPOZABI R* KOHCTAHTEI CKOPOCTH PEKOMOUHAIINU
pasMyalTCcsa Ha MHOTO TOPAAKOB. Han6oIbIIMMU KOHCTAHTAMU CKOPOCTH
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PEKOMOUHAIINY XapaKTEPU3YIOTCS alKWIbHBIE PAAUKaIbl R*, 3aTeM alKOK-
cunbHble RO® U ruzponepokcuanbie RO,

2. OTpeiB aToMa H pagukaniamMu-oKUCIUTENAME OT APYTUX OpraHude-
CKUX MOJIEKYJI C 00pa30BaHKeM, KaK IPaBUJIO, MEHee PeaKITMOHHOCITOCOOHBIX
pajyKaoB:

/ / /
R, +H—C—R, —» RH+'C—R,,, (wm 'C—R,).
\ \ \

[Tocme0BaTENBHOCTD TAKOTO PO/JIa PEAKITUH TPUBOAUT K ITOCTEIIEHHOMY
CHIDKEHUIO PEAKITMOHHOM CIIOCOOHOCTH BTOPUYHBIX PAZIUKAIOB BIUIOTD 10
obpasoBaHus CTAOMIM3UPOBAHHBIX PAJUKAJIOB WIM UX PEKOMOUHAIIUH.

3. IlpucoeanHeHME 110 KPATHOU CBS3U:

o\ A

R, +'C=C—-R, »R—C—C"'— .
/7

Ro(or)z

Peaknuy Takoro Tumna Haubosiee paclpoCTpaHeHbI B IIPOIECCaX IOJIH-
MepHU3al[i BUHWIOBBIX MOHOMEDOB.
4. [lepeHOC IPOTOHA:

R, +DH —RH + D',
R, +M*+ H* —RH + M2+,
R’ '+ M2t — M* + P_(IpOAYKT BOCCTaHOBJIEHUA).

PeakIuu TakoTo TUIA HauboJee XapaKTePHBI IPU HAJTUYUU B BOAHOM
cpeZie MOHOB METaJI/IOB IepEMEHHOM BaJ€EHTHOCTH, JOHOPOB dJIEKTPOHA
(aToma H) u oxuciureneii (0,, H,0,).

5. MoHOMOJIEKYAsApHbIE MpeBpaleHusa: ndomepusanusa (H-casur);
¢dparmeHTaIys (pa3phiB CBA3U) ; BHYTPUMOJIEKY/ISIPHOE TTepepacpeseieHre
3JIEKTPOHHOM IUTOTHOCTHU (KaK IIPaBUJIO, [eoKaIn3alys 31eKTpoHa). B 06-
IIleM BH/e BCE OTU MIPEBpaIleHus] MOXKHO MIPEACTaBUTh KakK mepexos 6osee
PEAKIIMOHHOCITIOCOOHOT'O COCTOSTHUSA B MEHee PeaKIIMOHHOCIIOCOOHOE:

RS — R, (R").

K aTOMY Ke TUITy peaKIIUii OTHOCATCS PACKPBITHE WU 3aMbIKaHUE KOJTb-
11a, I[UC-TPAHC-U30MePHU3alIUsl, PEAKIINY IeKapOOKCUINPOBAHUS PAZIUKAIOB
U ap.

B a3po6HOI1 cpesie alKUIbHEIE paJuKabl B3aUMOAeHcTBYIOT ¢ O, ¢ 06-
pa3oBaHUEM aJKWINEPOKCUAHBIX PaJMKAIOB. PaZiKaIbI-OKUCITUTENH C JIOKA-
JM3anyell HecllapeHHOro a1eKTpoHa Ha aroMax N, O B pe3y/brare AagbHeH-
IIUX TIpeBpalieHui 06pasyroT IMO0 CTaOMIN3UPOBAHHbIE, TUO0 aTKUIbHBIE
PaZiNKaJbl, T.€. B KOHEYHOM CYeTe IPeBpalleHNs BTOPUYHBIX OPraHUYECKUX
CBOGOHBIX PAIUKATIOB IIPUBO/SAT K 00Pa30BaHUIO JIMOO CTAOUIM3UPOBAHHBIX
pajyKaioB, MO0 alKUINePOKCHAHBIX paZuKanos RO, .

VI3yueHue MPOIECCOB, MPOTEKAIONINX B MPUPOJHBIX BOJAX C yIaCTHEM
CBOGOHBIX PAIUKAJIOB, TIO3BOJIWIIO TOHATh MEXaHHU3M HEKOTOPBIX ITPOIIECCOB
OYMCTKH CTOYHBIX BOJ. Tak, HallpuMep, YCTAHOBJIEHO, YTO PACIIPOCTPaHEHUE
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MHTEHCHBHBIX YIbTPA3BYKOBBIX BOJIH B CTOYHOM BO/IE BHI3BIBAET SIBIEHUE Ka-
BUTALIUU, KOTOPAsi 3HAYUTETHHO MOBHIIIAET CTENEHDb PA3JIOKEHUsI MONEKYJT
OKUCJIUTEJSA, CTUMYJIUPY 0Opa3oBaHue CBOOOAHBIX paguKaioB. Kpome Toro,
BCJIEZICTBUE BO3HUKHOBEHUS MUKPOTYPOYJIEHTHOCTH, COMPOBOKAAOIIEN
YIBTPa3BYKOBOE U3JIyUeHUeE, YCKOPSETCS IIePeX0/; 030HA U3 Ta30Boi Gasbl B
PacTBOPEHHOE COCTOSTHUE.

[Ipu COBMECTHOM O30HUPOBAHUU U YIbTPAPUOTIETOBOM OOIYIEHUH BO-
IBl yCKopsieTcst obpasoBaHue pagukanoB HO®. [Ipu 3TOM 3HaYUTETHHO BO3-
pacTaeT CKOPOCTh OKUCJIEHUS CIIUPTOB, XJIOPIIPOU3BOAHBIX U IPYTUX OPraHu-
4YecKux coerHenwuit. [Ipu ge3nH(peKInY CUIbHO3arpsA3HEHHBIX CTOYHBIX BOJ,
COBMeECTHOE ITpUMeHeHNe 030HUPOBAaHUA U YIbTPaGUOIETOBOTO 00IydeH s
MO3BOJIIET 106UThCs 3ddekTrBHOCTH, B 1000 pa3 npesbimaronieii 3¢pdeKTrs-
HOCTb IIPUMEHEHUS OZIHOTO 030HUPOBAHUS.

OfHO U3 abTEPHATUB XJIOPUPOBAHUIO B TEXHOJIOTUYECKOM CXEMe OYH-
CTKU CTOYHBIX BOJ SIBJISIETCS IPUMEHEHUE YAbTPapUOIETOBBIX TyUei, TaK
KaK He IPUBOAUT K 00pa30BaHUI0 BPEAHBIX /7 3[0POBbS XUMUYECKUX COE/IH-
HeHUH, Boia mocjie Ae3nHGEKIINY He OKa3bIBaeT TOKCHYHOTO BIMSIHUA Ha
BOJIHbIE OPTaHU3MBI. [IpY 3TOM HapsaAy ¢ 6aKTepULIUAHBIM 3 deKToM Ha-
6onaercs apHeKT OKUCIUTETHHOTO BO3/iecTBHA. MeXaHU3M TaKoTo BO3-
JefCTBUs 3aKII09aeTcs B 06pa3oBaHuy CBOOOIHBIX PAUKAIOB U IIEPOKCHAA
BoZIOpoZia ipH oTosu3e. Pacnaz mepoKcrza BoAOpoJa B CTOYHOM BOJE COTIPO-
BOXKJAeTcs 06pa3oBaHUEM BTOPUYHBIX CBOOOIHBIX PAIMKAIOB, BOBI€YEHUEM
KHCIOPO/Ja U PACTBOPEHHBIX B BOZIE NIOHOB METAJLIOB B MMPOI[ECCHI OKUCIEHUS
3arpsA3HAIONINX BEIECTB.

Vi3yuyeHre MeXaHU3Ma XJIOPUPOBAHUA BOJBI, TOKA3aJI0, YTO IIPU ydac-
THU KaTaJU3aTOPOB — METAJLIOB C IEPEMEHHOM BaJIEHTHOCTHIO — IIPOUCXOAUT
obpa3oBaHUe MPOMEKYTOYHOTO aKTUBUPOBAHHOT'O KOMILIEKCA, KOTOPBIH
obecreunBaeT mepepacrpeziesieHie SHEPTUY XUMUIECKUX CBs3€l B MoJie-
KyJIaX XJIODHOBATUCTOM KUCJIOTHI ¥ TUIIOXJIOPUT-UOHA, OHOBPEMEHHO MTPU-
CYTCTBYIOIUX B BOJE:

K+ HCIO + ClO-— ClO* + ClO* + H* + K,

rae K — karanusarop.

[Tocre pacmaza KOMILIEKCA U BBIX0JA U3 HEr0 KaTannu3aTopa B3aMeH
ucxozHbIX GpopM akTuBHOrO xj10pa (HOCI, ClO-) moaBaA0TCA peaKIOHHO-
aKTUBHBIE PAJUKAJIBI, KOTOPBIE YIACTBYIOT B peaKIny 06pa3oBaHus Hanboee
CWJIBHOT'O OKUCJIUTEJIS, aTOMapHOTO KUCIOPOAA U THAPOKCUAHOTO pafivKara.
PeaxIiua NpoxouT B L[eJIOYHOM cpeje:

ClO® + CIO* + OH- — 20 + 2ClI-+ HO".

[Tpu B3aMMOZEeNCTBUY TUAPOKCUAHOTO pasukana HO® ¢ okucaseMbim
BeIeCTBOM 00pa3yloTCss HETOKCUYHBIE TPOAYKTHI.

MexaHU3M OKUCJIEHUS 3aTPSA3HSIONINX BEIIECTB KMCIOPOJOM BO3AyXa
BKJIIOYAET HECKOJIBKO MTOC/IEIOBATENbHBIX CTYIIeHeH ¢ 06pa3oBaHUEM XUMU-
YeCKM aKTUBHBIX KUCJIOPOZCO/epKaIluX palukKaaoB. PaccMOTpyM B KayecTBe
IIprMepa OKUCJIeHUE BYXBAJIEHTHOTO JXejle3a B TPEXBAJIEHTHOE.

CymMMapHOe ypaBHeHUE peaKI[uy UMeeT BUJ

4Fe2* 1 0, + 2H,0 « 4Fe3* + 40H-.
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Ho mpoiiecc OKUCIEeHUs TPOUCXOAUT ITOITAITHO CIEAYIOMINM 06pa3oMm:

1) Fe?* + O, < Fe3* + 0,";

2) 0, + H* < HO,";

3) Fe?* + HO," < Fe3* + HO,;

4) HO,~ + H* < H,0,;

5) Fe?* + H,0, < Fe3* + OH- 4 HO";

6) Fe?* + HO® < Fe3* + OH;

7) 2H,0 < 2H* + 20H~.

TakumM 06pa3oM, MPoIiecc OKUCIEHHS ABYXBaIEHTHOT'O JKejie3a MOJIEKYIIAP-
HBIM KHCJIOPOZIOM BKJIOUaeT 0Opa3oBaHUe JOTOJHUTETbHBIX OKUCIUTENEH
(cBOGOAHBIX PAZIUKAJIOB HO,* n HO", a Taxxe nepokcuza BoA0poaa).

OpuuM u3 Haubosee 3GGEKTUBHBIX OKUCIUTENEH IBASETCA TIEPOKCU/
Bozopoza. CerofHa A0 25% Dpou3BOAUMOTO B MUPe IIepOKCUJa BOLOPoJa
pacxomyeTtcst Ha 06pabOTKY BOJIBI.

[Ipu pasiokeHUU MEPOKCHUAA BOAOPoJa 06pasyeTcss KUCIOPO/ U BhIZe-
JISIeTCS TETIO:

2H,0, = 2H,0 + O, + 98,8 k/IK/MOJIb.

B yciioBUAX XUMUYECKON WK GU3NYeCKON aKTUBALMY Pa3jIoyKeHUe I1e-
POKCH/Ia BOJOPOZa COTIPOBOXK/AAETCsI 06pa3oBaHreM CBOOOAHBIX PAZIUKAIOB
HO* u O°, o6mafariux BEICOKOH PeaKIIMOHHON CIIOCOOHOCTBIO. B posin Ka-
TaJIM3aTOPOB BBICTYIIAIOT METAJLIBI C IEPEMEHHOM BaJIEHTHOCTBIO: MapraHell,
MeJlb, YKeIe30, KOOaJIbT.

CBo6OZHBIE paJUKaJBI CIIOCOOHBI TPaHCHOPMUPOBATH MHOTHE YCTOM-
YHBbIE COEAUHEHMUS.

CoueTaHue TTEPOKCHA BOZOPOJA C GOTOTU30M MO3BOJSET PA3IOKUTH
TYMUHOBBIE KUCJIOTHI 10 IUOKCH/A YIVIEPOZAA U BOABI, IOCTUYb TTyOOKOI Zle-
CTPYKIIUY CUHTETUYECKHUX TIOBEPXHOCTHO-aKTUBHBIX BelllecTB (CITAB), HedTe-
MIPOAYKTOB, MECTUIIU/IOB U PAZA APYTUX 3arPA3HSIIONINX BellleCTB TeXHOT'eH-
HOTO IIpouCXOXAeHuUs. [Ipy Mcmosib30BaHUU IIEPOKCHA BOAOPOJA B Kaue-
CTBe OKUCIUTENS B OUUIIEHHOHN BOZle He 06pa3yrOTCsI TOKCUYHBIE MTPOAYKTHI
OKHCJIEHUS.

TeHepalus cCBOOOAHBIX PAJUKaTIOB MOKET OCYIIECTBIATHCSA U TIPH pa-
IUAIMOHHOM 00JIyYeHnu (paZiiosiu3e) BOAL. B pesyibTaTe pasnoin3a Boja
HACBHIIIAeTCs TAKUMY CBOOOZHBIMU paZiKaIaMu, Kak HO,’, 0,". C nomouipio
pazmosr3a MOXKHO CO3/IaTh ONITUMAJNbHYIO PeIOKC-chUCcTeMY. B KauecTBe uc-
TOYHHUKOB pazuaiuu npumensior Co® u Cs'¥. Paguarmontas o6paboTka
MIPUMEHSETCS JI OKUCIeHUs GpeHOIOB, ITMaHu[0B, HeKoTOphix CITAB.

1.2.3.5. Taxenble MeTasbl B IPUPOAHBIX BOJax

DJIeMEeHTBI, KOTOpble OTHOCAT K MeTaJl/IaM, BXOJAT B COCTaB FOPHBIX I10-
pOJ, TI0YB, IPUPOAHEIX BoZ. Cozep:kaHue ux He npesbimaet 0,14% obuieit
Macchl 3eMHOU KOpBL. MeTaJlIbl XOTsA ¥ IIPUCYTCTBYIOT B )KUBBIX OPraHU3Max
B HUYTOXXHO MaJIOM KOJIMYECTBe, HO UI'PalOT BechMa BaXXHYIO POJIb, BXOJA
B cOCTaB OMOJIOTMYeCKH aKTUBHBIX BELIECTB, PETYIUPYIOIUX HOPMAJIbHYIO
JKU3HeeATeTbHOCTh opranuaMa. Ho B To yxe BpeMs Bce 6€3 UCKII0UEHUS Me-
TaJlIbl MOTYT OKa3blBaTh OTpHULIaTebHOE BO3ZeHCTBYEe Ha OPTaHU3MbI, eCIU
KOHIIEHTPAaLUA UX JOCTYIHBIX GOPM IIPEBHILIAET OIIpe/ieJIeHHbIE IIPe/ebl.
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TepMmuH “Tsprenbie MeTa/utel” (TM), XapaKTepU3YIOLIHE OOJIBIIYIO TPYIIILY
3arpA3HAIONINX BELIeCTB, IOIYYII B [TOCIeIHee BpeMs 3HAYUTEIbHOe pac-
IIpocTpaHeHue. B kauecTBe KpHUTepreB IIPUHA/JIEKHOCTH 2JIEMEHTOB K TH-
JKeJIBIM MeTajulaM UCIIO/Ib3YIOTCA Pa3Hble XapaKTePUCTUKIU: aTOMHas Macea;
IUIOTHOCTb; TOKCHYHOCTB; PACIIPOCTPAHEHHOCTD B IPUPOJHOM Cpejie; CTelleHb
BOBJIEUEHHOCTH B IPUPOZHBIE U TEXHOT'€HHbBIE ITUKJIBIL.

Ha cerozHANITHMH AeHb K TSDKETBIM MeTa/uIaM OTHOCAT 6ostee 40 aneMeH-
TOB IIepUOJUYECKOU CHUCTEeMBI ¢ aTOMHOM Maccoit cBbiie 50: V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg, Pb, Bi u zp. [IpakTu4yecKu Bce OHU (3a UCKIIIO-
YeHHWeM CBUHIIA, PTYTU, KaZMUSI U BUCMYTa, OMOJIOTUYECKas POJIb KOTOPBIX
Ha HaCTOAIIMI MOMEHT He sICHA) aKTUBHO YYaCTBYIOT B GMOJIOTUYECKUX IIPO-
I[eccax, BXOZAT B COCTaB MHOTUX GpepMEHTOB, BUTAMUHOB U IPYTUX GHOJIOTH-
YeCKU aKTUBHBIX BellecTB. OHU KaTaJIU3UPYIOT IIPOLIeCCHl CHHTEe3a OPraHu-
YeCKUX COeANHEHUHN U HeOOX0AMMBI OpraHU3MaM B HEOOJIBIIUX KOJTMYECTBAX
(kax MUKpO3IeMeHTHI). [I03TOMY OZWH U TOT e 3JIEMEHT, B 3aBUCMOCTHU OT
TOTO, B KAKOM KOHTEKCTEe OH YIIOMUHAeTCs, MOXKeT XapaKTePHU30BaThCA KaK
“TSKEJTBIN MeTasuT” WIN “MUKPO3JIEMEHT .

V3BecTHO, 4TO TOKCMYHOCTh TM Bo3pacTaeT ¢ yBeIuuyeHHeM aTOMHOM
Macchl, 3aBUCUT OT CIIOCOGHOCTH K AMCCOIUAIINN X KOMIUIEKCOB C JIUMTU/A-
MU, PaCTBOPUMOCTH COEANHEHUN B BOJE U JIUMTUJAX, PAAA APYTUX PUINKO-
XUMUYECKUX CBOKCTB. [ITOMUMO BHICOKOH TOKCMYHOCTH, HEKOTOPbIE U3 HUX
obazaT 3¢pdEKTOM OTZaTeHHBIX TIOCIEACTBUHI. DTO B IIEPBYIO OUepeb CBU-
Hell, PTYTb, KaZIMU, HUKeJb, KOOAJBT, IUHK, TAJUTHH, ceeH, bepuuIuii U Apy-
r'yie MeTaJUIbl, OOJBIIMHCTBO U3 KOTOPBIX OTHOCATCA K 1-My U 2-My KJIaccam
onacHocTU. Cpesu 3arpA3HAIONINX BeleCTB 110 TOKCUKOJIOTUYECKUM OIleH-
KaM “cTpecc-MH/EKCOB” TsoKeJlble MeTaJUTbl 3aHUMAaloT BTOPOE MECTO, YCTyIast
TOJIBKO MecThnuAam. [10706HO CTOMKIM OpraHUYeCKUM 3arps3HUTEIAM OHU
CTIIOCOOHBI HAKAILTUBATHCA (AKKYMYJIHUPOBATHCSA) B TKAHAX KUBBIX OPTaHU3-
MOB BBICIIUX TPOGUUECKUX YPOBHEH (BKJIIOYAS YeIOBEKA) B KOHIIEHTPAIUAX,
KOTOpbIE MOT'YT BBI3BaTh UX T'U6Eb.

B pesynbTaTe HAaKOIUIEHUS BO BHEITHEN cpejie TshKesIble METAJUIBbI IIpes-
CTaBJIAIOT CEPHE3HYIO OTIACHOCTD C TOYKY 3PEHUS UX OMOJIOTUYECKOM aKTHB-
HOCTH ¥ TOKCUYHBIX CBOHCTB (Tabs. 1.21). OauH us Harbostee MUPOKO U3BECT-
HBIX “PSIZIOB OITaCHOCTH” MOHOB METaJLIOB /sl 6rocdeps! cieaytommuii: Be, Cd,
Cr, Cu, Hg, Ni, Pb, Se, V, Zn.

[IpuurHOM HaKOIUIEHUA B 6Uochepe dIeMEeHTOB, KOTOPBIE OTHOCAT K
TSDKEJIBIM MeTaulaM, ABJSETCS Bce Bo3pacTarwllee ux norpebiaenue. Cuu-
TaeTcs, UTO €CTU Z06bIYa dJIeMEHTA OTlepEeKaEeT ero eCTECTBEHHBIHN IIepeHOC
B reoxrMu4ecKkoM Iukje B 10 pas, To ero yxe cjiefyeT paccMaTpUBaTh Kak
3arpssHAmpIlee BelecTBO. DTOT IT0Ka3aTelb MHOTOKPATHO IIPEBHIIIEH 10
oTzenbHbIM TM.

I[TocTyruteHYe TSDKeTBIX METAJUIOB B IIPUPOZAHBIE BOABI TPOUCXOAUT BCIIE] -
CTBUE:

— cbpoca Mpou3BOJACTBEHHBIX CTOYHBIX BOZ raJbBaHUYECKUX I[€XOB, MpeJ-
MPUATUN TOPHOZOOBIBAIOIIEH MPOMBIIIJIEHHOCTH, Y€PHOU U IIBETHOU Me-
TQJUTyPTUH, MAaITHHOCTPOUTETHHBIX 3aBOJOB;

— GuIbTpalMy B IOA3eMHbIE TOPU30HTEI BOZ C TOBBIMIEHHBIM COZIEPXKAHUEM
TSKEJIBIX MEeTAJIJIOB, UCIIOIb3yeMbIX IS OPOIIEeHNs 3eMelb;
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Ta6bnuua 1.21. buoxummueckme CBOMCTBA TAXENLIX METANMNOB
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Ilpumeuanue: B — BeicOKad, Y — yMepeHHas, H — Huskasd.

— MUTPALMH B IIOA3eMHbIE BOZABI M3 0CaJKOB OYMCTHBIX COOPYKEHUM KaHa-
JIM3aIY, BHOCUMBIX B IIOYBEI B Ka4eCTBe yA00peHNs;

— BBIIIETaYUBAHUA U3 OTBAJIOB PYAHUKOB WJIU MeTaJLTyPTUUYECKUX Mpes-
TIPUATHN;

— TIOCTYIUIEHUS C JOXK/AE€BBIMU CTOUHBIMU BOZIAMU C CETbCKOX03AMCTBEHHBIX
YTOZAUM, Ha KOTOPHIX IPUMEHSINCH B BBICOKUX /I03aX OpraHU4YecKUe U MU-
HepaJbHble YZ0OPeHwUsI, IeCTULIN/EL, COZeprKallTie TsKeIble MeTaJLIbL;

— 3aKUCIeHUsA PHUPOJHBIX BOJ B pe3y/bTaTe BbINaJZileHNsA KUCIOTHBIX 0Ca-
KOB U, Kak cieJcTBUe, nepexoza TM u3 cBA3aHHOIO (HepacTBOPUMOTI0)
COCTOSIHUS B PACTBOP.

Boza saBsieTca OCHOBHOMU cpeZjofi MUT'PALIUU TSKeNbIX MeTaLIo0B. s
MUTPAIIMOHHBIX IIPOLIECCOB B IPUPOAHBIX BoJAax ocoboe 3HAYEHNE UMEIOT
Takue GpakTopsl, Kak popMmel cymecTBoBaHUsA TM, OKUCIUTENBHO-BOCCTAHO-
BUTEJIbHBIN NTOTEHIMaJ, KUCJIOTHO-OCHOBHEIE yenoBusa (pH) u pazx aApyrux.
B oTmyme OT OpraHUYecKUX CoeINHEHUH, MOABepraInXCcs Ipoleccam
pa3JIoKeHUs, METAJLIBI CIIOCOOHBI JIMIIb K EepepacupeseIeHUI0 MeXAY OT-
JleJTbHBIMU KOMIIOHEHTaMU BOAHBIX 9KOCUCTEM. B IPUPOAHBIX BOZaX OHU CY-
IIeCTBYIOT B Pa3HBIX GOpMax U PA3TUIHBIX CTEIIeHSIX OKUCIEeHNs U BXOJAT B
COCTaB OpraHUYECKUX U HEOPraHUYECKUX COeIUHEHNH, KOTOPBIE MOTYT OBITh
HUCTHUHHO PaCTBOPEHHBIMU, KOJUIOUIHO-IUCIIEPCHBIMU U BXOJAUTH B COCTAaB
rpy6oAKCIEPCHBIX TIPUMeECE.

[Ipu oIleHKe CIIOCOOHOCTH 3KOCUCTEMBI CONTPOTUBJIIATHCSI BHEUIHEMY
TOKCUYHOMY BO3/I€ICTBUIO, CBA3aHHOMY C ITOCTYIIEHUEM 3aTrPA3HAIONINX
BEILECTB, IPUHATO TOBOPUTH O OypepHOI EMKOCTH 3KOCUCTEMBI. Tak, 1oz,
6ydepHOIT eMKOCTBIO IPECHOBOAHBIX SKOCUCTEM 10 OTHOLIEHHUIO K TSXKETBIM
MeTa/l;TaM IOHMUMAIOT TaKoe KOJMYEeCTBO MeTajlia, IOCTyIIEHe KOTOPOro
CyllleCTBEHHO He HapyllaeT eCTeCTBEHHOT0 XapakTepa GpyHKIMOHUPOBAHUA
dKocucTeMbl. BybepHas eMKOCTh 3aBUCUT OT HAJTMYUS YCJIOBUH, CIIOCOOCTBY-
IOIUX cBA3bIBaHMIO (mepexony) TM B MeHee aKTHUBHBIE Y MaJIONIOBIKHBIE
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bopMBI, a TaKXKe OT aKKYMYJIUPYIONIEH CIIOCOOHOCTH THAPOOUOHTOB U OT
CKOPOCTH IIPOLIECCOB IIOIVIOLIeHUA HOHOB MeTa//IOB BCEMU KOMIIOHEHTaMU
9KOCHCTEMHL.

PazinyHble TOBEPXHOCTHBIE BOJBI I0-Pa3HOMY CBA3BIBAIOT MOHBI MEeTa-
JIOB, TIPOSIBJISASA IIPU 3TOM Pa3INIHYI0 OydepHyI0 eMKOCTh. BOZBI FOXKHBIX PEeK
Y BOZIOEMOB, UMEIOIINX 60IbII0N Habop MPUPOAHBIX KOMIIOHEHTOB (TyMy-
COBBIE BeIleCTBa, TyMHUHOBBIE KUCJIOTH U QYIbBOKUCIOTEI) B BBICOKOU KOH-
LIEHTPAIUH, CIIOCOOHBI K 6osiee 3 GEeKTUBHOM IPUPOAHOH JETOKCUKALIUY 110
CpaBHEHHUIO ¢ BoZaMu BoZioeMoB CeBepa U yMepeHHOM II0JIOCHL.

[Tonas B BogmoeM wiu pexy, TM paclrpeensaioTes Mex 1y KOMIIOHEHTaMU
9TOI BOZHOM 3KOCHUCTEMEI Ha CJIeZlyIol1e COCTaBJIAIe:

1) MeTa/uT B pacTBOpEHHOU popMe;

2) copOMpPOBAHHBIN M aKKYMYJIUPOBAaHHBINA QUTOILUIAHKTOHOM, T.€. Pac-
TUTEJIbHBIMU MUKPOOPraHU3MaMU;

3) yAep:kuBaeMbIl JOHHBIMY OT/I0KEHUAMU B pe3y/bTaTe ceJUMeHTaluI
B3BellleHHBbIX OPraHUYeCKUX ¥ MUHePaIbHbIX YaCTUI] U3 BOZHOU Cpesbl;

4) azcopbUpOBaHHBIN Ha TIOBEPXHOCTHU JOHHBIX OTJIOKEHUN HETIOCPe-
CTBEHHO M3 BOZHOU CpeZibl B pACTBOPUMOH hopMe;

5) HaxogAmuiicsa B aicop6UPOBaHHON GpopMe Ha YaCTHUIIAX B3BECH.

YpaBHeHue 6aaHca BOAHOTO 00beKTa 10 MeTajuTy M, MOXKeT ObITh IIpeJ-
CTaBJIEHO B BU/ie

M, = {M"*} + XML + [MX],
rzie 2 ML — COBOKYITHOCTh KOMIUIEKCHBIX pOPM MeTasia B BOAHOM Cpese;
[MX] - TpyagHOpacTBOpUMast WM HepacTBopumas ¢popma Metaswia; {M"*} —
MeTaJsUl B MIOHHOI dpopMme.

PactBopumbie GopMbl TM MOTYT BCTpEYaThCA B BUZIE CBOOOAHBIX U TH7I-
pPaTHUpPOBAaHHBIX MOHOB, HEOPTaHUYECKUX U OPTaHUYEeCKUX KOMILIEKCOB U
XeJIaTOB, KOMIUIEKCOB C BEICOKOMOJIEKYIAPHBIMU COeJUHEHUAMU — TYMUHO-
BBIMU U QyIBbBOBBIMU KHCIOTaMU (TYMYCOBBIMU BellleCTBAMMU), ITOJIHCAXa-
puzamu u Ap. Cozep:kaHre pacTBOPEHHBIX GOPM MeTasUIOB 3aBUCHUT OT CO-
JIeBOT'0 cocTaBa, pH, Hanu4uua ycI0BUM A7 TpOTeKaHUA peaKluii ruiposinsa
Y KOMILTIEKCOO6PA30BaHUA.

KomMmrekcoo6pasyrolas CliocCOOHOCTb 3aBUCUT KaK OT MIPUPOALI U KOH-
LIeHTpaly IPHUCYTCTBYIOIINX B BOJle IMT'aH/OB, Tak U OT pH BoAHOI cpezbl.
B nprposHbIX TOBEPXHOCTHBIX BOJAX COAEPXKUTCA MHOXKECTBO OPraHUYeCKUX
BellecTB, 0K0I0 80% KOTOPBIX COCTABJIAIOT I'YMYCOBBIE BelllecTBa, MOCTY-
IaroIre B BOAY U3 IOYBHL. BeyleZicTBHe HANMUYUA B cocTaBe QYIbBOKUCIOT
(beHONbHBIX TUAPOKCUAHBIX U KapOOKCWIBHBIX IPYII 3T BellleCTBa 06pasy-
IOT ¢ MOHAMU MeTaJl/IOB IPOYHbIe XeJaTHble KOMIUIEKCH ¥ YMeHBIIaloT TeM
caMBbIM TOKCUYHOCTb BOJ. IMeloTcs cBefleHus, YTO pasjuyHble TyMUHOBEIE
KHUCJIOTBI MOTYT B Te4eHUe HeCKOIbKUX JAHEH ITOJTHOCThIO 3aTOPMO3UTh OKHC-
sneHue xenesa (II).

B npuZOHHBIX BOAHBIX Maccax, I7Zie KOHIIeHTpalya pacCTBOPEHHOI'O KHUC-
JIOpO/ia B 3HAYUTENBHOMN CTENIEHU MOHIDKEHA, QYHKIIMIO OKUCIUTEI OPTaHU-
YeCKUX COeJMHEeHUH U IlepeBoZia HU3IINX OKUCICHHBIX CTelleHell MeTalia B
BBICIIIFIE BMECTO KHCIOPOJA MOTYT BBITIOJNHATh COEIUHEHUS a30Ta U CEPHI B
BBICIIIEl] CTETIEHN OKUCIeHNs (HUTPaTHI U Cy/Ib(AThI), YTO BEI3BIBAET IIOHIDKE-
HIe OKHUC/IUTENbHO-BOCCTAaHOBUTEIBHOTO oTeHnana (Eh) BOAHOM crCTeMBl,
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U cpa3y »Ke CKa3bIBAEeTCs Ha CTENIEHU OKUCIEHNA METAJIOB, CIIOCOOCTBYS UX
IepeBOAY U CTaOMWIN3alluy B HU3LIEH CTeIIeHN OKUCIeHNs, U Ha PABHOBECUH
IIPOIIECCOB IIEPEX0I0B UOHOB MeTaslla MeXAY ZOHHBIMU OTIOKEHUAMU U
BOZIHOM (a3oii.

MeTa/utopranndeckuie KOMIUIEKCHI, 00pa3yeMble I'yMyCOBBIMU BelllecT-
BaMHU C COJISIMU JKejle3a, aIIOMUHUA, TUTaHa, ypaHa, BaHaJusA, Meu, MOJIUO-
JleHa U IPYTUX TSKEJNbIX METAJIOB, OTHOCUTEIBHO XOPOIIO PACTBOPHUMEI B
YCIOBUAX HENUTPATbHOMU, CIaO00KUCIION U C/1aboIIe0YHOM PeaKIun Cpebl
U CITOCOGHBI MUTPUPOBATh B MIPUPOAHBIX BOZAX Ha BeCcbMa 3HAYUTETbHbIE
PaCCTOSHUS.

Mexay ob611elt KOHIIeHTpaluel MeTalia B IPUPOAHBIX IIOBEPXHOCTHBIX
BOZIaX ¥ UX OTIACHOCTBIO /IS THAPOOMOHTOB HET OZHO3HAYHOHN 3aBUCUMOCTH.
[TpuHATO CUUTATH, YTO HAUOOIbIIEN TOKCUIHOCTHIO 061aZIal0T TUAPATHPO-
BaHHbIe MOHBI METAJUIOB, a CBI3aHHBIE B KOMIUIEKCHI OITACHBI B MEHBIIIEH Mepe
160 Jake MOYTH 6e3BpeaHbI. [I03TOMY 06pa3oBaHKe KOMILIEKCOB C TyMYCO-
BBIMU BellleCTBaMU paccMaTpUBaeTCs KaK OJHO U3 HallpaBIeHUN CHIKEHNS
HEraTHUBHBIX IIOC/IEeACTBUHN OCTYIUIeHUs TM B BOAHbIE OO'bEKTEL.

[ToMHMO OpraHUYeCKUX BeU[eCTB B POJIU KOMIUIEKCOOOpa3oBaTeieil B
TIPUPOJHBIX BOZAX MOTYT BBICTYIaTh HCO; (CO32*), CH,COOH, NH4+ (NH,),
Si(OH),, HZPO; (HPOf‘), H,S(SH-). Paj KOMIIEKCHBEIX MOHOB, HaIlpH-
Mep [Sn(OH)F] u Ap., XOpOIIO MUTPUPYIOT B BOZIE U CITOCOOCTBYIOT ee 3a-
rpsA3HEeHUI0. MHOrMe KOMILIEKCH XOPOIIIO PaCTBOPHUMEI B BOZle, HAIIPUMeED
[BeF(H,0)]*, [A1F(H,0).]**.

VloHbI GOJIBIIMHCTBA META/UIOB IOABEPIKEHBI PEAKIIUYU TH/paTallui, B
KOTOPOU JIMTaHJOM ABJIAIOTCA MOJIEKYJIBI BOJBI:

M + xH,O « [M(H,0) ]"*.

KonuyecTBeHHBIM BBIpaKeHHEM KOMIUIEKCO00Opa3ytoleli CliocCOOHOCTH
CJTY’KUT MaKCUMaJIbHasA KOHI[eHTpauus ¢opM MOHOB MeTa/U1a (B I-UOH/AM?) B
[IPUPOJHOM BOZIe B BU/Zle KOMIUIEKCHBIX COeZIMHeHU H, GpopMa KOTOPBIX Pa3iiu-
YJaeTcs I Pa3HbIX META/UIOB U 3aBUCHT OT IIPUCYTCTBUA B BOJiEe KOHKYPEHT-
HBIX METAJLIOB, 00Pa3yIOLUINX KOMIUIEKCHI C IPUPOAHBIMHU JIUTAaHAAMH.

Ha ¢bopMBbI HaX0XKJEHUS METAJUIOB B BOZAX OKA3bIBAIOT BIMSHUE TUAPO-
6MOHTH (HampuMep, MOJLTIOCKH). Tak, MpU U3y4eHUHU IIOBeJeHNs Me! B
MIOBEPXHOCTHBIX BOZAX HAOMIOAAIOT CE30HHbBIE KOIebaHUA ee KOHIIEHTPALIUU:
B 3UMHUI ITIepH0/] OHU MaKCUMAaJIbHBI, a IETOM BCJI€ZCTBYE aKTUBHOT'O POCTA
6roMacchl CHIDKaroTCA. [Ipy ocakieHUY B3BEIIeHHBIX OPTaHUYeCKIX YaCTHII,
KOTOpbIe 06J1aZ1aI0T CTIOCOOHOCTHIO a[COPOUPOBATH UOHBI MEZU, TOCAETHUE
MIePEXOJAT B IOHHBIE OTIOXKEHUS, YTO U IPUBOAUT K HAG/II0ZaeMOMY KOJle-
6aTenbHOMY 3 deKTy. CiefiyeT TaKKe OTMETUTD, YTO MHTEHCUBHOCTH 3TOTO
Ipoliecca 3aBUCUT OT CKOPOCTHU ceJMeHTallU B3BeceH, T.e. KOCBEHHO OT Ta-
kux GpaKTOpOB, KaK pa3Mepsl U 3aps/, aJCOPOUPYIONIUX MOHBI MeIU YaCTHUII.

®axTOpBbI, OnIpeAeIAIolIe MUTPAIAIO TKe/IbIX MeTa//IOB

B BOJHBIX cICTeMax

Crioco6HOCTD 27IEMEHTOB K IIepeMellleHUsIM B BOAHOM Macce BO MHOTOM
OTIpeZieIAETCS CIMeneHblo UX OKuUcieHus. YeM BhIllIe 3apsa/ MoHa MeTalla, TeM
[IpOoYHee OH yZep:KUBaeTCs B BIZe COeJUHEeHUM B COCTaBe MUHEepasoB IIOPOZAbI
WJIY TBEPABIX OTXOZ0B, TeM MeHee BbIpakeHa ero PaCTBOPHUMOCTb B IPUPOJ-
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HBIX BOZIaX U T€M HIDKe eTo BoAHas Murpaiivs. Hampumep, pacTBOPUMOCTb
coezyHenui K+ 6osbine, uem coegunennii Ca2t, a coenunenuii Ca2+ 6obiile,
yeM coeguHeHuil Fe3*, 1.e. K+ > Ca2+ > Fe3+,

BozHass MUTpanus HOHOB METAJIJIOB B CTEIIEHU OKUCIEHUS N+ cyle-
CTBEHHO 3aBUCHT 0M UX Maccbl: 4eM O0JIbllle Macca MoHa Met, TeM IIpoyHee
OH CBsI3aH B COE€JMHEHNH, BXOASIEM B MUHEPAIbHYIO TOPOAY, TEM XYKe Iepe-
XOZUT B BOAHYIO da3y U TeM UHTEHCHUBHeEE BHITIaZIaeT B 0CaJIOK U3 pacTBoOpa
MIPUPOJAHBIX BOZ.

KoHIleHTpallus MeTaJjlia B IPUPOAHBIX BOAAX 3aBHUCUT TAK)Ke OT €ro MOH-
HOT'O paJiryca: 4YeM OoJbIle pazuyc Me't, TeM jierye OH IIEPEXOJUT B BOJHYIO
¢dasy u TeM criIbHEE ero yJacTre B IIpolieccax pacTBOPeHU.

Murparnus HOHOB META/LIOB B BOZHOMU (da3e ompeienaeTcs B 3HAUUTEb-
HOU Mepe BeTMYUHOU UOHHO20 NOMeHYUAd, TI0J, KOTOPBIM IIOHUMAETCS Be-
JIMYMHA OTHOIIEHUS 3apsiia MOHAa K er0o pafnycy.

Bosbiroe 9rcio MOHOB METAJUIOB C BeIMYMHOU 3apsija MmeHee 3+: LiT,
Rb*, Sr2+, Ba2+, Mn2*, Fe2+, Ni2*, Co2*, Zn2*+, Cd2", Hg2+, Pb2+, Cu?*, Ag*,
Au?*, — IepexoZiAT B BOZAY U XOPOIIIO €10 IEPEHOCATCS. DJIEMEHTHI, UOHBI KOTO-
PBIX UMEIOT 3apsi/i 3+ U BHIIIE, C1a00 MEPEXOAAT B BOAY, T.€. UX COETUHEHUS
06saZjal0T MaJoi pacCTBOPUMOCTBIO B BoZle. K HUM MOJKHO OTHECTU TaKUe
MHOTO3apsiiHble MOHBI MeTa/IoB: Fedt Gadt, Al3+, Ut Zr4t, Ti*+, Nb5T,
Ta>*, Mn*+.

[To UHTEHCUBHOCTH MUT'PAIMH B BOAHOM Cpe/ie MOKHO BBIEIUTh TPHU
TPYIIIBI METAJIOB M UX COeIMHEHUH. [lepBas Tpymmna mpeicTaBieHa Hau-
6oJiee IeTKO paCTBOPUMBIMH U ITOJBMYKHBIMY TaJIOUAHBIMU, TUAPOKapOOHAT-
HBIMU U Cy/TbGaTHBIMU coeuHeHussMu Mn2*, Fe2+, Co?*, Ni?*, Cu?*, Zn2*. Bo
BTOPYIO TPYIIIY BXOZST MEHEE PACTBOPUMBIE U MeHee TIOJBIKHBIE COeINHE-
Hud, Takue kak SrCO,, SrSO,, BaCO,. TpeTbio IPyIIIy COCTaBISIOT HAUMEHEE
pacTBOpUMbIE U HAaUMeHee MOABKHBIE COeIUHEHHUs METAJIOB B BBICIIEH
cTerneHy okucaeHus: Fe3*, Mn4+, Ti4t, Zr4+, Th4+.

CocTaB BOZ ¥ COCTAB TBEPAIX 3aTPSIZHUTENEH IIPH UX KOHTAKTE IIPe/OoT-
peenseT xapaKTep IIPOIECCOB PACTBOPeHUs (BHIETAYNBAHNA) COETUHEHUN
TAXKENBIX MeTa/IoB. Hambosbliee 3HaUeHUe JJIs pacipeeieHus MeTaIoB
Mexay dbaszamu urpaet ¢pakmop pH cpedvl — BOZOPOAHBIH ITOKa3aTeNlb, Xa-
PAKTEPU3YIONUHA KUCIOTHOCTH Cpeibl. BonbmnHCTBO MeTasuioB (Cu?t, Cr3™,
Pb2*, Zn?*+, Cd?*, Hg?") ocaxkgaroTcsa nMpy 3HaYeHuAX pH, nekaiux o6br9HO
B mpezenax 6-7. IIpudem ocaxkZieHUWe UET B BUJE OKCUIOB, THAPOKCHIOB,
kapboHaTOB, cynbduI0B, pocdaTos. IIpu cHKeHUH pH, a TaKKe HEZAOCTATKe
KHCJI0PO/ia U B PUCYTCTBUM XelaToobpasoBareseil MpOUCXOAUT TePEXO]
MeTaJsUla U3 TPYHTa B BOAHYIO dasy.

®opMBI CylIeCTBOBAHMS METAJ/UIOB B IOBEPXHOCTHBIX BOJaX
ToxcuuHble popMmblL — GOPMBI CyIECTBOBAHKS HOHOB METAJLIOB, HETAaTUB-
HO /IeHCTBYIOIIUX Ha KUBOW OPraHU3M:
— I'MJpaTUPOBaHHBIE MOHH MeTasoB [M-(H,0) ]"F;
— IPOCThIE KOMIUIEKCH C HEOPraHW4ecKUMH anuoHamu: MCL ", [MHCO,]"!
U T.1.
Dopmbl NOHUNCEHHOU MOKCUUHOCMU BCJIEACTBYUE 0OPa30BaHUS KOMIUIEKC-
HBIX COeZIMHEHUN C OpraHn4ecKuMU JIUTaHJaMu:
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— KOMILIEKCHI C CepOCOieprKallluMU JTUTaHAaMU U aMUHOKUCIoTaMu: M[S-R]™T,
rae R — oprannyecknii pagukan; M[NH,-CH,-...-CH,COOH] u T.x.;
— KOMIUIEKCHI MEeTa/IJIOB C TYMUHOBBIMU U QY/IbBOKUCIOTAMU.

KonnouodHsle uacmuuybl — MeTaJLTBL, aICOPOUPOBaHHbIE HA TOBEPXHOCTHU
B3BellleHHHIX yacTull: M"* [Fe,O, - xH,0]; M"*[MnO - yH,0] u T.z.

PaccMOTpUM XapaKTepUCTUKY Haubosiee pacIpoCTPaHEHHBIX B OKPY-
JKarolleil cpezie TAXKEbIX MeTaslIOB.

Kemneso. [71TaBHEIMU UCTOYHUKAMU COEJMHEHUH JKesle3a B IIOBEPXHOCT-
HBIX BOZIaX SIBJIAIOTCSA IIPOIIECChl XUMUYECKOT'O BEIBETPUBAHUA FOPHBIX IIOPO/,
COIIpOBOXKJAloIIecsa UX MeXaHU4eCKUM paspylleHueM U pacTBOPEHUEeM.
3HauuTeJbHbIE KOJIMYECTBa JKeje3a IIOCTYNAaloT ¢ II043eMHBIM CTOKOM U CO
CTOYHBIMU BOZAMU MPEATIPUATUH MeTaUTyprudecKoii, MeTaioo6pabaTsl-
Bamolllel, TEKCTUIbHOM, TJAKOKPACOYHOU TPOMBIIIVIEHHOCTH U C CeTbCKOXO0-
3HCTBEHHBIMU CTOKaMH.

OcHoBHO¥ Gpopmoii HaxoxgeHus Fe(III) B TOBEpXHOCTHBIX BOAAX SIBJIS-
I0TCA ero KOMILIEKCHBIE COeJUHEeHNUs C PACTBOPEHHBIMU HeOpPraHUYeCKUMU
Y OPTaHUYECKUMU COEeAMHEHUSIMHU, IJIaBHBIM 06pa3oM r'yMyCOBBIMU Bellle-
crBamu. ITpu pH 8,0 ocHOBHOH dpopmoii Apngerca Fe(OH),.

KoHIleHTpanys *Kejie3a IoABepKeHa 3aMETHBIM CE30HHBIM KOJIe0aHusAM,
YTO CBA3aHO C OCEHHe-BeCeHHNM IlepeMelllBaHreM BOAHBIX Macc — TOMOTep-
Mus, KoTopas conpoBoxaetcs okucieHueM Fe(II) B Fe(IIl) u Beinagenuem
nocnegHero B Buzie Fe(OH),.

B mpupOAHBIX BOJAX U UCTOYHUKAX MUTHEBOTO BOJOCHAGXKEHU cozep-
JKaHUe JKeye3a Kosebsercs B 60bIux npezenax — ot 0,01 go 26,0 mr/ame.
Cozep:xaHue Keje3a B BoJe Bhlllle 1-2 MT/AM? 3HAUUTENBHO YXYALIAET OpP-
ra”HoJIeNTUYecKue CBOMCTBA, NMpUAaBas el HeMPUATHBIN BIKYIIUN BKYC, U
ZienaeT BOLy MaJIOIIPUTOLHOM /IJI1 UCIIOJIb30BaHNUs B XO3AUCTBEHHO-IIUThEBBIX
U TeXHUYECKUX IeAX.

Mauible KOHLIEHTpalUU JKejie3a, 0OCTaBasACh B pacTBOPE IIpX HU3KOM 3Ha-
yeHUU pH, OKa3bIBaIOT TOKCUYHOE JIeHiCTBYE Ha PhIO U MeJIKKe BOJHBIE OP-
raHU3MBbl. MeXaHU3M BPeZHOrO IeMCTBU JKele3a Ha PeI6 CBOAUTCSA K TOMY,
YTO JKesle30, HaxoZdAlleecs B BOZe B BU/e TUAPOKCH/A, OCAXK/AACh Ha CIU3U-
cTOi 060JI0UKe Kabp phIO, 3aKYIIOPUBAET UX U pa3begaeT. XJIOpU/, JKele3a
B CTOYHBIX BOJZIAX B KOHI[eHTpanuu 5 Mr/am3 (B mepecdyeTe Ha MOH Keje3a)
3aZlep’KUBaeT 06pa3oBaHKe aKTUBHOTO WA Ha OYUCTHBIX COOPYKEHUAX U
cOpaxuBaHMe 0CaZika B METAHTEHKAX; IPU 3TOH KOHIIEHTPAIluu T'uOHeT
MHUKpPOhIOpa GMOJIOTUIYECKUX QUIBTPOB.

Kapamuii. B mpupozHbie BOABI OH OCTYIIAET IIPH BHIIeIaYMBaHUU TI0YB,
IIOIUMeTaINYeCKUX U MeZHBIX PYZ, B pe3yJabTaTe pas3ioKeHHd BOJHBIX Op-
raHU3MOB, CIIOCOOHBIX ero HakamauBaTh. CoeZIMHEHU KaJfMUSI BEIHOCATCSA
B I[IOBEPXHOCTHBIE BOJBI CO CTOYHBIMU BOJAMU CBHHIIOBO-LIIMHKOBBIX 3aBO/OB,
pPyZoob6oraTUTENbHBIX GabpUK, PsZia XUMUIECKUX TIPEAPUATUN (Hampumep,
IIPOU3BOZCTBA CEPHOM KHUCJIOTEL), FaIbBAHUYECKOT'0 IPOU3BOZCTBA, a TAKXKE C
IIaXTHBIMU BOZaMU. PacTBopeHHBIE GOPMBI KaZMUS B IPUPOAHBIX BOAAX MPE/-
CTaBJIAIOT COOO0H IIaBHEIM 06pa3oM MUHepaabHble X OPraHO-MUHepaIbHbIe
KOMILTEKCHI. [IoHIKeHe KOHIIeHTPallK PACTBOPEHHBIX COeJUHEHNH Ka MU
IIPOMCXOZUT 32 CYET IIPOLIeCCOB COPOLINM, BBITIAIEHNA B OCAZ0OK FUAPOKCHAA 1
KapOoHaTa KaIMUs U IOTpebIIeHNs X BOAHBIMYU OpPraHU3MaMy 3HaYUTETbHAS
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YacTb KaJMUS MOXXET MUTPUPOBATh B COCTaBe KJIETOK THAPOOUOHTOB. B peu-
HBIX He3aTrPSA3HEHHBIX U c1ab03arps3HEHHBIX BOJAX KaJIMUN COAEPIKUTCS B
CyOMUKPOTpaMMOBBIX KOHIIEHTPAIIUAX, B 3aTPA3HEHHBIX U CTOYHBIX BOAAX
KOHIIEHTpAaNUI KaAMHUA MOXXeT ocTUTaTh 10 MKT/aAMS3.

Meab — ofUH 13 BaXKHEUINX MUKPO3ieMeHTOB. Pusnosoruyeckas ak-
TUBHOCTb MeJI1 CBsI3aHa IIaBHbIM 06pa30M C BKIIOUEHUEM €€ B COCTaB aKTHB-
HBIX I[EHTPOB OKHCIUTENbHO-BOCCTAaHOBUTENbHBIX GepMeHTOB. HezmocTa-
TOYHOE COoZiepKaHue MeJU B MOYBax OTPUIATETbHO BIUsAET Ha CUHTE3 6el-
KOB, )KUPOB 1 BUTAMUHOB U CITOCOOCTBYeT 6eCIUIOAUNIO PACTUTEIbHBIX Opra-
HU3MOB. Meb y4acTByeT B mpoijecce GOTOCUHTE3A U BIUSIET Ha YCBOEHUE
a3oTa pacTeHUsAMU. BMecTe ¢ TeM U30bITOUHbIE KOHI[EHTPAIIUKU MEU OKa3bI-
BalOT HebJIarOMPUsITHOE BO3J€MCTBHE Ha PACTUTENbHBIE U JKUBOTHBIE Opra-
HU3MEIL.

OCHOBHBIM UCTOYHUKOM IOCTYIUIEHUS MeAU B IPUPOJHbBIE BOABI ABJIA-
IOTCSI CTOYHBIE BOBI TIPEANPUATUN XUMUUECKON, METAJLTyPTUIECKOHN ITPO-
MBIIUIEHHOCTH, IIaXTHbIE BOJBL, aTbJeTUIHbIe peareHThl, UCIIOIb3yeMble JJIs
YHUYTOXKEHUS BOZOPOCIei. MeZlb MOKET MOSBIISATHCS B Pe3y/IbTaTe KOPPO3UH
MeAHBIX TPYOOIIPOBOJIOB U APYTUX COOPYKEHUM, UCITOIb3yEMbIX B CUCTE-
Max BoZloCHaGKeHUsI. B I0AI3eMHBIX BOJaxX IIPUCYTCTBUE MeZU 00yCIOBIEHO
B3aUMO/ZIEVICTBUEM BOJBI C MeAbCOAEPXKAIIIUMYU TOPHBIMU TTOPOAaMU (Xaslb-
KOTIMUPHUT, XaJIbKO3WH, KOBEJUIMH, OOPDHUT, MaJIaxuT, a3yPUT, XPU3AKOJLIA,
OGPOTaHTUH).

CozepxaHue MeZU B IPUPOJHBIX MIPECHBIX BOZax KojebieTcs oT 2 70
30 Mkr/aM?3, B Mopckux — oT 0,5 110 3,5 MKr/am>. TIoBbIIIeHHBIE KOHIIEHTPa-
I Meu (10 HECKOBKUX TPaMMOB B 1 m®) XapaKTepHBI AJI KUCTIBIX PY-
HUYHBIX BOJ.

Mezb IpyaeT BoZie HEMTPUATHBIN IIPUBKYC ITPU KOHIIEHTpaIuu 1,5 Mr/zam?,
OKpalllMBaeT BOAY NP KoHIeHTpatuu 0,5 mr/am3. [Ipy KOHI[EHTPpaIuu MeAN
0,01 mr/am® 3aMeISI0TCS TTPOLIECCHI CAMOOYHIIIEHUS BOZIOEMOB, a IIPYU KOH-
menTpanuu 0,4-0,5 mr/am® Meab ryOUTETbHO JAeHCTBYET Ha MUKPOIOPY,
3a/lepKUBAaeT Pa3MHOXKeHWe MUKPOOPTaHMU3MOB. [locTymas co CTOUHBIMUA
BOZIaMU B [TIOYBY IIPU MOJIUBE, Meb aKKYMYJIUPYETCA IOUBOM U paCTEHUSAMU,
OKasbIBaeT Ha HUX BpeJHOE AeHCTBUE, HauYnHas ¢ KoHIleHTpauu 0,1 mr/ame.
OJIK (opueHTHMpPOBOYHAA AOIMyCTUMAsA KOHIIEHTpaLUsA MeJu B ITI0YBe, yCTa-
HOBJIEHHAs PacyeTHBIM IyTeM) ¢ y4eToM ¢poHa: 33 MI/KT JJid TeCIaHbIX U
CyTepIieCcYaHbIX TIOYB, 66 MT /KT ZJIs1 KUCJIBIX (CYTTUHUCTHIX Y [VIMHUCTHIX)
Mo4B, 132 MI'/KT A1 OJIU3KUX K HEUTPATbHBIM.

CBuHeI. EcTecTBeHHBIMUM MCTOYHHUKAMU MOCTYIUIEHUSA CBUHIIA B IO-
BEPXHOCTHBIE BOZBI ABJAIOTCS MPOIIECCH PACTBOPEHUSA. 3HAYUTETBHOE T10-
BBILIIEHME COZlepKaHusA CBUHIIA B OKpYXKarolleli cpezie (B TOM 4yucie, U B I10-
BEPXHOCTHBIX BOZIaX) CBA3aHO CO CKUTAHUEM YIJIEH, C MIpUMeHEeHUEeM TeTpa-
STWICBUHIIA B Ka4eCTBe aHTHUAETOHATOPa B MOTOPHOM TOILIHBE, C BLIHOCOM
B BOJHBbIE OOBEKTHI CO CTOYHBIMU BOZAMU PyZ00060TaTUTENbHBIX GabpUK,
HEKOTOPBIX MeTa/LTyPTUieCcKUX 3aBOJ0B, XUMUYECKUX TPOU3BO/CTB, IaXT
U T.J1.

CBUHeI] HaXOAUTCA B IPUPOAHBIX BOZAX B pACTBOPEHHOM UM B3BEIIEHHOM
(copbupoBaHHOM) COCTOSTHUU. B pacTBopeHHOU popMe BCTpeUyaeTcs B BUE
MUHEpPaJbHBIX U OPraHOMUHEPaTbHBIX KOMILIEKCOB, a TaKXKe IIPOCTBIX UO-
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HOB, B HEpaCTBOPUMOIi — IITaBHBIM 06pa3oM B BH/ie CyIbOUAOB, CyTbdaTOB U
KapOOHATOB. B peyHBIX BOJaX KOHIIEHTPAIUA CBUHIIA KOIebIeTcs B pezieiax
0,1-2 Mkr/am3. Jlaxke B BoZie BOAHBIX 00BEKTOB, MIPUIETAIONINX K paiioHaM
3ajieraHuA MOIUMeTa/UINYeCKUX Py, KOHIIeHTPpaluA ero peiKo JOCTUraeT
10-20 mr/am3.

Cy1mecTBeHHBIMU GAKTOPaMH ITOHMKEHYS KOHIIEHTPAIIUY CBHHIIA B BOJIE
SIBJIIETCS afICOPOIIMS ero B3BEIIEHHBIMU BEMECTBAMHU U OCAKAEHUE C HUMU
B IOHHBIE OTJIOXKeHUA. B yncie [pyrux MeTa/sIoB CBUHEL] M3BJIeKaeTcsA U Ha-
KaITMBAETCS TUAPOOUOHTAMM.

CBUHeI] B OPTaHU3M YeJIOBeKa IIPOHUKAET NIABHBIM 06pa3oM 4epes3 op-
raHbl BIXaHUA U UIIeBapeHusa. OH HaKaIlIMBaeTCsA B KOCTAX U IOBEPXHOCT-
HBIX TKaHAX M OTHOCHUTCA K IIUTOIIa3MaTHuYecKuM sgaMm. CoeJMHEHUST CBUHIIA
He BBIBOJATCS M3 OPraHU3Ma U TeM CaMbIM OKa3bIBAIOT AJMUTENIbHOE TOKCUY-
HOe BO3/IeHCTBHE.

Xpowm. B moBepxHOCTHBIE BOABI coeamHenHus xpoma (III) u (VI) momazaroT
B pe3y/IbTaTe BhIIeIauyBaHMA U3 TIOPOZ, (XPOMUT, KPOKOUT, YBAPOBUT U JIp.).
HexoTopoe ux Kom4ecTBO MOCTYIIaeT U3 IIOYUB B IIpoliecce pa3ioKeHUs opra-
HU3MOB U pacTeHUU. 3HauuTeNbHbIE KOJIMYECTBA MOTYT IOCTYIIaTh B BOZOe-
MBI CO CTOYHBIMU BOZLAMU raJbBaHUUECKUX 11€XOB, KPACWIbHBIX 1I€XOB TeK-
CTUIBHBIX IPEATIPUATHUH, KOKEBEHHBIX 3aBOZIOB U MIPEATIPUATHI XUMUIECKON
MIPOMBINIIEHHOCTH. [TOHMKeHUE KOHI[EHTPAIMU MOHOB XpOMa MOXKeT HabJTto-
JlaThCs B pe3y/IbTaTe MOTpebIeHNs X BOAHBIMU OpraHU3MaMHU U IIPOIIECCOB
azcopoIuy.

B moBepXHOCTHBIX BOJIaX COeZIMHEHMSA XpPOMa HaXO/AATCSA B pACTBOPEHHOM
U B3BEILIEHHOM COCTOSTHUAX, COOTHOIIIeHNEe MeXAY KOTOPBIMU 3aBUCUT OT
cocTaBa Bo/J, TeMIepaTypsl, pH pacTBopa. B3BelieHHbIe cOeJUHEHUS XPO-
Ma MpeCTaBIIAIT 060 B OCHOBHOM COpOMpPOBaHHbIE COeIUHEHUI XpOMa.
CopbeHTaMU MOTYT OBITH TIMHBI, TUAPOKCHU/ JKeie3a, BBICOKOVCITEPCHBIN
ocearIIKi KapOOHAT KaJMbIIHS, OCTATKHA PACTUTETbHBIX U YKUBOTHBIX Opra-
HU3MOB. B pacTBopeHHOI popMe XPOM MOXKET HAXOAUTHCS B BU/IE XPOMATOB
1 6UXpOMaTOB. XpOM TaK)Ke aKKyMYJIHUPYETCsI B TKAHAX PaCTEHUH.

B peuHBbIX He3arpsA3HEHHBIX U cab03arpsA3HEHHBIX BOZAX Coep)KaHUe
xpoMa kosebsetcst oT 0,1 0 5 MKT/AM?, B 3aTpsI3HEHHBIX BOJJOEMAX OHO
pocturaet 10-100 mkr/am3. CpefiHSAS KOHI[EHTPAIMS B MOPCKUX BOZAX —
0,05 MKr/AM®, B IOZI3€MHBIX BOZIax — OOBIYHO B mpegenax 10-102 mkr/ame.
B BOZOIIPOBOAHOM BOJiEe CPEAHSS KOHIIEHTPAIIUS COCTABAsAET 2,3 MKT/AM3,
MakcuMasibHasg — 79 Mkr/am3. CoeanHeHusA xpoma (VI) B BozoeMax O4eHb
CcTabUIbHBL, B aHaspob6HBIX yenoBusax xpom (VI) mepexoaut B xpom (III),
COoeIMHEHUsT KOTOPOT'O BBITIAZIAIOT B OCA/I0K. B IIeI0UHOM cpezie ocakeHue
MIPOUCXOJUT OBICTpEE.

XpomaT u 6uxpomMat Kajus B KOHI[EHTpaIuu 1 Mr/aM3 MpugamT Boze
TOPBKUI MMPUBKYC, a 3aIax He OIMYIAeTCs Jayke ITPYU KOHIIeHTparuu 50 mr/am2.
B npucyTcTBHMY HUKeJIA BpeJHOe leficCTBUE XpoMa MPOSABAeTCs IPU KOHIIeH-
Tpauuu xpoma 2 Mr/ams3.

Coenunenus xpoma (VI) OKa3bIBAIOT HA OPraHU3M OOIIETOKCHYECKOE,
pasapaxarollee, KaHIlepoTeHHOe, KYMYJIATHUBHOE, a/UIeprhuiecKoe U MyTareH-
HOe JieHicTBUE, TYOUTENbHO ZeHCTBYIOT Ha Guiopy U ¢ayHy BOZOEMOB U TEM
CaMBbIM 3aMeJIIAIOT IIPOIIeCChl CAMOOYUIIIeHHU .
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ITuHK nonazaeT B IPUPOAHBIE BOABI B pe3y/bTaTe pa3pylieHusA U pacTBoO-
PEHUA TOPHBIX ITOPOJ ¥ MUHEPAIOB (cdanepuT, IUHKUT, TOCIAPUT, CMUTCO-
HUT, KaJJaMHH), 2 TAKXKE CO CTOYHBIMU BOZIaMU PyZ0000TaTUTENbHBIX (pabpUK
Y TaJIbBaHUYECKUX II€X0B, IPOU3BO/CTB MEPTaMEHTHOM OGyMaru, MUHePaslb-
HBIX KPacoOK, BUCKO3HOT'O BOJIOKHA U JIp.

B BoZle IMHK CYIIECTBYeT ITaBHBIM 06pa3oM B MOHHOM popMe MM B
dbopmax ero MUHepaIbHBIX U OPTAaHUYECKUX KOMIUIEKCOB, MHOTZA BCTpeva-
eTcs B HepacTBOPUMBIX GpopMax: B BUZe THAPOKCHUa, KapboHara, cyabduzaa
u ap.

B IpUpOAHBIX BOZAAX ITUHK COAEPIKUTCA B KOHIIEHTpanuax 1-5770 Mkr/ams.
B peuHbIX BOZax KOHI[EHTpalysA IIMHKa 0ObIYHO KosebreTcst oT 3 10 120 MKT/AM?,
B MOPCKUX — OT 1,5 70 10 MKr/aM3, B pyZHBIX U 0COOEHHO B IIaXTHHIX BO-
Jlax ¢ HU3KUMU 3HadYeHusAMU pH cogep:kaHue MOKeT OBITh 3HAUUTENbHBIM.
[Ipu KOHIIeHTpaIUu 2 MT'/AM® B BOZie MOSIBJISIETCS TIPUBKYC, IPU 5 Mr/am> —
BSDKYIIVH IPUBKYC, OMATIECHEHITNA, TeCKOIOA00HEIN ocasoK. [Tpu 30 mr/am3
BOZla CTAHOBUTCSA HEIIPUTOHOM I IIUTHA 10 BKYCY U IPUOOpeTaeT MyTHBIM
MOJIOYHBIH IIBET.

[IVHK OTHOCUTCA K YUCIY aKTUBHBIX MUKPOJJIEMEHTOB, BIUAIOIINX Ha
POCT ¥ HOPMaJIbHO€ pa3BUTHE OPraHMU3MOB. B TO ke BpeMsa MHOI'Me COelu-
HEHUs [IMHKA TOKCUYHBI, TIPEXK/Ee BCETO ero CyabdaT U XJIOPUL.

JU71s1 ppI6 IIMHK BO MHOT'O pa3 TOKCHYHee, 4eM I JTIoJel U TeIIOKPOB-
HBIX )KUBOTHBIX, ¥ €r0 BpeHOe JeiCTBUE MPOABIAeTCA HaMHOT'O PaHblIle,
YeM M3MEHSIOTCS OPTaHOJIeNITHYECKYe CBOMCTBA BOARL. LIMHK criocobeH K
KyMYJIALUY TKAaHAMUY PbIO ¥ HU3IINX BOAHBIX OPraHM3MOB, B KOHIIEHTPAIHAX
ot 0,1 Mr/am® BoABI BpeHO JEHCTBYET Ha CETbCKOXO3SHCTBEHHBIE KYIBTYPHI.
LlnHK aKKyMyJIHpyeTcs I0YBOM, I03TOMY CTOUHBIE BOZBI, COZlepKallye II1HK,
HEeIIPUTOZHBI JJIf1 OPOILIEeHNA CeNTbCKOXO3UCTBEHHBIX KYJIbTYP.

XUMUKO-aHATUTUIECKUN aCeKT pelleHUs MPo6IeMbl ONpeeTeHns
¢dbopM cylmecTBOBaHUA METAJUIOB B IPUPOJHBIX BOZAX CTAJ BO3MOXKEH C II0-
sIBJIEHHEeM HOBEUIIINX MeTO/0B aHa/IN3a. PaHbllle onpeesiaiy JIUIIb BaJOBOe
cozep:KaHue TAKENOro MeTasula B BOJe M yCTaHaBIUBAIN paclpeseleHne
MeX/Jy B3BellleHHOH U pacTBopeHHOH dopmamu. O KaduecTBe BO/J, 3arpss-
HEHHBIX MeTa/UIaMU, Cy/JUJI Ha OCHOBAHUU COIIOCTAaBJIEHUA JAaHHBIX 110 UX
BaJIoBOMYy coziep:kanuto ¢ BenuunHamu [1/IK. Celiuac Takas oljeHKa CUMTA-
€TCsA HeIoJHOM ¥ HeOOOCHOBAHHOM, TaK KaK OMO0JIOrn4ecKoe JeiicTBre Me-
Tajula OIpesiessaeTcsa ero COCTOAHUEM B BOJAaX, a 3TO, KaK IPaBUI0, KOMII-
JIEKCBI C Pa3JIMYHBIMUA KOMIIOHEHTaMU. [I0CKOJIbKY UMeeT MeCTO KOMILIEKCO-
obpasoBanue TM ¢ OpraHMYEeCKUMU COEANHEHUAMY €CTECTBEHHOTO TTPOYC-
XOXKJI€HUA, 3TU KOMIUIEKCHI He TOJIbKO MaJIOTOKCUYHEI, HO HEpeJKO OKa3blBa-
10T CTUMYJIUpYIOLIlee eHCTBYE Ha Pa3BUTHE T'UIPOGHUOHTOB, TIOCKOJIBKY IPU
STOM OHU CTAHOBATCS OGMOJOTUYECKU JOCTYIIHBI OPTaHU3MaM.

I[pu paspaboTke cyiecTBytomux [1/IK mpoiiecchl KoMIUIEKCOOOpa3oBa-
HUA He YIUTHIBAIU U OLIeHKY BJIHUAHNA HEOPraHUYeCKUX COJIeU TAXKeNbIX Me-
TaJUIOB Ha XKUBbIE OPraHU3MBbI IPOBOJWIN B YMCTHIX BOAHBIX pacTBOpax Ipu
OTCYTCTBHUU PACTBOPEHHBIX OPraHUYECKUX BeIlleCTB €CTECTBEHHOI'O NPOUC-
XOXZeHUA. A 3HaHMe GOPMBI HAXOXK/JEeHU MeTaslla B BOZe BAXKHO HE TOJBKO
IIPY U3yYEHUHU MIPOIIECCOB, TPOTEKAIOUTNX B IPUPOAHBIX BOJHEIX 0ObEKTAX,
HO U IIPU BBIOOPE METOZa OYKMCTKYU CTOYHBIX BOJL OT TSXKEJIBIX METaJUIOB.
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1.2.3.6. IIpomecchl caMOOYHUINeHUA B IPUPOJHBIX BOJaxX

I[Tozx camoounIIeHueM IPUPOAHBIX BOJ IOHMMAIOT COBOKYITHOCTh u-
3UYEeCKUX, OMOJOTHYECKUX ¥ XUMUYECKUX BHYTPUBOJOEMHEIX IIPOLIECCOB,
HalpaBJeHHBIX Ha CHIKEHUE COZlepKaHUs 3arpSA3HSIONINX BEIECTB B BOJE
[I0 YPOBHS, He IIPe/ICTaBJIAIONIEr0 YIPO3bl i GyHKIIMOHUPOBAHUA dKOCH-
CTEMBIL.

CaMoouuIieHye CBA3aHO C TEXHOTeHHBIMU KPYTOBOPOTaMHU BEIIECTB,
KOTOpbIe BKJIIOYAIOTCA B OMOreoXUMMUYecKye IIUKIIbI YIJIepo/ia, a30Ta, Cephl
U IPYTHUX 3JIEMEHTOB.

Bxiaz; OTZIe/TbHBIX IIPOLIECCOB B CIIOCOOHOCTH IIPUPOAHBIX BOJ, K CAMOOYH-
IIeHUIO 3aBUCUT OT GU3UKO-XMMUIECKUX CBOMCTB, pa30oBOro cocTaBa U uyxe-
POAHOCTY 3arpsA3HSIONINX BEIECTB. B COOTBETCTBUU C 3TUM 3arps3HSAIONINE
Bell[eCTBA YCJIOBHO MOXKHO Pa3ziesuTh Ha TP TPYIIIEL.

1. Tak Ha3bIBaeMble KOHCEPBATUBHBIE BEIlleCTBa — HepasJlararlecs
WU pasjaraouiyecs B IPUPOAHOHN cpejle OYeHb MeAJEHHO. DTO UOHBI Me-
TaJUIOB, MUHEpPaJIbHBIE COMH, THAPOGOOHBIE COEJUHEHNS TUIIA XJIOPOpTa-
HUYECKUX MEeCTULIU/OB, TsDKeIble HedTAHbIE yIIeBOAZOpoAbl. K aToll rpymie
3arpsA3HAIONIMX BElIeCTB MOXXHO OTHECTH U PAJUOHYKIIN/IHL.

CHI)KeHUe KOHIIeHTpalii KOHCepBaTUBHBIX BEIlleCTB B IPUPOAHBIX BO-
JlaX TIPOUCXOAUT 3a CUET:

* pasbaByieHUs,;

* (U3UIECKUX IIPOIECCOB MACCOIIEPEHOCa B COTIPEebHbIE CPE/BI;

* PpU3MKO-XMMHYECKHUX MTPOIECCOB KOMILIEKCOOOPa30BaHUA;

e copbumuy;

¢ GMOHAKOIUIEHUS.

[TosTOMy caMOOYHIIIeHY e NMeeT KaXKYIIUICA XapaKTep, IOCKOJIbKY IPO-
HCXOZUT JINIIB NlepepaciipesesieHue (ukcarys, orpaHuyeHNe oJABIKHOCTH)
U paccesiHUe 3arpsa3HSAIOIIEro BelleCTBa B OKPYKaroulel cpee, IePEHOC ero
B COTIpeJieTbHbIE OOBEKTHI.

2. BuoreHHbIe BelecTBa (ymiepo, a3or, Gochop, Kaiui u Ap.), yIacT-
ByIOII[HIE B GHOJIOTUYECKOM KPYTOBOPOTE, MUHepaibHbIe GOpMBI a30Ta U $poc-
¢dopa, serkoycBosieMble OpraHudeckue coeJlHeHusA. B aToM ciydae camo-
OuHIIeHUE TTIPUPOJHBIX BOZ IIPOUCXOAUT MIPEUMYIIIECTBEHHO 3a CYET OUOXU-
MUYECKHUX IIPOIECCOB, TPOTEKAIOIUX C YIaCTHEM [IPENMYIIeCTBEHHO MUKPO-
OpraHU3MOB.

3. BogopacTBOpHUMBIe BELIECTBA, HE BOBJIEKaeMbIe B OMOJIOTHYECKUH
KPYTOBOPOT, 324aCTYI0 TOKCUYHbIE, IPOMBIIIUIEHHOT'O U CETbCKOXO3:IHCTBEH-
HOT'O MpoUCXoXkAeHus 1. CaMOOUHIleHNe TPUPOAHBIX BOJ OT 3TUX BEIECTB
OCYIIECTBIIAETCA B OCHOBHOM 3a CUeT OMOpPa3IoKEeHUs U IPeBPAllleHus B pe-
3y/bTaTe MPOTEeKAHUA XUMUYECKUX PeaKIIni.

B 06111eM citydae pa3janyHbIe 3aTPA3HAIONINE BENECTBA YYACTBYIOT B CO-
BOKYITHOCTHU IIPOLIECCOB MaccollepeHoca U TpanchopMaIuu.

HawuboJiee 3HaYMMBIMHU /I CAMOOYHILEHUS IPUPOJHBIX BOJ, ABJIIOTCA:

a) ¢u3uUecKue MPOIECCH MaccomepeHoca:

» pasbaBiieHue (ITepeMeNIMBaHUE);

* BBIHOC 3aTPSI3HAIONINX BELIECTB B COCEAHYE BOAHBIE 0OBEKTH (BHU3
10 TEYEHUIO) ;

* HCIapeHue;
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e copbuus (B3BeIIeHHBIMU YaCTUIIAMU U TJOHHBIMU OTIOKEHUAMU) ;
* OHMOHAKOIUIEHHUE;
6) MuKkpobuosoruieckas Tpanchopmau;
B) XMHYecKas TpaHchopMaIys:
* TUZPOJIU3,;
e doTonus;
* OKHCJIEHUE.
PaccMOTpUM HEKOTOpPBIE U3 3TUX IIPOIECCOB MOAPOOHEE.

Du3NKo-XMMHU4YeCcKHe Ipoliecchl Ha TpaHuIle pa3jena ¢as

HcnapeHue U pacTBOpeHHeE ra3oB Ha IIOBEPXHOCTH Pasziesa BO3AyX —
BOJIa UMEET BaXXHOE 3HAYEHUE /IJIT MaCCOTIEPEHOCA BEIECTB C BHICOKOIM Jie-
TY4eCThIO.

ITOoCKO/IBKY NPOIIECCHl UCIapEHUA—PACTBOPEHUA 3a4aCTyI0 HEPABHO-
BECHBI, /IJIs1 OTTUCAHNS KUHETUKU UCTIOMB3YIOT Pa3inyHble pU3UKO-MaTEMATH-
yeckue Mozenu. COmIacHO JBYXIUIEHOYHOM MOJIeNU, KaK B Ia30BOM, TaK U B
KUAKOM dazax MMEIOTCs 1B 30HBI: 30HA MOJIEKYIAPHOI Anuddy3uu ¢ rpa-
JVEHTOM KOHI[EHTPAlUK BOJIN3U IOBEPXHOCTH pasziena $ha3 1 30Ha KOHBEK-
THBHOT'O IIepeHoca BellecTBa (IIpY MOCTOSHHOM KOHLIEHTPAIUN) BAAIHA OT
MTOBEPXHOCTH.

B pamMKax MOZeNIr MOXXHO PacCUUTATh ITOTOK BEI[ECTBA Yepe3 TOBEPX-
HOCTb paszesa B Buzie pyHKIIUY HE3aBUCUMO U3MePsIEMBIX TapaMeTPOB BOJ-
HO CHCTEMBI ¥ IJAHHOTO BelleCcTBa. B 4aCTHOCTH, TOTOK 3aBUCUT OT 3HAYEHUST
KOHCTaHTHI [eHpU (OTHOLIEHU aBJeHNs HACHIIIEHHBIX TaPOB K PaCTBO-
PUMOCTH B BOZIE) U OT CKOPOCTH MOJIEKYIAPHOU Auddy3uu BOIN3U MOBEPX-
HOCTH pa3zzena ¢as3.

CKOpOCTb MOJIEKY/IAPHON AU Py3UU 3aBUCHUT:

— OT CKOPOCTH BO3/lyXa Ha/l MOBEPXHOCTBIO BoAbI. OGBIYHO MpeAToIaraeTcs,
YTO MPUMOBEPXHOCTHAS CKOPOCTDh ABUKEHUS BOABI cocTaBaseT 3,5% oT
CKOPOCTH BeTpa HaJl BOJOW;

— OT UCMapeHus BObI. DTO CBSI3aHO C TEM, YTO B CHJIY BBICOKOU KOHIIEHTpPa-
I[UY BO/ZIa TIEPEXOAUT Yepe3 TPaHUILy pasziesia BO3ZAyX—Bo/a CO CKOPOCTHIO,
B HECKOJIBKO TBICAY pa3 IIPeBHIIAIOIIEH CKOPOCTh UCTTapeHH 10000 py-
rOro KOMITOHEHTA.

Bpewmsi, 32 KOTOpOe KOHIIEHTPAIUsA BellleCTBa B XKUAKOH a3e yMeHbIIIa-
€TCsI BZIBOE 3a CYET UCIIapeHUsl, OTIPEEIAETCs COOTHOIIIEHUEM

S 0,69-d
R

[ M
f= 2.%-R-T’

16,04-P,-M
TS,
rae d — mrybuHa ¢10s BOZBI, U3 KOTOPOT'O IMIPOUCXOAUT Hcnapenue; H — KoH-
cranTa l'eapu; 3=(2,0+0,2)-10-> — MHOXKUTEJb, YIUTHIBAIOIUHN HUCITapeHHEe
BelllecTBa B BO3/yX; M — MoJIeKyIsspHast Macca BelectBa; T — abcomoTHAas
TeMIeparypa; P, — faBjieHre IapoB BEIECTBa; S, — PACTBOPUMOCTD Bellle-
CTBa B BoJIE.

>
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DuanKO-XMMUYECKME NAPAMETPBI FA30XMAKOCTHBIX Npoueccos (25°C, pH 7)

[aBneune napos, a PacTtBopumocTb B BOfie, Mr/AM® Ty Y
68400 40 0,012
12700 1780 0,065
10245 55 0,08

1170 180 0,71
935 152 0,81
175 0,05 4,7

0,017 17 4900
0,2 1,2 42000

0,001 0,04 530000

0,0015 0,11 570000
0,001 0,14 830000
0,000022 0,003 31000000

TakuM 06pa3oMm, YeM BHIIIIE ZaBIeHIE TTapPOB BEIeCTBa, TeM ObICTpee ITPU
MIPOYHX PABHBIX YCIOBUAX OHO HCIapsieTcss. HalpoTus, BelecTBa ¢ HU3KUM
JlaBJIeHreM IIapOB U BHICOKOM PacTBOPUMOCTHIO B BOZIe MEHbIIIe TI0ABEP)KEHbBI
IpolieccaM HUCTIapeHus [0 CPaBHEHUIO C BEIleCTBaAMU, XapaKTEPUSYIONUMUCS
BBICOKMMU 3HAYEHUSIMU JIaBJIeHUs [TapOB BELIeCTBA U MEHbIIEH pacTBOPH-
MOCTbI0. VI3 laHHbIX Tabi1. 1.22 cieayeT, uTo Hanbosiee GBICTPO UCTIAPAIOTCS
HU3KOMOJIEKY/IAPHBIE anudaTHIeCKUe U apoOMaTHUeCKUe YIIEBOJOPO/HBI, B
0COOEHHOCTH aJIKaHbI, IMKJI0aJKaHbI I O€H30JIBL.

CopOIOHHBIE MPOIeCChl 3aHUMAIOT BA)KHOE MECTO B Iepepacipese-
JIEHUY B IIPUPOAHBIX BOZIaX HENTPaIbHBIX, KaK PABWIO, TUAPOPOOGHBIX MO-
JieKy/. PaBHOBecHe COPOIIMOHHOTO IIPOI[ecca MOYKHO 3aIicaTh B BUZE

K.
P, «—=—F,

rae P, — BemecTso P B BogHOM dase; P, — BemecTso P B COpOUPOBAHHOM CO-

croanuy; K . — koadduimeHT pacnpeseneHus BeuecTsa P B cucteMe opra-
HUYeCcKoe BellleCcTBO —BOJa.

BesmmuuHa K, 714 pa3HBIX XUMHYECKHX BEIIeCTB 3aBUCUT OT KO3puIiy-
€HTOB aKTUBHOCTH BEIIIECTB B BOZIE TPU OTHOCUTETHHO ITOCTOSTHHBIX KO3bbu-
I[MeHTax aKTUBHOCTHU B OPraHUYecKol dase. DTUM, B 4aCTHOCTHU, 0Oy CIOBIIe-
HO CyllleCTBOBaHWe KOppeJALN MeXay KoadduiimeHTaMu pacipeeneHus
B cHCTeMax OKTaHolI—Bozga (K ) ¥ TBepoe OpraHuYecKoe BelleCTBO —BOoJa

(K,e):

K. ~04K,,
a Taxke Mexay K, 1 ¢akTopoM 6HMOKOHIIEeHTPHMPOBAHNUsA 3aTrPA3HAIOMINX
BelecTs K.,

BenmuuHa K, cBA3aHa ¢ PACTBOPMMOCTDIO BEIleCTBA B BOJE S IPOCTHIM
COOTHOIIEHUEM

1gK,, =(4,5+0,75)lgS .
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DTO COOTHOMLIEHUE BHITIONHAETCS AJIsI MHOTHX KJIACCOB OPraHUYeCKUX
COeZIMHEHUH, BKIIIOYas YITIEBOAOPO/bI, TAIOTEHUPOBAHHBIE YTIIEBOAOPO/HI,
apoMaTHYecKHe KUCIOTHI, XJI0POpPTaHUYeCcKHe MEeCTUIU/BL, TOJUXIOPHUPO-
BaHHbIEe OMEHIITHL.

B mpupoAHBIX COPOEHTaX OPTaHMYECKOEe BEIIECTBO COCTABIISAET JIUIIb
HEKOTOPYIO I0JII0 OT Macchl COPOEHTa, T03TOMY KO3QPUIIMEHT pacupezese-
HUA BemlecTsa P B cucreme copbeHT—BoAa (K,) NIPUHATO HOPMUPOBATD Ha
coziepkaHue opranudeckoro ymepoga (OC) B copbeHTe:

K,= K,.[OC],
rae [OC] - cofeprkaHrie OpraHUYECKOTO Bell[eCTBa B COpOEHTE.
[pu 3TOM 707151 COPOUPOBAHHOTO BENECTBA B IPUPOAHOU Bozie (P) omu-
ChIBaeTCsd ypaBHeHUEM
_ Kp €]
1+K,-[Cl

rae [C] — KOHIIeHTpaIusA CyCIIeH3UPOBAaHHOTO B BoZle cCOpOeHTa.

C poctom [C] BemrumHa F cTpeMUTCA K 1, T.€. Bce BENMECTBO P 6yZeT Haxo-
JIUTHCA B CODOMPOBAHHOM COCTOSTHUH. B IOHHBIX OTJIOKEHUAX BeruarHa [C]
BEJIMKA, TaK YTO /11 MHOTUX 3arpA3HAIOIINX BEIECTB Kp [C] > 1. B OTKpBITBIX
BoZloeMax oOpaTHasi CUTyaIlusa: COpOIIMs OKa3bIBAETCs CYIECTBEHHOU TOIBKO
JJIA coeMHeHnM ¢ K > 10°.

AMepuKaHCKUe HccleloBaTeNU U3ydalu paciipesieieHre MHCeKTUIga
JUIbAPUHA — TUITMYHOTO MTPEACTaBUTENS THAPOGOOHBIX 3aTrPA3HSIONINX Be-
mecTB B Bogoxpauwiuie Kopaasuwur (CIIA). Oy obHapyxuwiu, yto 40%
MIOCTYIIUBILIEr0 B BOAOXPaHWINIIE AWIbAPUHA OCaXKJaeTcsa Ha AHO U CKall-
JIUBaeTCA B IOHHBIX OTVIOXKEeHUAX, 50% — BBIHOCUTCA BHU3 [10 TEYEHUIO Yepes3
1w1to3bl. OK0s10 10% MOCTYIUBINETO AUIbAPUHA HAKATUIMBAJIOCh B PHIOax.
B TosIle BOABI AWIBAPUH pacIpeAenseTcs caeayriumM oopasom: 64% Ha-
KaIUTUBaeTcs B pbibax, 24% pacTBopseTcs B Bozie U 12% copbupyeTcs B3Be-
IIIEHHBIMU TBEPABIMU YacTHIlaMu. KOHIleHTpallys BelllecTBa B phIbax U JI0H-
HBIX OTJIOKEHUSAX HaXO[Ulach B PABHOBECUM CO CpeHeN KOHIleHTpaluei
PacTBOPEHHOTO AWIbAPUHA, IIPUYEM KOJUIECTBO AUIbAPUHA B PpI6ax ObLIO
MIPAMO IPOIOPILIMOHAIBHO COZIeP>KaHMIO B HUX *KUPa U KOHLIEHTPAIUU B BOJie
HE3aBUCHMO OT XapaKTepa MUTAHUA, BUA, MAaCChl, pa3Mepa PhIO WIH APYTUX
ycmoBU. JlaHHBIE TTOJIEBBIX U3MEPEHUI COOTBETCTBOBAIU JIabOPaTOPHBIM
U3MepeHuAM, HOpPMUPOBAHHBIM Ha COZepKaHUe KUPa, U COOTBETCTBOBAU
k03 PuUIMeHTY pacpeeseHNs B CHCTeMe OKTaHOJI-BO/a.

[To-BUANMOMY, TaKOe paBHOBECHOE pacipeziesieHre — oblee MpaBuIo
KOHI[EHTPUPOBaHUA TUAPOPOOHBIX (JTUMOPUIBHBIX) COEIUHEHUH B HEIO-
JIIpHBIX GPaKIMAX CEAUMEHTAPHbIX YaCTHUI] U TUAPOOUOHTOB.

[peamonokeHHEe O PABHOBECHOCTH COPOIIMOHHBIX ITPOIIECCOB MOKET HE
BBIINIOJIHATBCA, €CJIU BeIlleCTBO IIpeTeplieBaeT XUMUUECKUe IpeBpalleHUs.
B aTOM ciTydae CKOPOCTh IIPOIIECCOB COPOITUY — IeCOPOITUN MOXKET IMMUTHPO-
BaTb CKOPOCTb XMMUYECKOU TpaHcHOpMaIuy 3arps3HIIONIETO BEIleCTBA.

V3ydyeHrEe KUHETUKHU MTPOIECCOB COPOIINY IMOKAa3ao0 HaJIMIKE JBYX CTa-
JUH:

Kl KZ
Pw <—>PS1 <—>PS2 .
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Ha mepBoii cTagnu copb1ivs BelllecTBa MpoTeKaeT ObICTPO U 06paTH-
MO. DTO IIOBEpPXHOCTHas1 copbius. JlanbHeliIee IPOHUKHOBEHME BEIeCTBA
BHYTPb MaKpOMOJIEKY/ISIPHOTO KJIyOKa TBEPAOTO OPTaHUIeCKOT0 COpOeHTa —
TIpoliecc Me/IEHHBIN ¥ MOKET ITPOTEKATh B TeUEHNE HECKOTBKUX CYTOK. Jl0JIst
MTOBEPXHOCTHO-COPOMPOBAHHOTO BelllecTBa 0ObIYHO cocTaiseT 0,35-0,6.

CopO1us MHOTHX 3arps3HSONINX BEIECTB C PACTBOPUMOCTBIO B BOJIE
MeHee 103M sBJIsIETCSA OJHUM U3 OCHOBHBIX IIPOIIECCOB YaTIeHHUs XUMUYIe-
CKOTO BeIeCTBa U3 KUAKOM ¢pasel. K TaKUM BellfecTBaM OTHOCITCS XJI0pOpra-
HUYECKUe TIECTUITU/BI, TIOTUXI0POUbEHWIBI, TOapoOMaTUIECKUE YIIEBO/O-
POZIbL. DTU COEIUHEHNS MAJIOPACTBOPHMBIL B BOZIE M UMEIOT OOJTbIIIVE 3HAYEHIST
K,,, (10%-107). Jinsa HUX copbuus ABasAeTca Hanbosee aGpdeKTUBHBIM IpoIiec-
COM CaMOOYHIIIEHUs IPUPOAHBIX BOZ.

MuKpoOHOJIOTHYECKOE CaMOOYHIIEHNe

Mukpobuonorudeckas TpaHCcHOpMAaIYs 3arpsI3HAIONINX BelleCTB CUUTA-
eTCs OHUM U3 OCHOBHBIX KaHAJIOB CAMOOUUIIIEHUS IIPUPOSHEIX BoZ. MUKpo-
6urosornyeckue GMOXMMUIECKHE MPOLIECCH BKIIOYAIOT PEAKIINH C yYacTHEM
OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX Y TUPOIUTUYECKUX pepMeHTOB (OKCHU-
Jla3, OKCUTeHas, IeTuAporeHas, rTuposas u ip.) . OnruMasbHasa TeMIiepaTypa
JUTST IPOTEKAaHUs IPOLlecCOB 6GMoerpajalnny 3arpsa3HAIUX BEIeCTB CO-
crasigeT 25-30°C.

B IpUPOAHBIX YCIOBUAX MUKPOOGHOE COOOIIECTBO MOMyIaeT SHEPTUIO U3
Pa3JIMYHBIX UCTOYHUKOB. [Ipy 5TOM MUKPOOPTaHU3MEI, CYyIIeCTBYIONINE Ha
CJIeZIOBBIX KOJIMYeCTBaX TOr'O WIKM MHOIO 3arpsA3HAIOIIEro BelllecTBa Kak Ha
€MHCTBEHHOM HCTOYHUKE YIIepo/ia, HAXOAATCA B COCTOSTHUM KOHKYPEHIIHI
ApYT C IPyTOM.

TakuM 06pa3oM, CKOPOCTb MUKPOOHOIOTHYECKON TpaHCchOopMaIuH Be-
IeCTBa 3aBUCHUT HE TOJIBKO OT €r0 XUMUYECKUX CBOMCTB U CTPYKTYPHI, HO U
OT MeTabOINIECKOH CITOCOOHOCTH MUKPOOHOTO COO0IIeCTBa, OT a3kl pocTa
MOTYJIALIMY, OT MECTHOCTH U BUJOBOTO COCTaBa MUKPOOHOTO COObIIECTBA.
Kak mpaBmio, KOHCTaHTa CKOPOCTU MUKPOOHOIOTUYECKOH TpaHCchopMaIuu
3arpsA3HAIOIIEro BellecTBA KOPPeaupyeT ¢ KOHCTAaHTOM CKOPOCTH €ro IeI0y-
HOTO TUAPOIN3a:

lgky, =a + b -1gkg,.

DTO CBUJETENbCTBYET O POJIU I'MAPOJIUTUYECKUX IIPOIeCCOB B MUKPO-
6uosornueckoi TpanchopManyy BellecTB, IOoABEPKEHHBIX ITeJI0YHOMY TH/-
poJu3y.

Ha mporieccr! 6uozerpaganuy 3arpAa3HsIONINX BEMIEeCTB OKa3bIBAIOT BITH-
AHMe MHOXKeCTBO (paKTOPOB — OCBellleHue, cofiepxkaHue B Boge O,, TuTaTeb-
HBIX BelllecTB, KoGpaKTOPOB (BelecTB HEOETKOBOH IPUPOALI, HEOOXOAMMBIX
dbepMeHTaM I OCYIIeCTBIEHUS PEAKITIN).

Jlaxe ecI MUKPOOPraHU3MBI 00J1a/Jal0T HEOOXOAMMBIM I PA3/I0KEHUS
3arps3HAIONIETO BellecTBA HAOOPOM GepPMEHTOB, OHU MOTYT He IPOSIBIATD
AKTHUBHOCTH U3-32 OTCYTCTBUS JOTIOJTHUTENbHBIX CyOCTPATOB WK KODaKTO-
poB. [103TOMy MHOTHE 3aTrPsA3HSIONINE BENECTBA MOTYT MUKPOOHUOIOTMIYECKU
pacmaziaTbCs TOIBKO B YCIOBUAX KOMeTab0IM3Ma, T.€. IpU 00ecrieueHrH Co-
OTBETCTBYIOIIUMHU KOCybcTpaTaMu, KOGaKToOpaMu U T.J.
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B ecTeCTBEHHBIX YCAOBUAX B Pe3ylbTaTe MUKPOOUOJOTUIECKUX MTPO-
IleccoB Haubosiee OGBICTPO pacmazialoTcs H-adkaHbl (Ha 60-90% 3a Tpu He-
Zenn). PasBeTBIeHHBIE aJIKaHBI U LIUMKJIOAJTKAHbI pacliaZlaloTcs MeJIeHHEH,
yeM H-aJKaHbI (32 Hezento Ha 40%). HU3KOMOIEKY/IsIpHBIE apOMaTUYeCKHe
YIJIEBOJOPOBI MUHEPAIU3YIOTCA OBICTPEE HACHIIIEHHBIX YITIEBOJOPOOB,
OIHAKO ITOTMapOMaTHYeCKUE YIJIEBOAOPOAbI pa3pyIIaloTcs MeAJIeHHO. bro-
JerpaZialus apOMaTUIECKUX YIIEBOJOPOIOB COMTPOBOXKAAETCS PACKPBITHEM
apoMaTHYeCKUX KOJIel] 3a CUET IIPOMEKYTOUYHOT'O 06pa30BaHUS OPTO-AHOJIOB.
deHOJBI ¥ KPe30JIbl TakKe 3G GEKTUBHO Pa3pyIIaloTcs MUKPOOPTaHU3MaMH.
3aMelleHHbIE TU- U TPUXIOPGEHOIBI Pa3/IararoTcs MOJTHOCTBIO B IOHHBIX OT-
JIO)KeHUAX B TeueHue 5-7 AHel, HUTPodeHOb! — B TeueHue 14-20 nHel.

B MpUPOJHBIX YCIOBUSIX, HECMOTPsI Ha BBICOKHE MOTEHI[MATbHBIE BO3-
MOXKHOCTU OaKTepHull B OTHOIIEHUY XUMHUYECKON TpaHChOpMaAIUY 3arpsi3-
HSIIOIIUX BEIIECTB, OHU He BCera MOTyT OBITh pealnu30BaHbl. Tak, BHECEHHE
AKTHUBHBIX MUKPOOPTaHHU3MOB B BOZIOEM 3a4aCTyI0 He OKa3bIBAET BIUSHUS
Ha CKOPOCThb TpaHCcHOpPMALIMH 3arPA3HAIOIIUX BEIIECTB B TPUPOAHBIX YCIIO-
BUAX.

Heo6xoAnMO 0CTaHOBUTHCS Ha ellle OHOH 0COOeHHOCTH MUKPOOHOIOTH-
YeCKHUX MIPOIIeCCOB TpaHCchOpMAIK KCeHOOGMOTHKOB (OT Iped. KCEHOC — Iy»KOH,
610C — K13HbB). DTO BO3MOKHOCTb 06pa30BaHUs MIPOAYKTOB TpaHCPOpPMAaIIUH,
KOTOpPBIE OKa3bIBAIOTCS O0JIee TOKCHYHBIMU, KaHIIEPOT€HHBIMHU U MyTareH-
HBIMHU COeIMHEHUSIMM, YeM HCXOHbIE BellleCTBa. BO3HMK fake CIlel[haTbHbIN
TEpPMUH “TOKCUPUKAIUA”, T.€. IPOIIECC, TPU KOTOPOM HCXOJHO MaTOTOKCHY-
HBIM KCeHOOMOTHUK MMOABEPraeTcs B OpraHu3Me BO3JelCcTBHUI0 GepMEeHTOB U
CTaHOBUTCA 60Jiee TOKCUYHBIM. DTO KacaeTcs TpaHchopMaliiu HEKOTOPBIX
apoMaTUYeCKUX aMUHOB (TUAPOKCUINPOBAHUE), COeJUHEHUH, COlePKATIIIX
apoMaTHYecKre HUTPO- U a30TPyIsl (06pa3oBaHue HUTPO30COEAUHEHNI),
apoMaTHYeCKUX coeiMHeHUH (0Opa3oBaHue STMTOKCUOB) U p.

XumMmuyeckoe caMOO4YHIIleHue

[Tporeccel nepepacmnpezeleHUsa 3arpA3HAIOLIINX Bel[eCTB B IPUPOJHBIX
BOZIaX MOT'YT COTIPOBOXKATHCA MX XUMUYECKOU TpaHchopmalyeit. [Ipu aTom
TpaHcopMaIus BEIIeCTB MOKET OCYIIECTBISATHCSI KaK B pACTBOPEHHOM, TaK
U B COpOUPOBAHHOM COCTOSHUSX. PACCMOTPHUM HEKOTOpPhIe 0COOEHHOCTH
KWHETUKH TpaHCOPMAaLMH 3aTPA3HAIONINX BEIleCTB B IPUPOAHBIX BOJAX B
pe3yJbTaTe MPoIeccoB THAPOIU3a, GOTOMN3a U OKUCIEHUS.

I'maposns

MHorue 3arpA3HAKINKE BEIleCTBa Y4aCTBYIOT B KMCJIOTHO-OCHOBHBIX
IIpeBpalleHuAX.

Kaxk IIpaBUJIO, TUAPOJIN3Y IOABEPratOTCA 3(1)I/Ipbl 1 aMU/bl Kap6OHOBbIX
U pa3nuYHBIX pochopcosepKamX KUCIOT. [Ipyr 3TOM BOZia y4acTBYeT B pe-
KLU He TOJIBKO KaK PaCTBOPUTEJb, HO U KaK peareHT:

R,XR, + H,0 — R,XH + R,OH.
PeaKHI/II/I TUAPOI3a MOTYT OCYIIECTBJIATHCA KaK HEKaTAIMTUIECKH, TaK

U C yYacTHEM B KaUeCTBE KaTaJIHu3aTOPOB PACTBOPEHHBIX B TPUPOAHBIX BOJAX
coelMHEeHUH.
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CroskHble 2QUPHI KAPOOHOBHIX KHUCIOT IMITUPOKO HCITONb3YIOTCS B Kaue-
CTBe TepOUIUOB, TPU UX TUAPOJIH3e 06pa3yloTcs COOTBETCTBYIOIINE Kap-
6OHOBAasI KUCIOTA U CIUPT. AMUZABI KaPOOHOBBIX KUCIOT TUAPOIUIYIOTCS C
o6pa3oBaHHEM KHUCJIOTH U aMUHa. [UAPOIN3 XapaKTepeH JJis TPOU3BOI-
HBEIX Kap6amuHoBoI kucnoTsl (HO-C(O)-NH,) ¢ 3aMecTUTe/NIAMU y aTOMa
azora wiu HO-rpynmel. B pe3synbrare rugposnsa paspeiBatrorcs cBsa3u C-O
u N-C.

OTHOCHUTENBHO JIETKO TUAPONU3YIOTCA dochopopraHudecKre coeZuHe-
HUs, 061afarolie BRICOKOM NMHCEKTUIIUHON aKTUBHOCTBIO. DOUPHI U aMU/IBI
dbochopHOU KUCTOTH TUAPOIU3YIOTCA 10 pochopHOI KucaoTel. Tuodocda-
ThI 60JIee YCTOMYUBHI K TUAPOIU3Y, YeM pocdaTel. XapaKTepHOe BpeMs TU/-
posiriza HeKOTOPhIX HpochopopraHNIecKUX NHCEKTUIIUIOB MIPEACTABIEHO B
Tabs. 1.23.

KoHcTaHTa CKOPOCTH THAPOJIM3a BEIeCTBA B COPOMPOBAaHHOM COCTOSTHUU
MaJIo OTJIMYAETCSA OT KOHCTAHTBI CKOPOCTH aHAJIOTUYHBIX IIPOIIECCOB B TOMO-
reHHOU BoZiHOM cpeZie (MeHee ueM B TpH pa3a). COOTBETCTBEHHO B OTKPBITHIX
BOZIHBIX 00'BEKTAX, T/I€ ZI0JIST 3aTPS3HSIIONINX BEIlleCTB B COPOMPOBAHHOM CO-
CTOSTHUM HEeBeJIMKa, BKJIaZI0M CEAMMEHTAPHBIX YACTUI] B TUPOJUTUYECKYIO
TpaHchOopMaIMio BeIleCTB MOXKHO peHebpeyb.

doronu3

®oToNMMTUYECKHE TIPEBPAIEHUS 3aTPA3HAIONINX BEIECTB OCYIIECTBIIA-
IOTCS B IPUPOJHBIX BOZIAX MO/ IEACTBHUEM YIbTPadHOIETOBOM COCTABIAIOIIEN
COJIHEYHOTI'O U3JTyYeHu .

[ToBepXHOCTH 3€eMJIU AOCTUTAET CBET JJUHOU BOMHBEI > 300 HM, MpU-
YyeM UHTEeHCUBHOCTb YP-u3ny4eHUsA 3aBUCUT OT TOJIIINUHBI 030HOBOTO CJIOSI
U MOXXeT IpeTeplieBaTh 3HaUUTeIbHbIe N3MeHeHHU 10/, BO3/lefiCTBHEeM KaK
MIPUPOJHBIX, TaK U aHTPOIMOTeHHBIX GpaKTOpOB. HecMOTpst Ha TO YTO OIS
Y®-cocrapIsitonieii B 001IeM ITOTOKE SHEPTUU COTHEYHOT'O U3/TydYeHU HEBe-
JIMKA, B XUMHUYECKUX IIPeBpAaIeHUsIX O0MbITHHCTBA 3arPA3HAIONINX BENECTB
y4acTBYET CBET C AJTMHOU BONHBI < 350 HM. POTOXMMUYECKN aKTUBEH CBET
B 00J1aCTU MEePEeKPBIBaHUA CIIEKTPa COTHEYHOT'0 U3JIyIeHHUs U CIIeKTpa I10-
IJIONEHUS pacCMaTPUBAEMOTO BelllecTBa. DTa 06J1aCThb CIIEKTPA COMTHEYHOTO
U3JIy9eHUs MPEJCTaBIAET COO0U “CrieKTp AeiicTBus”. [l OONbIIMHCTBA 3a-
IPA3HAIOLINX BellleCTB MaKCUMyM “ClieKTpa AeMCcTBUA  HaXOAUTCA B yana-
30He AyuH BoaH 310-330 HM.

Ta6bnuua 1.23. [Nonynepron rmaponusa GpochopopraHnieckmnx MHCEKTULMIOB

Wucektuuua 12
docmet 7,14
[Ouanucop 14,04
ManatnoH 10,5 cyT
[ukanToH 29 cyt
OumetunnapartnoH 53 ¢yt

MapaTnoH 130 cyt
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doToxuMMYeCcKUe IpeBpallleHNs 3arpsA3HAI0LIINX BEIlecTB B IPUPOJHBIX
BOZIaX MOTYT OCYIIeCTBJIATHCSA B PE3Y/IbTATe IPIMOTO U CEHCUOMIN3NPOBaH-
HOro $pOTONIN3a — TP YYaCTUU CBOOOIHBIX PaZIKaIOB U AJIEKTPOHHO-BO36YXK-
JEHHBIX YacTUIL. Peakuyy mpsAMoro GpoToIr3a IPOUCXO/AT, ECIU XUMUIECKOe
IIpeBpallleHue NpeTepleBaeT BellecTBO, Morolrailee ceeT. CKOpOCTh
TpaHchopmaluu BemecTBa P mpu npsaMoM ¢oTosnse onpezensieTcs CKOpo-
CTBIO IIOIVIOLIEHUA KBAaHTOB CBeTa U KBAaHTOBBIM BBIXO/IOM IIpoliecca.

KBaHTOBBIH BBIX0/ XapaKTepU3yeT BePOATHOCTb OCYILeCTBICHUA XUMHU-
YECKOH peakI[iy NMPHU MOMIOIEHUN OJHOTO KBaHTa cBeTa. OOBIYHO KBAHTO-
BBIH BBIXO/] ¢1a00 3aBUCUT OT JJTTHBI BOJIHEI.

[Tpu ceHCHOUTU3NPOBAHHOM (QOTOIM3E CBET MOIVIOMIAEeTCA CEHCUOUIH-
3aTOPOM U BO30YK/eHUE TIePeaeTCs C IEPBUYHOTO IPUEMHUKA COTHETHOM
SHepruu Ha BelllecTBO, yuacTBylolllee B IpeBpallleHrU. B IpupogHbIX Bogax
ceHCHOMIM3aTopaMu CJIYXKaT PacTBOPEHHbIE B BoJe QYIbBOKUCIOTHI, A1
KOTOPBIX MAKCUMYM “CHIEKTpa IeUCTBUS” COTHEYHOT'O U3TyIeHUsI HAXOAUTCS
ipu 365 HM.

ViccefoBaHuA € MCIOJBb30BaHUEM KaK COJIHEUHOTO HU3IYYEHU, TaK U
MOHOXPOMaTHU4YeCKOr'o CBeTa U3 NCKYCCTBEHHBIX MCTOUHUKOB I10Ka3au, YTo
T'yMYyCOBBIE BelllecTBa B Pa3INIHBIX BOJOEMaX, a TAK)Ke ['YMHUHOBBIE U QYIbBO-
KHCJIOTHI, U3BJIeUeHHbIE U3 TI0UB, UMEIOT CXOZHbIe GOTOCEHCUOWIN3NPYIOIINE
CBOMCTBaA.

CUHIJIETHBIN KUCTOPOZ (KUCIOPO B BO36YKAEHHOM COCTOSTHUM) 06J1a-
JIAaeT MHUPOKUM CIIEKTPOM PEaKIIMOHHOH coco6HOCTH. OH B3aNMOZAEHCTBYET
C TIOJIMHEHAaCHIeHHBIMY XXUPHBIMU KUCJI0TaMU JUIIUJ0B, CTEPOUJaMu, He-
KOTOPBIMU aMUHOKHCJIOTaMU (METUOHUHOM, TUCTUANHOM, TPUITOhAHOM),
B TOM YHCJIE C BXOAAIIMMHU B COCTaB OeIKOB U MENTUZIOB, a TAK)XXe CO MHOTH-
MU 3arpa3HAIOIIMMU BelllecTBaMU — lTleCTULINAaMU, GypaHaMy, cynbdrugaMu
U APYTUMH BellleCTBaMU, OOTaTBIMU 3JIEKTPOHAMU. B TO XKe BpeMs B OTHO-
IIeHUY OOJIBIIMHCTBA OPraHUYeCKUX COeIMHEeHUH (YIIeBOAOPOOB, CIINPTOB,
3bUPOB U ZIp.) CUHIVIETHHIN KUCIOPOZ HE PEaKIMOHHOCIIOCOOEH.

O6pasyromuiics B $OTOCeHCHOMIN3NPOBAHHBIX PEAKIUAX CUHITIETHBIN
KHUCJIOPOZ MOKeT B3aUMOZeliCTBOBATh C IOJULUKINIECKUMHU YITIeBOJ0PO-
mamu (TTAY) ¢ o6pazoBaHHEM HAAKUCIOT, ABISONIUXCS ucTouHukamu OH-
pasuKaNoB, KOTOPHIE B CBOIO OYepesb CIIOCOOHBI OKUCIATE [TAY 10 3HZO-
nmepokcuzoB. TeM caMbIM Ipoliecc GoToXUMUYeckol TpaHchopManuy 3a-
I'PA3HAIONIVX BellleCTB TeCHO CBA3aH C paZuKaabHBIMU IIpolieccaMy OKHC-
JIEHUA.

Ocob6eHHOCTh GOTOXUMUYECKUX TIPEBPAIEHUH B IPUPOJHBIX BOAAX 3a-
KJIIOYaeTCs, C OZHOU CTOPOHBI, BO BJIUAHUYU Ha CKOPOCTh UX IPOTeKaHUA 110-
TOZHBIX GAKTOPOB, CyTOUYHBIX U Ce30HHBIX M3MEHEeHUH COTHEUHOH paZnaliuy,
IIUPOTHI MECTHOCTH, & C IPYTOH — B MOIOLIEHUH GOTOXUMHYECKU aKTUBHOTO
COJIHEYHOI'O M3/Iy4eHUsA B TOJIIIEe BOJBL.

Kak mpaBujio, TOMIIMHA CJI0SI BOABI, B KOTOPOM OCYIIeCTBIIAITCA GOTO-
XUMUYecKue IIpeBpallleHrs, HeBeJruKa — He IIpeBhIIaeT HeCKOJIbKUX MeT-
poB. IToaTomy poToxnMIYecKre IpeBpaleHNs Hanboee CyeCTBeHHBI /17
TpaHchopMaUU 3aTPA3HAIONINX BEIIECTB B HETTTYOOKUX BOAHBIX 00bEK-
Tax: peKax ¥ IpyJax, a Takke B IPUOPEKHBIX 30HAX MOpeH, 03ep U BOJO-
XpaHWINLI.
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Okmncienue

[Tpoliecch OKUCIEHUS 3arPS3HAIOIINX BENECTB B IPUPOAHBIX BOJAX MO-
T'YT OBITH IBYX TUIIOB:

1) B Ka4eCTBe OKUCIUTES YIACTBYIOT MOHBI METAIOB B OKUCIEHHOM
dopme (Fe3*, Mn**+, Cu?™ u gp.). OTH mpoliecchl Haubosiee BEPOATHBI IS
3arpsI3HAIONIUX BEIIECTB, 00IaJaoINX BEIPayKeHHBIMU JTUTaHAHBIMU U BOC-
CTaHOBUTEIHHBIMU CBOMCTBAMU;

2) B OKHCJIEHUH 3arpA3HAOLINX BEILECTB YYaCTBYIOT CBOOOAHBIE pa/iyi-
KaJibl U IPyTHe PEAaKITMOHHOCIIOCOOHBIE YaCTHUIIBL.

Cpezy HOHOB TIEPEXOIHBIX METAJUIOB KaTaTUTUYECKUE CBOMCTBA B IIPU-
POZHBIX BoZaX HauboJiee SpKO IIPOSABJISAIOT MOHBI M KOMILIEKCHI ME/IY, a TAK)KE
MUKDPOKOJUTOUHBIE YACTHIIBI TUIPOKCH/A JKele3a.

PefjoKC-KaTaIUTUYECKHE TIPOIIECCH CAMOOYHIIEHYS IIPUPOAHBIX BOJ, HE
OTPaHUYMBAIOTCSA JIUIID TpaHCPOpMaIuell 3arpsA3HAIONINX BellleCcTB, ob1aza-
FOIIUX 3JIEKTPOHHO-TOHOPHBIMU CBOMCTBAMU, 33 CUET UX MPSIMOTO OKUCIEHUST
HMOHaMU METa/UIOB lepeMeHHO! BasleHTHOCTU. Hapsagy ¢ oToXUMU4ecKUMU
peakLuAMU peJloKc-KaTaluTh4ecKue npoleccel ¢ ygactuem O,, H,O, npuso-
[T K 00pa30BaHUIO B IPUPOAHBIX BOAAX AKTUBHBIX IIPOMEXKYTOYHBIX YACTHII,
B YaCTHOCTH CBOOOJHBIX PaJINKAJIOB.

TakuM 06pa3oM, cUCTeMa CAMOOUUIIIEHUS TPUPOJHBIX BOJ MOXKET OBITH
OXapaKTepH30BaHa COBOKYITHOCTBIO pYHKIMOHAIBHBIX 3aBUCMOCTEN MEXKAY
mapaMeTpaMHU CpPeZibl M BHENTHUX (pAaKTOPOB, C OAHOU CTOPOHBI, U GU3UKO-
XUMUYECKUMU CBOUCTBAMU 3arPSI3HAIONINX BEIIECTB — C APYTO.

3Has CBOMCTBA 3arpA3HAIOIIUX BEIECTB, MOKHO IIPOTHO3UPOBATH UX
HauboJiee BEPOATHBIE TYTU TpaHCPOPMALIMU B OKPYKAIOIIEl cpeie, a 3Has
mapaMeTphl IPUPOAHBIX BOZ — OIIEHUBATh AOIyCTUMYIO HarPy3Ky Ha BOZOEM
10 TOMY WJIM UHOMY 3arpsA3HSAIOIIEMY BEIIECTBY.

Jiuteparypa k pasgenam 1.2.3.1-1.2.3.6

CrpaBoyHUK XUMUKa, 2012. 2 u3z., T. 3, M.-JI., 1964, c. 740.
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294 c.

I'ycakoea H.B., 2005. Xumus okpyxatoiieii cpegel. Cepus “Briciiee o6pazoBaHue”.
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Jpusep [lxnc., 1985. TeoxuMusa npupogHbIxX BoA. M.: Mup, 432 c.
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1.2.3.7. OG1ee coCTOsIHUE IPUPOAHBIX BOJ,

1.2.3.7.1. O6uiee cocmosiHue NpupoOHbLX 800 8 MUpe

[TpeamonaraeTrcs, YTO KOJIMYECTBO IPECHOM BOABI B MUpe, JOCTYITHOMN
I TOTpebIeHUs YesoBeKOM, KosebeTcest oT 12500 mo 14000 km® B roz
(Hinrichsen et al., 1998; Jackson et al., 2001). Bo mHorux crpanax Adpu-
kU, bimkHero BocToka, 3anagHol A3UK U HEKOTOPBIX cTpaHax BocTouHoM
EBpoOnBI KOIMYECTBO BOAHBIX PECyPCOB, AOCTYIIHBIX /I YeJOoBeKa, HUXe
cpefHero. B cBsi3u ¢ OBICTPHIM POCTOM YMCIEHHOCTU HACeJeHUsS MOTEHIU-
aJbHOE KOJTMYECTBO BOJBI /IS HETO CHU3WIACh ¢ 12900 M3 Ha AyIry Hacese-
Hus B oz B 1970 rogy 1o 9000 M3 — B 1990 rozay u 10 MmeHee yeMm 7000 m3 —
B 2000 roxy (Clarke, 1991; Jackson et al, 2001; Shiklomanov, 1999). B ryc-
TOHACeJIeHHBIX palioHax A3uu, Abpuku u llenTpanbHoii u FOxHOI EBpo-
ITbI, TeKYyIee BogoobOeceyeHre Ha AyIly HaceJeHus coctapseT ot 1200 1o
5000 M3 B roz (Shiklomanov, 1999).

[Mo6asbHbIE 3aMmachl MPeCHOH BOZBI, COTIACHO MTPOTHO3aM, CHU3ATCS 10
5100 M3 Ha aymry HaceneHus K 2025 rozgy. IToro KoaudecTBa 66110 ObI JOCTA-
TOYHO, YTOOHI YIOBJIETBOPUTD UHANBU/YaTIbHbIE TOTPEOHOCTH YeTOBEKA, ECTTH
OBI OHO OBLIO pacIpezieieHO paBHOMEPHO MEXK/Y HaceJeHueM BCEro MUpa
(Shiklomanov, 1999). Puc. 1.32 wurtocTpupyeT U3MeHeHe BogoobecedeHHO-
CTH Ha ATy HaceJIeHNs IPU IIOCTOSTHHOM 00BeMe MTPECHOU BOJBI C YYETOM €€
HepaBHOMEPHOI'O paclpeziesieHys, ypbaHU3aIluK ¥ pOCTa HAaceJleHUs 3eMITU.

[IpobsiemMa mpecHOM BOABI CTAHET OAHOM U3 CAMBIX OCTPHIX K CEpeUHE
XXI Beka. [To zanabiM OOH [BeemupHbiii JleHb BogbL. http//www.cawater-info.
net//all_about_water?p=1332], y>xe cerogs AepUIUT BOJBI, BKJIIOYAS CEb-
CKOXO3SHCTBEHHBIE U TPOMBIILIEHHBIE HYK/IbI, OlleHuBaeTcsa B 230 mipz m3
BroA. K 2025 roay 3,2 Miip/ »KUTeIel Halllel IIaHeThl OyAyT CTPaZaTh OT He-
JocTaTKa MUTbeBoM Bozbl (< 1000 Mr/amM?® conecoiepskanue), 1ebUIUT KOTO-
POl K 3TOMY BpeMeHU yBenuduBaetcs 10 1,3-2,0 Tpiaa M3 B rog. A k 2025 rogy,
cornacHo AZaHHbIM IOHECKO, yxxe 7 mipz uesnoBek B 60 cTpaHax (110 meccu-
MMCTUYECKUM IIPOTHO3aM) WU B 48 cTpaHax (110 ONTUMUCTUYECKUM) CTOJ-
KHYTCSA € Tpo6IeMOU KaTacTpodUIeCKOM HEXBATKU MTPECHOM BOJBI.

1.2.3.7.2. O6uwee cocmosiHue npupodHsix 800 8 Eepone

HepaBHOMepHOE pacipezeneHue, ypbaHU3aIusa U u3MeHeHYe KIuMaTa
BJIUAIOT Ha BogoobecmeueHue xuteneit EBpomel. Ha puc. 1.33 npeacrasie-
HBI pe3yJbTaThl OLlEHKU UMUTAILIMOHHOI'O MO/IeIMPOBAHNUA CLieHapueB Ha
2070-2099 rogsl. Kak BUZHO, HEKOTOPHIE PAMOHBI OIyYaT OOJIbIE BOIHI, B
TO BpeMs KakK B pailloHax ¢ eULIUTOM BOJBI €€ CTAaHET ellle MEeHBIIIE.

Boznaa Pamounas /lupexktuBa EC okasbIBaeT CylieCTBEHHOE BIWAHUE Ha
KavyecTBO BO/bI B EBpOIIE yiKe cero/iHA U HalleJieHa Ha ITPOoJjoJDKeHre paboThI
IO TTOBBIIIEHUIO KayecTBa BoAbI B Oyayinem. Ha puc. 1.34 mpezcTaBieHsl o-
Ka3aTeu KauecTBa BOZABI B €BPOIEHCcKUX cTpaHax B 2012 rogy.

XoTs B peanusanuu BogHoii PamouHoii JlupektuBsl EC HabmogaeTcs
3HaYMTEeIbHBIN IPOrPecc, OIHAKO OKOHYATENbHO IT0CTaBIeHHbIE 1IeT1 He 10C-
TUTHYTHI, YTO OTAAJAET pellleHre HaMe4eHHBIX 9KOJI0TUYeCcKUX 3a1a4. Pacce-
SIHHBIE U TOUEUYHbIe 3arpsA3HeHUs MT0-TIPeXKHEMY SIBJIAeTCs 3HaYUTeIbHOM Ha-
I'PY3KO Ha BOAHYIO Cpefly B COOTBeTCTBeHHO 38% u 22% cTpaHax — wieHax EC.
OBTpoduKarms (3apacTaHue BOZOEMOB), BEI3BAHHASA Ype3MePHOM OMOTeHHOM
Harpy3Koii, Bce ellle ocTaeTcsA IMIaBHOU yIpo30ii IS BOZI0EMOB, HAXOAALIUXCS



1.2 e Bopa s npupoge

PucyHok 1.32.

MN3ameHeHus B BogoobecneyeHHOCTH
HQ aywy HaceneHus, m

(GRIDA-UNEP, 2000)
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M* Ha yenoseka
Harop
CeepHaa Amepuka
tOKoH 1249832
MakkeH3u 408 243
HenbcoH 15167
Mwuccuennmn 8973
Peka CaaToro JlaBpeHTua 9095
[0xHan Amepuka
Ama3zoHKa 273767
MapaHa 8025
EBpona
VEED 2519
Adpuika n BamxHni Boctok
Hurep 4076
Bacceiin o3epa Yag 7922
KoHro 22752
Hun 2207
3amb6esu —
OpaHxeBas 1050
EBdpat u Turp 2189
A3usa n ABctpanusa
Bonra 4260
O6b 14937
EHunceit 79083
NeHa 161359
Konbima 722456
Amyp 4917
laHr v bpaxmanyTpa —
AHU3bI 2265
Bacceitt Myppeii u [lapanur -
Xyarxa 361 Mportos
Vna 830 Ha 2025

500 1000 1700 4000 10000 M’ Hayenoseka

Hexgatka HanpsxeHHoe [locTaTouHOe KONMYECTBO
cocToAHme

HblHelHee rofoBoe Bofoo6ecneyeHme
Ha Aywy HaceneHus (cpeaHee 3a nepuog 1971-2000)

m*/uen./ron

Hl 0-500 ] 1300-1700
I 500-1000 1 >1700
3 1000-1300 V7] besBopoobecneyeHns

MporHos rogoBoro Bogoo6ecneyeHns Ha AyLlly HaceneHua
B «2080-e» (cpepHee 3a nepuop 2070-2099)

m*/uen./ron

EE 0-500 ] 1300-100
B 500-1000 1 >1700
[ 1000-1300 V7] bessonoobecneueHns

PucyHok 1.33.

M3meHenne BogoobecnedenHocT Ha aywy Hacenenus (EEA, 2012)
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JcToHuA (645)

Cnosakus (1 760)
PymbiHuA (3 256)
Wcnanusa (3 474)

Nateus (204)
MopTtyranusa (1 507)
Cnosenus (131)
QuHnaHavsa (949)
LWeeuusn (15 475)
Wpnangua (4 508)
Wrtanua (3 991)

[fanuna (13 642)

Ipeuns (649)

Bonrapus (688)
EBponeiickuii cotos (91 040)
OpaHuma (10 781)

Kunp (163)

AscTpus (7 322)

JuTea (832)
Benuko6putaHus (9 080)
Yewckan Pecny6nuka (1 062)
BeHrpua (584)

Monbuwa (987)

lepmaHus (8 817)
TNiokcembypr (102)
Hupepnanabl (254)

)
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Kauectso sogsl BogHbix 06bexTos B Epone (EEA, 2012)

MIOKA YTO B YZOBJIETBOPUTEIBbHOM COCTOSTHUH: OMOTEHHbIE BEIIeCTBA IIPU-
CyTCTBYIOT B ~30% KpPYIIHBIX BOAHBIX 00beKTax B 17 rocyapcTBax — WieHax
EC. HopMBI 4 ypOBEHBb OUUCTKHU CTOYHBIX BOZ BCe ellle NMEIOT CyIeCTBEeH-
Hble OT/INYUA B CTpaHaxX EBPOIIBI, UTO ONpeAeNAnUM 06pa3oM BIUIET Ha
3arpsi3HeHHE BOJBI B eBponeiickux Bogoemax. EEA (2011) coobiraeT, 4To
COCTOSTHME OYMCTKY CTOYHBIX BoZ B FOro-BocTouHoti EBpolie BecbMa Zjanexko
OT yZIOBJIETBOPUTEILHOTIO.

1.2.3.7.3. O6buee cocmosiHue npupodHsix 800 8 Hopeezuu

Boza B HopBeruu B 1ieJIoM MeHee, 4eM B ocTa/lbHOI EBporie, 3arpsasHe-
Ha FOpPOJICKUMU CTOYHBIMU BOZAMU, HECMOTPsI Ha TO YTO MTOJKUCIEHUE YXKe
MHOTO JIET SIBJISIETCS OZHOM M3 ITIaBHBIX TPO6JIeM KaK pe3y/IbTaT IIPOMBIILIeH-
HOM ZiesITeNbHOCTHU Kak B HopBeruw, Tak ¥ BO MHOTMX cTpaHax EBpormbl. Kak
BUAHO u3 puc. 1.35, curyanusa B HopBeruu rnocTeneHHo yaydIaeTcs U3-3a
6y1aronprUATHOTO U3MEHEHHs COCTaBa CTOYHBIX BOZ U COBEPIIEHCTBOBAHUA
MeTO/I0B UX o4MCcTKU. Kpome TOTO, CyllecTBeHHBIN IIporpecc ZOCTUTHYT 3a
MHOTHe IECATWIETHS B COXpAaHEHNUY IIPUPOAHOTO 61aronoIydus peruoHab-
HBIX HOPBEXXCKUX aKBaTOpUi.

OBTpoduKalusa (3apacTaHre BOJ0eMOB) ObLIa OCHOBHOM yrpo30ii B Ha-
gase 1970-x, HO OBICTPblE NHBECTUIIUN B OYHCTKY CTOYHBIX BOJ, U B CEJIbCKO-
XO3SUCTBEHHBIN CEKTOP CHU3WIU YHUCI0 GaKTOPOB, BAUAIOIINX Ha 3BTPODU-
Kanwuro. XOTs BCe ellle UMEeIOTCsI HeKOTOPHBIe TPOOIeMHbIe PETUOHHI (ITOKa3aHbI
TOYKaMU Ha puc. 1.36).
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PucyHok 1.35.
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1.2.3.7.4. Obuwee cocmosiHie NpUpPoOHbIX 800 8 YKpauHe

Bozanble pecypchl YKpauHbl COCTABJIAIOT IOBEPXHOCTHBIE U TIOJI3EMHBIE
BOJBI.

K xpynHbIM pekam nmpunHagiexat JyHaii, Tuca, lnectp, IOxHbI# By,
Juenp, [Tpunsartse, Jlecua, CeBepckuii JloHen, 3anagHbiii byr.

YYuTHIBasA pa3jIudHbIE IPUPOJHO-KINMATUYECKUE YCIOBUSI PETHOHOB
YxpauHbl, pobeMa UX BOJOCHAOKEHUs pelllaeTcs 3a CUeT MexbacceiHo-
BOT0 Ilepepaclpe/ie/IeHUsI BOJHBIX PECYPCOB C MCIIOJIb30BaHUEM YHUKAIbHBIX
BO/ZIOXO03SIMCTBEHHBIX cucTeM — CeBepo-KpriMckoro n KaxoBCKOro MarucT-
pPaJbHBIX KaHA/IOB, KaHamoB JlHenp —/lon6acc u JlHemnp — VIHTyJ1ell, MeXo0-
JIACTHBIX, ME@XXPAaWOHHBIX U MEXXX03IMCTBEHHBIX BOZOPETYINPYIOLINX U BOJHO-
TPAHCIIOPTHBIX CUCTEM.

Bosbiias yacTb 3aperyimpoBaHHOIO CTOKA B YKpauHe MPUXOAUTC Ha
JlHeTIpoBCKUl KacKa/ BOJOXPaHWINII — 06IuM o6beMoM 43,8 kM? U mosies-
HBIM — 18,5 kM3, Bce mecTb BOZOXpaHUIHUII JHEIPOBCKOTO Kackasa UMEIOT
KOMIUIEKCHOE Ha3HaueHUe. 3a CUueT BOJHBIX pecypcoB JJHempa 3HaYUTeNIbHO
MTOBBIIIIEHO BoZioobeceuenrie B Kpeimy (B 3 pasa), B XepcoHckoii (B 5,5 pas),
Kuposorpazckoii (8 2,5 pasa), J[HenponeTpoBckoi (B 3 pa3a) obyacTsx.

CerogHs exxerogHasi HoTpe6GHOCTb HaCeNeHUs U OTPacieil 5KOHOMUKY B
BOJZIHBIX peCypcax COCTaBIsIeT OKOIO 20 KM,

OCHOBHBIMU BO/IOTIONIb30BATENSAMU SABJISAIOTCS IPOMBIIUIEHHOCTD — 36%0,
CebCKOe X035UCTBO — 41%, KOMMYHaIbHOE X03IUCTBO — 23%.

Crerranu3vpoBaHHbIE OPTAHU3AIUY YKPAUHBI KOHTPOJIUPYIOT KAYECTBO
ITOBEPXHOCTHHIX BOJ B paiiloHaX OCHOBHBIX BOZ03a60pOB Ha 50 UCTOYHMKAX
MTUTHEBOTO BOZIOCHAOKEHUS B 78 CTBOpax.

Cozep:xaHue paZJMOHYKINIOB B TOBEPXHOCTHBIX BOZIAX YKPAUHBI, B TOM
Yyucie B 30HaX BAUAHUA PoBeHckol, XMenbHUIKOM, KOKHO-YKpauHCKOU 1
3amopoKCKON aTOMHBIX JIEKTPOCTAHIIMY U MeCTaX PacCIlONoXeHUs BOJO-
3ab0pOB, B TOCJIEAHUE TOABI 3HAYUTENBHO HIKE JOIMYCTUMBIX YPOBHEM.

Hike mpuBeZieHBI JaHHbBIE O TUAPOXUMHUYECKOM COCTOSTHUM OCHOBHBIX
ITOBEPXHOCTHBIX BOAHBIX 0OEKTOB — MICTOYHUKOB MMUThEBOTO BOZIOCHA0Ke-
HUsA — 110 6acceiiHaM OCHOBHBIX PeK YKpauHHI.

Baccelin pexu /JJHenp

Peka /lHenp siB/IAeTCA KPYIIHENIIeH peKol YKpauHbl UMeeT IUIOaAb BO-
JocbopHoro bacceitHa 291,4 Thic. KM? B IIpefiesiaX YKpauHbl. /[HeIp OCHOBHOM
HMCTOYHUK BOZOCHAOKEHUs KPYITHBIX TPOMBIIIIJIEHHBIX IIEHTPOB B IIpeenax
bacceliHa, a TaKKe 0ra ¥ FOr0-BOCTOKA CTPAHBHI.

I'MapOXUMUYECKOE COCTOSTHUE BOAOXPaHWIHIIN JJHEITPOBCKOTO KacKazia
1 BOZOTOKOB bacceliHa B TIOCAeAHUE TObI UMEET TEHEHIIUIO K YXYAIIEHUO.
[TpeBbIllIeHVIe HOPMATUBHBIX ITIOKa3aTesel KauecTBa BOJBI IS XO3AHCTBEHHO-
MMUTHEBOTO BOJOIOJIb30BaHMsA HABII0OAAETCS TPEUMYIIIECTBEHHO TI0 TAKUM
MoKa3aTeIsaM, Kak xumudeckoe (XITK) 1 buoxumudeckoe notpebieHre Kuc-
snopoza (BIIK) (oTpasatolue cofiep:kaHue OpraHudecKux Coe[MHeHUN), CO-
Jlep>KaHue Keje3a, MapraHIia, a TakXKe IBETHOCTb. [IpocieskuBaeTcst yCTOH-
YHBasi TEHAEHIIVS K TOBBIIIEHUIO coiepykaHusa ¢pocdaToB B BoZie, UTO ABJSAETCS
c/leICTBUEM TEXHOTE€HHOM HaTrpy3KH Ha BOAHbBIE 0ObEKTHI TOCYapCTBa.

PocT XIIK cBUZETENbCTBYET Kak 0 HeadhPeKTUBHON paboTe OYUCTHBIX
COOPY>XeHUH TOPO/I0B Y IPOMBILIIEHHBIX PeANPUATUN (UTO IPUBOJUT K
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yBeJIUYeHUIO cOPOCOB B peKy JJHENp U ero MPUTOKU HEKOHTPOJIHUPYEMBIX,
HEOYMILeHHBIX WIN HeJOCTaTOYHO OUYMIIEeHHBIX CTOYHBIX BOJ), TaK U O IIOCTY-
IUIEHUY OPTaHUYEeCKUX COeANHEHNH 13 OOJIOTUCTHIX TEPPUTOPHUIL BoZocbopa
BepxHero /IHelpa U ero NpUTOKOB: peK IIpunars u Yx.

3HaYUTeIbHOE KOJIMYECTBO “OpraHuKu” (IIpeuMyIeCTBEHHO BBICOKO-
TYMUHOBBIX COeIMHEHMI), a TAK)Ke JKesle3a U OGMOTeHHBIX 3JIEMEHTOB obpa-
3yeTcs B CJ1a060 IIPOTOYHBIX BOAOXPAHWIHINAX JIHEIPOBCKOTO KacKaa BCJe-
CTBHE aKTUBHOTO PasMHOXXeHUA CHHe-3eJIeHbIX BoZopociael (“IiBeTeHHe
BO/IbI”) B OllpefesieHHble Teprozbl. Hanbobliiee 61oreHHOe 3arpsi3HeHre
13 BCeX BOZOXpaHWIHIL J[HeITPOBCKOTO Kackaza HabmozaeTcs B KueBckom
BOZIOXPaHWININE, Ha KaueCTBEHHOEe COCTOSIHHE BOJbI KOTOPOTO U BepxXHeU
yacTy KaHeBCcKOro BoJOXpaHWINIIA CYIIeCTBEHHO BAUAIOT BOABI peku [1pu-
AT, B KOTOPYIO IIOCTYIIAeT OCHOBHAA YaCTh 3arpsA3HEHUH ¢ 3260109 HHBIX
Tepputopuii besnopycckoro [Tosmechs.

T'uapoxuMUYecKoe COCTOSTHUE BOZ, peKu JIHeTp B paliOHe CTOJUITHI YK-
pauHbl — KueBa, Kak CBU/IETENbCTBYIOT JaHHbIE HHCTPYMEHTaIbHO-Iab0pa-
TOPHOT'O KOHTPOJIAA, YIOBIETBOPUTEIHHOE U OCTAETCs 6€3 CyIleCTBEHHBIX
HU3MeHEeHU! B TedeHUe MTOCIeIHUX IIATH JIET C He3HAYUTEIbHBIM Kosle6aHneM
CpeZIHeroZloBbIX IIOKa3aTesei.

I'mapoxuMuyecKkoe COCTOSHNE BePXHUX BOAOXPAHUINIL peku JIHemnp
U ee IPUTOKOB B 3HAUUTEIBHOU Mepe BIKAET Ha Ka4eCTBO BOABI CPeAHUX
BOZIOXPaHWIHIIL, 0cO6eHHO KpeMeHuyTcKOoT0, T/le aKKyMY/ITUPYeTCsI OCHOBHAs
YacCTh MPOMBIIUIEHHBIX COPOCOB 3arpA3HAIONINX BellecTB. [10 JaHHBIM J1a60-
PaTOPHBIX U3MEPEHMUI, B 3TOM BOJOXPAaHUIIHIIE HAGMIOAETCs 3aBbILIIEHHOE
CoZiep>KaHuUsA MapraHiia, Xeje3a o0Iero, a TakKe BBICOKOE OpraHUYecKoe
3arpssHeHue BoAbl. B KpeMeH4YyrcKkoM BOZOXpaHWINILE, KOTOPOE ABIAETCS
HCTOYHUKOM IMUTHEBOI'O BOJOCHAGXKEHUA HECKOJIBKUX KPYITHBIX [OPOZIOB, B
JacTHOCTU KpeMeH4yTa, e:KerofHo CHIKAeTCs CoZiepKaHne pacTBOPEHHOT 0
B BOJZle KHUCJIOPO/ia, YBEINUUBAETCS ColeprkKaHue MapraHIia, Xeyie3a obIero
U B 11€JIOM COXPaHAETCA BBICOKOE OpraHu4ecKoe 3arpsA3HeHue BOJHI.

Baccelin pexu /lecHa

OCHOBHBIM IIPUTOKOM peku JIHenp ABidgeTcA peka JlecHa, 4714 BOZ KO-
TOPOIi XapaKTepHEI 60JIee HU3KHE, YeM B IHEPOBCKOM BOJE, 3HAYEHUS T10-
kasaTesel XIIK u 3apbimeHHbIe Mokasarenu bIIK,.

B 1jes10M ke ruIpOXMMHUYECKOE COCTOSAHME BOZABI PeKHU JlecHa Ha IIpo-
TSOKEHUU MTOCIeAHUX JIeT OCTAeTCA MOYTH HEM3MEHHBIM C HE3HAUYNUTEIbHBIM
KosebaHMeM IOKa3aTeslell KauecTBa BOABL, XOTs BozaM JleCHEI IpucCylle He-
CKOJIBKO ITOBBIIIIEHHOE COZIEPKUMOe OOIIero Xeie3a U MapraHiia, YTo 06bsc-
HAeTcs CenupUKOH Bogocbopa peKu — peyHbIe BOZBI BRIMBIBAIOT UX U3 KPUIC-
TaJUIMYECKUX II0POZ, YKPauHCKOT'0 TPAHUTHOI'O IIUTA Y IIPOXOZAT I10 JIECUCTOMU
1 3a60JI09€HHO MECTHOCTH.

B HwkHeM TeyeHUH JleCHBI, B palioHe BoZio3abopa KueBa, Ha KaueCcTBO
BOJBI CYIIIeCTBEHHO BiuAeT KaHeBckoe BogoxpaHuuie. Boga B ykasaHHOM
CTBOpE — MPAaKTU4YECKU cMech BOJ, pek JlecHa u /lHemnp. B meiom kadect-
BO BOZBI 10 THAPOXUMUYECKUM I10Ka3aTeslaM B CTBOPe JJeCHAHCKOI'O BOZO-
3abopa KueBa oTBeuaeT, KpoMe TOKa3aTesnel BeTHocTy U XIIK, HOpMaTH-
BaM KauecTBa JAJIA BOABI XO3UCTBEHHO-IINTHEBOI'0 HCII0/Ib30BAHUA 110 BCEM
IIOKa3aTesAM.
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Baccelin pexu JJHecmp

Peka /lHecTp B YKpauHe SBJISETCS BTOPOU 0 BOJHOCTH, UMEET OOIIYIO
BOZOCOOPHYIO IIOWAAb 72,9 ThIC. KM?, B TOM YHCJIE HA TEDPUTOPUU YKPAUHBI
HaxoauTcsa 53,5 ThIC. KM2.

DKoyorrYecKas CUTyalus B BOZHOM bacceliHe peku J[HeCcTp B IocCes-
HMe roZibl 3aMeTHO YJIy4IllaeTcs, Ha YTO ITOBIUANIO CUTYaTUBHOE COKpallleHre
CeTbCKOXO3UCTBEHHOT'O U IPOMBIIIIEHHOI'O IPOU3BO/CTBA B pETHOHE.

B HmxHeM TeyeHuu peku JJHecTp (Ha Teppuropuu ViBaHo-PpaHKOBCKOMI
1 YepHOBUIIKOI 061acTeli) Ka4eCTBEHHOE COCTOSTHYE BOZBI XapaKTEPUIYETCS
IIOKa3aTe/sIMU, He IPEBBIIAIINMY [TPeZeIbHO OIIyCTUMBbIE KOHIIEHTPAllUH,
3a UCKJII0YeHHUEeM CoJep:KaHUA OPraHW4YeCKUX 3arpsA3HeHUl, KOHIeHTpalus
KOTOPBIX 6pIBaeT BhIme [1/IK B KOHTPOJIBHOM CTBOpe ropoga I'anuy.

Bacceiin pexu FOxcHblil Bye

Pexa FOxxHBIM ByT OTHOCHTCA K YUCTy pek 6acceiiHa YepHoro Mopsi. Jiu-
Ha peku 806 kM, Bojjoc60opHas mwiomaab 63,7 ThIC. KM2.

g Bogsl peku FOxHBIN Byr xapakTepHO ITOBBHIILIEHHBINM ITOKa3aTesb
nBeTHOCTH (0 100 rpazycoB u 6ojiee), 0COGEHHO B JIETHHUE MECSIIBL. BOAb
6acceitra FOxxHbIH Byr Tak)Ke MMEIOT IIOBHIIIEHHBIE 3HAYEHUS TI0Ka3aTenel
o pH u BIIK..

Hawubostee 3arps3HeHHBIMY yIacTKaMU peku FOxHBIM ByT ABIAIOTCA TEp-
puTopuu XMeJbHUIIKONM M BUHHUIIKOM 06IacTel: MpenMyIleCTBEHHO ITPOUC-
XOZUT 3arpsA3HeHNe OpraHnyeCcKUMHU COeIUHEHUAMMU.

CozeprkaHue 6MOTEHHBIX COeJMHEHUH I'PYIITbI a30Ta HAXOAUTCS 3HAYU-
TenbHO Hike IT/IK 171 BoZ0eMOB X03A1CTBEHHO-IUTheBOr'0 BOJOIIONb30Ba-
HUS, XOTs HaOJIIOAI0TCsA CIyvau IPEBBIIIEHUs 10 aMMOHUITHOMY a30Ty Ha
TeppUTOPUU XMeTbHULIKON 061aCTH. OTO OOBSACHIETCS BIUIHUEM 3arpsi3Hs-
IOLIMX CTOKOB BOAOIIPOBOAHO-KaHAIN3allMOHHBIX KOMMYHA/IbHBIX IIPEAIIPU-
Tl XMeTbHUIKOH 061acTH. B 60IBIIMHCTBE CTBOPOB BunHMITKOH, KMipoBo-
rpazickoii 1 HukosmaeBcKol o6acTel cofepkaHre aMMOHUIHOTO a30Ta CTa-
GWIBHO.

KoHueHTpauuu coseii TAXebIX METaJ/UIOB B TOBEPXHOCTHBIX Bozax IOro-
Byrckoro 6acceliHa, 3a UCKIIOYEHUEM JKeJle3a O0IIero ¥ Maprasua, He mpe-
BBIMIAIOT HOPM JJI1 BOZOEMOB X031 CTBEHHO-IIUThEBOT'0 BOAOIOIb30BAHNUA.
XpoM U KaZMUH B BoJie He OOHAPYKEeHHI.

Bacceiin pexu 3anadwustil Bye

Pe3ynbTaThl MOHUTOPUHTA KauyeCcTBa MOBEPXHOCTHEIX BOZ H6accetiHa 3a-
nazHoro byra cBUAETENIbCTBYIOT O TOM, YTO TMAPOXUMUYECKHE [TOKa3aTeNn
KayvecTBa BOABI C K&XKJABIM F'0ZIOM YXYALIAIOTCSA, 0COOEHHO B TyHKTax HabJIto-
JleHUH Ha TeppuTOopuu JIbBOBCKOM o6actu. ITpeBsinenus [1JIK oTMevanrch
1o cogepkanuio pocdaros, obmuiero »xenesa u BIIK..

BeeactBue HeabbeKTUBHOM pabOTH OYUCTHBIX COOPYKEHUH IIPOMBIIII-
JIEHHBIX ¥ KOMMYHaJIbHBIX TIpeAnpusaTuil (loopoTBopckas TOC), BOAOIIPO-
BOZHO-KaHaIM3allMOHHBIX IPeIpUATHN ropogos JIbBoB, KameHka-byrckas,
Cokanb HabIIoaeTcs yBenndeHne o6beMoB cOPOCOB B peKy 3amafHblil Byr
HEOUMUILIEHHBIX U HEOCTATOYHO OYUIEHHBIX CTOYHBIX BOJ.

Baccetin pexu Cesepckuil /JoHey

Bacceiin pexu CeBepckuii JloHel pacnoyioXXeH Ha TEpPUTOPUU JBYX
rocyzapcTB: Poccuiickoii Penepanuu u Ykpaunsl. Ob6mas mwiomasb 6ac-
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celiHa cocTapisieT 98,9 ThIC. KM?, U3 HUX B IIpefiesiaX YKpauHbl HaXOJUTCS
54,5 teic. kM2 (55%).

He3HauurenbHbIe Koe6aHMA ITIOKa3aTelei KauecTBa BOABI UMEIOT CE30H-
HBIH XapakTep. IIpeBhIlIeHrie HOPMAaTHUBOB HAOIIOAAIOTCS 110 COZEePKAHUIO
OpraHUYecKUX BelecTB, HepTeIPOAYKTOB, XKeCTKOCTH U 110 pH.

OpHoti u3 mpobseM KadecTBa BOAHBIX pecypcoB peku CeBepckutii Jlo-
Hell ABJIAeTCA YBeJIMUeHue 110 TeYeHUI0 MUHepaaru3alu BOAbI, CoAep:KaHusa
XJIOPUJIOB U CyIbDATOB.

OCHOBHBIMH 3JIEMEHTAMU 3arpsi3HeHUs BOAHI pek bacceiitHa CeBepCKOTro
JloH11a Ha y4acTKe TOCJIe BIlaleHus MIPUTOKOB Yza, Kazenusiit Toper, Jlyranb
Y BOJHBIX 00BEKTOB 6acceiiHOB pek [Ipra3oBbs U JlHenpa ABJIAI0TCA OpraHu-
YecKUe COeIMHEHUS U COJIEBbIE COPOCHI. DTO 0OBACHAETCI HedbbEKTUBHOM
PaboTOM OYHCTHBIX COOPYKEHUH rOPOIOB U IIPOMBIIIUIEHHBIX TIPEATPUATHHN -
BoZIoTIONb30BaTeseli. KauecTBo Bozibl pek [1pra3oBbs xapaKTepu3yeTcs TaKkKe
BBICOKHM coJlecoZiep>KaHueM IIPUPOAHOTrO IPOUCXOXKACHUA.

Pexu 3akapnamubs

Peka Tuca ABjseTca KpylnHelIe JeBbIM IPUTOKOM peku JlyHa.

CocTosiHME BOAHBIX OOBEKTOB 3aKapIaThs IT0 Pe3yJIbTaTaM I'UAPOXIMHU-
YeCKUX U payoIorn4ecKuX U3MepeHnH Ha IPOTIKeHUH II0CAeAHUX JIeT Cy-
IIeCTBEHHO He U3MeHseTCsL. [10 OOIBITMHCTBY CAHUTAPHBIX IIOKa3aTesel Kaue-
CTBO BOZbI OTBe4asio HopMaTrBaM. [IpeBrilieHre HOpMaTUBOB AJIA BOJ0OEMOB
XO03MCTBEHHO-TUTHEBOTO UCIIOIb30BaHUA HAOTIOAAeTCs TPEUMYILECTBEHHO
10 TAKUM IIOKa3aTeNAM: COZepXKaHUe XKele3a 00Iero U MapraHia.

Baccetin pexu JyHail

Vcromb30BaHMe YacTH CTOKA peku JlyHali uMeeT 60JIbIlIoe 3HaUeHUE I
YKpauHbl, 0COOEHHO ZIJI ee I0r0-3arafHbEIX peruoHOB. COCTOsTHHE BOZBI PEKH
JlyHali 110 rUpOXMMUYECKUM II0Ka3aTelaM MOXXHO XapaKTepu30BaTh KakK
crabunbpHasa. HabmrogaeTcss TOMBKO MOBHIIIEHNE COEePIKaHUs B3BEIIEHHBIX
BelllecTB B BOJe B IaBOJKOBHIM nepuo. CiefyeT OTMETUTD, YTO KauyeCcTBO
BOJbI B TPAHCI'PAaHUYHOM CTBOpPe Topozia PeHu nmpakTUyecky He OT/IN4aeTcs
OT KayecTBa BOJBI B 3aMbIKalollleM cTBope (ycTbe, ropoja BHikoBoO), 4TO
CBUJETENbCTBYeT 0 GOPMUPOBAHUU KauecTBa BOAHI JlyHas 3a cueT aHTpoO-
[IOTeHHOM Harpy3KH Ha y4acTKaX, paclloNoKeHHBIX BhIIIe TI0 TeYeHUIo (BHe
YKpauHbI).

1.2.3.7.5. O6wee cocmosiHue npupodHsix 800 Pecnybauxu Beaapycs

O1eHKa COCTOSTHUS BOAHBIX 0O'bEKTOB U YPOBHS UX 3aTrPsI3HEHUS IIPOBO-
JUTCSA B OCHOBHOM IIO CPeZIHeroZloBBIM KOHIIeHTpalusAM IPUOPUTETHBIX 3a-
T'PA3HAIOUINX BelllecTB, UCIOIb3yeMBbIX B pacueTax NH/IeKca 3arpsi3HEHHOCTU
BoZ (M13B), — pacTBOPEHHOT'0 KUCIOPOZA; OpraHW4YecKUX BellleCTB, HOpMUpye-
Mmeix 110 BIIK,; a30Ta aMMOHUIHOT0; a30Ta HUTPUTHOTO; pochopa dpocdaTHO-
ro u HepTenpoAyKTOB. [lepeurcieHHbIE TOKA3aTeNN, KPOME PACTBOPEHHOTO
KHCJIOPOZa Y HeTENPOAYKTOB, OTHOCATCSA K SKOJIOTMUYECKUM II0Ka3aTelIaM,
IIpUMeHsAeMbIM B cTpaHax BocrouHoti EBpornibl, KaBkasa u lleHTpanbHOM Asun
JUI IPOBEZIeHNs OLIEHKU COCTOSIHUA MOBEPXHOCTHBIX BOZ. B fononHeHNe K
HUM OIIpeJiesifieTcss HUTpaTHas ¢opMa MUHEPATbHOTO a30Ta.

OCHOBHBIM CTaHZAPTOM KauecTBa peyHbIX Bo/ B benapycu saBisgeTcs mpe-
JleJIbHO ZI0ONIyCcTHMas KOHILIEeHTpalusa XMMHUYEeCKUX BellleCcTB, yCTaHaBIU-
BaeMas /i1 BOZHBIX 00BEKTOB PHIOOX03sMCTBEHHOTO Ha3HaueHusA. s



116

Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

OLIeHKU 3arps3HeHUs PeYHBIX BOJ OpTaHUYEeCKUMU BellleCTBaMU NMPUHATA
[peebHO-I0MyCTUMAasA KOHIIEHTpaluu A1 BenudnHbl BIIK,, koTopast co-
crasysAeT 3,00 mr O,/am3.

B Benapycu feicTByeT OT/IaKeHHast CETb MOHUTOPUHTA TOBEPXHOCTHBIX
BoZI. PeryssipHble HabOMr0ZIeHUA BeyTcs Ha 153 BoAHBIX 00'beKTax B bacceiiHax
pek 3amazHoi JIBuHbl, Hemana, 3amagHoro byra, Inenpa u [Tpumnaru. Kpome
TOro, HabJIOEHUAMY OXBavYeHO 35 TpaHCIPaHUYHBIX YIaCTKOB BOJJOTOKOB,
pacnoJyioXKeHHBIX B palioHax IepecedeHus TrocylapcTBeHHOM rpaHulibl. Ha
OTZIE€TbHBIX BOAHBIX 0O0BEKTaX BEZETCSI PaJAUalliOHHBI MOHUTOPYHT.

Oco6eHHOCTBIO TTIOA3EMHBIX BoZ Besapycu, 06ycioBlIeHHOM reoxuMuye-
CKHMHM IIpolieccaMy B3aMMO/IeICTBUSA BOZBI U BMEIIAI0IIUX IIOPOJ, ABIAETCs
TIOBBINIEHHOE COZIEP)KaHMe JKejle3a U MapraHa. Ha teppuropuu benapycn
TIPUCYTCTBUE KeJle3a B OA3eMHBIX BOlaX OTMedaeTcs IIPaKTUUYecKU oBce-
MECTHO, UTO TpeOyeT clieliraabHOM 06pabOTKU BOABI TIepe/] CTIOIh30BaHUEM
Ha X03AHCTBeHHO-TUTheBbIe HYKABI. bosee 70% apTe3anaHCKUX CKBaXKUH Ha
TeppuTopuu benapycu MMeloT BoAy € coZiep:KaHUeM XKeJle3a, TPeBhIIIaIINM
ypoBeHs I[TJIK (0,3 mr/am?3), a B 30He [ToJ1echst A0 STUX CKBAKUH JOCTUTAET
90-95%. Hapszy c »kee30M B IIOJ3EMHBIX BOZLAX OTMeEYaeTCs TTOBHIIIIEHHOE
cozepkanue mapranna (ITIK 0,1 Mr/am?3), B OTAeNbHBIX CTydasx 6opa, ¢propa
U HEKOTOPBIX IPYTUX KOMIIOHEHTOB.

EcTecTBeHHBIN reOXUMUYECKUH HOH MOA3EMHBIX BoJ Benapycu cyiie-
CTBEHHO HapyllleH BCIeACTBHE aHTPOIIOIeHHOTO 3arps3HeHue MMoA3eMHBIX
BOJI, 0COOEHHO B palilOHaX MHTEHCUBHOTO arpONPOMBIIIIEHHOTO MPOXU3BO-
cTBa. Y4acTKaM¥ UHTEHCUBHOTO 3aT'PsI3HEHUS HETVIYOOKO 3a/IeTaIOIIHX IO/
3€MHBIX BOZ, SIBJISTIOTCS YKUBOTHOBOAUECKHE HePMBI U IT0JIT OPOIIEHHs JKUBOT-
HOBO/JYECKUMU CTOKaMU. 3arpsi3HeHe BhIpaXkaeTcs 3/IeCh B POCTe coZleprKa-
HUA B BOZle HUTPATOB, aMMOHUS, XJIOPU/IOB U IPYTUX KOMIIOHEHTOB.

B Benapycu oCHOBHO#M 06'beM CTOUHBIX BOZ cOpachiBaeTcs B peku. O6beM
CTOYHBIX BOJ| COCTaBJIsIET OK0JI0 990 MtH M2 (C y4eTOM 0K AEBBIX BOA). B OT-
paceBoi CTPYKType BOAOOTBEeIEHUST caMOe OOJIbIII0e KOTUIECTBO CTOYHBIX
BO/I, KK ITPABWIO, IPUXOAUTCS Ha KIWIUIITHO-KOMMYHAJIbHOE X035IHUCTBO (OKO-
J10 60%), TPOMBIILIEHHOCTDb U CeJIbCKOEe XO35MCTBO — COOTBETCTBEHHO 16 U
24%. Co CTOYHBIMY BOZAMU B PEKU €XKETOAHO cOPAChIBAETCSI OPraHUYECKUX
semecTs (110 BIIK,), asoTa aMMOHHMIHOr0, a30Ta HUTPUTHOTO, pocdopa doc-
¢darrOTrO 7930, 5390, 200 11 1120 T COOTBETCTBEHHO.

BechbMa OCTpO CTOUT MpobyieMa 3arpsi3HeHUsT peK 6MOTeHHBIMU Belle-
CTBaMU M 3alIUTH UX OT 3BTpoduKanuu. CpeIHEroJoBble KOHIIEHTPAIIUKN
as3oTa aMMOHUIHOTO, peBbimatoiue ITJK, oTMeuaoTcst B Bojie OOJIBIITHH-
cTBa pek berapycu 1 CBUIETEBCTBYIOT O 3arPsI3HEHUU PEYHBIX BOJ, KOTOPO€e
[T0-Pa3HOMY BBIPAXKEHO /I KaXKZ0r'0 BOZHOTO 0O'beKTa KaK I0 roZilaM, TaK U
110 OPeoJTy pacIpoCcTpaHeHus 3arpsA3HAIollero BeuecTBa. CpeHerofoBbIe
KOHIIEHTpAIl1 HUTPATOB B BoJie pek Benapycu He npesimatot [1/IK. Haubo-
Jiee cepbe3Hasi CUTyanus HabmogaeTcs B oTHolneHuu pochopa docdaTHOTO,
CpeZTHETOZIOBOE COZiEpXKaHMe KOTOPOT'O B BOZIE TIEJIOTO PsiZia PEK IIPEBHINIAET
[TJK.

PasnanimioHHBI MOHUTOPUHT ITOBEPXHOCTHHIX BOJ IIPOBOAUTCS Ha IIle-
cTH pekax benapycu, mpoTeKauux M0 TEPPUTOPUAM, 3aTPSI3HEHHBIM B pe-
3y/abrare aBapuu Ha YepHobbuibckoit ADC: [Tuernpe, [Ipursitu, Coxke, VnyTH,
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Becenu, HixHell BparuHke, a Takke Ha o3epe JIpUCBATHI, KOTOpOe ABJIAETCA
npyaoM-oxaagurenem MraamuHckoit ADC.

Konnenrpanuu ne3ua-137 u cTpoHnua-90 B BoLe KOHTPOJIUPYEMBIX PeEK,
3a uckiatoyeHreM HinkHelt BparuHky, Kak IpaBWwIo, 3HAYUTEIbHO HIDKE Y-
IrMeHNYeCKUX HOPMaTUBOB, IIPeyCMOTPEeHHBIX PecIry6IiKaHCKUMU IOy CTH-
MBIMH YPOBHSIMM JJIs1 TUTbeBOM Bozbl (PAIY-99 mis me3usa-137 — 10 Bk /am3,
s cTpoHnusa-90 — 0,37 Bk/am3).

B Boze pexu HuxHssa BparrnHka, Bogoc60p KOTOPO# YaCTUYHO HAXOAUT-
Cs1 Ha TEPPUTOPUU 30HBI OTUYKAeHUA UepHOOBUIbCKOM ADC, HabmogaeTcsa
60J1ee BEICOKOE CoZiepiKaHKe PAJVIOHYKINZIOB IO CPABHEHUIO C IPYTMU KOHT-
poMpyeMBIMH pekaMu. Bricokoe cozepxaHue cTpoHIMA-90 Bo BpeMsA IaBoOz-
KOB Ha0JII0IaeTCsl B BOZAX MAJIBIX PEK, BOZOCOOPHI KOTOPBIX MOTHOCTBIO WIH
YAaCTUYHO HAXOAATCA B 30HE OTUyXJeHus YepHOObUTbcKOM ADC.

PazuaiinonHas 06CcTaHOBKA Ha CPeIHUX U MaJIBIX PeKaX, HaXOAAIUXCS
BHE 30HBI OTUYXJeHus YepHOOBUTbCKOH ADC, ocTaeTcs ctabuabHOM. Cpes-
HeroZoBble KOHIIeHTpaluu CTPOHIMA-90 UMEIOT TeH/IeHIIUIO K CHIDKEHUIO.
YBenuyeHNe KOHIIEHTPAIlUU 3TOTO dJIeMeHTa HelOCPeACTBEHHO CBA3aHO C
BOZHOCTBIO I'0Z]a ¥ €T'0 CMBIBOM C TAJIBIMU U IO A€BBIMU BOZAMHU C BoZocOopa,
KOTOPBIN 3aMeTHO YCUINBAaeTCs BO BpeMs I1aBOJKOB.

1.2.3.7.6. O6uee cocmosiHue NPpupooHbLx 800

Pecnybauxu Kazaxcman

Cpeznu cTpaH EBpoa3uaTckoro KoHTUHeHTa KasaxcTaH BXOJUT B COCTaB
Haubosee BogogeduuuTHEIX. [1o JaHHBIM KoMUTeTa IO BOZHBIM pecypcam
MuHHCcTEpCTBA CEIBCKOTO X031 CTBA yZeabHasA BOZ006eCeueHHOCTb COCTaB-
sset 37 teic. M3 Ha 1 kM2 1 6,0 Thic. M3 Ha 1 JesoBeka B roz. Ha ocHOBaHUM
UHGOPMAITMOHHO-aHATTUTUYECKOTO 0030pa, IOATOTOBIeHHOro B Mae 2009
roZia BeZylUMMH dKCIlepTaMu cTpaH LleHTpanbHOU A3nu B paMKax MeMopaH-
myma CARNet—POIIIA (PernonanpHOro JKomorudeckoro [leHTpa LleHTpas-
HOU A3um), uIib 56,5 KM® BOZHBIX pecypcoB GOPMUPYETCA HA TEPPUTOPUU
pecybauKH, a ocTaabHOM 06beM u3 100,5 KM? ITOCTyIIaeT U3 COCETHUX T'O-
cymapctB (Y3b6ekucraHa, Kutas, Keipreiactana, Poccun).

B KaszaxcraHe c/IOKUIAch CUTYyallusA, KOr/la CIOCOOHOCTh BOJHBIX KO-
CHCTEM K CAMOBOCCTAaHOBJIEHUIO B [IeCATKU Pa3 OTCTaeT 10 CPaBHEHUIO C POC-
TOM QHTPOIIOTeHHON HAaTPY3KHU.

Heb6naronpusATHble KIMMaTHYECKHE U3MEHEHNs, HApacTaHKe TpaHCcrpa-
HUYHOTI'O BO3/IeHiCTBUA, HepallMoOHATbHOE UCII0Ib30BaHUe BOJHBIX PECYPCOB,
MHTEHCHBHBIN POCT BO3/IeHICTBYA TEXHOTeHHBIX COPOCOB, IPUMEHEHNeE yCTa-
PEBIINX TEXHOJOTUM MPUBEIU K 3HAYUTEIbHLIM IIpo6ieMaM B BOJOX035H-
CTBEHHOM CeKTope cTpaHbl. COBOKYITHOCTb BO3/IeHICTBYA 3TUX U APYT'UX Hera-
THUBHBIX GAaKTOPOB BjeyeT 3a co60t MacIITabHble COITMANTbHO-IKONIOTUYECKIe
mpo6IeMBI.

Ocoby10 poJb B CTAHOBJIEHUY U Pa3BUTHUU BOZHOTO X03skcTBa B Kazax-
CTaHe UI'PAEeT IeATENbHOCTb TaKUX T'OCYZapCTBEHHBIX OPTaHOB, Kak b6acceii-
HOBBIEe MHCIEKLINY, KOMUTET I10 BOZHBIM pecypcaM MUHHCTepCTBA CeTbCKOTO
X03AH1CcTBa, MUHKCTEPCTBO OXPaHbl OKpyXarolel cpeibl, MUHUCTEPCTBO
SHEPreTUKU U MUHEPaJIbHBIX PECYPCOB ¥ MHOTHE pyTHe BeJOMCTBA.

BozHyto cTpykTypy KazaxcraHna ycioBHO o6pasytoT Apano-CelpAapbrH-
ckuit, banmxau-Anakonbekuit, UpTeinickuii, MummMcekuit (Ecuibekuit), YKalbik-
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Mmpporpaduyeckas cets Pecnybnmku Kasaxcran

Kacnutickuii (Ypano-Kacoutickuit), Hypa-Capsicyckuti, Tobon-Typraiickuii
u Illy-Tanacckuii peunblie 6acceiinsl (puc. 1.37).

[To ganusiM PI'TI “KasruzpomeT” B X0Zle MOHUTOPUHTA 32 COCTOSTHUEM
MIOBEPXHOCTHHIX BOZ B KOHIle 2008 rozia Ha TEppUTOPUY PECITyOIMKY HabIIIo-
JlaJIoch IpeobiaZilaHye BOAHBIX O6BEKTOB, OTHOCAIINXCS K 3 KJIaccy 3arpss-
HEHHOCTH — “ yMepeHHo 3arpsisHeHHas”, rie V3B Bapbupyetcs ot 1,01 g0 2,5.
K 0CHOBHBIM BOJHBIM 06bEKTaM JAHHOTO KJ1acca OTHOCAT peku: Tuxas, Bpek-
ca, Yiu6u, I'mybouanka, KpacHosipka, Jlepkyi, To6on, Torsizak, Ak-bBynak,
Capsi-bynak, Kumu Anmatsl, Tekec, Hypa, Koprac, lly, Tanac, Akcy, Acca,
Bazawm, Ceipzapbsa (KeisputopauHckas); o3epa: llankap, bankam, YibkeH
AnmMatsl; BogoxpaHwuina: TacoTkenb u Kammrarai. 13 o6cieZiloBaHHBIX BOJ-
HbIX 06beKTOB B 2008 rozy K “4ucThIM” OTHECeHBI peku — EpTuc, ByKThIp-
Ma, Yaras, Oba, IllapoHoBka, Kurau, Ypaiu, Ecunb, BeTTriOynak, Bepkapa,
ByryHb, o3epa — Koma, Bypa6atii, YnbkeH IllabakTsl, [llopTaH U BOAOXpaHU-
sumia — CepreeBckoe, CamapKkaH/cKoe, BsyeciaBckoe. Upe3BbIuaiiHO IPA3HBI-
MM OKasanuch Bozbl pexu Kapa-Kenrup, rzie uH/iekc 3arpsA3sHeHUs IPeBbICHI
10 ycioBHBIX efuHUL,. BosblIol HHTepec y CeluaJluCcTOB, 3aHUMAaIOIINXCA
BOIIPOCAMY MOHUTOPHHIA U OXPaHbI BOZHOU cpeJbl B IeJIAX JaJbHEHIIero
[IPOTHO3MPOBAHUA COCTOAHNA BOJHBIX 9KOCUCTEM, BhI3bIBAET aHAIU3 AUHA-
MMKU U3MEeHEeHU: MH/leKca 3arpA3HEeHNA BOJbI.

1.2.3.7.7. O6wee cocmosiHue npupooOHsLX 800

Pecnyb6auxu Tadxucukucman

XapaKTepHOI 0CO6EHHOCTBIO TIOBEPXHOCTHHIX PEYHBIX BOZ PecyOmuKu
TaKUKUCTAH ABJISETCA MOBHIIIEHHAs MyTHOCTh, 0COOEHHO B BECEHHUH U
OCEHHUU NMepUO/bL, YTO CBA3AHO C II0JIOBOAbEM U J0KEeBBIMU I1aBOAKAMMU.
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JlaHHBIE 110 MYTHOCTHU U B I1€JIOM 110 TUAPOXUMUYECKOMY PEeXUMY PeK
CcTpaHbl u3zatoTcsa I'ugpomereociyk00i Pecrybiauky Ta/PKMKUCTaH OTAEb-
HoV cepuell “ExxeroiHble JaHHBIE O KA4YECTBE IIOBEPXHOCTHBIX BOZL Pecty 6Ky
TamxukucTan”, ABIAIOIIeNca YacThIo rocyZlapcTBeHHOro BogHoro kazacTpa.
MuHepanusaiusa (1o cocTaBy pacTBOPEHHBIX cojieil) apiseTcs B TamKUKu-
CTaHe OCHOBHBIM ITOKasaTesieM IPUT0HOCTU BOZABI 1 TUThA (puc. 1.38).

JlefiCTBYIOIIMMY B cTpaHe HOpMaTUBaMU IIPUHATHI cleyloliye rpaja-
LIMY IIPUTOAHOCTY IIOBEPXHOCTHBIX BOZ JIA IUThA 110 MUHEPaIU3aliU;

¢ 0-600 mr/am? — xopoliiasi MUTheBas BOAA;

¢ 600-1000 Mr/aM?® — yIOBJIETBOPUTENbHASA MUThEBAs BOAA;

e 1-1,5 r/AM® — gomycTUMas A1 TUThS BOAA;

e 1,5-2,5 r/am3 — gomycTyuMast AJis TUThS 0 HEOOXOANUMOCTH;

* 2,5-4,0 r/am® — momycTUMas AJI TUThS B KpaliHeM ciydae;

* Gosee 4 r/aM° — He IPUTOAHAS AJISI IUTHS BOJA.

Hopwme! kauecTBa BoJbl, IpUMeHAEMOH /1A 1eHTPaJlu30BaHHOI'O BOJO-
cHabXeHws, perylaMeHTUPYIoTCsA [ocyaapeTBeHHBIM cTanzapToM (TOCT 2874-
83 — Boza nutbeBas) u [IpaBuiaMu oXpaHbl IOBEPXHOCTHBIX BOJ, OT 3arpss-
HeHUs. [IpUMEHUTENBHO K BBIIIEN3I0KeHHBIM YCJIOBUAM OONBITHHCTBO PEK
Ta/pxuKucTaHa 001aaI0T XOPOIIMMY TUTHEBBIMU KaueCTBAMU B T€UEHHUE
BCero roza. B mexxeHHBIN Iepro/ TUTheBble KauecTBa BOABI HEKOTOPHIX peK
YXyAIIAIOTCA B CBA3HU C IIOBBIIIIEHUEM MUHEpaIu3aluu.

AHainu3 1 0606111eHYe GaKTUIECKUX JaHHBIX CAHITUAEMUOIOTUIECKUX
CTAHIIUY ITOKA3aJ, 9YTO Ka4eCTBO BOABI B UCTOYHUKAX BOJOCHAOXeHU (poz-

YCJ/IOBHbIE O6O3HAY4EHNA

Pekn
Mepecbixatowme pekn
BopoxpaHunuia n o3epa

MACLWUTAB
Km0 10 50 100 kKm

Mmaporpaduueckas cets Pecnybnukm Tapxukucran (MMuBP PT, Oywan6e 2010)
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HUWKU, CKBaKUHBI, KOJIO/IbI, BOZIOTIPOBOABI, OTKPHIThIE BOZOEMBI) B TamKu-
KHCTaHe HaXOAUTCA B Mpeiesax:
* 110 BOJOPOJHOMY oKa3aTesto pH ot 6 70 8,5;
* IO XJIOPHZAM BO BCEX UCTOYHHUKAX OT 2,2 10 170 Mr/AM3, B TOM Yncie
B BOZIONIPOBOJHOM ceTH — oT 6 0 170 mr/am3, B poAHUKAX — OT 2,2
1o 20 mr/am® U B ckBaskuHax oT 17 go 150 mr/am® (T.e. B mpejienax
HOPMBI);
* 1o cynbdaTaM B BOAOIPOBOAHOU BOZe — B IIpeZiesiax HOPMBI — oT 1,3
o 378 mr/am3;
* TI0 )KECTKOCTHU BOJIbI POJHUKOBBIE UICTOUHUKU HE TIPEBBIMIAIOT IOy C-
THUMble HOPMBI, @ BOJJOIIPOBO/IHbIE HAXOJATCA B IIpe/ieJlax HOPMBI OT
4,1 g0 7,2 M 5KB/AM3.

CTpyKTypa BHYTPEHHETO BOAOIMOTPEOIEHNUS B PECITyOIHUKE CYIeCTBEH-
HO TpaHchOpMUpOBaIach B IOCAEAHNE TOAbI: CBBIIIE 97% 00HEMOB BO/BI B
cpeZiHeM PaCcXOAYIOTCSA Ha HYXK/bI OPOIIAaeMOTO 3eMeZienust, okomo 1% — Ha
HY>XJ bl IPOMBIILIEHHOCTH, 0K0JI0 0,43% — Ha X03A1ICTBEHHO-IUTheBbIe HYX-
Iel, 0,65% — Ha HY»K/IbI CETbCKOXO3SIMCTBEHHOTO BOAOCHAOKeHUs. [Ipounie ke
BO/IOTIOTPEOJIAIONTNE CEKTOPBI 9KOHOMUKH U cdepa YyCIyT B COBOKYITHOCTU
HCTIONB3YIOT 0KO0JI0 0,2% CyMMapHOTO BHYTPEHHET0 BOAOIOTpe6eHus. Ceb-
CKOXO3STUCTBEHHOE IIPOU3BOZICTBO, B TOM YKCJIE OCHOBAHHOE Ha OPOIIIaeMOM
3eMJIe/iesIvM, 3aHUMAeT BeZlylilee MecTo B 5KOHOMUKe cTpaHbl. [Liomaau opo-
IIIaeMbIX 3eMeJb peBbimaioT 0,74 MmiaH ra (7400 km?2).

B mesiom BogHbIe pecypchl Ta/pKUKMCTaHA OIEHUBAIOTCS KaK YUCThHIE U
OYeHb yucThle. TeHAeHIM Cyl[eCTBEHHOIr'0 YXY/IIeHUs KauyeCcTBa BOAHBIX
PECYPCOB 3a MocJIeHee eCATUIETHE He OTMeUYeHO, 6ojiee Toro, 06'beMbI cOpo-
ca 3arpsA3HAIONINX BEMECTB B IPUPOAHbBIE BOJHbIE 0O'BEKTHI YMEHBIIIHINCH
TIOYTHU B TPU pasa.

B HacTodAmee BpeMa OCHOBHBIMU UCTOYHUKAMU 3arpA3HEeHUA ABIAIOTCA
cOpOCH MUHEPATU30BAHHBIX KOJUIEKTOPHO-IPEHAKHBIX BOJ U HEOUHUIIIEHHBIX
CTOYHBIX BOJ B PEKH, a TAK)KE HEYIIOPsIOUeHHAs YTUIN3a1usa OBITOBBIX OTXO-
JIOB B CEJIbCKUX HAaCETeHHBIX TyHKTAaX, PACIIOIOKEHHBIX BOIM3U BOZOCOOPHBIX
bacceiiHOB.

1.2.3.7.8. O6wee cocmosHue npupooHwvix 800 Kvipzsizckoii Pecnybauxu

MakcuMaibHbIe TTOKa3aTeau Bogo3abopa (13,93 kM3 /TOf) U UCIIOIb30-
BaHusA Bogs! (10,05 kM/Toa) B KbIpreiacTaHe GbUTH ZOCTUTHYTH B 1988 rozy.
OfHaKo B MOCIEAYIONINE TOAbl 06beMBI BOZ03a60pa YMEHbUTUINCD [0 7,5—
10 xm3/T0/, a UCIOTB30BaHUE TOA3EMHBIX BOJ TaK)Ke COKpaTuiock ¢ 1,0 o
0,2-0,3 kM3 B roz (Ha 2013 rozx).

CTpyKTypa BHyTpeHHero BogonoTpebienus B Koiproizcrane (puc. 1.39)
JIOCTAaTOYHO cTabuibHa — 0K0I0 90% 06BHEMOB BOABI B CPeHEM €KETOAHO
pacxoayeTcs Ha HYXZbI OPOIIaeMOT'0 3eMJIeZIeTNsl, OKOJIO 6% — Ha HYXKABI
MIPOMBIIIIEHHOCTH, MeHee 3% — Ha KOMMYHAaJIbHO-OBITOBBIE HYK/IbI, BKJIIO-
yas MUTheBOe BOJ0CHAOKeHMe TOPOACKOTO U CeTbCKOTO HaceleHus. JIecHoe,
PEIGHOE XO3AHCTBO, S9HEPTeTHKA, JPyTHe BOAOIIOTPEOIAIONIE CEKTOPHI 9KO-
HOMUKH U chepa yCIyT B COBOKYITHOCTH UCIIOTB3YIOT MeHee 1% cyMMapHOro
BHyTpeHHero BojionoTpebnenus. CembCKOX03IMCTBEHHOE TTPOU3BO/JCTBO, B
TOM YHCJIe OCHOBAaHHOE Ha OpPOIIAaeMOM 3eMJIeZIENTNN, 3aHUMAEeT BeAylee
MecTo. [Ino1aau opolraeMbIx 3eMesb cocTaBisAoT 1,02 MIH ra.
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Crpyktypa
sofonoTpebneHus
8 Pecnybnuke
Keiproiactan

Ta6bnuua 1.24.

1.2 e Bopa s npupoge 121

BopocHabxeHune 3%

MpombliwneHHOCTb 6% ™~ _— Mpoune HyxAabl 1%

~—_ OpoleHne 90%

KavecTBO MUTHEBOH BOJBI B TOPO/JICKHUX PAallOHAX OCTAETCA HEU3MEHHBIM
Ha MIPOTSHKEHUU MHOTHUX JIET. B ceIbCKUX paliloHax KauecTBO BOJOIIPOBOAHOM
BOJIBI YXY/IIIIAIOCH M3-3a TIOBBIIIIEHHOTO HCITOJb30BAHUS TOBEPXHOCTHBIX BOJ
B KauecTBe MUTheBOU BOJBI.

HaynHast c COBETCKUX BpEMEH M3-3a HEZIOCTAaTKA MHBECTUIINI COCTOSTHUE
BOZIOOYHCTHBIX COOPYKEHHH YXyAIUIMIOCh 10 OTTACHOTO YPOBHSA U OOJIbIIas
YacTh BOZOIIPOBOAHOM BOZAB BOOOIIE He MPOXOAUT HUKAKOH 06pabOTKH.
[MuTbeBasi Bojia U3 COOCTBEHHBIX KOJIOAIEB OOBIYHO He Ae3UHPUIIUPYETCS, U
ee KaueCTBO B LIeJIOM He OYeHb YZOBIETBOPUTETbHOE (Tabs. 1.24).

13-3a 3aKpBITHUSI MHOTMX KPYITHBIX IPOMBIIIIEHHBIX TTPEATIPUATHH ITOCITE
pacmaza CoBetckoro Coio3a 06beM BOJBI, UCIIOTb3yEMOM B IIPOMBIIIIEHHO-
CTH, 3HAYUTENBHO COKpaTwics. CaMbIMU BaXKHBIMU OTPAC/IAMU ITPOMBIIILIEH-
HOCTH B HaCTOsIIee BpeMs SIBJIAIOTCS TOPHOZOOBIBAIOIAS IPOMBIIIIEHHOCTh
(30710TO ¥ yrosib) U 3HEepreTUKa. J[pyrue BasKHbIE OTPACIU — 3TO CTPOUTENb-
CTBO, IUIIIEBAsA Y TEKCTWIbHASA IPOMBILUIEHHOCTD.

CocTosHME LUEHTPANUM3OBAHHbIX MCTOYHMKOB BOAOCHABXEHMS
M KOYECTBO NMUTLEBOW BObI

CHabxeHue CHabXxenue nosepx-

Mngnkatop noA3eMHbIMU BOAamMun HOCTHbIMK BOAAMU

Konm4ecTBO UCTOYHUKOB LLEHTPATM30BAHHBIX BOJ03A00PHbIX

CTaHUuiA

1207 93

% WCTOYHUKOB BOJibl, HECOOTBETCTBYHOLLMX CAHUTAPHbIM
HOpMam 1 npasunam 3,6 18,2

% UCTOYHWUKOB BOfbI, HECOOTBETCTBYHOLLMX CAHUTAPHBIM
HOpMaMm 1 NpaBusiam 13-3a HEXBATKN 30H CaHUTapHOIA

O0XpaHbl

1,5 3.2

KonnyecTso 06pasLoB, NPOBEPEHHbIX HA Haln4me
CAHUTAPHbIX N XMMUYECKINX UHANKATOPOB 31953 275

% 06pasLi0B, HECOOTBETCTBYHOLLX TUTMEHNYECKNM

HOpMam

0,2 11

KonnyecTso 06pasLoB, NPOBEPEHHbIX HA NPUCYTCTBUE
MUKPOBMONOrMYeCKINX MHANKATOPOB 2860 163

% 06pasLL0B, HECOOTBETCTBYHOLLX TMTMEHNYECKNM

CTaHdapTam

6,2 171
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B 11eioM BogHBIE pecypchl KbIprei3cTaHa OIleHUBAIOTCA KaK YMCThIEe U
OueHb YrcThle. TeHZEeHIINY CYIIeCTBEHHOTO YXY/IIIeHUsI KaueCcTBA BOAHBIX pe-
CYPCOB 3a IoC/IeIHEe IeCATUIETHE He HaboAaeTcs. TeM He MeHee OTMedaeTcsT
MIepUOANYECKHe TPEBBIIIEHHSI HOPMATUBOB 3arpsi3HEHUs BO/ B 6acceliHax p. Uy
Y FOXKHBIX PETHOHAX CTPaHbl, B OCHOBHOM BOJIM3Y KPYITHBIX HACEIEHHBIX ITyHK-
TOB. OCHOBHBIMH MCTOYHUKAMHU 3aT'PSA3HEHUS BOZ, ABJIIOTCS CETbCKOX03STiH-
CTBEHHBIE, B MEHBIIIEH CTETIEHU — ITPOMBIIIIIEHHBIE TTPETIPUATHUA, MyHUIUTIATb-
HbIe CUCTEMbI KaHaIU3aI[MH1 U OBITOBbIE OTXOZbI HaceleHus. [[oTeHI[MaTbHYIO
OIIaCHOCTD JJIsT IPUPOAHBIX BOAHBIX 00BEKTOB U YCIOBUM KU3Heobecte-
YeHWs HaceJIeHUs TIPECTaBIAIOT OTBAJIBl U XBOCTOXPAHMIUIIA TOPHOAOOBI-
Barolllell MPOMBINIVIEHHOCTH, Paclo/ioKeHHbIe B KOHycaxX BbIHOCA U B TOMMax
PEK, I7ie XPaHATCS PAZANOAKTUBHBIE OTXO/BI U COJIU TSKEJTBIX METAJLIOB.

CyuiecTBeHHBIM (paKTOPOM, OKa3bIBAIOIIMM HETaTUBHOE BIUSHUE Ha
KavyeCTBO BOAHBIX PECYPCOB, SIBJISIETCSA HEYIIOPSAA0YEeHHAS X035IUCTBEHHAs
ZlesITeIbHOCTh B BOZIOOXPAHHBIX 30HAX U MTOJI0CAX TOBEPXHOCTHBIX BOJHBIX
00BEKTOB, a TAK)KE HEYOBIETBOPUTENHHOE COCTOSTHYE 30H CAHUTAPHOM OXpa-
HBI MECTOPOXKEHUN ITOA3EMHBIX BO/I.

1.2.3.7.9. Obuee cocmosHue npupodHsix 800 Poccuiickoii Pedepayuu

[TokasaTenp KauecTBa NUThEBOU BOABI NTO3BOJAET ONPEeNUTh PUCK
HEraTUBHOT'O BO3/IeCTBUA HEKaUYeCTBEHHOUN MUTHEBOY BOJABI HAa 37I0POBbE
YyeJioBeKa, a TaKKe XapaKTepU3yeT yPOBEeHb COOTBETCTBUSA MTUTheBOU BOABI
CaHUTapPHBIM TPeOOBaHUAM.

B BogHble 06beKTHI Poccuiickol ®egepanuu copachiBaeTcsa 45,5 kM B
r'o/l CTOYHBIX BOJ], U3 KOTOPBIX 17,3 KM, (32,2%) mozyexxaT ourcTKe. CBhIIIe
72% CTOYHBIX BOJ, TOAJIEKAIIUX OUUCTKE, COPaChIBAalOTCS B BOAHbBIE 00B-
€KThI HEZIOCTAaTOYHO OYUIIEHHBIMU, 17% — 3arpsi3HeHHBIMU 6€3 OYUCTKU U
TOJNBKO 11% — OYUIIEHHBIMY 0 YCTaHOBJIEHHBIX HOpPMaTUBOB. BmecTe co
CTOYHBIMY BOZIaMU B TTIOBEPXHOCTHBIE BOJHBIE 00BEKTHI Poccuiickoit Pegepa-
LMY e3KEeroHO MOCTyTaeT OKoJIo 11 MIH T 3arpA3HAILIKUX BeljecTB. OCHOB-
HBIMM UCTOYHUKAMU 3aTPA3HEHHBIX CTOYHBIX BOZ ABJAIOTCA NPEANPUITUA
KWINIITHO-KOMMYHAIBHOT'O X035 CTBA, TPOMBIIUIEHHOCTH M arpOMPOMBIIII-
JIEHHOTO KOMILIEKCa, Ha JOJII0 KOTOPHIX MPUXOAUTCSA cBhilite 90% 06111ero
ob6beMa cOpoca 3arpsi3HEHHBIX CTOYHBIX BOZ, (Tabs. 1.25).

JloJisi 3arpsI3HEHHBIX CTOYHBIX BOJI, COPOIIIEHHBIX 6€3 OYMCTKH, B Poccuii-
ckoit ®ezepanuu B 06111eM 06beMe CTOKOB cocTaBuiIa B 2012 rozy 6,78%.

O6beM cbpoca 3arpsi3HEHHBIX CTOYHBIX BOZ, IIPEATTPUATUIMU JKHIUITHO-
KOMMYHaJIbHOTO X035HCTBa cocTaBJsieT cBbilre 60% obIero o6beMa copoca
3arpsiI3HEHHBIX CTOYHBIX BOJ B Poccutickoit @ezpepanuu. [IppyurHaMu 3TOTO
SIBJIAIOTCS 3HAYUTENBHBIN N3HOC OYUCTHBIX COOPYKEHUH, IPUMeHEeHMe yCTa-
PEBIINX TEXHOJIOTUHU OYUCTKU CTOYHBIX BOJ, IPHUEM OOBEKTAMU KUIHUIIIHO-
KOMMYHaJIbHOT'O XO35IMCTBa 3arpsI3HEHHBIX CTOKOB IIPOMBIIIJIEHHBIX MIPEJ-
TIPUATUH.

Ha 10J110 IPOMBIINIZIEHHOCTH PUXOAUTCA 25% 0611ero o6bema cobpoca
3arpsi3HEHHBIX CTOYHBIX BOZ. OCHOBHBIMU UCTOYHUKAMU 3aTPsi3HEHUA BOJ-
HBIX OOBEKTOB ABJISIOTCS IPEANPUSTHS, OCYIECTBIAIOIINE IEJUTI0JI03HO-0y-
Ma)KHOe, XUMHYEeCKOe, METAJLTyPTUYeCKOe POHU3BOICTBO, MTOIUTPAPUIECKYIO
eATeNTbHOCTbD, TPOU3BO/ICTBO KOKCA, HEPTEMPOAYKTOB, OOBIUY METALTHNYE-
CKUX Py, a TaK)Xe MPeANPUATHSA YyTOIbHOU IPOMBIIIIEHHOCTH.
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Ta6bnuua 1.25. [NoctynneHue 3arpasHSIOLLMX BELWECTB CO CTOYHBIMM BOAGMM B BOLOEMbI

Pocewitckon Pepepaumm (Poccrar, 2013)

Moka3zarenpb fon
1990 2000 2005 2010 2011 2012
06bem c6poca CTOYHbIX BOA, MIpA Km® 75,2 55,6 50,9 49,2 481 45,5
B cocTtaBe CTOYHbIX BOA COPOLLEHO:
cynbatoB, MAH T 52,9 2,7 2,2 1,9 1,9 2,0
XJI0PUAO0B, MAH T 55,0 7,3 6,7 6,7 5,4 5,6
061LLero a3ora, TbiC. T 151,8 413 34,5 36,4 34,2 32,0
HUTPATOB, ThIC. T 77,8 208,5 374,7 366,4 409,9 432,2
XWUPOB W Mace, TbiC. T 48,5 15,2 8,1 41 3,4 2,9
theHona, T 264,6 66,6 429 28,0 24,5 22,4
CBUHLA, T 144.8 349 14,8 9,0 6,4 6,2
pTyTH, T 13,9 0,2 0,1 0,02 0,01 0,01

BBICOKYIO CTETIEHb BO3/IeHICTBHSA Ha BOAHBIE OOBEKTHI OKA3bIBAET pac-
cpesoToueHHBIN (AU Qy3HBIN) CTOK C CETbCKOXO3IHCTBEHHBIX U CETUTEOHBIX
TEPPUTOPHUH, TUIOMIA/IeH, 3aHATHIX OTBAJIAMU U OTXOaMU IIPOMBIIIJIEHHOTO
IIPOM3BO/ICTBA, a TaK)Ke TPaHCTpaHUYHbIe 3arpsi3HeHuA. CII0KUBLINICA yPo-
BEHb AHTPOITOIeHHOTO 3arPSI3HEHUS SBJISETCA OHOW U3 OCHOBHBIX IPUYMH,
BBI3BIBAIOIINX JIETPAZIAlINIO PEK, BOJOXPAHWIINII, O3€PHBIX CUCTEM, HAKOTLIe-
HUe B JIOHHBIX OTJIOXKEHUAX, BOAHON pacTUTENbHOCTH U BOAHBIX OpPraHU3Max
3arpsA3HAIOININX BEIIECTB, B TOM YHCJ€ TOKCUYHBIX, U YXYAIIEeHNEe KadyeCTBa
BOJI IOBEPXHOCTHBIX BOJJHBIX 00bEKTOB, HCITOJb3YEMbIX B KAYECTBE UCTOYHU-
KOB IINTHEBOI'0 U X035 CTBEHHO-OBITOBOIO BOAOCHAOKEHHA U ABJIAIOIINXCS
cpezoii 0OUTaHUS BOAHBIX OHOJOTUYECKUX PECYPCOB.

O kauecTBe BOZIBI, UCIIOJIb3yEMOUM Ha MUTbEBbIe U XO3ANUCTBEHHO-
OBITOBBIE HYK/BI MOKHO CYAUTh 110 JaHHBIM MOHUTOPUHTA BOAHBIX CUCTEM
(tabm. 1.26).

BonbUIMHCTBO BOZOX03AMCTBEHHBIX yUaCTKOB Ha TeppuTopuu Poccutii-
ckoti @esrepaniiv XapaKTePU3YIOTCS BRICOKOU CTETIEHBIO 3aTPsI3HEHUS BOJHBIX
00BEKTOB ¥ HU3KUM KauyeCTBOM BOZbI. Hanbosiee HampsisKeHHAsT SKOJIOTH-
YyecKas CUTyallus CJIOKUIach B 6acceiiHax pek Boiara, O6b, EHuceit, AMyp,

Ta6nuua 1.26. XapakTepucTuka KQ4ecTsd BOAbI, MCMONb3YEMOM HA MUTLEBLIE U XO3AMCTBEHHO-

BLITOBLIE HYX/ibl O AAHHBIM MOHKTOPKMHIA (MuHnpupoas P®, 2013)

lop
lokasarens, %
2010 2011 2012
[ons npo6, He 0TBEYAIOLLMX TMTMEHUYECKUM NOKA3aTeNnsm 10,45 10,02 10,04
B TOM YUCnE:
110 MUKPOOBKONOrNYeCcKNM NoKasaTensm 6,47 5,68 5,50
M0 PasLuonornyecknm rnokasaresiam 4,62 2,97 4,38

M0 Napas1ToNoOr14ecKM nokasaTenam 0,09 0,12 0,12




124

Fnaea 1 ¢ Bopa s 6rocdepe 1 xu3HM yenoseka

CeBepHas /[BuHa u [leyopa, 3arps3HEHbI TaKXKe TIOBEPXHOCTHBIE BOABI Hac-
celiHOB pek JloH, Kyb6aHub, Tepek u pek 6acceifHa BaaTuiickoro mops.

B Tab:1. 1.27 mokasaH o6beM cOpoca 3arpsA3HeHHbIX CTOYHBIX BOZ, ITO Hac-
ceifHaM OTJeTbHBIX MOPEH U PeK.

HecmoTpsa Ha HaMeTUBIIYIOCA B IIOCIeZHYE TOAbI [T0JI0KUTEIbHYIO TeH-
JIeHIIUIO YMEHbIIEeHUA aHTPOIIOTeHHOU Harpy3Ky Ha OT[eibHble BOAHBIE
00'BEKTHI, aZIeKBaTHOE YIyUIllIeHle Ka4eCTBA IOBEPXHOCTHBIX BOZ He IIPOYUC-
xozuT. OCHOBHBIMU [TPUYMHAMU ABJIAIOTCA: OTCYTCTBUE HA MHOTHX ITpeAIpuUA-
TUAX HEOOXOAUMBIX OYMCTHBIX COOPYKEHUI; C6POC HEOUUIIIEHHBIX TMBHEBBIX
CTOKOB C TEPPUTOPUIL HOIBIUINX TOPOZOB, IIPOMBIIUIEHHBIX U CEIbCKOXO3SIH-
CTBEHHBIX IPEJIPUATHI; 60IbIINe 00beMbl HAKOTIMBIIUXCA 3aTrPA3HAIOLINX
BEIeCTB B IOHHBIX OTIOXEHUAX, ABIAIOUIUXCA HCTOYHUKAMU BTOPUYHOI'O
3arpsA3HeHUs IIOBEPXHOCTHBIX BOZ.

[To sKcIIepTHHIM OIIEHKAaM B IleJioM 110 Poccutickoit @ezpeparivu 101 3a-
I'PA3HEHHBIX BOZ He IpeBhImaeT 5—6% o0Iel BeTMYUHBI UX UCIIOIb30BaHUSA
JUI1 MAThEBOT'O BOAOCHAOXKEeHUs HaceleHus. 3arpsa3HeHue 2483 y4acTKOB
(38% o00611€T0 KOTUYECTBA) CBSI3aHO C AEATENbHOCTHIO MMPOMBIIIIEHHBIX
npeAnpusaTUit, 967 yaactkoB (15%) — ¢ cenbCKOX035IUCTBEHHOU leaTeTbHO-
CThbI0, 863 yyacTkoB (14%) — ¢ KOMMyHaJIbHBIM X03AKWCTBOM, 410 y4acTKOB
(6%) — B pe3ysbTaTe NOATATMBAHUA HEKOHUIIMOHHBIX IPUPOAHBIX BOZ IIPU
HapyUIeHUH peXuMa UX dKcIUTyatanud, 733 yaactkoB (11%) obycioBieHO
ZIeATeIbHOCTBIO POMBILIUIEHHBIX, KOMMYHAJIbHBIX U CEIbCKOX03AMCTBEHHBIX
06bEKTOB (3arpsI3HEHNUE TIOA3EMHBIX BOJ “cMeraHHoe”), a 711 1000 y4acTKoB
(16%) ucTOYHUK 3arpA3HEeHNA IOA3EMHBIX BOZ He ycTaHOoB/IeH. OCHOBHBIMU

Ta6bnuua 1.27. O6bem cOpOCa 3arpsi3HEHHBIX CTOYHBIX BOL MO 6ACCENHAM OTAENbHBIX MOPEV

n pek, mnpa m3 (Poccrar, 2013)

fon
bacceiiHbl MOpen U pek
1990 2000 2005 2010 2011 2012
Bcero 27,8 20,3 17,7 16,5 16,0 15,7
bacceliH bantuiickoro mops 2,7 2,2 2,0 2,0 1,9 1,8
B TOM 4ucne p. Heea 1,6 0,5 0,4 0,4 0,3 0,3
bacceitH YepHoro mops 0,4 0,3 0,2 0,2 0,2 0,2
bacceliH A30BCKOro Mops 3,9 2,0 1,6 1,6 1,6 1,6
B TOM 4ucre 6acceiitbl pek:
[loH 0,9 0,8 0,7 0,7 0,6 0,6
Ky6aHb 1,7 0,6 0,5 0,5 0,5 0,5
bacceitn Kacnuickoro mops 11,8 9,2 8,0 7,3 71 7,0
B TOM 4ucre 6acceiH p. Bonra 11,1 8,3 7,3 6,4 6,2 6,2
bacceliH Kapckoro mops 6,2 4,2 3,8 3,3 3,2 3,0
B TOM 4uncie 6acceiiHbl pek:
Exnceir 3.1 1,4 1,2 0,9 0,9 0,9
06b 2,8 2,6 2,4 2,3 2,2 2,1
bacceliH benoro mops 1,1 0,9 0,8 0,7 0,7 0,7
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3arps3HAIONIMMY II0JI3eMHbIE BOJbI BEIIECTBAMU SBJIIOTCS COeJUHEHUS a30Ta
(HUTpaTHl, HUTPUTBI, aMMHUAK MJIM aMMOHUH — Ha 2939 yyacTkax), HedTemnpo-
ZAyKTHI (Ha 1812 yuacTkax), cyabdaTsl ¥ XI0pUuas (onpezieneHbl Ha 889 yuact-
Kax), TshKeJlble MeTasulbl (MeZb, IIMHK, CBHUHEIl, KaJAMUH, KOOAIbT, HUKEb,
PTYTb WU CypbMa — Ha 479 y4yacTkax), ¢eHomnsl (Ha 407 ydacTKax).

Jnsa 4745 ydacTkoB (73%) UHTEHCUBHOCTD 3arpA3HEHUs OA3eMHBIX
BoZ cocrarisieT 1-10 ITJK, Ha 1221 yyactkax (19%) uameHsieTcs B mpefe-
sgax 10-100 ITJK, na 490 yuyacTtkax (8%) npessimaeT 100 ITJK. ComtacHo
HopmaTtuBaM CanlluH 2.1.4.1074-01, ype3BbIuaiiHO OITAaCHOM CTeIeHU 3a-
rpsA3HEHUs MoA3eMHBIX BoZ, (1-11 Kylacc OIMacHOCTH 3aTrPA3HAIONINX BEIleCTB)
mogBep)keHbI 253 yyacTKa (4% o0I11ero KoaudecTBa 3arpsa3HAIOIUX yIacT-
KOB), BeICOKOOTIacHOMY (2-#1 kimacc) — 1141 ygacTtok (18%), omacHoMy
(3-i1 xyacc) — 2628 yuacTtkoB (40%) 1 ymepeHHO onacHoMy (4-# Kiacc) —
1081 ygacrok (17%).

B 11€J1X ITOBBIIIIEHUA Ka4eCcTBa BOABI B BOAHBIX 00bEeKTax, BOCCTaHOBIIE-
HUS BOAHBIX 9KOCUCTEM U PEKPealiOHHOI0 IIOTeHIIMaIa BOAHBIX 00 BEKTOB
TpebyeTcs pelnuThb CIeAyIONIHe 3aauu:

— COKpallleHHe aHTPOITOTE€HHOT'O BO3/IEHCTBUS Ha BOJHBIE OOBEKTHI U UX BO-

Z0COOPHBIE TEPPUTOPUH;

— TpefOTBpalleHNe AeTPaZialliy MaJIbIX PEK;
— OXpaHa U IpeZoTBpallleHue 3arps3HeHUs TOA3€MHBIX BOAHBIX 0OBEKTOB.

OCHOBHBIM HallpaB/IeHHUEM ITOBBIIIEHUs PAIlMOHATLHOCTH BOJOIIOIb30-
BaHUA ABJSETCS SKOHOMUYECKOEe CTUMY/IMPOBAHUE COKPAIeHUs yeTbHOTO
BoZONIOTpe6IeHNS, HETIPOU3BOAUTENbHBIX IIOTEPH BOABI U BHEAPEHUI BOJO-
cOeperaroimux TeXHOIOTHH.

T'uapo6uoorniecKre HabJT0IeHYs BKIIOYAIOT B ce0s1 N3y4YeHHe OCHOB-
HBIX 9KOJIOTUYECKUX COOOIIecTB: GUTOIUIAHKTOHA, 300IUIAHKTOHA, TIepUGUTO-
Ha 1 3000eHTOCa. KaXkzoe 13 3THX SKOJIOTMYECKUX COODIeCTB HabII0AaeTCs
IO psiZly TapaMeTpoB. [lepBUYHBIE HAOJIIOZIEHUS TT03BOJISIIOT PACCYUTATD CITe-
IManbHbIe 06006IeHHBIE TUAPOOUOTOTUUECKIE HH/IEKCHI, IT0 3HAYeHHUIO KOTO-
PBIX MOYKHO ZIaTh OIIEHKY KauyeCTBa BOZ IO eCTUOA/UIBHOM ITKasie: oT I Kacca
(ouenb yucThle Bogbl) 0 VI knacca (o4eHb IpA3HbIE BOABI).

BiusiHME 3arpsisHEHN Ha BOAHBIE O6'bEKTHI MOKHO BHIPA3UTh TAKIKE Uepe3
KaTeropuu 3KOJOTUYECKUX I'PAZAIUM, B KOTOPBIX MOTYT HAXOJUTbCS SKOCUC-
TeMbl. [Ipu 3TOM 110 Mepe pocTa Harpy3Ku 3arpsi3HeHUsA Ha BOAHYIO Cpe/ly Ha-
OJII0[JaeTCs ITOC/Ie0BATENIbHOE N3MEHEHME COCTOSHUS BOJHBIX DKOCHUCTEM.

B 3aBHCUMOCTU OT Harpy3Ku Ha BOAHYIO CPeZly Pa3IMdaloT CAeAyIole
rocaeloBaTebHbIE TPAZAl COCTOSTHUSA SKOCUCTEM:
3KOJIOTUYECKOE 6JIarOIoTyJune;
aHTPOIIOTEHHOE 3KO0JIOTUYecKoe HalpsKeHue,;

AHTPOTIOTEHHBIN KOJIOTUYECKUH PErpecc;
AHTPOIIOTeHHBIN MeTabOoTMYeCKUi perpecc.

[TpuMeHeHUe TaKoro ABONHOIO ITOAX0/a K OlleHKe KaueCTBA SKOCUCTEM —
yepe3 KaTeropuu SKOJOTHIECKUX T'PAZIAIIAN U 110 IIKaJie Ka4eCTBA BOZ, — aeT
BO3MO)XHOCTh Hanbosiee 00bEeKTUBHO U BCEOOBEMITIONIE OXapaKTEPU30BATh
COCTOSTHHE U3yYaeMbIX CHUCTEM.

B 2012 roxy Takas oljeHKa 6bUTa Mpor3BeAeHa Ha 93 BOAHBIX 0ObEKTaX
Poccuiickoit @enepannu Ha 188 cTBOpax B IIeCTU THAPOTPAPUIECKUX panio-
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Ta6bnuua 1.28. TeHgeHUMM B USMEHEHWM COCTOAHMUSA SKOCUCTEM BOAHbIX 0ObekTOB B Poccuitckon

JKONOru4eckoe cocTosHue

Denepaupm (Munnpupoas PP, 2013)

KonuyectBo BofHbIX 06LEKTOB

2007r. 2008r. 2009r. 2010r. 2011r. 2012r.

dkonoruyeckoe bnaronony4ue 18 20 21 24 30 32
AHTPOMOreHHOEe 3KONIOTUYECKOe HanpsXKeHne 74 65 44 36 38 40
C 971eMeHTamMu 3KOJI0T4eCKOro perpecca

AKONOrM4ecKUn 1 MeTabonnyecknii perpecc 8 25 35 30 32 28
Bcero 100 100 100 100 100 100

Hax: Kapenbckom, BaaTutickom, Kacriuiickom, Boctouno-Cubupckom, Kap-
ckoM U TuxookeaHckoM. [1o pe3ysbTaTaM UCCIe[OBaHUs BOAHBIX 0ObEKTOB
OBLTY BHISIBJIEHB HANOOJIee 3arpsi3HEHHbBIE BOZOEMBI. DKOCHUCTEMEI 3THX BO-
ZIOEMOB UCITBITHIBAIOT CUJIbHOE HETAaTUBHOE BO3/[€MCTBYE 3aTPsI3HEHUS U Ha-
XOZSATCA B COCTOSTHUU 3KOJIOTUYECKOTO perpecca. B paccmarpuBaemoM rogy
BOZIHbIE OOBEKTHI 110 KAUeCTBY 9KOCUCTEM B IIPOIEHTHOM OTHOUIEHUH pac-
MIpeJeTWINCh CIeAyIoMUM 06pa3oM. B cocToAHUY 3KOIOTUYECKOTO 61aro-
MTOJTyYUsT HAXOJATCS SKoCcUCTeMBI 32% 06cieJoBaHHBIX BOJHBIX 00BEKTOB, B
COCTOSTHUY aHTPOITOTEHHOT'O SKOJIOTMYECKOT0 ¥ METabOIMIECKOTO perpecca —
28%, a B IPOMEXYTOYHOM COCTOSIHUH, T.€. B COCTOSHUU aHTPOIIOT€HHOT'O
3KOJIOTUYeCKOT'0 HaIPSXKEHUS U C 3JIeMeHTaMU SKOJIOTMUeCKOoro perpecca, Ha-
xozsTcst 40% MpecHOBOAHBIX 9KOCUCTEM BOAHBIX 00BEKTOB. TakuM 06pa3om,
BUZIHO, YTO KOJIUYECTBO OJIATOMONYIHBIX 0OBEKTOB MOABEPIKEHO JIUIIIH He-
3HAYUTETHHBIM KOJIe6aHUAM, B TO BpeMsI KaK COOTHOIIIeHHe YKcia 06beKTOB
B aHTPOTIOTEHHOM HaIpPSIKEHUN U 0OBEKTOB B COCTOSTHUM SKOJIOTUIECKOTO U
MeTaboJIMYECKOTO perpecca MOMEHSIOCh B II0JTb3Y MEePBLIX, TIPEB30H I KOHKY-
PEHTOB IIOYTH B TIOJTOpa pa3a. Pacmpeenenne HabI0gaeMbIX BOAHBIX 00B-
€KTOB TI0 DKOJIOTUYECKOMY COCTOSTHUIO 32 ITOC/IETHUE CEMb JIET TIPEICTABIEHO
B Tab:. 1.28 (B mpolieHTax OT HabJII0JaeMOr0 KOJIMYeCTBa BOAHBIX OOBEKTOB
3a KaykIbIH T/, KOTOphIii 6epeTcst 3a 100%).

[To pe3ysnbraTaM MOHUTOPHUHTA MOXKHO YBU/ZIETD, UTO YIy4IIIEHUE SKOJIO-
FAYECKOr'0 COCTOSIHUS ABJIAETCS OCHOBHON TeH/eHIKel, HabmoqaeMoi Ha
MIPOTSKEHUY TTOC/IeTHUX HECKOIBKUX JIET, XOTSI 1 HEMHOT'O 3aMe/JTUBIIeH
CcBOM TeMI. [IpOUCXOIUT 3TO 3a CUET CHIKEHUS Yrcia 00bEKTOB, HaXO/d-
IITUXCST B 9KOJIOTUYECKOM M MeTab0oINIeCKOM perpecce, OAHaKO TaKXKe OTMe-
YaeTcsi POCT YMC/Ia OOBEKTOB, HAXOAAIIUXCSA B COCTOSTHUM aHTPOIIOTEHHOTO
HaMpsKeHU.

1.2.3.7.10. O6wee cocmosaHue npupooHwvix 600 Pecnybauxu Moadoswl

JlHeCcTpoOBCKas BoJla XOPOIIero kavecTBa: 6e3 3amaxa, MpyusTHasA Ha BKYC,
nMeeT HebOIbITYI0O MUHepanu3anuo. Ha BceM IpoTsskeHUU peku JlHecTp
(puc. 1.40) Boga ee mpuroHa /i MUThsI, OPOIIEHUS, TTPOMBITIIEHHOT'O HC-
IIOJIb30OBAHMA.

Opnako skocucTeMsbl JlHecTpa B nocieguue 70 jeT IoJgBepIyIuCh CUIb-
HOMY BO3/IEICTBUIO PE3yJIbTATOB YeJIOBEUYECKOU ZeATEeNTbHOCTH, YTO PE3KO
CHU3WIO X CIIOCOOHOCTH K Ka4yeCTBEHHOMY BoZioobecieyeHuto. Tak, 6epera
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PucyHok 1.40.

Pexa Onectp
B CPEAHEM
TEeYeHUM

JlHecTpa moABeprIrch 0OBAIOBAHUIO /IJISI 3AI[UTHI CETbXO3yTOANM OT 3aJIUTH
B IIepHO/I TTAaBOJKOB, a ZoJiMHa Oblia pacrnaxaHa. B 1950-x rogax Ha JlHecTpe
6bU1a mocTpoeHa Jlyboccapckas ['DC, mpepBaBIast X0/, OCETPOBBIX U IPYTUX
pBIO K MecTaM HepecTta. HakoHer, B 1980-x rogax B YKpanHe, Ha rpaHuUIle
¢ MonzoBO#, 6BLT COOPYKEH OIPOMHBIN I'MPO3HEPTOKOMILIEKC C BOZOXPa-
HWINIIEM U ABYMS IUDIOTUHAMY, KOPEHHBIM 00pa3oM M3MEHUBIIUHI TUIPO-
JIOTUYECKUH U TEMIIEPATYPHBIA PEXKUMBI PEKU U CHU3UBIIHN €€ CIIOCOOHOCTh
K CaMOOYMIIEeHUIO.

[Tpo6eMa IpaBUIBHOTO UCIIOJb30BAHUA U OXPAHBI BOAHBIX PECYPCOB
1 U3bICKaHUA HOBBIX UCTOYHUKOB fBJIAETCA BaXKHOM /I I'yCTOHACETIEHHON
MooBEI.

Ilpym, nputok JlyHas — BTopas I10 BeJIMYUHe peka MoJZioBbL, IIPOTEKA0-
11as BAOJIb 3allaIHOM IPaHUIIEL CTPaHbI, He CTOJIb MHOIOBOJHA Kak /lHecTp,
6epeT cBoe Havaslo B ykpanHckux Kapmarax. [To cBoeMy peXxumy, TUITY Ia-
BOZAKOB, [IpyT TOXXe Majio oinuaerca oT JlHectpa. Boza B [IpyTe cxoxa 110
Ka4yecTBY C JHECTPOBCKOM. HU30Bbs 06enX pek Ha TEPPUTOPUU CTPAHBI
MIPU3HAHBI BOAHO-O0JIOTHBIMY YTOABIMU MEXAYHAPOAHOTO 3HaYeHUA (paM-
capcKue yrofibs), XOTs U oABepriuch B 1960-70-x rogax ob6BaoBaHuUIo, a
MIOMMBI — OCYIIEHHUIO B LIeJIAX MCIIOIb30BaHUA [JI MHTEHCUBHOI'O IIOJTUBHOT'O
3eMyIeZieNnus.

BuyTpeHHUe pexu MoJZOBHI II0 PeXXUMY O4eHb OTJINYaloTCA OT JlHecTpa
u IlpyTa. Bce oHM MaJIOBOJHBI, IETOM CUJIBHO MEJIEIOT, 8 MHOT/A ITOJTHOCTBIO
IlepechIXaloT, BOAY UMeIOT JOBOJbHO MHUHepaIu30BaHHYIO, [10A4ac Hellpu-
TOHYIO JIJI IUThA.

Menkue peky MoJyiJOBBI YacTO BBICHIXAIOT JIETOM, YeMy CoZeicTByeT
co3ZaHre Ha HUX MHOTOYUCJIEHHBIX IIPY/0B, HapyllIaloIUX eCTeCTBEeH-
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HBIY TOK BOJBI, M pacliallika OKPY>KaIoIINX 3eMesib IPaKTU4YecKH J10 ype3a
BO/JIBI, YTO BBI3BIBAET CMBIB II0YBHI, 3alJIeHUe 1 OpraHudecKoe 3arpsasHeHue.
Hepeaxy HOYHBIE COPOCHI OTXO0B BUHHOTO IIPOM3BOZCTBA B MaJlble PEKH.
B 1950-60-x rogax ux MeaHZApbI OBUTU CIIPSIMJIEHEL, 2 BOZOOXPAHHBIE 30HBI —
paspyuieHsl. Bopeku TpeboBaHUAM 3aKOHOATENbCTBA HE BOCCTAHOBIEHBI
STH 30HBI U ceifyac, Korza 3eMJId IIPUBAaTU3UPOBaHbL. KpoMe Toro, MoCKoIbKY
CeTbCKOX03SIMCTBEHHBIE YTOAbSA B IIEJIOM II0 CTpaHe 3aHUMAarT bosee 76%
TeppUTOPHH, IIOTEPU BJIaru OT UCIIapeHUs Ype3BblYaliHO BEJIMKH, a 3aCyXU
IIOBTOPAIOTCA C YaCTOTOIO OJJMH pa3 B HECKOJIBKO JIeT. B Takux ciay4asnx, Kak
[IPaBWJIO, BBIpAIINBaeMas B PyCJIOBBIX IIPyZax pblba morubaeT oT HeZIOCTaTKa
BO/IBL M1 3aMOPOB.

Bosnpiioe 3sHaueHne NUMEIOT B Moj0oBe TPYHTOBBIE U apTe3UaHCKNUe BO-
ZIbl. Bcero Tam HacuuThiBaeTcs okosio 2200 poZHUKOB € XOpoIlel MUTbeBOn
BozoH. [Tog3eMHBIE BOZBI 06pa3yloT HECKOIBKO TOPU30HTOB, TPUYPOYEHHBIX
K Pa3JIUYHBIM T'eOJIOTUYECKUM CIOAM. JIji BOZOCHAGXKEHUA U YaCTHYIHOTO
opoIeHus OOIbIIE BCETO UCIOIb3YIOTCA BOABI MEJIOBBIX U MAJE€OT€HOBBIX
oTnoxkeHuii. imeetcst 6oee 7000 apTe3naHCKUX CKBaXKUH. OHAKO UX BOJBI
He Be3Jle BEICOKOTr'0 KauecTBa, IIoZjuac coiepaT MHOTO Coiel ¥ ITpY UCIIOJIb-
30BaHMUU Ha OpOIlIeHHe MOI'YT BhI3BaTh 3aCOJIeHNe IIOYBHL. B aTOM citydae oHa
TOAVTCA TOJNBKO A1 Bogonoes. B 2009 rogy k yiy4iieHHbIM CUCTEMaM BOZO-
CcHaOXKeHUs UMeJTU AocTyn 55% HaceneHwus: 1,958 MIH 4eloBeK U3 001ero
KOJIM4YecTBa HaceleHus B 3,56 MiiH, 6e3 [IpuaHecTpoBhs, B TOM uncie 93%
(1,4 mH) Topoackoro u 27% cenbckoro (558 Tric.). B HacTosiee Bpems B
pe3yabTaTe ocTeneHHOro BHeApeHus [IpoTokona EDK OOH mo mpobiemMam
BOJBI U 3/[0POBbS CUTyal¥sl IIOCTEIIEHHO y/IydllaeTcsa. DTOT BOIIPOC, BXOAA-
muii B mpuoputeTs! Lleneil Teicadenetusa OOH, aBnsgeTca OfHUM U3 IVIaBHBIX
IIPUOPUTETOB MOJIJaBCKOI'O IIPAaBUTENIbCTBA.

Camble OTM3KHE K 3€MHOM MTOBEPXHOCTU TPYHTOBbIE BOJBI 3a/I€TAIOT
B YETBEPTUYHBIX OTJIOKEHUAX. DTH BOJABI OUeHb PA3HOOOPA3HEI II0 CBOEMY
KauyecTBY. Bozy mosydaroT 13 aXTHBIX KOJOALIEB, KOTOPHEIX B MosiZioBe Ha-
cuutbiBaercs 101 862, v IHUPOKO UCIIONB3YIOT B OBITY. Kak BUAHO M3 JAHHBIX
Tabs. 1.29 o cocTossHUM O6GBEKTOB BOAOTIOIB30BAHUSA, C KAUECTBOM IIOZ3EM-
HBIX BOJ] CYILIECTBYIOT 6OJIBIIHE TPOGIEMBL. Bo-TIEpBBIX, MPUMEPHO B U€TBEDP-
TU pPafiOHOB CTPaHBI B ITOJ3EMHBIX BOZIaX IIOBHIIIEHHO cofep:kaHue $Topa,
YTO BBI3bIBaeT 3ab0sieBaHusA 3y60B. KpoMe Toro, B 0K0710 80% BCeX KOJIOALIEB
BO/Ia HETIPUT'OZIHA I TUTHS B CUIy HUTPATHOT'O M HUTPUTHOIO 3aTrpsA3HEHN,
CB3aHHOI'O C IIpPOCAaYMBaHNEM OpraHUYeCKUX BeIeCTB U3 He3al[UIeHHBIX
BBITPEOHBIX SIM TyaJIETOB U XJIEBOB B IOI3€MHbIE BOZOHOCHBIE CJIOU.

[IpUnoBepXHOCTHEBIE TPYHTOBEIE BOJBI 3aJIeratoT Ha mry6uHe 10-30 M.
V13-3a cpaBHUTENIBHO MaJbIX 0cagKoB (Tabs. 1.30) UxX BOocCTaHOBIEHUE IIPO-
HMCXOIUT B HEJOCTATOUHOU Mepe. [TIy60KUii ot cocTaBseT okoso 70% pe-
CYPCOB I'PYHTOBBIX BoZ. OHU 3ajeraroT Ha rybuHe 50 M B ceBepHOH 4acTu
cTpanbl, 100-200 M — B iieHTpanbHOM 1 oT 200 70 2000 M — Ha 10Te CTPaHBHI.
EcTecTBeHHOE BOCCTAHOBJIEHUE 3TOTO CJI0SI OTPAaHUYEHO, U €T0 UCIIO0Ib30-
BaHUe TpebyeT 6epelKHOTO MOAX0/a. B HEKOTOPBIX 30HaX aKBOC(hEPHI yiKe
MIPOABJAIOTCA IPU3HAKU UCTOIIEeHUA.

[Tockonbky u [IHecTp, u IIpyT ABAIOTCA TPAHCIPAaHUYHBIMU peKaMu, I10
obouM ux 6acceiiHaM C COCeJHUMU CTpaHAMU — YKpPauHO! u PymbiHMEH —
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Ta6bnuua 1.29. CocrosHune obbekTos BOAONONL30BAHMA Monpossl
(6ropo cratmctmkm Monaose, 2013)
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B3sto npo6  [Mpo6, He cooT-
DyHKLMO- E:’.':L%;'S:Tﬁ_ I;ggg}:elgm:;' Ha COOTBET-  BETCTBYHOLUMX
Tunbl 06bEKTOB HUPYIOT, TR T xumuq‘éc:lzm CTBUE MUKPO- MUKpo6uo-
LuT. CKUM HOpMaM HOpMaM 6uonoruye- NOrUYecKum
CKMM Hopmam HOpMam
LleHTpanu3oBaHHble
MOJA3EMHbIE UCTOYHUKM 2182 1575 1127 1497 164
LleHTpanu3oBaHHble
MOBEPXHOCTHbIE NCTOYHMKN 8 126 38 81 17
[opoackue BOJONPOBOAbI
113 NOJ3EMHbIX UCTOYHUKOB 43 2409 1077 3197 337
[opoackue BOAONPOBOAbI
113 MOBEPXHOCTHBbIX
NCTOYHUKOB 32 1826 151 2183 17
CenbCcKue BOAONPOBOIbI 745 2635 1569 4150 580
Konopubl 101 862 5633 4652 6542 2577
Ta6bnuua 1.30. logosoe konuyectso ocagkos B Monpose, mm
(6ropo cratmnctkm Mongose, 2013)
lon
PeruoH cTpaHbl
2010 2011 2012
Cesep 960 439 552
LleHTp 734 428 522
tor 699 371 595

3aKJII0YeHbl MeXAyHapoAHble cornanieHud. Tak, B 2012 rogy Mosnzgosa u
VKpauHa MoANICcaTN MeXIIPaBUTEIbCTBEHHBIN 6acCeHOBBIN JOTOBOP IO
JlHecTpy oueHb XOpOIlIero KauyecTBa, KOTOPhIM OXBAaThIBAET IIPAKTUYECKU BCE
acIeKThl MHTETPUPOBAHHOIO yIpaBieHusa ero 6acceiiHoM. K coxaneHuo,
IO COCTOSTHUIO Ha ceHTsA6ph 2014 roga 3TOT JOKYMEHT HE BCTYIIWI B CILTY,
MTOCKOJIBKY He paTUGUITUPOBaH YKpauHoU. 1o 6acceiiny I[Ipyra u JyHas
JetictByeT cornamnieHue 2010 roza, ofHaKO ero KauyecTBO U KOMILJIEKCHOCTD
YCTYIalOT JHECTPOBCKOMY IOTOBOPY, B TOM YHUCJIE Y IOTOMY, YTO CTOPOHAMU
ABJIAIOTCA Wb MosgoBa u PymblHusA, a YKpauHa He ObUla MpUIIalieHa K
y4yactuio B HeM. Oba oroBopa mpeAycMaTpUBAIOT CO3IaHNEe MEXAYHAPOAHBIX
bacceliHOBBIX KoMuccHui. Kpome Toro, MosoBa SIBAseTCA CTOPOHOH Xesib-
CHHKCKOIN KOHBEHIIWH 110 TpaHcrpaHuYHbIM BogaMm ESK OOH u [lyHatickoit
KOHBEHIINH, TaK KaK el IpuHaIexuT okoso 500 M 6epera JlyHas v KPYTTHBIHA
TpaHcrpaHuuHbi nputok JlyHas [IpyT. B HacTosiee BpeMsa MosgoBa moz-
nucana CoramieHue ob accoruupoBaHuu ¢ EBpomneiickum Co030M U TIPH-
HslIa Ha ce6s1 06513aTeIbCTBA 0 BHEAPEHUIO BOoAHOM paMOYHON JUPEKTHUBI
EC (BP/l). B 2013 rogy BCTynuI B Cily 3aKOH O BOZle, OCHOBaHHBIY Ha BP/I.
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Ta6nuua 1.31. OcHoBHbIE NOKA3ATENM MCMONL30BAHMSA NPECHOM BOAbI, MAH M3 B roa

Mokasatenb

(6ropo cratmnctkm Mongose, 2013)

log

2005 2006 2007 2008 2009 2010 2011 2012

3ab0p BOfbI, BCErO 852 854 885 861 865 851 847 850
B TOM YUCNE U3 NMOJ3EMHbIX

NCTOYHNKOB 136 136 129 127 129 130 130 129
[ToTpe6neHne BOAbI 785 787 809 794 795 785 785 786
[ToTepm npm TpaHCMOPTUPOBKE 67 67 76 67 70 66 62 64
C6poc 3arpsi3HeHHbIX BOA, 9 7 10 14 10 8 8 9

C6poc HOPMATUBHO-YUCTbIX BOA 124 119 119 115 116 119 115 113

Ta6nuua 1.32.

Bonosabop m3s 6acceiros pex Onectp v Mpyt 8 2012 roay, mnn m3 s rop
(6ropo cratmctnkn Mongossi, 2013)

bacceiitbl pek 3abop, Bcero Bknioyas noa3emHbie BOAbI
[Hectp 814,9 107,8
MpyTt 24,2 12,5

Taxum obpasom, pepopMa B BOZOXO3THUCTBEHHOM KOMILTEKCE ellle He 3aBep-
mreHa. [Tockonbky MosijoBa CWJIBHO 3aBUCUT OT COCTOSTHUA TPAHCTPAaHUYHBIX
pexK, ciefyeT 3aBepIIUTh MOJEPHU3aLMI0 BOJHBIX OTHOIIEHUHN C coceIaMU
o 6acceiinaMm. TeM He MeHee B HacTosIIee BpeMs UJeT paspaboTka bacceli-
HOBBIX TUIAHOB yIIPaBJeHUs BOAHBIMU PeCypCaMU, KOTOPBIE JOJKHBI OBITh
YTBEpKAEHBI B OJIDKakIINe ABa rojja ¢ MepCrIeKTUBOM IepecMoTpa yepes
6 JIeT TocJIe IPUHSATHS.

OCHOBHBIE [TOKAa3aTeX UCII0Jb30BAHUA MIPECHOU BOABI (MJIH. M3 B TOT)
npezcTaBieHbl B Tabnuile 1.31. [JTaBHBIMU UCTOYHUKAMU IIPECHOM BOJBI SIB-
naroTes peku [JHectp u IIpyT (Tab:a. 1.32). Micronb3oBaHWEe BOABI [JIsI HUPPU-
raiy BO MHOT'O pa3 yCTyIllaeT TaKOBOMY B COBETCKOe BpeMsd. [IpobiemMoii
ABJAETCA JOCTYIIHOCTD BOZABI HA TEPPUTOPUAX, YJAJIE€HHBIX OT €€ UCTOYHU-
KOB, 0COOEHHO B CEIbCKOW MeCTHOCTH. [Tpy 3TOM B GiIrKaiiiiee BpeMs BAOTb
Juectpa u IIpyTa BcTynAT B AeticTBre 11 MOIIHBIX OPOCUTEIBHBIX CUCTEM,
COOpY’KaeMbIX B pAMKax aMepPUKaHCKOU MPOrpaMMBbl TEXHUYECKOU ITOMOIIH
Compact. Kpome TOro, nporHo3upyeTcsa BEI3BaHHOE U3MEHEeHUeM KinuMara
IIOCTEIIEHHOE CHUXKEHHE CTOKA KPYIHBIX peK, npuMepHo Ha 20% 3a mocie-
Ayiomue 20-25 seT.

CresyeT OTMETUTD, YTO Garofapst BBEEHUIO yieTa U CyIleCTBEHHOM
IUIATHI 32 UCIIOIb30BaHME BOAHBIX PECyPCOB MOIb30BATENAMU YAATI0Ch J0-
CTUTHYTh UX CyL[eCTBEHHOM 3KOHOMUU. O/HAKO B 3TOM BOIIPOCE €CTh elre
MHOKECTBO pe3epBOB. Tak, He Bce apTe3uaHCKUe CKBaXKUHBI yuTeHbl. CTPYK-
Typhl, OTBETCTBEHHBIE 3a BoJlocHAaOXKeHUEe, Mam0d3bPEKTUBHBI U TPEOYIOT
pedbopmMuUpoBaHUs.
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