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MEPEOMOBA

Benuka KinbKicTh BOAY Ha miaaHeTi omanniuBa — MeHIre 0,003 % go-
CTYITHO /IS HAIITUX MOOYTOBUX, MPOMUCIOBUX Ta iHIIMX MOTPeb. L1 obMmexxe-
Ha KiIbKiCTh HEPIBHOMIPHO i HeCIIpaBe/IMBO PO3MOAiieHa cepe/; HUHIITHbO-
ro HaceJIeHHs, AKe cArae 7 MinbApZiB. KpiM Toro, Boga BUTpadaeThes apeMHoO,
3a0pyAHIOETHCS, BUKOPHCTOBYETHCA HEPaLliOHANBHO 1 He I[iHyeTbCA B 6ara-
ThOX YaCTUHAX CBiTy. TAKUM YUHOM, 6y/ie TIPaBUWIbLHO CKa3aTH, 10 MaiibyTHE
JIIO/ICTBA 1 BCi€l TUTAaHETH 3aJIEKUTD BiJl TOTO, IK MM 3MOXKEMO MTOA0ATH TIPO
el uiHHWM i JediuuTHUN pecypc.

ImxeHepaM i ekosioram HaJIeXKUTh KJII0Y0Ba POJIb Y KepyBaHHI BOZHUMU
pecypcamu. Mu TOBUHHI 6arato YoMy HaBYNUTUCA OAUVH B OZHOIO, HE BUTpa-
YaTH 4ac i pecypcu ZapeMHO Ta IM0YaTH CIIIBHO AiATH JJIs HAIIOT'O CHiIbHO-
ro MmaubyTHbOTO. I'pymia mpodecioHasiB 3 BOAHOI TEMAaTHUKU 3 BOCbMU YHiBep-
cuTeTiB pi3HUX KpaiH: Ykpainu, bimopyci, Kazaxcrany, Ta/pxkukucrtany ta
Hopgerii, y 2011 poui Bupiumia po3novaT# CriibHy po60oTy 3 06MiHy 3Ha-
HHAMH I10/10 KepyBaHHA BOJHHUMU pecypcaMU i TeXHOJIOTii OUnIlleHHA BOAU
JUIS TiZIBUIIEHHA AKOCTi HAaBYaHHA CTYJEHTIB MPOQILTbHUX CIIeliaTIbHOCTEHN.
YHikaIpHUM IpoeKT — “BogHa 'apMoOHifA” — HapoAUBCA 3 METOIO y3TO/KeH-
HsI HaBYaJIbHUX [IPOTpaM 3 BOAHUX CIlelliaJibHOCTeN y INX YHiBepCUTeTax.

Lleit mifpyYHUK € OZHUM i3 pe3yJabTaTiB AiANbHOCTI IpoekTy “BogHa
TapmoHia”. TIpodecopu 3 BOCbMU YHIBEPCUTETIB IpaLIOBAIN Pa30OM AJs
CTBOPEHHS MiAPYYHUKA, SIKUH MOKe 6T BUKOPUCTAHUH He TLTbKY CTYAeH-
TaMu, acllipaHTaMU, BUKJIalayaM¥, HayKOBIIMHU, GaxiBIAMU-IPAKTUKAMU
KpaiH-y4acHUIlb, a ¥ Ha Mi>)KHApPOAHOMY PiBHi. Mu BBa)kaemo, 110 I KHU-
ra — IliHHe I0II0BHEHH []0 B)Xe BUKOPUCTOBYBAHOI cllelliaJbHOi, HaBYab-
HOI Ta ZOBiAKOBOI JiTepaTypu B 1iil ranysi. Y Hill TakoX HaBeZeHO iHPOP-
Mallito Moo AeAKUX crnenudivHuX 0co6IUBOCTEN perioHiB i KpaiH, 1m0
POOUTH KHUTY IIiHHOIO JJIS TMOMITUKIB i mpodecioHaniB, 0pieHTOBaHUX Ha
BUpIIlIeHHS HalliOHAJbHUX i MiXKHApOAHUX TTP06JIeM BOJHUX pecypciB. [lei
MiZPYIHUK AOCTYIHUM Ha II'ATU MOBax. Bijblla YacTUHA KHUTHU Oyze 10-
CTYIHA TaKOX B €JIEKTPOHHOMY BapiaHTi A 3abe3meyeHHs OibLI IUPO-
KOT'O PO3IIOBCIOKEHHA.

[TifpyYHUK OXOILIIOE TeEMH, IIOB’AI3aHi 3 KepyBaHHAM BOJHUMU pecypca-
MM, a TaKOX 3 Gi3UKO-XIMIYHUMHU MeToZlaMU BUJaleHHs 3a6pyAHIOBaYiB, 110
BUKOPUCTOBYIOTHCA y BOJOIIOCTaYaHHi Ta B IIpoliecax OUYUILeHHA CTIYHUX BO/,.
Hartroro MeTO0 € CTBOpPEHH KOMIUIEKCHOTO TAPYYHUKA B MalGyTHHOMY —
ZI0laBaHHA OIUCY iHIINX BUKOPHUCTOBYBAHUX METO/iB OUUIeHHA BOAMU.

Lle#i miZpyYHUK CTBOPEHUM HAaTXHEHHOIO TTpallero 6araTbox ¢axislliB 3
BOCBbMHU YHiBepCHUTETIB. Besnue3Ha ¢piHaHCcOBa MiATPUMKA HaJaHa yPSIAOM
Hopgerii yepe3 HopBe3bKuii IEHTP Mi>KHAPOJAHOTO CIIiBPOOITHUIITBA B OCBi-
Ti, 110 /I03BOJIWJIO BTLIWUTHU 1€l IPOEKT Y PeajbHICTh.
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FOREWORD

Although the water is abundant at first thought, only < 0.003 % is
available for our domestic, industrial and other uses. That limited amount
unevenly and unfairly distributed among the current population of about
7 billion people. Not only that, the water is wasted, polluted, unsustainably
used and unappreciated in many parts of the world. Thus, it is correct to say
that the future of the humanity and the world depends on how we manage to
take care of this valuable, scarce resource.

Engineers and environmentalists have a key role in managing water for
the future. There is lot to learn from each other, not to waste time or resources
and to launch joint activities for our common future. A group of water
professionals from eight universities from Ukraine, Belorussia, Kazakhstan,
Tajikistan and Norway in 2011 decided to work together on sharing knowledge
on water management and treatment for the benefit of their future graduates.
A unique collaboration project —- Water Harmony — was born with the objective
of harmonising water related graduate education in their universities.

This textbook is one of the products developed during the Water Harmony
project. A team of professors from eight universities work together to compile
a textbook which can be used not only by the graduate students of participating
countries, but also internationally. We believe that this book is a valuable
addition to the exiting reference literature in the field, and it also brings
specific aspects of regions and countries making it suitable both for students
and professionals focusing on national and international carriers in Water.
This textbook will be available in 5 languages. Most parts of the book will also
be available in electronic form to secure wider access.

This textbook covers water resources management, as well as physic-
chemical methods of treatments used in water supply and wastewater
treatment. Our ambition is to expand this in the future include all treatment
methods, so it will be a comprehensive textbook.

This textbook would not have been possible produce without the tireless
inputs from many professionals from the eight universities. The generous financial
support provided by the Norwegian government through the Norwegian Center
for International Cooperation in Education has made this task a reality.

Whether you are a student or a professional, we hope this book will
enhance your knowledge and love for the profession of water. We hope to
continuously improve the quality of this textbook and appreciate receiving
your comments and suggestion in this process.

Igor Mikhailovich Astrelin Harsha Ratnaweera
Doctor of Engineering, Doctor of Engineering, Professor,
Professor, Dean Chemical-Technological Head of the Academic Council
faculty National Technical University of Department of Mathematical
Ukraine “Kyiv Polytechnic Institute”, Sciences and Technology Norwegian
honored worker of science University of Life Sciences, Norway

and technology of Ukraine, Ukraine

post@waterh.net
September 2015



NOAAKA

[TiZpyYHUK MiATOTOBIEHUH iHTEpHALIOHATBHUM aBTOPCHKUM KOJIEKTH-
BOM ¢axiBIliB y ranysi KepyBaHHS BOAHUMHU pecypcaMu, BOAOMIATOTOBKY I
OYUILEHHA CTIYHUX BOZ.

Harania Tonctonanosa, Onbra CanriHoBa Ta Ipuaa Kocorina npoBoaunmu
oIepaTUBHY pe/laKIlilo TEKCTIB i aHaJIi3 ycix MaTepiatiB, HaZlaHUX KOMaHZ010
OCHOBHUX aBTOPiB. Irop AcTperniH i Xapiia PaTHaBipa € pegakTopaMu Iiiel
KHUTH.

Cepriti [lIutika i Ctrian CeccioH BizdopmaTyBasy pUCYHKH B IMiAPYIHUKY,
y To# yac ak Harauisa CiBueHko, Kas Binr i Jlerym MaHamIiepyma Cripysiia y
BUIIPaBJI€HHI TOMWIOK i JIOTiCTHII].

Amxena KoprkeHiBcbKa 3pobuiia BEpCTKy, a [puHa UyOko 3aiimanacs Ko-
PEKTYpOIo IiZIpyIHUKA.

I'pia-Apenzpan-FOHEII, €Bporneticbke ekosoriuHe areHTcTBO (EEA), es-
Ki HallioHa/IbHI areHTCcTBa Ta areHTcrBa OOH, a Takoxk 6araTo iHIIKUX opra-
Hi3alliii JTT06’s13HO Z03BOMWIN HaM BUKOPUCTOBYBATH iXHi PUCYHKU Ta iHIII
MaTepianu B I[boMy miZpydYHuKYy. Cepriit [lluiika miAroTyBas Au3aiiH 0OKIa-
IuHKY 3a doTorpadiamu Opia KamamrHikoBa.

Bopz Xexnas i koseru 3 Hopsesbkoro LlenTpy MixknapogHoro CriBpo-
6itauirBa B OcBiTi (SIU) opranisyBaau mporpamy «EBpasisa» i Hazanu eapy
¢$iHaHCOBY MATPUMKY BChOTO MPOEKTY 3a MiATPUMKHU ypsaay Hopserii.

Anmarynb Kagipbaesa, Bomogumup Kynukosud, Jlanep:xoH XomKibaes,
Ixamines [lepmatos, Jlaypa AiikozoBa, Hatania ®omina, Pa’Ho Typcynboe-
BaiPoman CMOTpaeB cripysiy epeksiaZy KHUTH 3 POCiChKOi — YKPaiHChKOIO,
6110pyChKOI0, Ka3aXChKOIO i TA/PKUIIBKOIO MOBaMH.

Jleski MaTepiaau, BUKOPUCTaHI B IIbOMY MiZPYyYHUKY, OYJIU HaZaHi CTy-
JleHTaMM, MaricTpaMu Ta aciipaHTaMu, AKi IPOBOJIIN JOCTIKeHHA 3 BOJHOT
TeMaTUKU.

Bararo ¢axiBIliB 3po6HIH I[iHHI BHECKHU IS BTUIEHHS IOTO MiAPyYHUKA
B peasbHICTh, i MU HMIKOAYEMO, 110 He MAaEMO MOXKJIMBOCTI 3raflaTH ixX ycix
ocoburcTo. MH 1LIiHYEMO BHECOK Y Ileil TPOEKT HAILINX KOJIeT 3 TAKUX YHiBep-
CUTETIB:

e HamioHanbHUM TexHiYHUN YHiBepcuTeT YKpainu «KuiBcbkuit I[lomiTex-

HiuHul [HeTUTYT», KUiB, YKpaiHa;

*  Hopsesbkuii yHiBepcuTeT npupozHUYUX Hayk, Oc, HopBeris;
e  binopycbKuii fiepkaBHUM TeXHOJOTIUHUH yHiBepcuTeT, MiHCHK, Binopych;
e TipHudo-meTtanypriiuuii inctutyT Ta/xukucTany, YKkaaoBCbK, TamKu-

KHUCTaH;

* HanioHanpHUM yHIBEpCUTET BOLHOI'O IOCIOZAPCTBA Ta IPUPOAOKOPHUC-

TyBaHHA, PiBHe, YKpaiHa;

*  YkpaiHCbKUM ZiepKaBHUM XiMiKO-TEXHOJIOTIYHUM YHiBepcUTeT, JJHimpo-

IIETPOBCHK, YKpaiHa;
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*  Yepkachkuii Aep:kaBHUN TeXHOJMOTIYHNUY yHiBepcUTeT, YepKkacy, YKpaiHa;
e [liBgenHo-Ka3zaxcTaHCbKUi Ziep:KaBHUM yHiBepcuTeT iM. M. Aye30Ba,
[MMumkenT, KazaxcraH.

Peasrizariis 11boro miZipyyHUKa cTaja MOKJIMBOIO 3aBAAKU IPoeKTy “BogHa
TapMmoHin”, sxkuii 6yB iHinioBaHuii mpodecopamu Xapiroio PaTHaBiporo Ta
Iropem ActpesninumM. Poman CMOTpaEeB KOOpAUHYBAB €BpasiiichKe CIiBpOOiT-
HUILITBO IIPOEKTY IIpU miATpuMIli Muxatina BypMicTpa, pekTopa YKpaiHChbKOTO
ZIepKaBHOT'O XiMiKO-TEXHOJIOTIYHOTO YHIBEPCUTETY, JJHITPOTIETPOBCHK.

Mu TaKoX ASKyEMO BCiM KoJsieraM MpoeKTy BogHa ['apMoHis, sKi 3po6u-
JIM CBili BHECOK B YCIIiX LIbOT'0 MiIPYYHUKA, Y TOMY YUCIi AHZAPi0 'poMUKY,
Apse Xeticrazgy, Biktopy 'eBozy Ta My3sadapy IOHycoBy.

ABTOpPHU BAAYHI pelleH3eHTaM 3a [epervis/ PyKOIHcy i 3pobiieHi pu 11p0-
My IiHHi 3ayBaK€HHS Ta peKOMeH/allii, AKi 6y IpURHATI i3 BAAYHICTIO.
ABTOpHU BUCIOBIIOIOTH oAAKY T.€. MiTuenko, A.K. 3amosbcbKoMy 3a ZI0TI0-
MorYy B Iii6opi MarepiasiB Ta ix 0OrOBOpeHHi.

Ycim Bam, XTO CIpUAB I[bOMY BUJAHHIO Pi3HUMU CIIOCOOaMU, BeTde3Ha
roZisika 3a Bamry ydacTh y miZATOTOBII MiipyYHUKA.

CrioziBaemocs, 110 IPOBeZieHa aBTOPCHKUM KOJEKTHUBOM poboTa Oyze
olliHeHa BciMa ynutadamu!

Asmopcubkuil kosekmue



BCTYTI

Ponb BOAM HO nnaHeTi 3emnsa

Boda — ocb nepuwoocHo8a 8cb020 cyuj020.
3 800u peui 3apoducyromuvcsi HA CAMOMY NO-
yamky i 8 Hel nepemeoprIOMbCs NPU ocma-
MOYHOMY 3HUWEHHI, NPULOMY NepuL00CHO8A
3aNUULAEMBCSA HE3MIHHOKW, A 3MIHIOEMbCA
Juute ii cmam.

danec MieTCbKUHA
(VII-VI cTomiTTsa 0 HAIIOI epu)

Y BCbOMY BCECBITi CKJIaHO 3HAUTHU GiNbII YHiKAMIbHUIN GEeHOMEH, HiX
Boza. [IpuiiMarouu pi3Hi GopMU i BOJIOAi10YM HECKIHYEHHO Pi3HOMaHITHUMU
BJIACTUBOCTSIMH, BOHA TUM UM iHITUM YMHOM BIUTMBA€ Ha HaIlle XKUTTS, [lep-
IIIO/IKEePEJIOM SIKO1 €. Bozia 3/1aTHa CTBOPIOBATH, PiBHO, SIK i pyHHYyBaTH; 6yTH
JKEPeJIOM SIK MIITHOTO 3/J0POB'sA, TaK i Hebe3eyHUX XBOpoO; OUUIIATH TilIO,
PO3yM i IyX, ajie B TOU JKe 4ac HECTH CMEPTh.

He guBHO, 110 e mpeaku 6araTbox HAPOZAIB MiZIHOCKIN BOZAY K O0xe-
CTBO, TTepelaloyy TPAAUIIii IMTMOO0KOI IIOBAaTH A0 Hel 3 MOKOTiHHSA B TOKOJTiHHA.
3 caMoro Hapo/KeHHA JIIOAU IIpuBYaIuca LiHyBaTH BOJy, He TOBOPUTHU IIO-
6su3y Hel TaIMBUX CIiB, He 3a0pyzAHIOBaTH ii. [[[06 HaNMUTHCS, YOJOBIKK
3HiMaJM, Ha 3HaK BIIAaHYBaHH, AK i mepes x1ib6oM, roJoBHUH y6ip, a KiHKU
OJATaJIA YUCTY CYKHIO, 36Mpatovuch 1o Boay. i aii 6ysiu Tak camo IpUpo/IHi,
AK BAUX 1 BUSUX.

CrorozHi >k MU Bce GibIIle CIPUMMAEMO BOAY K HaJe)XXHe, 3HAIOUH, 10
BOHA 3aBXH MTOPYY. 3AAETHCA, IO TaK Oy/e 3aBKAM, aKe BCiM BiZloMO, 110
6inbliie ABi TpeTix moBepxHi 3emiti 3atimae Bozia. Och TUTbKY IPUAATHOO IS
MIUTTS — BCbOT'O GIM3BKO OJHOTO BiZICOTKA, Ta ¥ 111 Hudpa HEYyXUIHHO 3MeH-
LIYETHCA.

Boza — JOpOTOLIHHUM, a TOYHIille — Ge3I[iHHUM, Jap TIPUPOAHU, 11O
3abesmnedye iCHyBaHHS BChOT'O JKMBOTO i CaMOTO XUTTA Ha 3eMui. J[ificHO,
3HauYEHHA BOAHU JJIA iCHYBaHHSA XKUTTA Ha 3eMJIi IIepeOLiHUTU HEMOXKJIUBO.
Bueni BBaxkaroTh, 10 caMe CBIiTOBUI OKeaH € KOJUCKOIO XKUTTA. He Bunaz-
K0BO AHTyaH Jie CeHT-Ex3t0omepi HanucaB npo Bogy: «He MoxkHa ckasartu,
IO TU HeoOXiZiHA AJIA )KUTTS: TU — CaMe XKUTTS ... Ty HaitbimbIe 6araTcTBO
y cBiTi!»

Boza npoTAroMm TUCAYOJIITH I0iIa i roAyBasa MoAcTBO. BoHa f03BoA€E
OCBOIOBATU HOBI 3eMJIi 1 3MyIIye 1BicTH mycTeni. Lusinizanii €runty, Ce-
peaHboi A3ii, IHzil Ta 6araThoX iHITUX PETiOHIB 3eMJTi PO3BUBAIMCS 3aBASKA
JOCKOHAJIUM JIJIS1 TOT'O Yacy CHUCTeMaM BOJOoIIoCTaYaHH:A. BogHi nuisixu 06’e-
HYIOTb HApOAY i MaTEPUKHU, aBaJIH i ZAIOTh MOXJIMBICTb 3/[iliCHIOBATU BeJIU-
Ki reorpacdiuHi BifkpuTTA. BoZia HAIEXUTD 10 TUX BETUKUX CTUXil IIPUPOAH,
SIKi 3 JaBHIX YaciB Bpa)kaslu yaBy Jitofieil. BoHu 6a4miu B Hill IepIIOOCHOBY
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BCBOT'O iCHYIOUOTO Ha 3eMJli, 1l TOKJIOHSIUCS SIK BCEMOI'YTHbOMY 60XXeCTBY
IO ZIapye€ JKUTTS, ii 60sUTHCsA SIK HeBiZioMy i Hebe3meuHy CuiLy, ik IpuIrcyBa-
JIX MaridHi BJacTUBOCTI. Y BiIBa)KHUX CTapOZaBHIX MOPeILIaBIliB — I'PEKiB
6or Mops [Tocei10H BBaXKABCSA, B TOU XKe 4ac, KoJIuBaTeaeM 3eMi. Y mepe-
Ka3ax IIpo 3arubeb JereHapHoi ATIaHTHU/Y eJUTiHCbKa MioJIoTisA MOB’s-
3yBajia MOTYTHi CvUIX 3eMJTi i MOPsI, 110 3iMIIIN Ha JTIOAWHY i3 BOJIi PO3THiBa-
HUX 60riB. 3eMIeTpycy, IO CyIPOBOLKYIOTHCA KaTaCTPOGIYHIMHY IIOBEHAMH,
cTUpany 3 3eMJli CTapoZaBHi IfuBiNi3ailiii. [ THM He MeHII, BOHU 3HOBY i 3HOBY
BUHUKAIU Ha MOPChKUX y30epexckax abo B OTMHAX PidoK. 3 ZaBHIX-ZaBeH
BO/IA CIYXKWJIa JJIs 3aXUCTY BiZi BOPOTiB. PiUyKU CIYKWIHM MPUPOAHUMU pybe-
’KaMU MiX Ziep)KaBaMU Ta OKPEMUMH BOJOAIHHAMHU.

Mu He IPOCTO He MOXKEMO IPOXKUTH 6e3 BOAH, a ¥ caMi «CKJIaZJa€EMOC»
3 Bogu. Tiso 0pociiol TIoANHYU MiCTUTh ~ 65 % BoJu, a OpraHisM HOBOHapo-
JKeHoro — 710 75 %. Lle »x MOKHa CKa3aTH i PO TBAaPUHHUH i pOCIMHHUMN
cBiT. Harra 3ajie>xHicTh BiJj BOJY TIO3HAYAEThCSI, HAcaMIlepe], y HeoOXiZiHOC-
Ti IOCTIMHO MiZITPUMYBATH i OHOBJIIOBATH ii 3a11acu B OpraHi3Mi, CII0KMBao-
gy Ha 06y He MeHIIe 2-3 JiTpiB BoAu. i MATPUMKYU HOPMAaTbHOI XKUT-
TEAIsUIbHOCTI JIFOACHKOI'O TijIa TOTPi6HO BOAM IIPUOIM3HO B 2 pa3u Ginblile 3a
Barolo, Hixk ii. 3HeBoAHEeHHS opraHiaMy Ha 10 % yxke Hebe3neuHo, a 25 % —
CMEPTENbHO IS IIOAWHY; He AUBHO, 1o 6e3 1Ki II0ANHA MOXKe JKUTH KiTbKa
TWXKHIB, TOZI sIK 6e3 BOJY BOHA rMHe Yyepe3 2—3 JHi.

Bozia cynmpoBozKye TI0AUHY BCe ii XKUTTA, Bifi IEPIIOTO 0 OCTAHHbBOT'O
nHs. BoHa rozye i moith, rpie i oxonomkye. be3 Hei He 06XOAUTHCSA KOAHA
chepa KUTTEAIATBHOCTI: ¥ TOBCAKAEHHOMY JKUTTI JIIOAWHU BOZa BUKOPHC-
TOBYETbCA I IUTTA, IPUTOTYBaHHA DXKi, 3aJ0BOJIEeHHA CaHITapHO-TIiri€HIYHUX
moTpeb. Boga HeobXigHa AJisA peasisallii He3TiYeHHUX TeXHOJIOTTYHUX IPO-
1[eCiB, BUPOIIYBaHHS CLIbCHKOTOCIIOAAPCHKOI IPOAYKIIii Ta 1S Iepepo6KH ii
B IPOAYKTH CIOXXWBAHHSA, & TAKOXK /IS Pi3HUX Taly3eld IPOMUCIOBOCTI, e
BOHA BUKOPUCTOBYETHCA K CHPOBHUHA, PeareHT, PO3YMHHUK, AUCIIEPCHe ce-
PEeZIoOBUIIE, TEIIOHOCIH, TPOMUBAIBHU 3acib TomIo.

Cnio:xxuBaHH:A Bogu Oe3nepepBHO 3pocTae. He AuBHO, 1m0 mpobieMa 3a-
6e3mevYeHHs BOZOIO IIBUAKO3POCTAIOUOI0 HaCceJIeHH IUIAaHETH CTajla OAHI€0
3 OCHOBHUX CBIiTOBUX IpobJieM. SIKIO paHilie Boja BBaXKauacsa 6€3KOIITOB-
HUM i HEeBUYEPIIHUM JapYHKOM IIPUPOJH, TO 3apa3s JIIOJCTBO CEPUO3HO 3a-
MUCIIOEThCA HaJl BUPa3HOI0 BUYEPIIHICTIO 3anaciB IpicHoi Boau. HasaBHiCTE
He IIPOCTO BOAY, K TAKOi, a caMe HafABHICTh AKICHOI MUTHOI BOAU /JIA Cydac-
HOI JIFOAWHY — OZIHA 3 OCHOBHHUX HAaNOOIIOUiNX MpobsieM IUBiTi3allii cho-
ro/iHi. 3amacu IpicHOI BOAM Ha IJIaHeTi HaA3BUYaiiHO 0OMesKeHi i BiKe cho-
rofiHi B 6araTbox paiioHaxX 3eMHOI KyJIi BifuyBaeThcs ii gedinmut. Excrieptu
MIPOTHO3YIOTH, 110 10 2025 poKy 6pak MmpicHOI BOAY MTUTHUX KOHAMIIIN B Kpai-
HaX 3 BUCOKMMU TeMIIaMU PO3BUTKY 306inbInuThCsa Ha 50 %, Y pO3BUHEHUX
KpaiHax — Ha 18 %. ¥ 2030 porii Big HecTaui npicHoi Bogu 6y/ie cTpaxaaTu
47 %, a fo 2050 poky — 2/3 HaceneHHA IUIaHeTU. fIK CTBepKYIOTb aBTO-
PUTETHI MOJITUKH, AKIIO B MalOYyTHbOMY i OyAyTh MiXK/Jep:KaBHi BiliHU, TO
11e 6yAyTh BiliHU 3a [yKepesia MPiCHOi BOAU. Y 3B’A3KY 3 TOCTIHHUM IOTipIIeH-
HAM CUTYallii 3 TPiCHO0 BOZOIO Y CBiTi, Paga OOH 3 mpas MofuHY yXBalIuia
Pe30JIIoL1i0, BIATIOBIZHO /10 KO ITpaBO Ha IMPiCHY BOAY i CaHiTapito BU3HAHO
OCHOBHUM IIPaBOM JIFOJVHH.



Beryn

CTaHOBWUIIE YCKJIAJHIOETHCSA THUM, 1[0 Bee Oinble 3pocTae morpeba B
mpicHiii Bozi i Bce Ginmbiie ii BuTpayaeThes. [ xoya ocHOBHA Maca MpicHOI BoAu
He 3HUKAaE, a TaK YU iHaKIIle TIOBEPTAETHCA B il KPyrooobir, ajie moBepTaEThCS
BOHA, fIK [IPAaBUJIO, 3a0PYAHEHOIO i I TOBTOPHOT'O BUKOPUCTAHHS TOTPebye
JOpororo ouuiieHHA. [ po3BeAeHHA 1 M® HEOUUIIEHUX CTIYHUX BOZ 10
MOPiBHAHO 6e3mevHoi KoHLeHTpanii moTpibHo 20-30 M3 mpupogHOi YnCTOo1
BO/IH, a VIS CTOKIB IETKUX BUPOOHUIITB — Ha 3—4 mopsAAKY Oinbine. TinbKu
MicJIs TAKOTO po36aByieHHA BOJa MOXKe CTAaTH MPUAATHOI T BTOPUHHOTO
BUKOPUCTAHHS, Ta 1 TO, SIK IPAaBWIO, 3 BEIUKUMU OOMexeHHAMH. Maio He
TIOJIOBMHA BCiX CTIYHUX BOJ| Y CBIiTi CKUZJAE€THCA B PiUKU HeouulleHuMu. O4uu-
IIeHHA CTIYHUX BOJ, — CKJIAZHUH i JOpOroBapTiCHUM IIpoliec, 10 TOTO 3K Hak-
JOCKOHAJTIIII BOZOOYHCHI CIIOPY/AH I[e He BUPIMIYIOTh MPOOJIEMU 3aXUCTY
6iocdepu Bix 3a6pysHeHHA. MeToAU OYUIIEHHA CTIYHUX BOJ Z03BOJAIOTH
BuzanuTu BiZ 80 10 95 % 3abpyaHeHb, ane 5-20 % Bce K HAAXOAATD Y MPHU-
pozaHi Bogu. Och YoMy KOMIUIEKCHUM MiZIXiZ 10 parlioHaIbHOTO PillleHHS TaKoi
Ba)KJIMBOI TIPOGIEMH, TK EKOHOMIsI BOAY, 000B’SI3KOBUI TIepeXi/i Ha 3aMKHYTi
IIUKJIM BOZOIOCTAYaHHsA, pO3pOOKa MEHIIT BOZOEMHUX TEXHOJIOTiH, 0XOpOHA
BOJ Bif 3a6pyzHEHD i 6€3yMOBHA OUHCTKA TIOOYTOBUX Ta CTiYHUX BOZ MOBUHHI
MOTIEPEIUTY TIOZIaJIbIIIE AHTPOTIOTeHHE 3a0pyIHEHHSA BOAHUX PECYPCIB.

7151 3100y TTSA IPUPOZHOI FrapMOHIi JTI0ACTBY HEOOXiZTHO TOBEPHYTHUCH 0
BUTOKIB CBOI'O BUHUKHEHHS, BUXOBATH B 001 KYJIBTYPY ITOBO)KEHHS 3 BOZOIO,
3BEpHYTHUCA 10 [YXOBHOTI'O JIOCBiZly IPeJKiB. A/Ke, BpEIlTi-pelIT, KOXKeH 3 Hac
i e baraTo B YoMy — BO/a, a Ile 03HAYae, 110 Hallle CTaBJIeHHs 10 1IbOT'0 ZIapy
TIPUPOJH € TIPOEKI[iEI0 CAaMOIIOBATrH.

Y mepuiii raBi IbOro Mi[pyYHMKa ITpecTaBIeHO aHali3 Cy4acHoro cTa-
HY BOJHUX PECypCiB y CBiTi i Zedkux KpaiHax CxiZHoi Ta 3axizHoi €Bpomnu,
LlenTpanpHoi A3ii, BUKIaleHi HOBITHI HayKOBi faHi 1po ¢i3uyHi, CTPYKTYpHI,
XiMiYHi BJIACTUBOCTI BO/U SIK XiMi4YHO1 PEYOBUHH i IK KOMIIOHEHTA IIPUPOJHOI
BogHOI cucTteMu. OCHOBHA yBara Ipu/ijeHa IpUHIUIIOBUM I10J0KEHHAM
yTIpaBJTiHHA BOAZHUMHU PecypcaMu — perlaMeHTalliliHili Ta 3aKoHOoAaBYil 6a3i
BiZIIOBiZIHOTO €KOJIOTiYHOT'0 KOHTPOJII0, MOHITOPUHTY, OXOPOHU BO/, 3 ypaxy-
BaHHAM 0COGJIUBOCTEN €BPOIMENCHKOI Ta HAlliIOHATBHUX CUCTEM.

[TizpyYHUK BiAMOBiZa€ HABYAIBHIH TPOTrpaMi MiZITOTOBKY CTY/IEHTIB BU-
WX HaBYQJIbHUX 3aKJIa/iB 3 BOZOOYHMCHUX CIIellialbHOCTElN i MOXe OYTH KO-
PUCHUM HayKOBIAM, iH)XeHepaM, BUKJIaZadyaM, aclipaHTaM i cTyZeHTaM
PI3HUX cHelliaTbHOCTeH, AKi LiKaBAATHCA XiMi€l0 BOAU Ta yIIPABAiHCHKUMHU,
€KOJIOTIYHUMHU i TEXHOJIOTIYHUMU TIpobieMaMu y chepi BOAOMIATOTOBKY Ta
BO/ZIOKOPUCTYBaHHH.
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1.1. Pi3znuHi Ta ximiuHi BhacTuBocTi Boau

3posymimu 80dy — o3Hauae 3po3ymimu ecec-
8im, ci uydeca npupodu ii came ycummsi.

Macapy Emoto

3HaHHSA PO BOAY Y BCi YaCHW €BOJIIOIIHOTO PO3BUTKY JIFOACHKOTO CyC-
MiJIbCTBA OYJIU PYIIiHHOIO CHJIOI0 HAYKOBO-TEXHIYHOT'O PO3BUTKY. 3aJI€KHO
Bi/l piBHA HAIIWX 3HAHb IIPO BOAY Ta ii CTPYKTYpYy BU3HAYAETHCSA PiB€Hb 3HAHb
B Ximii, ¢isuiri, 6iosorii, ekosorii, MeJUIIHI.

CTpyKTypa Boay BIUIMBAE He TUIbKY Ha ii ¢pizuyHi, xiMiuHi Ta 6iomoriuHi
BJIACTMBOCTI, a 11 3HaYHOIO MipOI0 — Ha ii BJIaCTUBOCTI fIK YHiBepCaJIbHOTO
PO3YMHHUKA, IO i 3yMOBJIIOE ii TOBEIHKY AK y IPUPOZI, TAK i B TEXHOJIOTI4-
HUX IIpolecax.

fki me XiMiYHI CITOYKHU MOXYTH OYTHU OiNbII MPOCTUMHU, HiXK BoZa —
H,0? /Isa atromu BogHmO (I'iAporeHy) 3’eiHaHi 3 0fHUM aToMOM KucHIO (OKcH-
reHy). OfHaK BOZli IpUTaMaHHi HE3BUYHICTb i TAEMHUUICTb.

Amnasizom 3BUYaiiHOI BOAY BCTAHOBJIEHO, IO HACIIPAB/i 1le CyMilll fie-
KIJTBKOX Pi3HOBU/IB BOJH, fKi € crioaykaMu HykIiZiB Okcureny i I'izporeny.
Kpim 3Buuatinoro l'izporeny H B mpupozi 3yctpiuaerbed I'igporeH 3 MacoBUM
yucaom 2 (geiTepiit D) i mie GLTbIN BaXKKUH — 3 MACOBUM YUCIOM 3 (TpUTiH
T). Y OkcureHy, KpiM 3BU4alfHOTO, 3 Bi[HOCHOIO aTOMHOI0 Maco 16, BUAB-
JIEHO 1Ile IBa OLMBIN BaXKKUX HYKJIAU 3 BiJHOCHUMY MacaMu 17 i 18.

TeopeTUYHO MOXYTb iCHyBaTU 42 i30TOIIHUX Pi3HOBU/JY BOAU, 3 AKUX 7
€ cTitikuMu, TO6TO HepaZioakTUBHUMU. OZ/HAK TTOKH II[0 B IPUPOZi BUABJIEH]
Janeko He Bci 3 HuX. Ha 99,73 % rizpocdepa cknasaeThbes 3i 3BUYaifHOI BOJU.
Penrta BoAM — BaXkka, /10 CKJIaLy MOJIEKYJI IKOI BXOAATD i30Tonu OKCUTeHY
iTizporeny.

Ba)kka Bozia, TOPiBHAHO 3i 3BUYANHOI0, TipIle po3yuHsie coui. JIig 3 Bax-
KOi BOAIM IUIaBUTBCA IpU TeMIiepaTypi 3,318 °C (276,468 K). Ximiuni peaktii
y BaXKKili BoZi mepebiraloTh 3HaYHO MOBiIbHIIIE. Baxkka Bola BUIAPOBYETh-
¢l TEX TIOBIIBbHIIIIe, Hi’K 3BUYaiiHa, TOMY, HalliMOBipHillle, fiesTKi 3aMKHYTi BO-

Ta6nuusa 1.1. [esxi koncrantv semuaitHoi (H,O) i saxkoi (D,O) sBoam

Bopa
Moka3Huk
3BuyaitHa Baxka
BigHocHa monekynspHa maca 18 20
Temnepatypa 3amep3aHHs, °C (K) 0(273,15) 3,8 (276,95)
Temnepartypa kunisns, °C (K) 100 (372,15) 101,43 (374,58)
IyctuHa npu 20 °C (293,15 K), r/cm® 0,9982 1,1056

MakcumanbHa ryctuHa npu Temneparypi

+4°C (277,15 K)

+11,6 °C (284,75 K)




1.1 e Diznyni Ta XimMiuHi BAACTUBOCTI BOAM 3

oMU 36aravyIoThCs BaXKKOIO BOIOI0. EXCITepUMeEHTaNIbHO MiTBEPAKEHO,
110 BOHA MPUTHIYYE POCIUHU, V BEIUKUX 03aX BeJe A0 ix 3aruberi i B3a-
raji Mae CWIbHUM HeraTUBHUH 6io/OTiYHUI BIUIUB Ha Jiesiki opradiamu. Of-
HaK y 3arajbHiil Maci IpUPOAHOI BOAY BIUTUB i30TOMHUX iHTPEAIEHTIB HA ii
bi3uYHi BJIACTUBOCTI HE 0COGIUBO BiJUyTHUM ab0 MOKHU-III0 HEJOCTATHHO
BUBUYEHU.

Barato ¢i3suyHUX BIaCTUBOCTEH BOAU € aHOMaJIbHUMU. TaK, aHAJIOTaMH
Oxcureny O B MeXXax MiZTPYyIH IIOCTOI IPYIIU 1ePiOAUYHOI CUCTEMHU eJIeMeH-
TiB BUcTynatoTh Cynbdyp S, Cenen Se i Tenyp Te. Ix conyku 3 TizporeHom
(H,S, H,Se, H,Te) nozibHi 10 Bogu. 3apsAa AApa aToMa eleMeHTa, AKUH iX
YTBOPIOE, BU3Hava€ GisUyHi BIaCTUBOCTI PEYOBUH I[bOTO PAAY. JifiCHO, SIKIIO
H,Te — peyoBrHA 3 HAMOLIBIIOK BiIHOCHOIO MOJIEKY/IIPHOIO MacOI0 IIbOT'0
pAfy — KUIIUTH 1Tpu Temueparypi —4 °C (269 K), a 3amepsae npu Temnepa-
Typi =51 °C (222 K), To ABi iHmux, 6inbi serkux crmoayku (H,Se i H,S) Ku-
IUISATD i 3aMep3atoTh MU OUTBIIT HU3BKUX TEMIIEPATYPAX, SAKi IIPIMO MPOTIOP-
LiHHI 0 iX BiAHOCHUX MoyieKyaapHUX Mac (puc. 1.1). CupaBa HasiBO Ha
IIbOMY PUCYHKY IIPOCTEXYEThCA TJIABHUH Xifl 3a7IeX)KHOCTEN, SKi 3’€JHYIOTh
TOYKU KUTMiHHA i 3amep3aHHa H,Te, H,Se i H,S. Jlami x Ay BoAu 11i 3a1ex-
HOCTi cTpiMKO 3pocTatoTh. [lificHO, TeMIlepaTypa 3aMmep3aHHs BOJH, 3aMiCTh
oduikyBaHOI B psAfy 3anexxkHocreit H,Te-H,Se-H,S-H,0 —90 °C (183 K) cTano-
BuTh 0 °C (273 K), a remneparypa ii kuninza 3amictsb 70 °C (103 K) cTaHOBUTH
+100 °C (373 K).

He mizarouu cyMHiBY 3araJbHOBU3HAHI 3aKOHU, BiZI3HAYKMO, 110 BOJjA —
Ha/I3BUYaliHa, i MoKe OyTH YHiKaJAbHi BUHATKY 3 IpaBWI. [I[pUYUHU 1IHOTO
SIBUIIA TTOKYU IO TTOBHICTIO He 3’sICOBaHi, X04a 3p03yMiJIo, 110 3araJlkui BOAU
XOBalOThCA B OyZOBi ii MOJIEKY/TH 1 MiXKMOJIEKYJIAPHIN CTPYKTYPi.

OueBHUHO, 1[0 0COOIUBOCTI BOAY BU3HAYAIOTHCS BIACTUBOCTIMHU €Jie-
MEHTIB, fAKi ii yrBopioioTh, — OkcureHny i I'ifporeny. 'izporeH — eneMeHT,

100
Pucyrok 1.1. Y 100
AHOMQIst TOYOK KMMiHHS S
TQ 30MEP3AHHS BOAM Y MOPIBHAHHI e
3 iHWKMK cnonykamu [igporeny s
nogibHoi MonekynapHoi 6ynosu 5
s 50
o
0
0 -4
Touka KuniHHA
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-50
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Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

SIKUU He Ma€ JKOAHOI 3aTIOBHEHO], a 3HAYUTb — CTIiHKOI, eIeKTPOHHOI 000-
JIOHKH. JIyis1 11 3a1I0BHEHHS 1OMy HEOOXiJHUH 1ile OZIUH eIEKTPOH.

SIK HACMTiZOK, TpOCTOTa MOOYZOBY HOTO aTOMa — OAUH IIPOTOH i OAMH
€JIEKTPOH — 0OYMOBJIIOE F10TO 0COOJ MBI BJIaCTUBOCTI. X04Ya O3UTUBHUH 3a-
PAZ A4pa 1ioro aToMa J0piBHIOE HeTaTUBHOMY 3apsAAy eleKTpoHa, aToM l'ia-
POTEHY B IIJIOMY 3JaTHUI IPUTATYBATH 10 cebe AesKi iHIri aToMu. THITuMu
cJ0BaMU, MicisA 3’€AHAHHA 3 iHIIUM aTOMOM, Hanpukiaa, OKCUreHoM, 3a Jio-
ITOMOTOIO CBOTO €IMHOTO eJIEKTPOHA, BiH HabyBae AesKOoi J0JaTKOBOI 37aT-
HOCTI TSDKIHHSA — 3/JaTHOCTI YTBOPIOBATH TaK 3BaHi HU3bKOEHEPTreTUYHI BOAHEBI
3B’A3KU. LIs1 0cOOIMBICTh BU3HAUAETHCS CaMe HE3aIIOBHEHOIO eJIEKTPOHHOIO
obosoHkolo aToma lizporeny.

OKcHuTreH — He MEeHII He3BUYalHUN eJIeMeHT, OCKUTbKU /IJIsI 3alIOBHEHHS,
a oTKe, 3abe31eYeHHs CTiMKOCTi eJIeKTPOHHOI 060JIOHKY HloMy GpaKye JBOX
€JIeKTPOHIB Ha Ilepe/IoCTaHHbOMY €HEepPTeTUYHOMY PiBHi (LIiCTh 3aMiCTh BOCh-
MM), 2 Ha OCTAaHHbOMY €HepreTUYHOMY PiBHi aTOMa LIbOT'0 eJleMeHTa MiCTUTh-
¢ BChOTO JIBa eJeKTPOHU. 1M, a TaKoK BiIHOCHO HeBEIUKUM aTOMHUM
paziiycoM i 06yMOBTFOETHCS HOTO Pi3Ko BUPaKEHUH eJIeKTPOHETaTUBHUM Xa-
paxTep. BiH aTakye Bci aToMHU, 3laTHi BiZiJaBaTU €JI€KTPOHU, i TOMY € OZHUM
3 HaOiIbII aKTUBHUX €JIeMEHTIB y TPUPOZI.

Monexkysna Boau ckjazaeTbesd 3a Macoro 3 11,19 % lizporeny i 88,81 %
Okcureny, To6To oguH 06’eM OKCHUTeHY 3'€IHY€ETHCA 3 IBOMa 06’emamu [igpo-
reny. OkcureH i I'iZ[poreH aKTUBHO 3’€IHYIOTBCS OAWH 3 ofHUM (iHozi 3 BUOY-
XOM) 3 YTBOPEHHSIM CTilKO1 MOJIEKYJIH, €JIEKTPOHU B KN “3HaX0JATh cebe”,
OCKLTBbKU aToMU 060X eJleMEeHTIB iCHYIOTb Hi6U 3 AedilluTOM eNeKTPOHIB
(puc. 1.2, a). Aromu Oxcureny i ['iporeHy po3Milllyl0TbCs B MiKpOIIPOCTOPi
TaKUM YHHOM, IO 30BHIIITHI eJIEKTPOHU iX aTOMiB 00’ €IHYIOTHCS 3 YTBOPEHHAM
€JIeKTPOHHUX T1ap. Y pe3y/bTaTi IIboro BUHUKAE acCMeTpHUYHa MOJIEKY/Ia BOJH,
mobsu3y aroma OKCUTeHy KOHIIeHTPYEThCS HeraTUBHUH 3apsz, a Oiia atoma
lizporeHy — no3uTuBHUM. LleHTpU 1IUX 3apAZiB 3MillleHi OZ[MH 11100 iHIIIOTO,
TOMY Taka MOJIEKYJIa TIoZiOHa HeBeTmKoMy MarHity (puc. 1.2, d).

Ockinbku Maca i 3apsz sapa Okcureny OibIni, HiXK y aaep TizporeHy, To
eJIeKTPOHHA XMapa Ma€ HeOAHOPIAHY TycTuHy. [lobnusy saep [igporeny —
Manii 06’eM eIEKTPOHHOI XMapH, a Ha IPOTIWIEXKHOMY 0011 MOJIEKYJIH, T00-
nusy azapa OKCUTeHy, cllocTepiraeTbca HaJIUIIOK eJeKTPOHHOI I'yCTUHU
(puc. 1.2, b). Came Taka CTPYKTypa i BU3HAUAE MOMAPHICTH MOJIEKY/TH BOJH.
Bing atoma OKcUreHy KOHIEHTPYEThCSA HETATUBHUH 3apsf, a 6insg aToMiB
ligporeHy — NO3UTUBHUU 3apsA/, IPUYOMY LIEHTPU LIUX 3apAAiB 3MillleHi
ozuH mozo inmoro (puc. 1.2, ¢).

Jlesskoro abCTPaKTHOO IPOCTOPOBOIO CXEMOIO OYI0BHU MOJIEKYIU BOAU €
TeTpaezp abo YOTUPWIOTIATEBUI I'BUHT 3 IBOMA MIO3UTUBHUMH i IBOMA HeTa-
TUBHHMH 3apsAJaMU y BEPIINHAX TeTpaezpa abo Ha KiHIIAX JoacTel 'BUHTA.
Y ueHTpi Takux Giryp poaMimyerbes AApo atoma OKCUTeHy, Ha IBOX CYCigHIX
BepIIMHAX TeTpaezpa abo sonaTei rBUHTa — MO3UTUBHO 3apspkeHi aromu izi-
pOTeHy, Ha IBOX iHIIUX — HEraTUBHO 3aps/KeHi eneKTpoHu (puc. 1.2, ¢, f).

OKcureH — OLTBII €JIeKTPOHEraTUBHUHN, HiX ['iZIpOTeH, TOMY aTOMH ITUX
eJIeMeHTIB 3’€JHYIOThCA KOBaJIEHTHUM IOJIAPHUM 3B’A3KOM. BasieHTHU KyT
Mix 3B’s13kamu H-O-H gopiBHioe 104,5 °, mo Biamosigae sp® — ribpuausarii
aToMHUX opbiTaneii OKCUTEHY i YTBOPEHHA MII[HUX (-3B’SI3KiB 3 aTOMaMu
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Tigporeny (puc. 1.2, g, h). Takum YMHOM, MOJIEKyJIa BOAU KyTOBA i MOIApHA
(AUTIONIbHYI MOMEHT iy, 0 = 1,84 D). IUTIOIbHI MOJIEKY/IU BOAY YTBOPIOIOTh-
¢ 33 TaKOIO CXeMOI0: OZIHA [Tapa BHYTPIIIHIX eJIeKTPOHIB PO3MIIllyeThCA 110-
613y sigpa Oxcureny. /IBi mapu 30BHIIIHIX eeKTPOHIB IIOMAapHO 3’€AHAHI
Mi>K KO>KHUM 13 TIPOTOHIB i AipoM OkcureHny. /[Bi mapu iHIIHUX 30BHIIIHIX eeK-
TPOHIB € HENIOALTPHUMU, i iX Op6ITH CIIPSMOBaHi 10 POTIIEKHUX Bifl TPO-
TOHIB BepUIUH TeTpaespa. TaKuM YMHOM, Y MOJIEKYJIi BOAY iCHYE YOTUPU T10-
JIIOCH 3apsAy: Ba HETAaTUBHUX, AKi 00YMOBJIEHI HA/JIUIIKOM €JIeKTPOHHOI
TYCTHHU B MICIIX PO3MIllleHHS HEITOAL/IEHO] Tapy eJIEKTPOHIB (IUB. TAaKOX
puc. 1.2), i Ba TO3UTHUBHUX, YTBOPEHUX BHACIIIOK HeCTadi iX y MicIisgx po3Ta-
IIIyBaHHSA TPOTOHIB. EJIEKTpUYHMIT MOMEHT JUIIOJISI CTaHOBUTH 6,2 - 10730 Kit - M.
Bigcraub y BogHeBoro 38’a3ky H-H — 0,1515 HM. T'o10BHI MOMeHTH iHepIIii
(1047 kr - m2):

Jh =1,0243, J) =1,9207, J) = 2,9470.

Paziyc monekynu Bogu — 0,138 HM.

Bucoka nmosiapHiCTb MOJIEKY/IA BOAY CIIPUYUHSIE YTBOPEHHS Mi’KMOJIEKY-
JIAPHUX 3B’A3KiB, Y CBOIH GiTbIIIOCTI BOAHEBUX, 3aBASKH I[bOMY BOJa i Mae
aHOMAaJTbHO BUCOKY TeMITepaTypy KUITiHHS.
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He3Baskatouu Ha BEJTUKY BiIMiHHICTb etekTpoHeraTuBHocTelt AEH Okcu-
reny i igporeny (AEH = 3,5-2,1 = 1,4), 3B’30K MiXk IUMU aTOMaMH B
MOJIEKYJIi BOAU JOCTATHBO MillHUH (eHepria 3B’a3ky 461 k/[»K/MoJib) 3 pU-
yyHU ribpuaunsanii BaneHTHUX opbiTaneii atoma OKCUTeHY i HEBETUKOI 10-
BXKUHU 3B’13Ky. TOMy BoZia TIOTaHO JUCOLIiIO€ Ha i0OHU i € CIabKUM eeKTpo-
gitom (Kguc = 1,8 - 10-1°). Mosekysny BOAU Ay:Ke BaXKKO 3pyHHYBATH, TOMY
BO/Ia MOXKe iCHyBaTU B yMOBaX Pi3HOMaHITHUX i [y’Ke CUJIbHUX BIUIMBIB, Ha-
npukaaz B Kocmoci i B MaHTil 3emi.

CKOHCTpyHOBaHi Ha 3pa30K MarHiTiB, MOJIEKY/IU BOAU 1 B3aEMOJIIOTH AK
CIIpaBXKHI MarHiTy, yTBOPIOIOYM IIPOCTOPOBi CTPYKTYPH, OCKITBKH KOXKHA
BepILIMHA TeTpaezpa Moe IPUTATYBATH 110 OZHiM MOJIeKyIi BOAU, BCbOT'O —
YOTUPU MOJIeKyau. ElekTpruuHa B3aeMo/isl Mixk aromamu ['iporeHy ofHiei
MOJIEKY/IH BOJY i BiAHOCHO BITbPHUMU ITapaMU eJeKTPOHIiB aToMa OKCUTeHy
iHII01 MOJIEKyIU BoAY (BOAHEBU 3B’A30K) i IPOCTOPOBi CTPYKTYPH MOJIEKYII,
sIKi BUHUKAIOTh, BU3HAYAIOTh MIXXMOJIEKYJIAPHY CTPYKTYPY BOZAY, KA i € OfI-
Hi€lo 3 IPUYMH ii yHiKanbHOCTI. HasABHICTb HeNoAiIeHOI Tapy eJIeKTPOHIB Ha
ribpuamszoBaHux opbitanax atoma OKCUTeHy BU3HAYAE 3ZATHICTh MOJIEKYT
BOZY YTBOPIOBATH A0OAATKOBI 3B’A3KH 3a JOHOPHO-aKIeIITOPHUM MeXaHi3MOM
(mampukiaz, ionu rizpokconito H;O).

JiesekTprUyHa IPOHUKHICTD PiZiKOi BOAU cTaHOBUTH 81. TakuM YMHOM,
SIKIIO TIOMICTUTHU Y BOJY IMOJIAAPHY MOJIEKYJy, iOHHUU acoljiaT, KpucTas (cy-
KYIHICTb IPOTWIEXKHUX 3aPAZiB), CHIa iX MDKMOJIEKY/IAPHOTO TAKIHHA 3MeH-
muThea y 81 pas (oo BakyyMy). Boza € o ipHUM PO3YMHHUKOM, B AKOMY
6araro siKi pe4OBUHU PO3UUHSIIOTHCS, & TAKOXK JUCOLIIOI0Th Ha iOHU. BesbMu
MaJIo pO3YMHHUKIB MaloTh [TOJIAPHICTD, 1110 TepeBUILy€ ONAPHICTL BoAu (e
nepokcuz BogHio H,0,, cipuana kucaora H,SO,, HF, nianoBogzenp HCN
Ta iH.). BogHOYac yHacmiZlok BUCOKOI peakIiiiHOl 3ZJaTHOCTi, Ha3BaHi BUIIE
CIOJIYKU Mali’ke He BUKOPHUCTOBYIOThCA AK PO3YMHHUKYN, TAKUM YMHOM —
caMe BOJia € yHiKaJIbHUM PO3YMHHUKOM.

IMOBipHO, 110 B KPUCTAJIIYHIN CTPYKTYPi IbOAY BCi MOJIEKY/IN BOAY 3'€/I-
HaHi B @&KypHi I'paTH, BiZicTaHb Mk arToMamMu OKCUTeHY K01 O6i/biia 3a pos-
Mip OZWHOYHOI MOJIEKY/IH, TOOTO BOHA IIPOHU3aHa “AipkaMu” abo “mycToTa-
vu”. [liz yac TaHEeHHS JIbOAY i MOAABIIOTO MiZIBUINEHHS TeMIIepaTypy Taka
“KpurKaHa” CTPYKTypa IIOCTYIIOBO PYMHYEThCA, i pa3oM 3 KapKacoM, IKUMN
YaCTKOBO 36epiraeThCs, 3’IBAIOTHCA HE3B'13aHi MOJIEKY/TH BOJH, IKi MOXKYTh
3aIMoBHIOBATH IIi “Aipku”. OmMucaHa rimoTesa 06pe MOsSICHIOE aHOMAJTIO JIbO-
Jly — HOro MeHIITy T'yCTUHY ITOPiBHAHO 3 PiZIKOI0 BOZOO (K BiZJOMO, PiAUHU
T yac TBEPAIHHA YTBOPIOIOTh CTPYKTYPU i3 3aBXK/AU OUTBIIOI0 IYCTHHOIO, HiXK
TYCTWHA BUXIZIHOI PiIUHU, TOMY BOHU 3aBXK/IM TOHYTh B OCTaHHilT). Bozga moBo-
JUTHCS, SIK 1 iHIII PiZWHM, 3MEHIITYI0OYrCh B 06’€MI ITi/l 4ac OXOIOMKEHHS Ta 361Thb-
IIIYIOYX CBOIO T'YCTUHY IO OCATHEHHS HalbimbIoi ryctuau (0,999973 r/cM3)
nipu Temneparypi 3,98 °C (277,13 K). OgHak y pasi mogaabLioro ii 3HUKeHH:A
BOJla oYMHae posirrupioBaTucs (ryctura 0,999841 r/cm® ipu 0 °C; 273,13 K)
i ocobMBO 30inbIye CBifi 06’€M i/l Yac IepeTBOPEHHSA Ha Jif (TyCcTHHA
0,9168 r/cm3). Ile aHoMasIbHA BJIACTUBICTH BOAM Ma€ BeidesHe 6i0I0TiuHe
3HaUeHHs. 3aBAAKY ilf ITMOOKI BOZOWMU He TIPOMEepP3aloTh B3UMKY [0 AHA i
B HUX 30epiraeTbcs XKUTTA. OCKUIBKY TYCTHUHA JIbOJY MEHIIa, HiXK I'yCTUHA
pizKoi BozAu, BiH CIUTMBA€E Ha TIOBEPXHIO i YTBOPIOE TEIUVIOHETIPOHUKHUH LIap.
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3rizHo 3 rimoTe3010, MaZiHHA TemMnepaTypu Hikde 3,98 °C (277,13 K) npu-
MYIIy€E TOOAUHOKI MOJIEKY/IU “BUAa3UTU” 3i CBOIX “IIiNMH" i cTaBaTH LeTINH-
KaMU BIOPAAKOBAHOI TeTpaeApUYHOI CTPYKTYPH JbOAY (KOXKHA MOJIEKyia
BO/IY TTOB’sI3aHA BOZHEBUMMU 3B’I3KaMU 3 YOTHPMaA iHITUMU MOJIEKYJIaM BOZN),
HapOIIYIOYH I[UM CAMUM CBill 06CAT i 3MEHIITyIouU UUIbHICTE JIboAy. [IpaBaa,
JI0 VX TTip TOYHO He 3’ICOBAHO, 10 caMe 3MYIIye MOJIEeKYy/IN BOAU “BUIa3UTH
3 Mi>)KaTOMHUX “IIUINH.

l'inoTesa mpo CTPyKTypy JIbOAY IIPUIYCKAE, 110 BOHA He PyHHY€EThCA Bifl-
pasy mic/iA TAaHEeHHs, a Ile 30epiraeTbes y BUIAAL GparMeHTiB IPOTATOM JJOB-
roro yacy ax /o JOCATHeHHs TeMIlepaTypu KulliHHA. HaBiTh BogAHa napa, B
AKif epeBa)kaloTh OOAMHOKI MOJIEKY/IU, MiCTUTh 3POCTKU MOJIEKYJ BOAU
(mo 11 %). A AKIIO Ile caMe TaK i KOPCTKa CTPYKTypa JIboJy 30epiraeTbcs B
piaxkiii Bozii (To6TO BOHA € CTPYKTYpPOBAHOI0), TO TOZI YOMY BOHA pizika i Teue?
JI71s1 TOSICHEHHS I[bOTO SIBUIA PO3pOOIEHO KibKa TiloTe3, HanpUKJIaz Ipo
iCHyBaHHS IBO-, YOTUPU- i BOCBMUWIEHHUX CTPYKTYP, IPUUOMY KOXKHil TeM-
mepaTypi BiIMOBiae cBitt Habip TaKWUX acoIliaTiB i OIUHOYHUX MOIEKYII. JIBo- Ta
YOTHUPUWIEHH] acoliaTh MaloTh BUIVIAZ JIAHLIOKKIB, BOCbMUWIEHHI — 3aMK-
HYTUX TPUKYTHUX IIPU3M. 3allpOIIOHOBAaHA TaKOX TilloTe3a PO KJIacTepHYy
CTPYKTYPY BOAHU, TOOTO iCHYBaHHA “3ryCcTKiB”, B AIKUX NoeAHaHi 12-150 mo-
JIEKYJ1 BOAU 3 BITbHUMU ITPOMiXKKaMU MixX HUMU. Taki “3rycTKu” MBUIKO
YTBOPIOIOTHCA 1 MIBUAKO PO3LIEILTIOIOTHCA, TOMY iX i Ha3UBalOTh “MepeXTIn-
BUMM~ KJIacTepaMH.

JiticHo, 3aBAAKU HAsIBHUM BOZHEBUM 3B’s3KaM KOXKHA MOJIEKYJa BOAU
YTBOPIOE TOZAIOHI 3B’I13KM 3 YOTUPMA CYCiJHIMHM MOJIEKYIaMU, YTBOPIOIOYH
QXypHUU ciT9acTHil KapKac pigKoi BOAY — HEBHNOPSAKOBAHI CTPYKTYPH OJIVIK-
HBOTO NOPAAKY (puc. 1.3).

L1i BogHeBi 3B'13KH € CIIOHTAaHHUMU Ta icHYI0Th HegoBro (10-19...10-20 ce-
KyH7Z). BoHU IIBUAKO PYWHYIOTHCSA i yTBOPIOIOTHCA HOBIi. 3aBASKU I[bOMY BU-
HUKaIOTh HEOAHOPIZHOCTI B CTPYKTYpi BOAH i, AK HACTiZIOK, — cIlocTepira-
I0ThCsA 3TaflaHi Bulle “aHomarii Boau”. Bike HapaxoBaHo 6inbie 40
aHOMAaJIbHUX BJIACTUBOCTEN BoAU (Y TOMY UMCJIi, PO3IJISIHYTI BUILE).

Knactep monekyn soam

Monekynu
BOAM
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O6uasa atomu I'igporeHy B Mosekysi Boau (puc. 1.2, a) po3MinytoTbes
mo oAuH 6ik Biz aroma OkcureHy. BHacIi0K 1IbOTO i BUCOKOI MOJISIPHOCTI
3B’A3kiB H-O Mosekysna BoAU XxapaKTepU3yeThCA HaA3BUYaHO BUCOKOIO T10-
JApHicTio. loHi3auiiiHU MOTeHITiaM MOJIEKY/TU BOAU CTAaHOBUTD 12,6 B, a ii
CIIOpiZAHEeHICTh 0 enekTpoHa — 88 k/[)X/MOb.

Oco6suBOCTI Qi3UYHUX BJIACTUBOCTEHN BOAM i HAsIBHICTb YMCIEHHUX
HETPUBAJIMX BOJHEBUX 3B’A3KiB y MOJIEKYJ/i BOAU CTBOPIOIOTH CIIPUATIUBI
MOXKJIMBOCTI ZJI YTBOPEHH4 acoriiaTiB (kiacTepiB). [Ipo acoitiaTél pi3HOTO
cknagy (“rigpomit”, “murizposs”, “TpuUriAposns”) BUeHi OyayBasiu 3A0Taan
Ile HanpuKiHii 19-ro cropivus. ¥ 20-Ti pOKY MUHYJIOTO CTOJITTA Oysia BCTa-
HOBJIEHA TeTpaeJpUyHa CTPYKTypa Jboay i [koH Bepuai (Bernal) i I1. ®a-
ynep (P. Fowler) BUCJOBWIU yMKY PO Te, 10 MOAiOHA K CTPYKTypa XapakK-
TepHa i AJIA piKoi BOAM, ajle MeHII yIopsAAKoBaHa (Tak 3BaHUI OJIKHIH
TIOPSAZIOK).

Posrisizanacs B LieH e 9ac i Mojiesib 6e3rmepepBHOi CITKU Y BOJi — 3 T10-
JAHHAM ii CTPYKTYPH SIK BUIIaIKOBOI TeTpaeApUYHOi CiTKH, 3B’I3KU MiK MO-
JIeKyJIaMU B SIKill BUKPUBJIEHI i MalOTh Pi3HY JOBXUHY. B IpuHIUII, Take
YABJIEHHA IIPO CTPYKTYPY BOAHU MOSACHIOBAJO ii ylIiIbHEeHHA [IpU IIJIaBJIeHHI
BUKPUBJIEHUX 3B’A3KiB. OfHAK I MOZe/Ib BXOAWIA Y IPOTHUPiYUd 3 HEMOHO-
TOHHOIO 3JIEXKHICTIO BJTaCTUBOCTEN BOJY BiJl TEMIIEPATYpPH i TUCKY (1110 6YJ10
B Mozieni bepHana i ®aynepa).

®pank i Ya (Frank i Wen, 1957) 3anpomnoHyBasy MOZENb “MepeXTIUBUX
KJ1acTepiB”. BiamoBigHo zo miei mozeni, BogHEBI 3B’A3KY B PiJKili BoJi 6e3-
IlepepBHO YTBOPIOIOTHCA i pyHHYIOThCA. TPUBAJIICTD iX iCHYBaHHA CTAHOBUTD
10-19... 10! cexyHz. Lle 103BOJISAE TOSICHUTH BUCOKY PYXJIUBICTh PiKOI BOAYM
Ta i HeBHCOKY B’sA3KicTh. TUM He MeHIII, 111 MO/ieJIb He 3MOIVIa IT0SICHUTH 6e3-
JIi4 BJKe BiJOMMX aHOMaJbHUX BJIACTUBOCTEH BoAgu. TOMy TpOXH Ti3Hille, y
ApyTit mosoBuHi XX CTONITTA, 6y/10 3aIIPOMIOHOBAHO /IBi TPYNH “3MilllaHUX
Mozesel”: KaacTepHa i ki1aTpaTHa'. BOHU TOCTY)XWIN iCTOTHUM IIPOTPECOM
B IIOACHEHH] BIacTUBOCTEN BOAU. B X Mozienax Boja Iipe/cTaBisiace AK
cyMill TPOTOHOINMBLHUX i riZipokcodinbHMUX KaacTepiB i kaaTparis. IX yTBo-
peHHA NOB’sI3aHe 3 aTOMOM KHCHIO (/Bi HalloJIOBUHY 3all0OBHeHi 11,* — op0i-
TaJsAMU KUCHIO B OCHOBHOMY CTaHi, BeJIUKY CIOPiAHEHICTh 0 eleKTpoHa
(~ 40 x/I)x/MoJb) i KiNbKa 6;1M3bKO PO3TANIOBAHUX PiBHIB MOJETIIYIOThH KHC-
HeBi yTBOpeHHsI OiTbI01 KiTbKOCTI 3’€ZIHAaHb 3 BiJHOCHO CJIAOKUMU 3B’sI3KaMU
Mi>K BUXiTHUMU MOJIEKy/IaM1). [CTOTHUM € HasgBHICTh HECTTaPeHUX eJIEKTPOHIB,
AKi 6epyTh y4acTh B YTBOPEHHI KOHTaKTHUX KMCHEBUX KOMIUIEKCIB (TpUBa-
JicTb KUTTS 10-13 cekyHZ) i KOMILIEKCIB 3 TIepeHOCOM 3apsaay. [liticHo,
KJIaCcTepHO-KJIaTpaTHa MOZeJIb CIIpUA€ BUHUKHEHHIO B reTepOreHHil cucTe-
Mi BOZY COJTbBATOBAHOTO eJleKTpoHa. CaMe IMPUCYTHICT TiZIpaTOBAHOTO eJIeKT-
pOHa 3 MaJIUM 4aCOM JKUTTA J03BOJIAE€ TOSCHUTYU YTBOPEHHA JIY?KHOTO CepeJi-
OBHWINA i BiAHOBJIEHHA TIEPBUHHUX (i3UKO-XiMiYHUX XapaKTEPUCTUK BOAH

1 Knarpartu (CHOJNYKH, BKJIIOUEHHA) — YTBOPIOIOTHCA BKJIIOUYEHHAM MOJIEKY/ (3BaHUX I'OCTAMH) B TOPOXKHUHU
KPHUCTaJIIYHOro KapKaca, 1[0 CKJIa/[a€ThCs 3 MOJIEKYJT iHIIIOTO COPTY (3BaHUX IOCIIOAAPAMHE) — Lie IPaT4acTi Kia-
TpaTH, a60 B IOPOXKHUHI O/IHiE] BETMKOI MOIEKY/IM — rocrogapsa (MOoNeKy/IsIpHUi KaaTpar). [paTdacTi KaaTpaTi
iCHYIOTDb TIBKU B KPUCTJIIYHOMY CTaHi, MOJIEKY/ISPHI K1aTpaTu — i B po3unHax. Tepmin “kinaTpat” BBiB B 1948
pouiI'. Tlayesn (G. Powell) [auB. I M. ITayenn. Y kHu3i: HectexuomeTrpuyeckue coeanHenus. — [lep. 3 aHmt. — M.:
Mup, 1971.— c. 398—450; Xoean M. KnaTpartHsle coefuHeHna. — M: Mup, 1966].
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yepes JeAKUN IPOMIXKOK dacy, a TAaKOX 3POCTaHHA AUIOJIbHOI'O MOMEHTY
JIiHIHOTO KJIacTepa B aMopdHii MosieKyITi BOAHY i TeTpaeApUYHOro Kjiacrepa
3a paXyHOK aKTHBallil pO3YNMHEHOI'0 KUCHIO.

Cepez KJjlacTepHUX MoZeell MOKHa BiJ3HAUUTH MO/IeJb, IIpe/iCTaBlIeHy
Ha puc. 1.3: KjacTepu IIOB’A3aHNUX MOJIEKYII, fIKi IUIaBaloTh B MOPi He3B’A13a-
HUX MOJIEKYI. Y BoZi 36epiraeTbcs mofibHa rekcaroHaJIbHOMY JbOJAY CiTKa
BOZIHEBUX 3B’A3KiB, TOPOKHUHU SKOi YaCTKOBO 3alIOBHEHI MOJIEKYJIaMU.
JI. TToninr (L. Pauling) 3anpomonyBasB (1959) zelno iHmIMi BapiaHT MOZETI.
Bin BBakaB, 1110 OCHOBOIO CTPYKTYPHU CIYKUTH CiTKa BOAHEBUX 3B’A3KiB, AKa
BJIACTUBA AeKUM KpUCTaJoriipaTaM.

BapianTamu kacTepHUX Mo/ieJiel BOAU € KJIaCTePH i BUTbHI MOJIEKYIIH,
3’elHaHi BOJHEBUMU 3B’I3KaMU. Y KJIATPATHUX MOJEJIAX OTYCKAETHCI MOXK-
JIUBiCTh YTBOPEHHS 3B’13KiB MiXK IIYCTOTHMUMMU i KapKaCHUMHU MOJIeKyJIaMu.

IcHye rinoTesa i1 mpo peasisaliio MeXaHOXiMiYHUX peakliil paguKaaIbHOI
auconianii Bogu. 'imoTe3a 6a3yeThesi Ha TOMY, IO PiZka BoJja € IMHAMIYHOIO
HecTabiIbHOO TOIIMEPHO0 CUCTEMOIO, 1 TIOZIGHO 10 MeXaHOXIMIYHUX peak-
il y TosriMepax Ipy MeXaHiYHOMY BIUIMBi Ha BOAY IIOTJTMHEHA HEIO eHePTist
(HeobxigHa a1 po3puBy 38’a3kiB H-OH) ytoKatisyeTbes B MiKpoo6cs3i CTpyK-
TYPH BOJH 32 CXeMOIO:

(H,0),(H,0...H-| ~OH) (H,0),, —*—(H,0) (n+ 1) (H') + (OH) (H,0),,
aee — HeCHapeHI/Iﬁ €JIEKTPOH.

OckibKY AMCOIliallis MOoJIEKY/I BoAH i peakilii pagukanis OH® i H* Biz-
OyBarOThCA B acOIiHOBAaHOMY CTaHi PiZIKOI BOAM, pPaZUKaIN MOXYTb MaTH
TPUBAJIi MPOMIDKKY KUTTA (JecaTKU CeKyH/ i Ginblile) B pe3y/abTaTi peakiliit
pexkoMbiHaii. TaKUM YHMHOM, Y BOZi MOXKYTh iCHYBaTH JJOCUTh CTiMKi MOJIi-
MEpHi CTPYKTYPH.

Ken /Ixxopzaan (K. Jordan) 3ampornoHyBaB MoZieNlb CTPYKTYPHU CTIAKUX
“KBaHTIB” BOAM, IKi CKJIAZIAal0ThCA 3 ecTH ii Mosekyst. Lli kimactepu (KBaHTH)
00’€ THYIOTBCS OAUH 3 OAHUM i 3i “3BezieHUMU” (OAMHOYHUMU) MOJIEKYTaMU
BO/IY 32 paXyHOK €KCIIOHOBAHUX Ha iX TOBEPXHi BOJHEBUX 3B’A3KiB (puc. 1.4).
Y 11iti MoziesTi KpUcTamu TBEPAOoi BOJH, SIKi BUTBHO 3pOCTarOTh (J1i] a0 CHIXKUH-
KU), TIOBUHHI MaTU 6-IpOMEeHEBY CTPYKTYPY. YTBOPEHHS JIAHIIIOXKKIB i KiTelb
3 6araTbox MOJIEKYJ BOAU MiATBEPIKEHO METOZOM PEHTTEHOCTPYKTYPHOTO
aHami3y. Jlocmigauiibka rpyna 3i CTeHpOopAChKOTro YHIBEPCUTETY TEX BBaXKAE,
ITI0 JIAHIIFOKKY Ta KUTBIIA 3 6araTboX MOJIEKYJI BOJH € eJleMeHTaMH ii CTPYKTY-
PH 3 TPUBAIUM 4aCOM XKUTTH.

ExcriepruMeHTanbHO MOKA3aHO, 1[0 B CTPYKTYPi BOAY BOAHEBI 3B’A3KU
MiXX MOJIEKy/IaMHU JIbOZY MaloTh 4acTKOBO (Ha 10 %) KOBaJieHTHUI XapaKTep.
Lle mo3Bossie 10 % MosyeKya BoAM 00’€AHYBATUCS B TIOJNiMEPHU 3 IOCTATHHO
TPUBAIUM 4acoM KUTTs. OcTaHHi, MoZi6HO [0 3BUYaHUX MTOJIIMEPIB, MOXKYTh
pyMHYBaTHCA MiJ Ai€l0 3BYKY, PO3TATYBAHHA, IPOAABIIOBAaHHA KPi3b TOHKI
OTBOPU TOIIO. Take pyHHYBaHHA IPUBOAUTH IO YTBOPEHHS OLIBII IPOCTUX
MOJIEKYJIAPHUX CTPYKTYP — KJIacTepiB.

3aBASKU BOZHEBUM 3B’sI3KaM MOJIEKY/IU BOAY 3’€IHYIOThCS B Oe3nagHi
acoliaTy — KJIacTepU i BOJHI KPUCTAJU, 0 CKIALy IKUX MOXXYTb BXOJUTHU
JleCATKY, COTHI i HaBiTh TUCAYI MOJeKyI. “BofiHi KpucTann” MOXKYTh MaTU
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Pucynok 1.4.

Mogernb cTpykTypw

[7,8]

PucyHok 1.5.

Kpucraniuna crpykrypa nsogy

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

E4EN €>\\ b
1 < 1 ~ -
. “ s W femm—m—— ~ ~ e !
CTIMKMX "KBAHTIB™ BOAM ? ; Q C’b\ I v, h
~
1

Mpn3ma KniTouka KHWXKa

pisHOMaHITHY pOpPMY — SIK IIPOCTOPOBY, TaK i ABOMIpHY (y BUIVIAZI KUTbIIEBUX
CTPYKTYP). B OCHOBI BCiX CTPYKTyp — TeTpaep. ['pymnyrounch, TeTpaeapu
MOJIEKYJI BOAY YTBOPIOIOTB Pi3Hi CTPYKTYpPH, ajle OCHOBHA y IIPUPOZI € TeKca-
roHaJIbHA, KOJIU UIiCTh MOJIEKYJI (TeTpaeZpiB) 3’eJHYIOThCA B Kiiblie. Llelt Tun
CTPYKTYpH MpUTaMaHHUM CHITY, JIbOJY, TaJlill Ta KJIITUHHIHM BOAI BCiX )KUBUX
opranismis (puc. 1.5).

Monexynu Boay 37aTHi yTBOpIOBaTH TpU-, TeTpa-, IIeHTa- i rekcamipu,
SIKi B TOZAJIBIIIOMY MOXXYTh TpaHchOpMyBaTUcs B GiIbII CKJIAIHI acolliaTh —
KJIaCTePH BOAU. 3’€AHYIOUHMCH OJVH 3 OZHUM, [IPOCTi KJIacTepU MOXYTh YTBO-
PIOBATH CKJIaZHI cTPyKTypH 3 20 i Gibllle MoseKyiaMu Boau. EnemeHTap-
HUMU KOMipKaMU BOJU € TeTpaepH, AKi 3’eHaHI MiXK c0O60I0 BOAHEBUMU
3B’sI3KaMU, — YOTHUPH (IIPOCTUiL TeTpaeap) abo I'ATb MOJIEKYT BoAU (06’eMHO-
LIeHTPOBaHUM TeTpaezp).

3a [01IOMOTr'0l0 BOJJHEBHUX 3B’A3KiB IIPOCTi TeTpaepyu MOXKYThb 3'€HYBa-
THCSA MiXK cOO0I0 BepIIHAMU, pebpaMu a60 IPaHAMU, YTBOPIOIOYHU KJIaCTEPHU
CKJIaZHOI CTPYKTYpH (Hanpukiaz, y GopMi fogekaesnpa).

TakuM 4MHOM, MOJIEKYJIU BOAU B pe3yJabTaTi OpOYHIBCHKOT'O PyXy Ta ix
3iTKHEeHHS OyZyTh B3a€EMOZIATH MiXK COOOI0 32 JIOTTOMOTOIO BOZIHEBUX 3B’I13KiB
i yTBOpIOBaTH KJIacTEPH OLIBII CKIAZHOI CTPYKTYPU.

[Tozo CTPYKTYpHOI cTilikocTi (cTabiTbHOCTI, CTIMKOCTI) BOAY BeAEThCS
JUCKYCifl: iCHYIOTb ZyMKHU IIPO CTiMKICTh CTPYKTYpH 3 24, 57, 1820 Moekyn
Bozu. KitactepHa cTpyKTypa y BUIVIAAL iKocaezpa (Y AKOMY 3'€AHYIOThCA 0
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Cxema yTBOpEHHS
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ikOCaeapUYHKX CTPYKTYP BOAM

1820 MosieKys BoAU 3 YTBOPEeHHAM 13 ApiOHININX CTPYKTYPHUX eIEMEHTIB)
IpeZcTaBjieHa Ha puc. 1.6.

36inbIIEHHS KITPKOCTI KOMIIOHEHTIB Y acolliaTi MPpU3BOAUTH Z0 MiHepa-
Jizarii KkiacTepa i BAPOMKEHHS HOTOo B JTbOAOIOAIOHY MoAeb. [IpH 1IbOMY
OCHOBHUM IepeHOC 3apsaAy MOBUHEH BifbyBaTHCA 3a paXyHOK IIPOTOHA, a
peKoMObiHallif paJuKaliB — y pe3yabTaTi e3aKTUBallii TPOTOHIB Y BUIVIAZL
rasomno/[iGHOTO BOJHIO, BHACIIZIOK YOTO CIOCTepiraeTbes migBuineHHs pH i
dbopMyBaHHS JY)KHUX BIACTUBOCTEHN BOZAM, a TAKOXK 30LIbIIIEHHS YaCTKH Ti-
JIpaTOBaHUX TiIPOKCU/IB, AKi, B CBOIO Uepry, 6epyTh y4acTb B yTBOPEHHI I1e-
POKCH/Y BOJHIO, a TAKOXK acolliaTiB BepTUKaJbHOI'O TUIY (Tak 3BaHUH “cTe-
KOBUU” 3B’SI30K).

YTBOpEHHS TiraHTChbKUX reTepOoKIacTePiB BOAU, PO3MIp AKUX MOXKe J0-
csirtu 30-40 MKM i HaBiTh 6ibie (60—70 MKM), TTiATBEP/PKEHO €KCIIEPUMEH-
TaJbHO (3 BUKOPUCTAHHAM Jla3epPHOI'O clieKTpoMeTpa). BogHouac iMoBip-
HiCTb iCHYBaHHS BeJIMYE3HUX KJIACTepiB TUIY iKocaezpa, AKi 6 06’efHyBantu
6inbire 2000 MoOJIEKY/T BOZAM, 32 YMOBH CIIOHTAHHOTO i 6e31mepepBHOTO PO3-
pUBY BOAHEBUX 3B’A3KiB, BUKJIUKAE BeJUKi cyMHiBU. HallimoBipHiIite, ekc-
eprMeHTaToOpH GiKCyBaJu pO3BUTOK ra3oriZipaTiB abo acoliaTiB KIacTepis,
sKi azcopOyBanmucs Ha MOBEPXHI MiKPOIYXUPIIiB ra3iB, pO3YMHEHUX Y BOJI.

Ha cTpykTypy yTBOpeHb (Kj1acTepiB BOAN) MOXKYTb BIUTMBATU TEMIIEPATY-
Pa, TUCK, MarHiTHe 1oJse, YO-BUIIPOMiHIOBAHHS, 3BYK, paZiallid Ta iHire. Y kiat-
paTax BoA{ TOPOKHUHU MOXXYTh HallOBHIOBATHCA MOJIEKy/IaMU I'asiB, yTBOPIO-
I04YM KpUCTasoTiZipaTy (rasorigpary, Hanpukiag metany — CH,-nH,0). Pos-
YHHEHI y BOZIi PEYOBHHM i Ta3u CIIPUAIOTH cTabitizallii kiacTepiB i KaTpaTiB.

TakyuM 4MHOM, aHaJli3 Cy4acHUX YABJIEHb IIPO MOJeNi CTPYKTYPU BOAU
JI03BOJII€E KOHCTATyBaTHU TaKe:

1. CtpykTypa BoaH fABJISAE coO00 dpaKTasbHy! KJaTpaTHy MOZENIb, B
SIKiH MOJIEKy/Iu BoAu 06’efHaHI B KJacTepH 3 AesIKOI0 KiMTbKiCTIO MOJIEKYT
(TouHe 3HaUEHHSs TIOKH III0 He BCTaHOBIEeHO). KiacTepu no uep3si “posbas-
JIAI0TheA” mycToTaMu (ZipkaMu). OCHOBHUM CTPYKTYPHUM eJleMeHTOM KJac-
TepiB € TeTpaeap.

2. MosieKynu BOAU TETPAEAPUYHOI CTPYKTYPHU 00’ € THYIOThCS B KJIaCTEPU
ckaziHOi KOHGIrypariii 3a 10MOMOTor0 BOAHEBUX 3B’A3KiB, AKi CIIOHTAHHO i

1 ®paxran — reomerpuyHa ¢irypa, 1110 BOJIOZI€ BJACTUBOCTAMH CaMOIOAIOHOCTI, TOOTO CKJIaZA€ThCA 3 JEKIIBKOX
YaCTHH, KOXKHA 3 IKUX TOi0Ha /10 Bciel Girypu B 1iomy.
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6e3nepepBHO po3puBarThea (10-11...10-12 cekyHz). CydacHUMU METOZAMU
dbeMToCceKyHIHOI Ta3epHOi CIIEKTPOCKOIIi1 BAAETHCA OI[iHUTH TPUBATICTD BOJ-
HeBOTO 3B’13Ky ~ 200 peMTOCEeKYHI,.

Lle came ToO¥ 4ac, IKUI HEOOXiHUM /IS TOTO, 106 IPOTOH 3HAUIIOB OO0
MiClle B iHIITOMY KJIacTepi. YTBOpeHHs BETUKUX KIacTepiB, HAABHICTh X 6poy-
HIBCBKOTO PYXY i BIUTUB Pi3HUX Qi3MUHUX BIUIUBIB (TypOyIizaiisa BOAHUX CHC-
TeM, Ziisl eIeKTPOMAarHiTHUX TOJIiB, TUCKY, 3BYKY TOII0) TTPU3BOAUTH Z0 PO3-
PHUBY BOJHEBUX 3B’AI3KiB, IO i TOACHIOE iX HEBEJINKY TPUBAJICTh iCHyBaHHA.

3. Kiactepu 3 pisHOIO KUTBKiCTIO MOJIEKYJI BOJY BUHUKAIOTh CIIOHTaHHO
i 6e3nepepBHO PyUHYIOThHCS, TOOTO Yepe3 PO3PUB BOAHEBUX 3B’13KiB yTBOPIO-
I0ThCA “MepexTauBi kiactepu”. Lleli mporiec Harazlye yTBOpeHHs XMap B aT-
MochepHOMY TOBITpi. AJle, 3BUMalHO, KJIaCTEPU PYUHYIOThCS 3HAYHO IBU/I-
11e, Hi*k XMapH.

4. Kylactepu 6ilbII IPOCTOI CTPYKTYPU IepeOyBaioTh y Oe3nepepBHilt
CIIOHTAHHIN B3aeMOZii 3 iHIIMMU KJIacTepamMu ab0 OKpeMUMH MOJIEKYIaMH
BOJY i yTBOPIOIOTH 3a PaXyHOK BOJHEBUX 3B’I3KiB CKJIAZHIIIY ppaKTanbHy
KJIaTpaTHY CTPYKTYpy BOZAU. Y IIpolleci iX B3aeMO/il MOXXYTb YTBOPIOBATHUCA
pazukamu OH* i H;0* (H;0,") — oKCcoHOBi i0HH, fKi 06YMOBJIIOIOTh YTBO-
peHHs nepokcuzy BogHio H,0,, aTomapHoro I'ifporeHy i HOBUX KJIacTepiB.

5. CrabinizaTopaMy CTPYKTYPH BOJU MOXKYTb OYTH PO3YMHEH] Ta3u i pevo-
BUHY, fIKi TeXK B3aEMOZIIOTH 3 KJIaCTepaMU Ta OKPEMUMHU MOJIEKy/IaMU BOJU.

6. Ha cTpyKTypy KJIacTepiB BOAU MOXKYTh BIUTUBATU TeMIlepaTypa, TUCK,
MarHiTHe ToJe, 3BYK, pafialis, YO-BUIpOMiHIOBaHHS, PO3YMHEHI PEUOBUHUI
irasu Ta iH.

7. OCKiNBbKY KJIaCTEPHi CTPYKTYPHU 3 Pi3HOIO O6yZ0BOIO KiacTepiB be3me-
PEPBHO 1 CIIOHTAaHHO BUHUKAIOTh 1 pyHHYIOThCA, TO MOXKHA CTBEpJKyBaTH,
10 B IPUPOJi He iCHye JBOX OZHAKOBUX Kpallejb BOAU TaK caMo, K i IBOX
abCOIOTHO OZHAKOBUX CHIXKUHOK.

8. Ci1if B3ATH [0 yBary, 1o Ha Cy4acHOMY eTalli pO3BUTKY 3HaHb IIPO
BOJIy PO3IJIAHYTI MOZiesTi BOAW — Iie He GiibIlle HiXK MpUOIM3HI MozeTi, sKi
BUKJIMKaHI IParHeHHAM HaOJIU3UTHCA [0 TIOSICHEHHS aHOMaJIbHUX BJIACTU-
BocTe# Bogu. MabyTh, TTMOMHHI Gi3UYHiI BJIaCTUBOCTI i 6yZi0Ba BOAH IIie 4e-
KaIOThb CBOIX JOC/IIIHUKIB.

Mo>x11BO, IO 3@ JOIIOMOTOI0 Cy4acHOI'O Ta IePCIeKTUBHOI'O KOMII'F0-
TEPHOTO MOJETIOBAHHI MOXKHA OyZle OTPUMATH JOCTOBIPHY MiZIKA3KY IIOZO0
pPO3yMiHHA Gi3MYHUX i XiMIYHUX BJIACTUBOCTEU BOAU, TOSCHUTHU POJIb I'eTe-
POTeHHUX CTPYKTYP, 110 QiKCYIOTBCA B MeXax TeMIepaTypHOTO iHTepBary
icayBanns xuBoi npupozu (0-35 ° C), y mpuckopeHHi abo raJpMyBaHHi 6i0-
JIOTIYHUX Ta iHIIUX IPHUPOAHUX MPOLIECiB, Y BIUIMBI Ha MeXaHi3M MIPOBiHOC-
Ti BOAY B KBa3iKpUCTaIiYHUX KapKacax abo B iHITUX CyIIepMOJIEKYIIPHUX
KJIacTepax, Ha repebir 6araTbox TEXHOJOTIYHUX MPOIIECIB Ta IPUPOSHUX
IlepeTBOPeHb B IPUPO/HIl BOZI, HACHYEHOIO0 KMCHEM TOILO.

LIi Ta mozi6OHi iM rimoTe3u Bce 3K MOSICHIOITH TPUHIIUTIOBY MOXKJIUBICTh
BO/IM OYTH CTPYKTYPOBAHOIO i OJHOYACHO 3a/IMIIIATUCS PIAKOIO i TEKYUOI0, a
TaKOXX BeJIMKY KIbKICTh aHOMaJIill BOAU, HAaIPUKJIa/, 3MeHIIIeHH i1 B’I3KOCTi
TIpY MiZIBUIIIEHHI TUCKY (B iHITMX piAHAaX HaBMaKW — 3 MTiIBUIIEHHIM TUCKY
B’SI3KiCTh 3POCTAE): I BJIACTUBICTh BOAY 3a0e3Mevye il BETUKY PYXJIUBIiCTb
[TMO0KO B HaZIpax IUIAaHETH, e TUCK JOCATA€E BeTUUYe3HUX 3HaU€eHb.
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Y xiMiuHOMY IIaHi BoZa — JOCUTh aKTUBHUU peareHT 3a paxyHOK Ha-
SIBHOCTI /IBOX HETIO/[I/IEHUX TMap eJeKTPOHIB B aToMi OKCUTeHY i MOIAPHOCTI
MOJIeKya. Bogy MoKHaA po3miAfaTH fAK MPOAYKT B3aeMozii ioniB Ht i OH-
(Bogma — aMdoJIiT, OCKIPKYM YTBOPIOE IIi iOHH B MPOIIeci AucoIiarii), ki €
HOCIIMU KMCJIOTHUX i OCHOBHUX BJIaCTUBOCTel BOAHUX PO3unHiB. Tomy uuc-
Ta BoZla Ma€ HEUTpalbHY peakiiito cepepouina (pH 7, ioHHUH 106YTOK BOAU
10-14).

3aBAAKU 3aTHOCTi BOAU YTBOPIOBATH JJOHOPHO-AaKIENITOPHI i BOZHEBI
3B’AI3KHY, iCHYIOTb YUCJIEHHI MiXKMOJIEKY/ISIPHI i KOMIUIEKCHI CITOJIYKU: TiipaTH
(H,SO, -nH,0, NH;-nH,0), kpucranoriaparu (KAI(SO,4), - 12H,0, CuSO, - 5H20,
Na,CO;- 10H,0), akBakomiuiekcu ([Cu(OH)¢]1SO,, [Zn(OH),]CL,).

3a y4JacTio MOJISIPHUX MOJIEKYJT BOJAY BiZOYBarOTHCA MPOIIECH €TeKTPO-
JITUYHOI AKCOIliallii eJIeKTPOJIiTIB, TiApaTallii, TiApoisy, peakiiii o6MiHy i
PO3KJIaZIaHHs Pi3HUX OPTaHiYHWX i HEOPTAHIYHUX CIIONYK, HATIPUKJIA/:

Cl, + H,0 — HCI + HOCI;

ZnCl, + H,0 — ZnOHCI + HCI;
Hzc = CHZ + HOH — CH3CHZOH;
HC = CH + HOH — CH;COH (eTananb);
RCOOR’ + HOH — RCOOH + R’OH;
CasN, + 6H,0 — 3Ca(OH), + 2NHj,.

Boga BusBIs€e cabKi OKMCHI BIACTUBOCTI 3a paxyHOK aToMa [ifporeny
y BUIIiH cTyIeHi okucHeHHs ioHa H*. [Tpy BUCOKUX TeMIlepaTypax i B IpU-
CYTHOCTI KaTasi3aTopiB BoZjJa OKUCHIOE ByTJIellb, MeTaH, okcuz Byrelto (II),
3aiizo, pocdop, y 3BUYaliHUX YMOBAX — JIYXKHi 1 Iy>KHO3eMeTbHi MeTaH,
TiIpUAu MeTasliB:

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

Boza Mae Takox cabki BiJHOBHI BJIaCTUBOCTI 3a paXyHOK IIPHUCYTHOC-
Ti B ii Mmosiexysi aToma OKCUTeHY B HDKUOMY CTyIIeHi okucHeHHA (ioHa O5).
[Tizx Aiero CMIBHUX OKUCHUKIB — aTOMapHOTr0 KUCHIO, GTOPY — BOZIa OKKC-
HIOETHCA:
H,0 + %20, — H,0,;
H,O + 2F, — 2HF + OF,;
H,O + F, — 2HF + %2 0,;
3H,0 + 3F, — 6HF +0,.

PeuoBunu H,0,, O;, OF, — NpoAyKTH OKUCHEHHSA BOJY, [0 CKIaZLy MO-
JIEKyJI IKUX BXOAUTH OKCUTeH y Pi3HUX CTyTIeHAX OKucHeHHsA (-1, 0, +2).

BaraTo peaxiiiii BiZiOyBaeTbCs JIHIIIE B IPUCYTHOCTI CITiZIiB BoAY (B3aeMOZis
JIY>XHUX MeTaliB 3 XJIOPOM, JIAHIIFOTOBA PeakKIlisi BOAHIO 3 XJIOPOM Ta iH.).
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1.2. Bopa B npupogai

Pucynok 1.7.

3aranbHi cBiTOBI
BOJHI pecypcu
(GRIDA-UNEP,
2012)

1.2.1. BOAHIPECYPCUYY CBITI, EBPOII, HOPBETIi
TA B CEPEAHIN A3Ii

1.2.1.1. BoaHi pecypcu y cBiTi

Matixe 75 % 3eMHOi TOBEPXHi BKPHUTO BOZIOIO, IPUYOMY Ha OKEAHH IPUTIAZIAE
96,5 %. 3araypHult 00CAT IPICHOI BOAY, II0 BUKOPUCTOBYETHCA /I €KOCUCTEMU
JIFOZIMHU, CTAHOBUTBD 6;1113bK0 200 THcsd KM Bogy — MeHiire 1 % Biz ycix 3amaciB
npicHoi Boau. Ha pruc. 1.7 mokaszaHo HaABHICTh BOAHUX PECYPCiB y CBITi.

3aranbHui 06’eM BoAM Ha 3eMJIi CTAHOBUTH OIM3bKO 1,4 MJIPZA KM3
(1,4-10™ m®). O6car mpicHOi Bogu — 6au3bK0O 35 MJIH KM2, 1I0 CTAHOBUTH
6su3bpKo 2,5 % Big 3arampHOro 06cAry. Ilpu pomy 61u3bK0 24,4 MITH KM2,
abo 70 % Big 3amaciB npicHOi Boau, epebyBaroTh y GopMi JIbOAY Ta HOCTiH-
HOT'O CHI>)KHOT'O ITIOKPUBY B TipCbKUX paiioHax, AHTapKTHUIli Ta APKTHULi. Ban3b-
ko 30 % (10,7 - 10" m3; 10,7 mutH KM3) CBiTOBUX 3amaciB mpicHOi Boau 36epi-
raloThCA y BUIVIAZAI MiA3eMHUX BoZ (MUTKOBOZHI 1 IOOKi 6aceiiHu mi3eMHUX
BOZ 710 2000 M, BOJIOTiCTB I'PYHTY, OOJIT ¥ Bozia BiuHOI Mep3anotn). Lle craHo-
BUTb 6;113bK0 97 % Bciei mpicHOi BoAM, MOTEHIIHO JOCTYITHOI /1T BUKOPYUC-
TaHHA JIoAUHOIO. [IpicHi o3epa i piuku MicTaTh npubausHo 105000 km? abo
6sm3pKo0 0,3 % CBITOBUX 3amaciB IpiCHOI BOAM.

Bozni pecypcu y cBiTi po3nozisieHi HepiBHOMipHO. Ha puc. 1.8 mpezcTas-
JIEHO PO3MOZLI MPiCHOI BOAU Mi>K KOHTUHEHTaMU Y BUIVIA/I TbOAOBHUKIB i KpU-
YKaHUX IIATOK, 'PYHTOBUX BO/ Ta iHIITUX BOJOUM.

O3sepa i BOZOCXOBHIIA € HAWOUIBII IOCTYITHUMH peCypcaMu MPiCHOI BOAU
y ¢BiTi. Piuku micTsATh 6;1113bK0 2100 kM (0,0065%) BoAM, 03epa — 91 000 kM3
(0,26 %) BOAM Biz 3araibHOI KiTbKOCTI BoAHUX pecypciB. [Ipu nibomy 80 %
03€PHHX BOJ CKYITYeHUX B 0OMeXeHil KinbKocTi o3ep (Bcroro y 40). Cepen
HUX HaNO6UIbII BemuKUMU € 03epo Batikan (23 000 km3, Pociticbka ®ezepa-

AtmocdepHa Boaa
0,22%

bionoriuHa Boga
< 0,22%

AN Piku 0,46%

MosepxHesi Boan
Ta iHWi NpicHi
Boaun 1,3%

ConoHi nig3emHi
Boau 0,93%

>
CornoHi o3epa
0,07%

MNpicHa Bopa
2,5%

Bonota
Ta 3anMBHI NyKN
2,53%
['pyHTOBa BONOra
3,52%
OkeaHu
96,5%
Nig
Ta CHiroBuin
MoKpuB
731%

CeiToBui1 3anac
oA

MNoeepxHeBi BoAN

MNpicka sopa Ta iHwWi npicHi Bogn
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PucyHok 1.8.

Tno6anbHMi
posnogin
(mocTynHicTs BOAK)

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

(GRIDA-UNEP, 2012)

11if1), o3epo Tanranpika (19000 km3, LlenTpanpHa AdPpuka) i 03epo BepxHe
(12000 k™3, ITiBHiuHa AMepuka). Benuki Osepa (CIIA, Kanaza) MicTsATb B
niztomy 6;113bK0 25 000 kM3 mpicHOT Bou.

HasBHi mxepesia picHOI BoAy po3NOZUIeHi y CBiTi HepiBHOMipHO. Puc. 1.9
iTIOCTpYy€E 3MiHy BoZI03a6e3MeYeHOCTi y BChOMY CBiTi.

Amasonka, Konro, fH131, MeKoHT i €Hicell € HAUOUIbIIMMMY 1 HaNOLIbIIT
MTOBHOBOJZHUMH piKaMu y cBiTi. KoykHa 3 HUX Ma€ BlIacHuUl 6aceiid — AUITHKY
wrotero Ginmbie 1 MTH KM? IpeZicTaBieHi Ha puc. 1.10. BibiricTs piukoBux 6a-
CeHHIB € TPAaHCKOPJOHHUMU. 148 KpaiH BKIIOUAIOTh B cebe TEpUTOPito OHiel
abo KiTbKOX OaceiHiB TPaHCKOPAOHHUX PivoK. ¥ 39 KpaiHax oguH abo KilbKa
6acelHiB TPaHCKOPZOHHUX PiYOK MOKPUBAIOTh OL1bLI Hixk 90 % TepuTopii, i
21 xpaiHa TOBHICTIO PO3TaIIOBaHa Ha TEPUTOPIi OHOTO ab0 EKLTBKOX GaceiHiB.
46 % roBepxHi 3eMHO{ KyJIi IOKPUTO HacelfHaMH TPAHCTPAHUYHUX PiYOK.

Y cBiTi icHye 276 TpaHCKOPJOHHUX PiYKOBUX OaceitHiB (64 —B Adpuiii,
60 — B Asii, 68 — B €Bpori, 46 — B IliBHiuHiii i 38 — y [liBgeHHil AMepuili).
185 3 276 TpaHCKOPAZOHHUX PiUKOBUX O6aceiiHiB, ab0 MPpUOIU3HO Bi TDETUHH,
PO3IMoZiIeHi MiX [BOMa KpaiHamu. 256 3 276 posnogineHi Mixk 2, 3, abo 4 kpa-
iHamu (92,7 %), i mie 20 mozieHi MixK m’'siTbMa abo 6ibIine Kpainamu (7,2 %);
MaKCUMasabHa KiTbKiCTh KpaiH, AKi IATh TPAaHCKOPAOHHI PiYKOBi 6aceiinu,
craHoBuUTh 18 (piuka /lyHatt) B €Bpori. Y Tol ke gac B 60 % 3 276 cBiTOBUX
Mi>XXKHapoAHUX 6aceiiHiB PiYOK BiZiICyTHil OyAb-AKWUH THUI Cy4aCHOT'O CITLIbHO-
r'o YIIpaBliHHA PIYKOBUMU pecypCcaMH.
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Pucyrok 1.9.

[nobansHuit posnoain
(mocTynHicTb) BOAM

HO AyLLy HOCENeHHs
(Revenga, 2000)

Pucynok 1.10.

Baceinn HanbinbLwmx
pivOK Yy CBITI
(GRIDA-UNEP, 2002)

1.2.1.2. BogHi pecypcu €Bponu

Ak i ckpi3b y cBiTi, IpicHa BoZa B EBPOIIi € BCIOAH, i B TOM 3Ke Yyac HepiBHO-
MipHO po3noziieHa. EBPOMENChKi PiYHi PeCypCH MPiCHOI BOJIY CKJIAIAI0Th OJIH3b-
K0 2270 KM, TIpu TOMY, 1110 TUTbKH 13 % 111X pecypciB goctymHi (EEA, 2009).

Y Tabn. 1.2 mpezcTaBieHi MOBHICTIO ZOCTYIHI pecypcH IpicHOI BOAU B
6inpiocTi kpain €C, a TaKOX y KpaiHax, 110 mepebyBaroTh y cdepi BIUIUBY
€C. He3pakatouu Ha Te, 1110 Himeuuwnta, ®paniiis, [[IBeriss, BenrkobpuraHis,
Cepbis Ta IcaHzis MarOTh MPUOIU3HO OJHAKOBI 3amacy mpicHoi Boau (164—
188 mutH M%), Bogo3abe3nedeHHA Ha Iy HaceJIeHHs Y HUX iCTOTHO Pi3HUTB-
ca. Ha puc. 1.11 noka3aHo KilbKiCTh BOAU Ha AVITy HaceJleHHA B JeIKUX
€BPOIENCHKUX KpaiHaX, sIKi MOKHA MIOPiBHIOBATH MiK 00010 3 BOg03abe3Ie-
YeHHA, BUXOAAYM 3 JaHuX Tabur. 1.2.

Ha puc. 1.12 npeacraBieHo pivHe 3abe3nedeHHs MPiCHOIO BOAOIO B €B-
pori. [Tokazani mjopiuHi 3MiHU B IPUPOJHOMY ITOTIOBHEHHI PeCypciB IpicHO1
Boau (Biz 10 g0 500 i Ginbite MisiMeTpiB). Y Toi uac, ik HaABHICTb BOAU B
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Ta6nuusa 1.2. Boani pecypcu B 3axigHo- Ta LleHTpanbHoesponeiicbkomy perioHi, man m3

(Espocrar, 2013)
= - =
e 88 88 =8 )
Teputopis,  Hacenelns, S §=§ s 28 =
N KM2 oci6 =8 25 8 E3 5 o
MippaioH 3 TS == =X =8 = = <
(FAOSTAT, (FAOSTAT, SE5= I= I @x> 8= ,.=Ezo =
1999) 2000 B=X 5 5% SE85 p5 &2 %
288 88 §E <S58 =T £8% 2
LleHTpanbHa
€spona 1123550 115802000 2845 87,9 3724 13,11 24570 3216,0 1
CepeasemHo-
MOPCbKUI
PerioH 1095300 124408000  422,8 30,0 452,8 1948 33987 36399 2
MigHiyHa EBpona 1258080 24082000  864,1 0,0 864,1 39,81 35881,6 358316 3
3axigHa €spona 1421486 246492000 598,99 14,7 6136 27,59 24297 24893 4
CxigHa €spona 18095450 217051000 4449,0 2441 46932 1000 204975 216223 5
3axigHa
i LeHTpanbHa
€spona 4898416 510784000 21704 109 2181,3 100,00 42491 42704 6
€spona —
pazom 22993866 727835000 6619,3 2302,9 64664,5 66849,1
Y CBITi 133845436 6052577900 43764,3 0,0 437643 7230,7  7230,7
% €Bponu
Bifl CBITY 17 12 15 5,0

* Internal Water Resources (BHyTpiIuHi BogHiI pecypcu)
** Total Water Resources (3arayibHi BOHI pecypcu)
1 — 77 xm®/pik Big iHIIKX eBporelicbKuX migpaiionis i 10,9 km3/pik Big CxizHoil EBponu; 2 — 29,95 kM3 /piK Bix
IHITMX eBpoIeiicbKUX MifpalioHiB; 3 — 6e3 3MiH; 4 — 14,7 kM®/piK Biz {HIINX €BpONeNChKUX MiApaiioHiB;5 —
40 xm3/pik Big LentpanpHoi A3sii, 125 km®/pik Biz [liBgenHoi Ta Cxizgnoi Aszii, 79,14 kM3 /pik Big 3axigHoi Ta
LlenTpanpHoi €Bpomnu; 6 — Big CxiZiHOI €BpoIH.
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Pucynok 1.11.

BonosabesneuerHs npicHoto sogoto & Esponi, 1000 m® Ha opHoro melkaHus
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Ta6nuua 1.3. BopaHi pecypcn — OBrOCTPOKOBUI CEPeaHbOPIYHMIA MOKAZHMK, KMS

(Eurostat, 2013)

Kpaina Onagm
benbris 28,9
bonrapis 68,6
Yecbka Pecnybnika 54,7
[aHis 38,5
Himey4ynHa 307,0
EcToHis 29,0
Ipnangis 80,0
Ipeuis 115,0
Icnanis 346,5
®paHuis 485,7
ITanis 296,0
Kinp 3,0
JlaTBig 427
JlutBa 44,0
JTrokcemobypr 2,0
YropLmna 55,7
Manbta 0,2
Higepnanan 29,8
ABcTpist 98,0
MonbLia 193,1
Moptyranis 82,2
PymyHis 154,0
CnoseHist 31,7
CnosayymHa 37,4
QiHnaHais 2220
LLIsewjs 337,5
06’eaHane KoponiecTeo 275,0
Icnanpis 200,0
Hopseris 470,7
LLIgeituapis 61,6
Xopsaris 63,1
Pecnyb6nika MakenoHis 19,5
Cepbist 56,1
TypeyymnHa 501,0

CymapHe
BUNApPOBYBaHHS
16,6
50,5
39,4
22,1
190,0
32,5
55,0
235,4
310,4
129,0
2,7
25,8
28,5
11
48,2
0,1
21,3
43,0
138,3
43,6
114,6
13,2
24,3
115,0
169,4
17,2
30,0
112,0
21,6
40,1
43,3
273,6

BHYTpiLLHilh

noTiK
12,3
18,1
15,2
16,3
117,0
47,5
60,0
1111
175,3
167,0
0,3
16,9
15,5
0,9
7,5
0,1
8,5
55,0
54,8
38,6
39,4
18,6
13,1
107,0
172,5
157,9
170,0
371.8
40,7
23,0
12,8
2274

3oBHiluHe
HaAXOMKEHHA

7,6
89,1
0,7

0,0
75,0
3,5
12,0
0,0
11,0
8,0
16,8
9,0

0,7
108,9

81,2
29,0
8,3
35,0
2,9
13,5
67,3
3.2
13,7
6,4
12,2
12,8
1,0
162,6
6,9

Bignnus

15,6
108,5
16,0
1,9
182,0

1111
168,0
155,0
0,1
32,9
25,9
1,6
115,7
86,3
84,0
63,1
34,0
17,9
32,3
81,7
110,0
186,2
164,3
170,0
384,0
53,5
6,3
175,4
178,0

19

3anacu
npicHoi Boau
19,9
107,2
16,0
16,3
188,0
51,0
72,0
1111
186,3
175,0
0,3
33,7
24,5
1,6
116,4
0,1
89,7
84,0
63,1
73,6
42,3
32,1
80,3
110,0
186,2
164,3
170,0
384,0
53,5

175,4
234,3

ITpumimxka. MiHiManbHUM TIepioZ, TPUHHATHH 0 YBary IPHU IipaXyHKaX JOBTOCTPOKOBUX I[OPIYHUX CepeIHiX 3Ha-

4yeHb, — 20 POKiB.
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Pucyrok 1.12.

Piuna 3a6esnedenicts
npicHo BOAoO (MM/pik),
cepears 3a 1990-2010
(JRC, 2012

Icmawii i [TiBgeHHil €Bpomi ctaHOBUTH 200 MM/piK, IopiuHa moTpeba — B
3-10 pas3iB 6inbire (JRC, 2012), 1m0 mokasye HEPiBHOMiPHIiCTb AOCTYITY Z0
BOZAU B €BpoTTi.

1.2.1.3. BogHi pecypcu Hopserii

BogHi pecypcu npicHoi Bogu, AocTymnHI B HopBerii, B cepeJHbOMY CTa-
HOBJIATH 6Ju3bKO 378 Mupa M3, 97 % 3 HUX HaAXOAUTD y BUIVIA/I OTAZiB, a
iHIIle — M0 pivyKax 3 TPhOX CYCifHIX kpaiH. bausbko 79 % piyHUX HaAXOMKEHb
TIPiCHOI BOAY Y BUIJIsAZI KaHAJTi3aIiMHUX CTOKIB BiZ[BOAUTHCSA B MOPE i B CyCiZI-
Hi KpaiHu, iHIe BUnaposyeTbes (puc. 1.13).

JIbomoBuku B HopBerii oxormtoioTs 2595 km? ii TepuTopii. ¥ Hopaerii
1624 1p00BUKH, 1110 MicTATh 164 kM3 mpicHoi Boau. Tinbku 0,3 % Biz 3a-
naciB mpicHoi Bogu B Hopgerii, a6o 61u3pko 1,134 Miipa M3, IerKOAOCTYIIHI
B o3epax i piukax. HopBeris — kpaina o3ep: B Hilt 450 000 o3ep, ajne TiTbKu
400 3 HUX MarOTh IWIOIy Oimbure 5 KM?. 3araabHUN 06’€M BOAU B 03€pax
cTaHoBUTb 1200 KM?, B TO# Uac ik BOHU 3aiiMatoTh 1oty 17 000 km? (4,4 %).
Hatirmmb61re o3epo — XopHiHgambcBaTHeT — 514 M B IuOUHY, a HAaHOUTBIITY
o1y 3atiMae o3epo Mbeca — 365 kM?. Bimnsbko 6,5 % HasgBHUX 3armaciB
npicHoi Bogu B HopBerii — mizi3eMHi BoAu.
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Onagn BunaposyBaHHsA
481170 112035

Ctik B MOpe
378211

3aranbHi 3anacy nNpicHoi Boau

377 673

PucyHok 1.13.
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Hapxop»keHHs npicHoi
BOAW 3 CYCifHiX KpaiH
12787

BigTik npicHoi BOAN

y CyCifjHi KpaiHun
12249

Piuni sanacu npicHoi soam Hopeerii'. CepenHe sHauerHa no scilt kpaini sa nepioa 1971-2000 pp., maH m?

(Statistics Norway, 2009)

' O6nik kinbkocCTi onagis Ha AAE MOXIMBOCTI PO3PAXYBATH 3HAYEHHS HOAXOAXEHHS BOAM 3 TAKOKO X TOYHICTIO, K 3HAYEHHS
cTOKY. SIK HOCIBOK HEBIAMOBIAHICTL MiX 3QraNbHUM HOAXOMXEHHAM TA 3ArabHIUM CTOKOM HQ PUCYHKY. [PYHTYIOuMCH Ha

HOPMQUIbHMX 3HAYEHHSIX KibKOCTI OCQAIB Ta BUNApoByBaHHs B nepioa 1961—1990 pp.

Ta6nuus 1.4. Posnoginenns npicHoi Boam 8 Hopeerii no perionax (Statistics Norway, 2012)

CniBBiAHOLIEHHSA BOAM il CyLUi

Okpyr Beboro, km?
Cywia, km?
KoponiscTeo Hopgeris 385186 365246
LUniu6eprex 61022 60627
S1H-MaiteH 377 37
MartepukoBa 4acTuHa 323787 304248
Ectdhonn 4182 3888
Akepcxyc 4918 4579
Ocno 454 426
Xeamapk 27398 26084
OnnnaHH 25192 23784
byckepyg 14911 13796
Bectthonn 2224 2147
Tenemapk 15298 13854
Eyct-Argep 9157 8314
Bect-Arzep 7277 6677
Pyranant 9376 8589
XoppaanaxH 15440 14525
CorH-or-®blopaHe 18623 17676
Mbope-or-Pomcaan 15115 14583
Cbop-TpboHaenar 18856 17840
Hyp-TpboHaenar 22415 20778
HypnaHH 38462 36079
Tpomc 25870 24 866

DiHHMapK 48617 45762

MpicHa Bopa, 03epa, kM2

19940
395
6
19539
295
339
28
1314
1408
1115
77
1444
844
600
787
915
947
532
1016
1637
2382
1003
2855
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1.2.1.4. BogHi pecypcu Ykpainu

BogHuMu pecypcamMu IpUHHATO BBAXKATH 00CATHM IOBEPXHEBUX, ITiI3eM-
HUX i MOPCBKUX BOZ, BiJTIOBiHOI TepuToOpii. BogHi pecypcu Ykpainu — ofuH
3 TOJIOBHUX (HAKTOPIB PO3BUTKY i PO3MillleHHS MPOAYKTUBHUX CHI. BOHU BU-
3Ha4yaloTh piBeHb KUTTA i 3Zl0pOB’A HaCeJeHH.

Cepenni 6araTopiuHi BogHI pecypcu YKpaiHu cTaHOBIATDL 87,1 kM3 /pik.
Y e obcAr He BXOAUTH cTik [lyHato o Kuitickkomy pykaBy (123 kM3 /pik).
Micuesi BogHi pecypcu, mo GopMyIOThCA B MeXaxX YKpaiHH, CTaHOBIATD
52,4 kM3 B pik IpU cepeZHii BogHOCTI. Y MayoBOAHI poku 75 i 95 %-0i 3a6e3-
revyeHOCTi aTMOchepHUMU OIaZlaMHy I[ed TOKa3HUK BiATIOBIZIHO AOPiBHIOE
40,9149,8 xm>.

OCHOBHI ejleMeHTH BOZHOTO baysaHcy YKpaiHu HaBezeHi B Tabu. 1.5.

Ha tepuTopii Ykpainu HaniuyeTbcsa 73 TUC. PiYOK. 3 HUX:

e Manux: 68796 (mo 10 kM), 3020 (Bix 10 o 25 kM), 968 (Big 25 1o 100 kM);
e cepeznix: 123 (Biz 100 g0 500 km);
e Besukux: 14 (6inpire 500 km).

Kpim Toro, no Teputopii Ykpainu nIpoTikae TpeTa 3a BeIWYUHOI0 pika
€Bponu — /lHinpo. /IHinpo MmpoTikae 1o TepuTopii Tpbox Aep:kaB — Pocii
(6epe cBiit moyarok), Pecry6iku Binopych # Ykpainu. Ii gosxuna 2201 kw,
Ha TepuTopii Ykpainu — 981 km, mwiorma Bogo36ipHoro 6aceitHy B Mexax YKpa-
inu 291,4 trc. kM2, Y Hei Bnazae 32 THUC. BOAOTOKIB, 3 AKUX 89 — piku 3a-
BAOBXKHU OinbIe 100 KM.

Bcporo B YkpaiHi HasiuyeThbest 31 Trc. KM? BOZHOI TOBEPXHi PiYOK, 6 THC. KM?
JuMaHiB Ta 1 THC. KM? IOBepxXHeBUX 03ep. KpiM icHyloumx pidok, B YKpaiHi
CTBOPEHO 6,8 THC. KM? IITYYHUX BOZOKM. A BCbOT'O B YKpaiHi HasmiuyeThcs
22 THc. cTaBKiB i 420 BOJOIM, pO3TAIIOBAaHUX MOOIN3Y MaTUX i BETUKUX
pidoK.

Jl1s1 3a6e3neueHHs HaceJIeHH: Ta HAPOAHOTO TOCIIoZapCcTBa HEOOXiAHOIO
KiTbKicTIO BoAu B YKpaiHi 36yzoBano 1122 (06¢ar 56 KM3) MITYIHUX BOJOMM,
7 KaHaJIiB 3araJbHOIO JOBXUHOI 0/113bK0 2000 KM, 10 BeJIMKKUX BOZOTOHIB
(HanmpukJiaz, HatioBIINMY y €Bpomi BozgoriH /IHinpo — [liBHiuHe [Ipuazop’s
MPOTSDKHICTIO 175 KM).

YkpaiHa XxapaKTepu3yeTbCs HepiBHOMIPHUM PO3IIO/IiIOM BOZHUX PeCypciB
I10 TepuTOpil KpaiHu. Bes4ynHa cepeIHbOTO IIapy OIa/liB 3MIHIOEThCSA B MeXKax
BiZ 5-10 MM (XepcoHchbka 067acTh) 10 625 MM (3akapriaTcbka 061acTh).

Ta6nuug 1.5. OcHosri enemeHTH BogHOrO 6anaHcy Ykpainu 3a 6aratopiuHuin nepion

EnemeHTH BogHOro 6anatcy

OpuMHULI BUMIDIOBAHHS

MM Km3
Onagu 625
Crik:
— MOBEPXHEBUN 65,2 39,4
— NiA3eMHuiA 21,6 13,0
BunapoByBaHHs, 538 325
B TOMY 41CNi NOBEPXHEBE 203 123
IHGhinbTpaLis 357 216
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Kpim Toro, Ykpaina Mae 3HauHi 3aracu miZl3eMHUX BO/I. 3arajbHa Bejlu-
YKHAa IPOTHO30BaHUX eKCILTyaTalililHUX pecypciB IiI3eMHUX BOJ, HA TEPUTO-
pii Ykpainu ctaHoBuTh 27,2 MiIH M3/700y. TepuTOpialbHUN PO3IOALT Hia-
3eMHUX BOJ TaKOX XapaKTEePU3YEThCA HEPiBHOMIipHicTIO. Halibinpmia ix
BermurHa 8402 tuc. m3/100y XapakTepHa i YepHiriBcbkoi obacTi, a Haii-
MeHIIIa — y Mexkax Bizi 1000 zo 3000 Tuc. m3/106y — B ABTOHOMHIl Pecity6-
nini Kpum, BonuHckkill, TepHominbebkili, 3anmopi3bkili, 3akaprnaTchbKiii Ta
JlHinponeTpoBChKili 061acTi.

Ci1izi 3a3HAYUTH, 1O I YKpaAiHU XapakKTepHO 30CcepeyKeHHA BeJUKUX
BOZOCIIO)KMBAUiB y perioHax 3 HaliMeHIINMHU 3anacaMy BOJHUX PecypcCiB
(loubac, Kpusbac, ABToHOMHa Pecmy6rika Kpum, miBzeHHi ob61acTi).

s Toro o6 3anoBHUTH e dilluT BOAY B perioHax YKpaiHu, Cliopymke-
Hi KaHaJIU:

e [liBHiyHO-KpumMcbkuit — 402 KMm;

* JTainpo — Jlonbac — 263 kMm;

e Jlonenb — Jloubac — 131,6 kmM;

e Jlinpo — Kpusutii Pir — 35,4 km

* KaxoBcpkuii kaHam — 130 kM.

OCHOBHUMU HaIPAMKaMU BOZOKOPUCTYBaHHs € 3abe31edeHHs BOAOI0
HacesneHHs (KOMyHaJlIbHE rocrogapcTBo) — 25,8 %, cinbcbke Ta pubHe roc-
nnozapctBo — 24,6 % Ta npoMucaoBicTb — 49,6 %. OCHOBHI IIOKa3HUKHU BO-
Jno3abe3neveHHs Ta BOAOCIIOXKUBAHHS Mpe/cTaBieHi B Tabi. 1.6.

OcTaHHIMU pPOKaMH CIIOCTEPIiraeThes 301IbIIEHHS BOJOCIIOKUBAHHSA Ha
MOTpebu MPOMUCIOBOCTI Ta KOMYHaJIBHOTO TOCIIOAAPCTBA. TOMY OCHOBHUM
HaIpAMKOM IOJIIIIEHHA CTaHy BOZHOTI'O r'OCIIOZapCTBa € BIPOBa/KeHH: pe-
cypcoedeKTUBHUX TEXHOJIOTiH y MIPOMUCIOBOCTI, pecypco-eKOHOMIYHOTO
MIPUHIIUITY YIIPaBIiHHA BOZHUM I'OCIOJAPCTBOM 3 METOIO BUKOHAHHSA KOMII-
JIEKCY 3aX0/IiB, CIIPSIMOBAHUX HA 3MeHIIIEHH BOAOCIOKUBAHHS i 3a0pyAHeH-
HA PiUYOK Ta BOZOUM.

1.2.1.5. BogHi pecypcu Pecy6iiku Bitopych

BizHOBMIOBaHi pecypcu mpicHUX BoZ Pecny6itiku Binopych npezcTaBieHi
PIYKOBUM CTOKOM i MiZI3EMHUMU BOZAMH, OOCAT AKUX GOPMYETHCA B IPU-
POJHUX YMOBax 3a PaXyHOK BUIIaZlaHHA ONlaZliB Ha TepUTOpii kpainu (BHYT-

Ta6nuusa 1.6. OcHosHI NOKA3HKMKM BOAOCMOXMBAHHSA | BORO3abesnederHs B YkpaiHi, km3/pik

Moka3sHuku KM?/pik
BMKOpUCTaHHs CBIXOi BOAN 12,2
ANsi BUPOGHNLTBA 16,1
QNS rOCnoAapyux notTped 3,3
BifBeeHHA CTiYHMX BOL (BUKUA Y BOAOWNMM) 10,5
3a06pyAHEHNX 3,3
3 HIX 663 0YULLIEHHSA 0,8
HOPMATUBHO OYULLIEHUX 2,1
06’em Boay B 060POTHOMY Ta MOBTOPHOMY BOA03a6€3MeY€EHHi 415

pOAYKTUBHICTb O4MCHNX CMOPYL, 8,0
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PIIIHIN CTiK), a TAaKOX MPUILUINBY PiYKOBUX i MiZI3EMHUX BOJ i3 CyMiKHUX
KpaiH. BesimurHa iHQLIBTpaLiitHOr0 )XKUBIEHHA BOJOHOCHUX FOPU30HTIB 30HU
aKTUBHOTO BOZOOOMiHY cTaHOBUTH 10-20 % cepeAiHboi HaraTopiuHoi BeIu-
YUHU aTMOCchEepHUX OTaZiB. ¥ 3araJbHOMY CTOKY pidok Bisopyci Ha 4acTky
Mi3eMHUX BoZ npunazae 27 %.

OCHOBHUM /KepeioM I0OBEPXHEBUX BOAHUX pecypciB binopyci € cepen-
Hi i BEeJTUKi piuky, 06CAT BOAHOT'O CTOKY KX B CEpe/Hi 32 BOAHICTIO POKH,
SIK TIpaBuWIO, He mepeBuinye 57 900 mun m3/pik. [To TepuTopii KpaiHu mpo-
TiKaIOTh CiM BEJTMKUX PiYOK JOBXKUHOIO moHaz 500 kMm: 3axigHa /IBiHa, HimaH,
Binisa, Ininpo, bepe3una, Cox i [Ipun’aTse, micTs i3 HUX (3a BUHATKOM bepe-
3UHU) € TPAHCKOPAOHHUMM. Y 6araTOBOAHI POKU 3araJbHUIN PiYKOBUI CTiK
36imbmyeTbes 10 92 400 MutH M3/ piK, a B MasoBoHi (95 % 3abe3medeHoCTi)
3HMXKYEThCA Ao 37 200 murH M3 /pik. Benuka yacTuHa pidKOBOTO CTOKY
(34000 maH M3, a60 59 %) dopMyeThcsa B MeXax KpaiHu (MiclieBUH CTiK).
[TpuriuB BoAu 3 TepUTOPIH cycifHix Aep:kaB (Pocii Ta YkpaiHu) cCTaHOBUTH
41 %, a6o 23900 mH M3/ piK.

Y Binopyci ctBopeHo 153 BozocxoBUIIa, MOBHUN 00’€M BOAY B AKUX CTa-
HOBUTH 3100 MuH. M3, KOpUCHUX — 6113bKO 1240 MJIH M3, 1[0 CTAHOBUTD
Jeto 6inbire 3 % cTOKY, IKuH GopMyeThcs Ha TepuTopii Kpainu. Ha Tepu-
Topii Binmopyci — 6sm3bko 10,8 Trc. 03ep, abcomroTHA OUTBITICTS 3 IKUX (75 %)
HaJIEKUTB ZI0 MaJIUX, MAIOTh IUIoNly A3epkaia o 0,1 km?. PecypcHe 3Ha4YeH-
Hs MaIOTh 03epa Iwiolelo 6inbire 1,0 kM2, 3aranbHUN 06CAT AKUX CTAHOBUTD
6000-7000 MiH M3 BOAH.

3a BeJIMYMHOIO BOJHUX pecypciB pidok bisopyck nociziae yeTBepTe Miciie
B €Bpomi micaa Hopseerii (378 000 mutH M3/pik), Beruko6puranii (152000
MH M3 /pik) i ITosbmi (85400 mu m3/pik). IIpupozHi pecypcy NpicHUX Mijl-
3eMHUX BOZ CTaHOBIATH 15900 muH M3 Ha pik, mporHo3Hi — 18 100 muH M3
Ha piK.

3abesmeyeHicTh BOZHUMH pPecypcaMy Ha AyIly HaceJleHH:A B Bimopyci
(6,1 Trc. m3/0coby Ha pik) HabaMKEHA ZI0 CEPEAHBOEBPOIIENCHKOI, aje Ipu
IIbOMY 3HAYHO BHIIA, HiXK Y CyciHiX Kpainax — [Tosbii (1,7 Tuc. m3/0coby)
i YkpaiHi (4,1 tuc. Mm3/0coby). CymapHuii o6cAr 3ab6opy moBepXHEBUX i Mij-
3eMHUX BOJ, CTAHOBUTH 0/13bK0 1600 MIIH M3.

Ingekc ekciuryaranii Bogaux pecypciB (IEBP), skuii po3paxoByeThCs
SIK BiIHOIIIEHHS 3araJibHOTO PiYHOTO 06CATY BOZ03abopy 0 cepeAHbOro 6a-
raTopivHOro 0OCATY MOHOBIIOBAHUX PECYPCIB MpicHUX BOZ AJid Biopyci cTa-
HOBUTH 2,8-3,0 %, 110 3HAUHO HUXKYe 3a IToporose 3HaueHHA [EBP, ake e
OCHOBOIO JIJIA 3iCTaB/IeHHA Pi3HUX KpaiH i perioHiB 3 HEeHANIPYKEeHUM i Ha-
MpY>KeHUM BOJHUM pexxumoM (6au3bko 20 %). Bucoka HanpyKeHicTb Ha-
rOJIOLIYEThCA B TUX BUIIaZKax, kKoau IEBP nepesuitye 40 %.

BozoCIOXXMBaHHS Ha TOCIOAAPCHKO-NIUTHI MOTPeOU B cepeAHbOMY Ha
KO)KHOTO JXUTeJss Binopyci craHoBUTH B Mexkax 145-150 j1/0coby Ha 7006y.
Hacenenns binopyci 3a6e3nevyyeTbcss MUTHOIO BOJOIO, TOJIOBHUM YHMHOM, 3
MiZI3EMHUX JKePesl, CAHITapHO-TITiEHIYHUH CTaH AKUX Ha JiF09rX BOJ03a60-
pax, AK IIpaBWIO, BiATIOBiZla€ BCTAHOBJIEHUM BUMOTraM, 3a BUHATKOM IIiIBU-
IIeHOTO BMICTY y BOZI 3aji3a Ta MapraHIio, B OKpeMUX BUIIagKax — 60py,
¢dTOpy Ta AeIKUX HIIMX KOMITOHEHTIB, 1[0 € HACTIJKOM Ti[pOTE€0JOTIYHUX
ocob6MBOCTElN TepUTOPii Kpainu.
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Ha 1jefi yac HelleHTpaIi30BaHUMU [)KepelaMU BOAOMOCTavYaHHA (11aXT-
HUMU KOJIOASA3IMU) KOPUCTYIOThCA 1,4 MJIH 0cib, Y TOMY YHCIIi ClTIbChKE Ha-
ceneHHsa — 1,1 muH ocib.

1.2.1.6. BoaHi pecypcu Pecny6iiku Kazaxcran

Boguwuti ponz Pecny6iriky KazaxcTaH cTaHOBIIATD PivKH, 03epa, 60ioTa,
CTaBKU, BOJJOCXOBUIIIA, iHIIIi TOBEPXHEBI BOAHI pecypcy, a TaKoXX BOAU KaHATiB
i MaricTpaJbHUX BOZOBO/IB; Mi3eMHi BOAM, JIHOAOBUKH; Boau KacmificbKoro i
ApabchKOro MOpiB y Mexax Jlep»kaBHOTO KOpZoHy Pecry6itiku KazaxcTaH.

ITosepxHesi 800HI pecypcu. Pecypcu nmoBepxHeBux Boj KasaxcraHy B ce-
peZHili 32 BOAHICTIO pik cTaHOBIATH 100,5 KM?, 3 AKUX TiTbKM 56,5 kM° dop-
My€eThCs Ha TepuTopii pecrybriku. Inmuit ob6esar (44,0 km®) HaAXOAUTS i3
cyMiKHUX ZepxkaB: Kurtato — 18,9; Y3b6ekucrany — 14,6; Kupruscrany —
3,0; Pocii — 7,5 km3.

CepenHs BeTMYMHA Bo03abe3meyeHOCTi TepuTopii KazaxcraHy 3a paxy-
HOK CTOKY, 1110 GOpMYy€eThCA B MOro MeXKax, CTAaHOBUTH B TUTOMil BUpaKeHHi
25,5 tuc. M3 Ha pik Ha 1 kM2, /Iy TOPiBHAHHA: BOZ03abe31eYeHiCTh TEPUTO-
pi#t Pocii — 237 tuc.m® Ha pik Ha 1 km?, Y3bekucrany — 24,7; Kupruspkoi
Pecniy6itiku — 266.

Ha ognoro kutensa B Kazaxcrani npunazgae 4,3 tuc.m®/pik mMiciieBux
BOJHUX pecypciB, B Kuprusrpkiii Pecrrybuinii — 12,7; ¥36ekucrani — 0,5; Po-
cii — 27,8.

Yepes BiAIMIiHHOCTI B IPUPOAHUX YMOBAaX PO3MO/ia BOAHUX PecypciB
BKpali HepiBHOMipHUI. Haii6inbI 3a6e3meYeHUMU CyMapHUMU pecypcaMu
moBepxHeBUX Boj € CxizHo-KazaxcTaHcbka obmacts (121,3 M3 /106y Ha 1 oco-
6y), ITaBnogapceka (93,6), Kusunopauucbka (79,7), Atupaycbka (63,7).
Hatimenin 3a6e3mneveHi — MaHricTaycbKa 3 BiICyTHICTIO TIOBEPXHEBOTO CTO-
Ky, Kaparangunceka (4,7), [liBaiuno-Kazaxcraucoeka (10,8), AkMoIMHChKA
(11,3) obnacTi (puc. 1.14).

Y mexax KasaxcraHy po3srarioBaHi Beuki Bogorimu: Kacmiticbke, Apasib-
cbKe Mops i 03epo banxaur. HasiuyeTbes 6113bK0 39 THC. Pi9OK i THMYaCOBUX
BOZIOTOKIB, Gisbliie 48 THc. 03ep, 6;11M3bKO 4 THC. CTaBKiB i 204 BOJJOCXOBHUIIA.
Haii6inbur 3SHaYHUMY BOSZHUMHY apTepiamu € piku Iptu, Ui, Cupzap’s, I,
Tob6ou, Ypai, Typrati, [ly.

Y 3B’A3Ky 3 KJIIMAaTUIHUMU OCOOTUBOCTSIMU Pi3HUX 30H PECITyOIIiKY, 10
90 % cTOKy TOBEpXHEBUX [KepeJl IIPOXOAUTh y BeCHAHUH Iepiof,.

Haiib6inb1n 3ab6e3mnededa Bogoro CxizHo-Kaszaxcrancebka o6mactb — 290 Tuc.
M Ha 1 kM2, BizuyBaroTh gedinuT Bogu B ATUpaychKii, KU3MIOpAMHCHKIH i,
0cob6sMBo, MaHricTaychKiii 0671acTi, e MPaKTUYHO BiZICYTHI IPiCHi BOAM.

[TOBHIiCTIO BUKOPUCTOBYBATH PECYPCH PiYKOBOTO CTOKY ZJis TOTPeb ra-
JIy3el eKOHOMIKY 3 Pi3HUX IPUYUH HEMOXKJINBO. 30KpeMa, CyMapHUH 06cAr
000B’SI3KOBUX TIOIYCKiB BOAY /7S 33a/I0BOJIEHHS €KOJIOTIYHUX, pUOOToCHIoAap-
CHKUX Ta CaHiTapHUX BUMOT M0 piukax Cupzgap’s, Ypau, i, To6os, IpTu,
Imrmwm, Typrai, Iy cranoBuTh 61au3bko 29 kM3 Ha pik. TpaHCIOPTHO-eHep-
reTUYHi BUTPATU CTOKY II0 piuli IpTumi, pasoM 3 yacTkoro Pocii cTaHOBIATH
9 xm3. BTpaTul piuKOBOT'0 CTOKY Ha BUIIAPOBYBAHHI i GLIBTpAaLlilo ¥ BOZOCXO-
BUINAX i pyc/iax pivoK OLIHIOIOTHCS B 12 KM3, TaKOXK BTPAYa€EThCS i pO3Cito-
€ThCA BeCHAHUH MOBEeHEBUH CTiK piBHUHHUX pidok LlenTpanpHoro Kasaxcra-
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W Bo03abe3neyeHicTb B CepeJHbOBOAHUI PiK [ Bogo3abe3neyeHicTb B pik 75% 3abe3neyeHocTi
[0 Bopfo3abe3neyeHicTb B pik 95% 3abe3neyeHocTi
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Bopnosabesneyenicts ocHoeHux 6aceiiHis Kasaxcrany, 8 %

HY B 005131 4,5 KM3, STKUi HEMOXXJIUBO BPETYIIOBATH I BUKOPUCTaHHs. TaKuM
YUHOM, MIPU CyMi 3a3HaYeHUX HEOOXiAHUX BUTpAT BoAU B 06cs3i 54,5 km3
00CAT BOAHUX PeCYPCiB, MOXKJINBUX [I0 BUKOPUCTAHHSA B EKOHOMIlli pecmy6JTi-
KU B CEPeJHbOBOJHUI PiK, He MepeBUIIye 46 KM3.

Y cepearbomanoBozHi (75 %) i manoBozHi (95 %) poku 3arajibHUM 00-
CAT BOJHUX PeCypciB 3HMKYEThCA 0 76 kM3 i 58 kM3, a MOXKJIMBUX ZI0 BUKO-
pHCTaHHA — BiANOBiAHO A0 32-33 kM3 i 25-26 kM3,

Piuku. Y xpaiHi HanigyeTbcs 61u3bK0 39 THC. PIYOK i TUMYACOBUX BOZO-
TOKiB, Y TOMY YMCJIi TOHA/, 7 THC. IOBXHUHOIO TToHaZ 10 kM. I'ycToTa piukoBOi
Mepexi po3mo/iiieHa HepiBHOMipHO. Ha miBHOYI pecmy61iky BOHA CTAHOBUTD
0,03-0,5 km/KM?, B paiioHax AnTar, Jp)KyHrapckoro i 3atilicbkoro Asa-
tay — 0,4-1,8 kM/KM?2.

Ctik 6araThoX BeJIMKUX PiYOK popMyeThcs 3a Mmexkamu PecryOriku. Bu-
TOKM pivok Lii IpTuin posramoBati B KHP, ocHOBHa YacThHa Bof0360py pid-
ku Cupzap’i po3raimoBaHa B Y36ekucraHi, Kupruscrasi; piuka [ly, Tamac —
B Kupruscrani; piuka Ypan — B Pociiicekilt Pegepariii.

Piuku piBHMHHOTO Ka3zaxcraHy, 110 IPOTiKalOTh B YMOBaxX HEZOCTAaTHHOTO
3BOJIOXKEHHA, XKUBJIATHCA B OCHOBHOMY BEeCHAHMMU, TaJIUMU BoZaMu. Benrka
YacTHHA CTOKY TYT IIPOXOAUTh 33 BeCHAHUM ntepioZ i crTaHoBUTE 80-90 % piuHO-
ro cToKy. Hali6iibi BUTpaTu — y KBiTHI — TpaBHi. Bogu piBHUHHUX BOJ Ha-
JIEXKATB 10 Cy/IbdaTHOro a60 XIIOPUAHOTO KJIacy. Y TPaH3UTHUX BOAAX ITYCTeNb i
HaIIBITyCTe b MiHepasisallis Boz y Bepxip’ax 100-200 mr/ame, a B HUSUHAX —
5000 mr/am2. Ha TepuTopii piBHUHHOTO KazaxcTaHy € TaKOK 6€371i4 THMYaCOBUX
BO/IOTOKIB, /e CTiK CIIOCTEPIra€eThCs MPOTATOM Ay:Ke KOPOTKOro 4yacy. Omnaau
JIITHBOTO Tlepio/ly (HesHayHi) B »KMBJIEHHI PidOK iCTOTHOI POJIi He BiAirpatoTh.
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Ta6nuusa 1.7. lMosepxHesi soaHi pecypcn Pecnybnikn Kasaxcran, km?
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CepepHiit Y Tomy uucni Crik npu Pecypcu
6aratopivHuii 3abe3nevye- B ManoBoj-
CTiK 060B’A3K0BI 3aTpaTh CTOKY HOCTi HHUiA piK
o =2 X
BaceiiHu pivoK, S g g S8 8
MopiB, 03ep g 5 £ .2 gS§ = -~ .
Sx § E; 38 8_ g 5 75% 95% 75% 95%
&% Ss & e IS8 E H o S
= =TS 22X &R Eg oK = z
8 5 gz £58 2 28 § £
£ we £2 23= &3 £5 & 3
Apano-Cuppap’iHcbkmt 17,9 146 3,1 — 2,8 - 59 12,0 147 142 98 93
banxawu-
AnakonbCbKum 27,8 11,4 146 — 1,1 18 175 103 228 178 70 54
IpTUCbKNiA 33,5 75 43 8,8 49 08 188 147 266 19,7 108 8,0
[LuMmMebKmi 2,6 — — — 05 07 12 14 11 03 04 01
Hypa-CapucyicbKnii 1,3 — 0,1 — 04 0,1 o6 07 04 01 03 —
To6on-Typraiicbkuit 2,0 — 0,1 — o1 10 12 08 08 03 03 —
LLly-Tanacbkuit 42 3,0 0,1 — 0,1 - 02 40 35 28 30 23
Ypano-Kacniicbkuit 11,2 7,5 6,5 — 22 04 91 21 62 30 10 03
Pazom 1005 44,0 281 88 121 48 545 46,0 761 582 326 254

Y ripcpkux pailoHax OCHOBHUM /XKepesioM KUBJIeHHA BOJOTOKIB CIIy-
JKaTb TaJli BOJY IipCbKUX CHITIB i TbOJOBUKIB. KpiM TOT0, BOAHICTE 301IBIIIY-
€ThCA 3a PAXyHOK JIITHBO-OCiHHIX AoIiB. [IOBiHb Ha piukKax IIbOTO TUILY
MMOYMHAETHCA B KiHIII Oepe3HA Ta Ha MOYATKY KBiTHA i 3aKiHYYETbCS B CEPIT-
Hi — BepecHi. O6¢cAT CTOKY IIPHU MOBEHI Ha TiPChbKUX piuKax B Mipy 36i1b-
IIIEHHSA BUCOTH BOZ03060piB cTaHOBUTH BiZ 50 710 80 % piyHOro cToKy. 3a
riZIpoXiMiYHUM CKJIaZJoM BOJY TipChKUX PiYOK HAJIEXKATh A0 TiZ[poKapboHaT-
HOTO KJacy, ix MiHepaJtizaliist 3aMiHtoeTbcs Big 200-300 mMr/am3, B TOBiHb —
710 500-600 mr/am3.

O3epa. O3epa KazaxcraHy focuTh uricenbHi. bes Kacrmiticbkoro i ApaibcbKo-
r'o MOpIB, CTaBKiB, BOZOCXOBUII] Ta TUIECOBUX 03ep HasiuyeThbesa 48 262 o3epa i3
3araJbHOIO IUIOIIE0 BOAHOI MoBepxHi 45 002 kM2, 3a YMCeNTbHICTIO MaJti 03e-
pa (meHire 1 kM?) cTaHOBIATh 94 %, a 3a wiomnieio — 10 %.

Benukux o3ep (> 1 km?2) HamiuyeTbest 3014 3 wioteto 40 769 km? (90 %).
Cepen HUX — o3epa po3MipoM 6Ginbine 100 km? i wrometo 26 886 km? — 21,
(59 %).

Ha ITiBniuyHuit Kasaxcran npunazae 45 % Bcix o3ep, Ha LlenTpanpHuit
Ta IliBpeHHUN — 36 %, Ha Cxiguui i 3axigau — 19 %.

Hati6inpmiumu o3epamu Kazaxcrany € Kacmiiicbke i Apanbcbke MOPS,
o3epa banxam, Tenris, Anakonb, Cacukkosb, 3aiicaH i Mapkakosb. Benvka
KUIBKICTB 03€ep po3TalloBaHi B JIiCOCTEITy i MiBHIYHI} YaCTUHI CTENIOBOi 30HH,
HaMbLTbII BeTUKUMU 3 AKUX € Kyprampmkun, Yenkap — Tenris, Benuke Ye-
6aue, [llyue, Cesneti — TeHT1i3.

3arajbHUI 06CAT BOAU B IPUPOAHUX BOJOMMAaX, CTAHOBUTH 190 Kkm3.
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Pucyrok 1.15. JIbogoBYMKNK Oszepa
80 km> 190 km®

3anacu npicHoi Boau . .

8 Pecny6niui Kasaxcram. MigsemHi F;o,qm
Bcboro 524 km3 58 Km
(UNDP, 2004)

BopocxoBuia
95 km® PiuHni piykoBun cTik

101 km®

Minepauizailis Boau B o3epax Kasaxctany konuaerbed Bif 0,075 0
335 r/am3. Y IpicHUX 03epax aKyMyJTIOEThCS ITePEBaKHO M’sika a60 TTOMipHO
TBep/ia HelTpasibHa BO/a, a B COJIOHYBATHUX i COJIOHUX 03epax — Jy»Ke TBep-
Za, crabKoyKHa.

Y npicHUX i COJTIOHYBaTUX 03epax MOKHA PO3BOJUTH BOJOIUIABHY IITHUIO
i OHZIaTPY, CTBOPIOBATU MUCJIUBCHKI T'OCIIOAAPCTBA i 3aMoBiAHMKN. BoHU MoO-
KYTh CJIY>KUTU MICIIMU JIKyBaHHA Ta BiIIOYNHKY.

Bodocxosuwa. Y KazaxcTtaHi HaymiuyeThes moHaz 200 BOZOCXOBUII 3a-
rajbHOI0 eMHicTIo moHaz 95,5 km® (6e3 ypaxyBaHHs CTaBKiB i Malnx BOJO-
cxosui). Binbie 50 % BogocxoBUIl MaloTh 06’em 1-5 muta M3 Bogu. Haii-
6inbmi: ByxTapMuHcbke (Ha piuni Iprtumn) 3 moBHUM o6csarom 49,0 kM3,
Kammaraiiceke (Ha piumi Iti) — 28,1 kM3, [lapgap’itcbke (Ha piutti Cupga-
p’s1) — 5,2 km®, Bepxuno-Tobonbebke i KapaTomapcebke (Ha piuni Tobor) —
0,821 0,59 km? BiamoBigHO, B’stueciaBcebke i CepriiBebke (Ha pivni Immmm) —
0,4 10,7 xM3 BiAnoBigHO.

CyMapHUH BIUIMB BCiX PETYAATOPHUX EMHOCTEH 301LIbIITye PiYHUHN CTiK
pivok KazaxcTaHy B pOKM HOpMasIbHOI BOAHOCTI Ha 8 KM? BOAM, a B MaJo-
BOZIHI poKM — Ha 16 km®.

Hatibinbiuii o6csar 060B’I3KOBUX MTOITYCKiB TOBUHEH 3/IiICHIOBATHUCS 110
piuni IpTuil, eAnHOI cyAHOIUIaBHOI piulli B Kaszaxcrani. [y migTpUMKU ra-
PaHTOBaHUWX IMTUOWH, HEOOXiTHUX /I BOAHOTO TPAHCIIOPTY B HaBiramilHUi
nepioz, 37ifCHIOEThCA CleliaIbHUN TPAaHCIIOPTHUH ITOITyck 8,75 KM3, a TaKoXK
caniTapHuil monyck — 4,3 kM. Y piuni To6os 3a caHITapHUMU YMOBaMU
HeoOXigHO miATpUMyBaTH BUTpaTHU He Hrnkde 0,25 m3/c abo 8 mtH m3/pik.

JIvodoguxku. OCHOBHA Maca JTbOJ0BUKIB KazaxcTaHy y BUIIAZI Beudes-
HOT'0 KPMIKAaHOTO TI0sica PO3TAllIOBYETHCS Ha MiBAHI i cxoai Pecybumiku, fe Ha
BUCOTY GisbIe 4 THIC. M Ha/| piBHEM MOPs IiHIMAIOThCA TipchKi Xxpe6TH TAHb-
[laHto, [IxxyHrapebkoro Anatay i KazaxcraHncbkoro Asrato.

Ha Tepuropii Kazaxcrany HamidyeTbea 2720 IbOJOBUKIB, Y TOMY YUCIII
1975 n1bog0oBHKIB 3 moiero 0,6 km?2 i 6inble. 3arajabHa IUIOLA 3/1eJeHiHHSA
B Pecniy6uini Kaszaxcran ctanoBuTh 2033,3 KM?2, 3arallbHUMA 00CAT JThOJOBH-
KiB — 80 kM3, [0 6IU3BKO 10 BEJTMYUHU PiYHOT'O CTOKY PidOK.

[IpaKTUYHO TOJIOBUHA IUIOIII 3/1eZieHiHHA Pecny6iku KazaxcTaH mpu-
nmazae Ha JpxyHrapepkuii Anaray (1000 km?), Ha 3ainificekuii i KyHreit Anaray
(660,7 km?), Tepcokuii Anaray (144,9 km?), KazaxcraHncbkuii Anraii 3 Caypom
(106,2 ¥m?) i xpebTrt Kuprusbkoro ta Tamacbkoro Asartay (101,5 km?2).
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[Tepioz TaHeHHA Ha IbOJOBUKAX CTAHOBUTH 2—2,5 Mic i mpumnajae Ha Toi
nepioz, KOJU AJIs CLTbCbKOTOCIIOAAPChKUX KYJIBTYP IOTpi6HA MaKCUMaIbHa
KUTBKiCTB Bosioru. TaHeHH: IbOAOBUKIB 3ainiticbkoro i JpKyHrapchbKoro Aja-
Tay zae 10 1,5 km® Boau B piK.

Byzay4u y BupimaabHiii Mipi IPOAYKTOM KJiMaTy, 37eZleHiHHA MIBUAKO
pearye Ha 3MiHY OCTaHHbBOT'O. [J106aIbHe MOTEIUTiHHA KIiMaTy 3yMOBIJIO 3Ha-
YHe 3MEeHIIEeHHS MacIITabiB 3/eZieHiHHA Ha TepUTOPii pecrybiiku. OcTaHHi
45-50 pokiB mio1lla 37e/eHiHHA, HallpuKJIa/, Ha MiBHIYHOMY CXWIi 3aimii-
chKOro Asatay 3MeHIIacsa 6utbir Hixk Ha 30 %. SIKIIO TeMIIN CKOPOYEHHS
00CATiB JIbOZOBUKIB 30€peXKyThCs, TO 3araJlbHUI OOCAT JIbOJOBUKIB Ha TEPU-
Topii pecrtybiku He3abapoM 3HU3UTHCA 10 63-65 KMP.

Kacmiticbke MOpe — HaibibIIa BHyTpillTHbOMAaTEPUKOBA Oe3CcTiuHa BO-
notiMa Haimol riaHeTy. Mloro BogHa OBepXHA 3aiimae 6inbie 390 Trc. KM2.
3arasbpHa IPOTKHICTh 6€peroBoi JiHil — 7 TUC. KM, Y TOMY YHCTIi B MeXax
Tepurtopii Kazaxcrany 6im3bko 1600 KM. Y Mope BaZjaroTh piuku Bosira,
Kypa, Ypai, Tepek, Cynak, Camyp i psag ApiOHUX IPUTOK, TEPUTOPiaNTbHO PO3-
TaioBaHux B Pocii, Azepbatikani, KazaxcTtaHi, TypkMeHicTaHi, [paHi abo B
MerKax IIUX JeprKas.

s Kacmitficbkoro Mopst XapaKTepHi IUKJIiYHI KOTUBaHHA PiBHS, sKi 00y-
MOBJIEH], B OCHOBHOMY, KJTIMAaTUYHUMHU GaKTOpaMu. AMILTITY/a ITUX KOJMBAHb
3a octanHi 450-500 poKiB CTaHOBUTH 6/1M3bKO 7 M. ITiIBUIIIEHHS PiBHA, B OCHO-
BHOMY, 06YMOBJIEHO 36LTBIIEHHAM PiYKOBOTO CTOKY Ta OTA/iB, 1[0 BUMTAJAI0Th
Ha i0ro II0BepXHIO, 3MeHIIeHHAM IIapy BUIlapOBYBaHHA MOPCHKOI BOAH, a
TaKO)X, TIEBHOIO MipOI0, i 06MeXKeHHAM HaJXO/KEHHSI MOPChKOI BOAU B MTKO-
BoZHY 3aToKy Kapa-Boras-l'os, ie BoZa iHTEeHCMBHO BUIIapOBY€ETHCA.

3MiHa piBHA MOPs CTBOPIOE 3HAYHI COIliaTbHO-eKOHOMIUHI ITpo6ieMu
JUIS1 IPUKaCHiAChKUX JiepikaB, Y ToMy 4mcii i Ana Kasaxcrany. Tomy Bennke
3HaYeHHs Ma€ BceOiuHe BUBYEHHS TiZI[POMETEOPOJIOTiuHOro pexxumy Kacriii-
CBKOT'0 MOps Ta IPWIEIJIOi 0 HbOT'O TEPUTOPIi.

Apanbcebke mope Manio B 50 i 60-Ti poku o6¢csar 1000-1100 km2. Y HbOTO
BIIAZIAIOTh B HAUOLIBII piuku perioHy AMyzap’s i Cupzaap’s, IpUTOK AKUX
70 1960 p. cranoBUB 55-60 kM3, OfHAK, Y 3B’A3KY 3i 301IbIIEHHAM Y HACTYTI-
Hi 20-30 pokiB 6e3MOBOPOTHOTO BWIYUYEHHS B0/ PiUOK Ha ipurarlitii morpe-
61, BOHO 3HaYHO 3MeHIIUI0CA B 00’eMi. Y pe3ysnbTati 06cAr BOgHOI Macu
Apasbcbkoro Mops B 1987 p. ameHmuBcs 0 400 kM3 i Mope posainuiocs Ha
Maute i Benuke, a mepernaz piBHiB focarae 4 M. Majie Mope CTao IPOTOYHO0
BOZIOMMOIO, a Besnnke — 3aMKHyTHM. BenmunHa nepeTtikaHHA Boau 3 Majoro
Apaiy y Benukuii € pesynbraToM 6anatncy Masoro Apaiy. Y 6araToBofiHi pOKy
00CAT 1IHOTO MepeTiKaHHA CTAHOBUTB 10 66 % Biz 06cATyY cTOKy piuku Cupzaap’i
B Mope. BogHwuii 6aaHc Besmmkoro Apasty 3aUIIaETbCs HETATUBHUM, Y 3B'SI3Ky
3 YUM HOT0 piBEHB MOCTIMHO 3HIKYeThCA (TIpubIH3HO Ha 20 cM 3a pik).

O3epo basxaw. 3aranbHa JOBXKKHA 03epa Bifi iBAEHHO-3aXiJHOTO Kpalo
J10 CXiZIHOTO y36epeskiks cTaHOBUTE 600 KM, MaKcHUMasbHa IIMPUHA 3aXiTHO-
ro mwieca 6;u3bko 70 kM, cxigHoro — 45 kM. I[Ipu mo3Hau1i o3epa ~ 341 M,
IIoINa A3epKana Bogu — 17,2 tuc. km?, 06’eM — 94,7 kM3, [Inoia Bogo360-
py o3epa — 413 Tuc. kM2, 6iTbIIa HOTO YaCTHUHA PO3TALIOBAHA HA TEPUTOPIl
Kazaxcrany, a BepxiB’sa piuku i — Ha TepuTopii Kurtato. B o3epo banxamt Ha
Ileil yac Bnajae 5 MocTiiHUX BOAOTOKIB: piuku Lii, Kapatan, Akcy, Jlemcu i
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Asry3s. Boru GopMyIoTh CBili CTiK y TipcbKux obmacTtax Tanb-IIlaHto i, gacT-
KoBO (piuka Asarys), B ropax Tapbarartas i Yunris-Tay. Piuka Lii Brazae B
3axiguuit basnxarn, iHmi npuToku — B CxigHuit bamxar.

BogHuii 6amaHc o3epa MiATPUMYETHCSA CTOKOM Pidok B 06csa3i 23,8 km?,
6ipIIy YacTUHY iKoro — 17,4 kM3 cTaHOBUB CTiK piuku Ui, i 6,4 km® npu-
maZia€ Ha CTiK PelITH pivoK. 3 mboro obcary Timbku 14,9 km? gocsrae ozepa
Basxam. [Hma gacTuHa cTOKy B 06cs3i 8,9 kM3 BUTpadaeThCs B MPUPOAHIH
rizporpadiuniit Mmepexi.

ITiozemHi 8odu. ITiz3eMHi Bogu — Ile HaUOLIbII KOMITIEKCHA KOPHCHA
KOTIaJIMHA, 1110 I'Pa€ BUKJIIOYHO BaXKJIMBY POJIb Y PO3BUTKY MIPOAYKTUBHUX CHJT
KpaiHu i, 0cOBIUBO, B KUTTI Jtofeli. BOHM BUKOPUCTOBYIOTHCS JJIsT TOCIIO-
JAPCHKO-TTUTHOTO i BUPOOHUYO-TEXHIYHOT'O BOZOMIOCTAYaHHSI, 3POIIEHHS CLTb-
CHKOT'OCIIOZIAPCHKUX YTiZIb 1 BOAOIIOIO XyA00H, JNiKyBaJIbHUX I[iJIeH, B IKOCTI
CUPOBUWHM /IJI1 BWIYIEHHS PSAAY I[IHHUX KOMIIOHEHTIB, SIK XKEPEJIO TeTuIa.

Y winomy, Pecriy6isika KazaxcraH focuTh 6araTa Ha IMiZI3eMHi BOAH, 3a
PaxXyHOK SIKUX MOXKJIMBO TOBHICTIO 3a0€3MeYnTH HaceJeHHs TOCI0JapChKO-
MUTHUMH, TEXHIYHUMU Ta iHITUMY BOJaMU BiTIOBIIHO /10 TOTpe6 HaceleHHs,
TIPOMMCJIOBOCTI Ta CLIbCHKOT'O TocmofapcTBa. OfHAaK NOMUPEHHS MMi[3€MHUX
BO/I, SIK i TOBEPXHEBUX, 3a IIOIIEI0 BeIbMU HepiBHOMIpHe. Pecypcu mizzeM-
Hux Boy ITiBgeHHoTO i CxizHOTO KazaxcraHy y 6araTo pasiB IepEBUINYIOThH
moTpebu y BoZi perioHiB, y Toii yac sk [liBHiuHi, 3axigHi i LleHTpasbHi 06-
JIacTi BiYyBalOTh TOCTpUil AeillUT y MiZIZEMHUX BOJaxX HEBUCOKOI MiHepa-
Jrizarrii.

Oco06JIMBOCTAMU ITiZI3EMHUX BOJ € BiJHOBJIEHHA CBOIX 3aracis i o6azaH-
HsSI TUMYAaCOBO SIKICHUMU i KiTbKiCHUMY XapaKTePUCTUKAMHU, 3aJIEXKHO Bif
BIUTMBY Ha HUX IPUPOJHUX i IITYYHUX HAKTOPIB.

Ha TepuTopii Pecry6iku KazaxcTaH po3BizaHo 623 poZioBuIIla i AiITH-
KU TiI3eMHUX BOZ i3 cymapHuUMHU 3amnacamu 43383,5 tuc. m3/100y, B TOMy
YUCITi 3@ I[ITbOBUM MIPU3HAYEHHAM, TUC. M3/Z00Y:

* TOCIOAAPCHKO-TIUTHE BoZonocTadyaHnHsa — 16 838,4;

* BUPOOHHWYO-TEXHiIUHE BoZonocTadyaHHsa — 2602,1;

* 3polleHHA 3eMenb — 23 913,2;

* OGasbHeosoTiuHi (MiHepaabHi Boau) — 29,8.

3aJie’KHO BiJf BMICTYy PO3UYMHEHUX MiHepaJbHUX pedyoBUH B Kazaxcrani
MTONITHPEHi TIpicHi (3 cyxuM 3anuiikom 10 1 v/am2), cmabkocononysarti (Big 1 g0
3r/am?3), cononysari (Biz 3 0 5 r/aM3), crutbHOCOOHYBaTI (Big 5 10 10 T/aM3),
cosioni (Big 10 zo 50 r/am3) i posconu (> 50 r/am3).

3a TeMnepaTypolo MiZj3eMHi BOAU MOAIAIOTHCA Ha BUKIIOYHO XOJIOAHI
(< 0°C), BenmpMmu xonozHi (04 °C), xomogHi (4-20 C), Terwti (20-37 °C), raps-
4i (37-42 °C), Benbmu rapsdi (42-100 °C), BukstrouHo rapstyi (> 100 ° C).

Po3BizaHi 3amacu CTaHOBJIATD MMOPiBHAHO HEBEJIUKY YaCTKY IIPOTHO3HUX
pecypciB mizeMHUX BoJ — 6113bK0 27 %, 1110 CBiIYUTH PO A06pi Mepcrek-
THBHY TTOJJaJIbIIIOTO HAPOIIyBaHHA eKCIUTyaTallifHUX 3aIaciB MIpY IPOAOBKEH-
Hi TTOITYKOBO-PO3BiyBaJbHUX POOIT Ha MIEPCIEKTUBHUX ILIOIIAX.

Pecmy6itika Kazaxcran 6arata Ha MiHepasibHi Bogu. Ha ii Tepuropii 3Ha-
HizeHo 45 pofoBUIIL, SKi 3a XiMIYHUM CKJIaZIoM, 6aIbHEOIOTiYHUMU BJIACTUBOC-
TAMU i TiKyBaJIbHUM 3HaYeHHSM IMOAUIAIOTHCSA Ha: 100-6poMHi (5 pozoBwi),
kpemenucTi (4), pagoHosi (7), 3amisucTi (2) i 6e3 crerudiuyHIX KOMIIOHEHTIB
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Ta6nuusa 1.8. 3atsepmxeni 3anack ninaemumx Boa y po3pisi 6acernis, km3
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(27). Kpim Toro, 3HaiieHo e 251 nepcrekTUBHE BUABJIEHHA MiHepaIbHUX
BO/JI, 3 HUX: 3QII3UCTUX — 7, PaJIOHOBUX — 27, KpeMeHUcTux — 15, fiozo-
O6poMHUX — 68, paZIOHOBO-KpeMEeHUCTUX — 1, CipKOBOZHEBUX — 1, apCEHOB-
MicHUX — 1, 6e3 crerudiyHUX KOMIIOHEHTIB i BacTuBoCTel — 132.

KazaxcTaH Mae 3Ha4Hi rif[poTepMidHi pecypcu, AKi OTpUMaJIy MOUIU-
PEHHA B MeXax IMTMOOKUX Jlelipeciii, CKIaZileHUX 0CaJOBUMU YTBOPEHHIMH.
Jlo HUX BifHOCATHCA apTe3iaHCchKi 6aceiinu: [IpukacmifichbKuii, MaHTUIUTAK —
YeTiopTebkui, To6onbebkuid, IpTrchkuid, Topraiicbkuii, Cupaap THCbKUH,
[Iy-Capucyticbkuii, 3aiicaHcbKul, Liiticbkuii i Banxani-AnakoabcbKUi 3 Mifl-
3eMHUMHU BOoZaMu, TeMnepaTypa akux nepenuirye 30-40 °C. B okpemMux
Jlenpeciax TeMiepaTypa Boau gocsrae 100 i 6inbine rpazgycis. [IpupogHi 3a-
Iacu rifpoTepMasbHUX pecypciB KazaxcTaHy OLiHIOIOTHCSA TAKUMU BeJTUYU-
Hamu — 10275 mupg M2 o Bozi, 679820 murH 'kas mo Terwry i 97 115 MutH T
YMOBHOTI'0 [TaJIUBA.

[TpomucioBi BOgY 3 BUCOKMM BMiCTOM JIY>KHUX METaJIiB i FaJoreHiB BU-
sBineHi B [IpukacmiiicbkoMy, MaHrumuiak-yctioprebkomy, [y-Capucyiicbkomy
i [liBmenno-TypraiicbkoMy apTe3iaHchbKUx b6aceitHax. Cnabka rigporeosoriy-
Ha BUBYEHICTh BOJJOHOCHUX KOMIUIEKCIB, 110 MiCTATh IIPOMUCJIOBI BOAU, HE
ZI03BOJISIE TIOKU 10 TOYHO OI[IHUTHU BEJIUUYUHY iX pecypciB. [IporHo3oBani
3amacy MiZI3eMHUX BOJ 3 MiHepasisariieto 0 10 r/amM> o1iHIOI0ThCSA B PeCITy-
6utitTi B 006Cs13i 61M3bKO 42 KM?, 3 HUX TIPICHUX, 3 MiHepavtizartieto 0 1 v/ am3 —
10,5 xm3.

O6cAr 3aTBep/KeHNX, TOOTO MOKIUBUX /10 €KCIUTyaTallii MPiCHUX Tif-
3eMHUX BOJHUX PeCypCiB Ha Cy4acHOMY eTalli, cTaHOBUTb 15,1 km>. PiBeHb
BUKOPUCTAHHA MiZI3eEMHUX BOJ TOKU HEBUCOKUII i cTaHOBUTD 11,3 % abo
1,7 km3/Ton.

1.2.1.7. BoaHi pecypcu Peciry6itiku TaaKUKUCTaH

TamxukucTaH KpaiHa rip, i BoHU 3aiMaroTh 93 % ioro TepuTopii
(puc. 1.16). l'ipcbki cuctemu Taub-Illanto, 'iccapo-Anato i [Tamipy, po3zi-
JIeHi MDKTipChKUMHU KOT/IOBaHaMu Ta gonuHamu (PepraHcbkoro, 3apadiiaH-
cpKOI0, ['icapchkoto, Baxmicbkoro Ta iH.) OCHOBHUM /XepesioM GOpMyBaHHSA
BOZIHUX pecypciB € arMocdepHi omazau. KinbKicTb cepeHbOPiYHUX aTMOCdep-
HUX OmlaZiB B KpaiHi craHoBUTH 691 MM i BapitoeTbed Big MeHI 100 MM Ha
MiBAeHHOMY cxo/i o 2400 MM Ha 1b00BUKY DelueHKO B IleHTpaIbHil yac-
THHI KpaiHu.
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3HauHi 3amnacu npicHoi BoAu B Ta/pKMKMCTaHi 30cepe/>keHi B Tb0JJOBUKAX
i cHbXHMKaX. 3arajbHa IUIOIA JbOZOBUKIB CTAHOBUTD O6JM3bKO 11 THC. KM?
ab6o 8 % TepuTopii kpaiHu. JIbOAOBUKH 3 IUTOIIEIO 10 1 kKM? cTaHOBUTH ~ 80 %,
a wiotero moHaz 1 km2 — 6usbpko 20 % Biz 3arajbHOI iX KiITBKOCTI .

CydJacHi 3amacu npicHOi BOAU B TipPChKUX JbOZOBUKAX OLIIHIOIOTHCA Y
845 kM3, To6TO B 006¢:3i, M0 Y 8 pasiB epeBUINye cepeAHill piuHNi cyMapHUN
CTiK BCiX piYOK KpaiHu.

Hai6imbIIIoI0 TEpUTOPI€Er0 CydacHOTO 37IeleHiHHS B perioHi € [Tamip, mio-
1112 3/1eIeHiHHSA SKOTro 0piBHIOE Maitke 7900 kM2, 10 B 3,5 pa3y mepeBuIiye
3nezeHiHHA Bchoro KaBkasy. [1pu olHAKOBiH BUCOTI CHIroBOi JIiHil — 6;1113b-
KO 4,4-4,5 KM HaZ piBHEM MoOps, 3/1eJeHiHHA 3axigHoro [Tamipy (61u3bKO
6400 kM?) 3a IJIOIEI0 B YOTUPYU pa3y epeBepurye 3neeHiHHA CxigHoro [1a-
Mipy, IO MiATBEepA)Kye BKpail HU3bKe 3BOJIOKEHHA ocTaHHboro. Ha [Tamipi
HastiuyeTbcsa 16 IbOJOBUKIB IPOTKHICTIO Oinbite 15 KM i 7 TbOZOBUKIB IIpoO-
TKHIiCTIO ToHaz 20 kM. Hal6LibInii IbOZOBUK — OAWH 3 HANOLIbII JOBIUX
JIbOJOBUKIB 3eMHOI KyJIi — JIbOZOBUK DPeueHKO — Ma€ JOBXKUHY OJIU3BKO
77 KM i ioro Irola cTaHOBUTH 156 Km2.

JpyruMm 3a JOBXXHUHOIO JbOJOBUKOM IlaMipy BBakaeThcs JIbOZOBUK
I'pymm-T'pxumatino (goBxuHa 36,7 KM), IO CTiKae 3 SI3ryneMcbKoro xpe6Ta,
PO3TaIIOBAHOTO Ha cxo/i XpebTa AkazeMii Hayk i 1bogoBrKa Peguenko. Bin
YTBOPIOE CAaMOCTIMHY CHCTeMy KpHUKaHUX PidoK, IO JalOTh TOYaTOK pidli
Tanumac Ta iHIIUM IPUTOKaM piyku bapTaHT.

IH1Ia Besmuka JIbOZOBHUKOBA 30Ha € ['iccapo-Asali i 3epaBiiaH. 3arajibHa
IUIOIIA YUC/IEHHUX JIbOJOBUKIB ITi€l 30HM pa3oM 3 pipHOBUMHU' ITOJIAMHU CTa-
HOBUTH 6;113bK0 1500 kM2, HalbimbIIui IbOZOBUK TYT — 3epaBIIaHChKUM,
JOBXKUHA AKOTO 24,7 KM. FIOro TepuTOpis KMBJIE€HHS JI€KUTh Ha BUCOTI Bif
4200 g0 5000 M, a A3uK cnycKaeTbes 10 2780 M.

L ®ipH (uim. Firn — MUHYJIOPIYHUM, CTAPUiT) — KPYITHO3EPHUCTUH YIIUTBHEHUM CHIT 110 CKJIA/[a€ThCS 3 OB SI3aHUX
MiX cOO00 KPIKaHUX 3epeH. € MmepexiZIHOI0 CTaJi€r0 MiXK CHIrOM i IbOZIOM. YTBOPIOETHCS B TiPChKUX 06JIACTSX,
PO3TaIlOBaHUX BUIE CHIrOBOT'O KOPZOHY i B MOIAPHUX KpaiHaX.
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BucokoripHu#, pi3ko mepeciueHui penbed, AK GaKToOp KIiMaTo-rigpoo-
I{YHUX IPOIIECiB i, B IIepIIIy Yepry, HOTY>XKHUY KOHEeHCaTOp BOJIOTH, 0OyMOB-
JIIOE PO3BUTOK Ha TepuTopii Ta/pKuKUCcTaHy rycToi riiporpadivyHoi mepexi. Tyt
HaJigyeThcs 947 pidoK 3 JOBKUHOIO 6ibirte 10 KM, 3 HUX 4 MAIOTh IPOTSDKHICTD
moHaz 500 kM, 16 — 3aBaomkku 100-500 kM i 6inbiie 10 THC. MaIUX PidOK
MaroTh JOBXUHY MeHIIe 10 KM (BcbOro B KpaiHi 6itbire 25000 pivok).

Bci piuku Ta/pKUKUCTaHy HAJIEXKaTh 10 BOAHUX 6aceiHiB pivok Cupaap’s,
Awmyznap’a i 3epaBuIas.

3a abCoIOTHOIO BOZOHOCHICTIO HAWGUIbITUMU piykaMu Ta/PKUKUCTaHy
€ piuku Baxmi, 3epaBman, Kadapsiran i [IaHmpk (BoAM OCTaHHBOI B MeXKax
MPOTiKaHHSA B IPUKOPAOHHIH 30Hi TapkuKucTal — AdraHicTaH BiTHOCAThCS
1o TepUTOPii 060X ZepkaB) . HalOLIbII BETMKUMU TPAaHCKOPAOHHUMU piKaMu
€ TakoxX AMyzap’a, Cupzaap’s, bapranr i 3epasiiaH.

[ToHOBITIOBAHUM CEPEAHBOPIYHUH CTiK PiYKU AMyZiap’si CTAHOBUTb OJI3b-
Ko 78,5 km3. Benukumu nputokaMu AMyzap’i € piuku Baxur, ITaampx i Kadip-
HiraH, yacTKa IKUX Y 3aTaJbHOMY 006CsI3i BOAHUX peCcypcCiB 1[bOTO GaceiiHy
cTa”HoBUTH 82,5 %. Ha niBHiuHOMY 3ax0/i KpaiHU po3TallloBaHa iHIlIa Ipu-
TOKa, piuka 3epaBlliaH, ii cepeZiHiii 6araTopiuHMii CTiK CTaHOBUTH 5,14 KMS.
VY mexax Ta[KUKUCTaHy BUKOPUCTOBYETHCA TUTbKU On3bKO 3 % ii cTOKY,
pelTa CTOKY IIPOTiKa€e Ha TEPUTOPit0 Y36eKUCTaHy i MOBHICTIO ile Ha 3po-
IIIeHHs Ta iHIIi moTpebu eKOHOMIKU. Byke 6araTo ZecaTuniTh 3epadinaH He
JIOXOAUTH 10 AMyzap’i.

®opmyrounch 3MUTTAM pidok Baxur i [TaumK, piuka AMyzap’s IpoAOBKYeE
KOpZIoH Mixk Ta/pkuKucTaHoM i ApraHicTaHOM BHU3 3a TEUi€l0, ali PO3ZAiiie
V36ekucTaH Bii ApraHicTaHy, HoTiM IpoTiKae depe3 Y36eKucTaH i moTparisie
Ha TepuTopito TypKMeHicTaHy, i 3HOBY IIPOTIKarO4YH IT0 TEPUTOPii Y3beKucTa-
Hy, BIIaZla€ B ApaJabCbKe MOpE.

Brusbko 8 % pidyKoBOTO CTOKY b6aceitHy AMyzap’i GopMyeThCs Ha TEPH-
Topii Adranicrany i 6;1m3bko 3,5 % — Ha TepuTopii Ipany i TypkMeHicTaHy.
Ha TepuTopii ¥Y36ekucrany ¢popmyeTbes 61u3bko 6 % pivKOBOTO CTOKY 6a-
cetiny Amyzap’i (ta6a. 1.9).

[ToHOBMIOBaHU CepeJHbOPIYHUM CTiK piuku CUpZap’ss CTaHOBUTDb TPOXU
6inpire 37 kM. OCHOBHUM CTik pidok 6aceitHy Cupzaap’i dopmyeTbes Ha Te-
puTopii Kupruscrany — 61uspko 78 %, gani Cupzap’s IpoTikae Ha TepuTopii
Va6ekucrany i Ta/XKUKUCTaHY i 3aKiHUYeThCs Ha TepuTopii KazaxcTaHy Bra-
nanHaM B [TiBHivHMN Apas. Ha TepuTtopii Y36ekuctany GopMy€eThcsi GIU3bKO
15 % piukoBoro ctoky Cupzap’i, B Kazaxcrani — 6;1u3bK0 6 % i B TayKUKuUC-
TaHi — 6;u3bKo 1 %.

CymapHuUi pivHUH CTiK PiYOK B Pi3Hi 3a BOAHICTIO POKU KOJUBAETHCA Biff
25 g0 68 kM?3; 3 nbOro 006CATY B Mexax Ta/kukucTaHy GOpMyeTbCs B Kpallii
poku 52-53 km? (B 6aceiinax pivok Amyzap’i— 50,5 kv, Cupgap’i — 0,7 km3).
[Tpu 11bOMy 06CAT BOZ03a60PiB cTaHOBUTH 13 KM3, TOOTO JIUIIIE YBEPTH Pid-
KOBOT'O CTOKY BUKOPUCTOBYETHCA /171 HAalliOHATbHOT'O BOJOCIIOKMBAHHA, iHIITa
MOro YacTUHA HAIXOJUTh Ha TEPUTOPIi CYMIKHUX epKaB.

Kpim 6araTux piukoBuX pecypciB, Ha TepuTopii Ta/pKUKHUCTaHy 30Ccepe-
JKeHO 6M3bKO 72 % Bcix o3ep 6aceiiny Amyzap’i. ¥ Ta[yKMKUCTaHi € TOHa[
1300 o3ep, B AKUX 30cepeKeHo 46,3 KM® BOAU B TOMY 4ucIi, 6inbire 20 km>
mpicHoi. BogHa moBepxHs o3ep 3aiimae 1005 kM2, 110 CTaHOBUTH 6;TM3bKO 1 %
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Tabnuusa 1.9. OcHosHi xapaktepucTuku ronoeHmMx pidok Tamkukmuctary (MMIBP PT, Lywan6e, 2010)

Ha3Ba piuku

ManmK
Baxw
KodhapHiraH
3apaduaH
Cuppap's

Bcboro

poTAXHICTb, KM CepenHbobaraTopiyHuii cTik, KM3/rop

Pycno 921 33,3
3 NPUTOKaMm 11503

Pycno 524 23,7
3 NPUTOKaMu

Pycno 387 52
3 NpUTOKamm 1757

Pycno 877 51
3 NPUTOKaMK 6080

Pycno 2212 15,3
Ha Teputopii Tamxunkncrany 192 1,1
Ha Teputopii Tamxnkncrany 28500 64,0

Pucyrok 1.17.

Osepo Capes
& Pecny6niui
TapxmkucTaH

TepuTopii pecy6iiku. eHe3nc 03ep Mae B OCHOBHOMY, TEKTOHIYHUMN, JTbO-
JIOBUKOBUH, KapCTOBUH xapakTep. Halibinbllle MOMKPEHHSA MAOTh 03epa
JIbOZIOBUKOBOTO i 06BAIbHOTO OXOMKeHHA. O3€epa JIbOZOBUKOBOTO ITOXO/KEH-
Hs nomupeHi Ha [liBHivHOMY i CxigHOMY ITamipi. Cepes HUX HAWBUCOKOTIp-
Himi o3epa — Yanzapa (4529 m), Kapakynb (3914 m), 3opkynb (4126 M),
TypymTatikynb (4213 M) Ta iHuri. JIboZOBUKOBI IOXOAKeHHA MalOTh TaKOXK
KymikanoHcbki o3epa, Xazop — Yamma i Ickanziapkysib. 3aBasibHi 03epa IUPOKO
TIOIIVPEH] Y BUCOKOTIP’AX LIeHTPaIbHOI Ta cXifHOi yacTuHU Ta/pkukucTady. Jlo
HUX HaslexxaTb Maprysopcbki o3epa, Capesbke 03epo i Ammibkyinb. O3epa )uB-
JIATHCSA, B OCHOBHOMY, 33 PaXyHOK TaHEHHs JIbOZOBUKIB i CHIXKHUKIB.

JoBxuHa o3epa Cape3 — 55,8 kM, abcosTIoTHa BUCOTA [i3epKaja o3epa
HaJ piBHeEM Mops — 3263 M; MaKcuMaJibHa MUpPUHA 03epa — 3,3 KM; cepesi-
Hs mupruHa — 1,44 KM; MakcuMasbHa rubuHa — 505,6 M; cepegHa rubu-



PucyHok 1.18.

lckanpepkyns —
ripCbke 03epo

8 Pecny6niui
Tapxukmcrar
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Ha — 201,8 M; mepumeTp 6eperiB o3epa — 161,9 KM; IUI0IIa TOBEPXHIi 03epa —
79,64 xM?; BenuyuHa NpUILUIUBY — 47,1 M3/c; MakcMMaJibHa Ce30HHE
KOJIMBAHHSA PiBHA MOBEPXHi 03epa — 12 M; moyaTok ¢inbrpanii — KBiTeHb
1914 poky; OCATHEHHS MaKCUMaJbHOTO piBHA — 1978 i 1994 pokwu (6,113b-
ko0 3270 M) ; BUIIAapOBYBAHHA 3 HOBEPXHi 03epa — 2,1 M3/c; MaKcUMaJbHe 3611b-
IeHHs piBHSI — 20 cM/pik; MaKCHMaIbHUM 06'eM Boau — 16,74 kM3,

Oszepa TagpxukucTaHy po3MillleHi HepiBHOMipHO. YMOBU /IJIfI iX yTBOPEH-
HsI HAaHOLIBII CIPUATINBI Y BUCOKOTIPHUX palioHaX, 0 XapaKTePU3YIOThCS
VIIOBLTbHEHUM CTOKOM, HasIBHICTIO OaraTopiuHoi Mep31oTu. Y ropax 6iibnricTs
03epHUX KOTJIOBUH BUHUKJIU B pe3y/bTaTi TEKTOHIYHUX IIPOIIECiB, AiTbHOCTI
JILOJIOBUKIB ab60 06BastiB. HatibinbIir o3epa, 0co6I1BO 06BATHHOTO i TEKTOHIY-
Horo noxomxkeHHs (Capesbke, 30pKy/ib, Kapakysnb, AMMWIbKYIb i iH.), TTOMIN-
peHi, B ocHoBHOMY, v CxizHomy [Tamipi B 6aceitHax piuok Bapraur, Ilamipy,
['yHT. 3arajbHa IUIOIA BOAHOTO A3epKaja UX 03ep AopiBHIOE 634,42 KM?,
T06TO 90,7 % 1UTOI Beix 03ep ITamipy i [Tamipo-AnTaro.

[mubuHa o3epa IckaHaepKynb Aocsarae 50 MmeTpis. [lepeabavaeThes, M0
03epo YTBOPWIOCS B pe3yabTaTi o6Bay, mo cracsa g0 XIII ctomitts. B pe-
3y/bTaTi 06Basy Oysia IeperopojkeHa piuka Aidyp, 1o i CTano IO TOBXOM
JI0 YTBOPEHHSA 03epa.

[TixTBepAKeHHAM 1Ii€i Bepcii € po3undpoBaHi apabChKi HAIMMCH HA CKe-
JIAX HaZl 03€POM.

Bcporo B Ta/KUKUCTaHI HaTiqyeThest 6u3bko 200 o3ep i3 3arajbHOIO IIo-
mero a3epkana 716 km? (0,5 % TepuTopii pecirybiiku) i 3araapHUM 06’€MOM
BozM 46,5 kM°. B abcommoTHiH 6itbiocTi (1730 oguHMIb) 03epa IpeAcTaBIeHi
BoZloKiMaMu MajuX GpopM 3 IIolero A3epkaia MeHie 0,11 KM? KOXKHE.

Y ropax Ha Bucorti noHaz, 1000 m HasiuyeTbcs 1449 o3ep i3 3arajbHOIO
wioteto 702,0 km?2. Hati6inblie o3ep, sk 3a KilbKicTio (585), Tak i 3a IUIOIIE 0
(640 kM?), — Ha BUCOKUX IUIOCKOTIP’SIX i B piukoBUX AomuHax CxigHoro ITa-
Mipy. HaiibinbIire 3 HUX — 6e3CTiuHe TipKo-cojIoHe 03epo Kapakysib 3 IUIOIIE0
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364 km? i mmbuHoIo 10 236 M. Ha zymMKy ¢daxiBiiiB, Boga o3epa criouaTtky Oyia
IIpiCHOO, a IOTIM Iovyasia MiHepasisyBaTHCA 3a paXyHOK PO3YMHEHHA CO-
JIeBMicHUX mopiz. Y Hill mictaTbes comi NaCl, KCl, Na,SO,, MgSO, Ta in. Kpim
Kapaxkysb, 0 TbOZOBUKOBHUX 03€p MOXXHA BifHecTu 6araro ozep Ilamipy:
Yanzapa — Ha BUCOTi 4529 M, 30pkynb — 4126 M, Typamraiikyib — 4213 M
tomo. Ha [IlyrHanchkoMy XpeOTi € Tak 3BaHe O3epHe IIaTO, HAa AKOMY Ha
Bucoti 4100-4200 M po3TamoBaHi COTHi ApiOHUX i cepeHiX 32 po3MipoM
[JTMOOKUX 03€P, IO 3aTULTHINCA B KOTIOBUHAX MiC/IsA TAHEHHS JIbOJOBUKIB.
[ITupoxo BiZloMe CBOEIO Kpacoo 03epo IckaHaepKyIb B 6aceliHi piuku 3epas-
IIaH Ma€ TaKOK JTbOJOBUKOBE IIOXO/KEHHA; BOHO po3TallloBaHe B JIICUCTIH
MiciieBocTi cepen rip Ha BucoTi 2200 M, H0oro IIoma CTAaHOBUTh OJIHU3BKO
3,5 kM2, a MaKkcUMasIbHA IMIMOMHA — 72 M. 3aBaJIbHi 03epa MOLINPEeHi y BUCO-
xorip’ax LlenTpanpHoi Ta CxigHOi yacTuHU TazkukucTaHy. /lo 1[bOoro TUIY
HaJeXaTh Taki BenuKi osepa Ilamipy sk Capesbke i AMIMIBKYIIb.

OcTaHHIMM pOKaMU HIMPOKY CBITOBY MOMYJ/ISIPHICTh OTpuMaio Cape3bke
03€po, 110 YTBOPWIOCS Y BY3bKil TipChbKill yJIOTOBUHI Iic/IA IPaHZiO3HOI'O
06BasTy, BUKJIMKAHOT'O IeB’ATHOATFHUM 3eMJIETPYCOM B JOJIHMHI piuku Myprab
BmrotoMmy 1911 poky. Ha 11e#i uyac B 03epi Hakonu4riocs 6;1u3bko 17 M3 Bozy,
Haibinpma mubuHa gocarae 500 M.

TamKukycTal baraThi Mi3e MHUMY BOZAMH, 1[0 MAlOTh MaiKe ITOBCIO/-
He ITOLIMpPeHH:. BiHOBIIOBaHI pecypcH MiZj3eMHUX BoZ, Ta/pKUKMCTaHy CKa-
JaTh 6 KM3, 3 HUX 3 KM® riipaBIivHO MOB’s13aHi 3 MOBEPXHEBUM CTOKOM.
Y 6acetini piuku Cupzap’s Ha TepuTtopii TamkrukrcTany 60 % mizzeMHUX BOZ,
6epyTh yuacTh y GOpMyBaHHi CTOKY PidOK, B 6aceiiHi piuku Amyzap’s — 20 %.
3araybHi pecypcu mizizeMHoi npicHoi Bogu (MiHepatizarlisg MeHIne 1 r/am3)
CTaHOBJIATH OinbIie 51,2 MaH M3 Ha f00y. 3 HUX eKCIUTyaTalliiHi 3amacu —
7,6 MuH M2 Ha 06y a6o 14,8 %.

3 I[bOT'O PECYPCY BUKOPUCTOBYEThCA O6M3BKO 65 % (1,93 MutH M3 Ha piK).
Opnak, He3BaKalo4yy Ha BeJIMKY KUIbKICTh 3araciB MUTHOI Bogu, Ta/pKUKHUCTaH
3aJIUIIAETHCS KPATHOIO 31 c;TabKO PO3BUHYTUM BOJOIIOCTaYaHHAM HaCeIeHHS,
ocobsmBo B b6aceiini piuku Cupgap’sa (Corziicbka 06y1acTh) BigayBaeThes ii
aedinuT.

CepegHbobaraTopiuHi 06¢ATH 3BOPOTHUX BOZ CTAHOBJATH OIM3BKO
2,2 kM3/pik. O6CATH KOJIEKTOPHO-APEHAXKHUX BOJ, OL[iHIOIOTHCS, SIK HE3HAYHI.
3aracH IpicHUX i c1abKo cooHUX BoZ 3ocepemkeHi B 1300 o3zepax (46,3 km3).

Y TamKUKUCTaHI eKCIUTyaTyeTbCA 9 BEIMKUX BOJOWMMUII] i3 3aralbHUM
06CATOM aKyMyJTIOIOUUX EMHOCTeH 6;113bko 15,3 kM3, HaflbiIbmuM 3 HUX €
Hypekcbke BogocxoBuine. MakciuMaabHi MOKa3HUKU BOZ03a60py (61M3BKO
14 xM3/pik) i Bukopucranusa Bogu (6su3pko 11 km3/pik) Oynu ZOCATHYTI B
1980-1990 pp. OfHak 3a ocTaHHI pOKH 06CATH BO03a60PY 3MEHIIUINCS 10
9,5-10 xm3/pik.

OZHMM 3 OCHOBHUX 3aB/laHb BOJHOT'O TOCIIOAAPCTBA B pecmy6urili € pa-
L[ioHaJIbHE BUKOPUCTAHHA BOJHUX PeCypCiB ¥ BCiX rajly3ax i IpUpoAHO-eKo-
HOMIYHUX 30HaX.

Ha noTpe6u cibChKOT0 rOCIOZapCTBa IOPiYHO BUTPAYAETHCA IIPUOIIH3-
HO 93 % BiZ ycbOTO 06CATY BOAOCIOKUBAHHA i Matke 24 % Big o6cAry pid-
KOBOT'O CTOKY pecIryb:riku. YacTka IPOMUCIOBOCTI Ta KOMYHAJIBHOTO I'OCIIO-
JapcTBa pecnyOsIiKy MOPiBHAHO HEBEIUKA i CTAHOBUTH BiAToBiAHO 3,1 % i
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Ta6nuusa 1.10. Bopni pecypen Tamkmknctany

JIb010BUKM
PiqHun cTik
O3epa
BopocxoBuia

[Tig3eMHi Boawn
3BOPOTHI BOAN

845 km3/pik (06’em), 11 146 km? (nnoLua)

64 km®/pik (55,4 % cToky 6aceiiHy Apana), 947 (kinbkicTb), 30 000 kM (3aranbHa [JOBXMHA)
446,3 km?/pik (06’em), 705 km? (nnowwa), 1300 (KinbkicTb)

15,34 km®/pik (06’em), 7,63 kM3 — 13 % CTOKy 6aceiiHy Apanbckoro Mopst (KOPUCHMIA),
664 km? (nnowya)

18,7 km3/pik (2,9 KM® — (ekcnnyaTauiiiHi pecypcn)
3,5-4,0 kM¥/piK (3,0 KM3 — KONEKTOPHO-APEHaXHI, 0,5 KM3 — KOMYHanbHO-N06YTOBI

1,8 %. Ha yacTky 3poIryBaHoro 3emuepobcTBa npunazae Maike 85 % Biz
06cATY BOAOCIOXKUBAHHS B CLUTHCHBKOMY TOCIIOAapcTBi i 70 % Bif TOBHOTO BO-
no3abopy B Pecry6inli Ta/pKUKUCTaH.

1.2.1.8. Boani pecypcu Kuprusbkoi Pecry6miku

Kupruscran — TUIOBO Tipcbka kpaiHa, 94 % TepuTopii AKoi po3Tario-
BaHO Ha Mo3Haukax moHaz 1000 M Haj piBHEM MOps. 3a TUTOMUMU TIOKa3-
HUKaMU 3alaciB BOZHUX PeCypciB Ha AyIly HaceJleHHs Mocifae Apyre Micle
B LleHTpasbHil A3ii. 3arasbHa IUIOIA THOA0BHKIB CTAHOBUTE ITOHA/ 8 THUC. KM?,
ab6o 4,2 % tepuropii kpainu. Cy4acHi 3amacu IpicHOi BOAYU B TipCbKUX JIbO-
MOBUKaX OIiHIOIOThCA B 650 kM3 (puc. 1.19).

Ha tepuTopii pecnybiiku HamivyeThes 6inbine 3500 pivok, 1o BigHO-
CATBCA A0 BOAHUX baceiiHiB pivok Cupzgap’s, Amyzap’s, Uy, Tanac, Lti, Tapum
i o3epa Iccuk-Kynp. HalibinbmmmmMuy TpaHCKOPAOHHUMHY pikamu € Cupzap’s,
Hapun, Kapazap’s, Yy, Tanac, Yatkain, Capumxkas, Yon-I3en-I'i6ym. Cymap-
HUM piuHUH CTiK pivOK B pi3Hi 32 BOAHICTIO POKU KOJUBAETHCA B MeKaX Biff
44 no 50 kM (3 ypaxyBaHHSIM 3BOPOTHHX Boz) (Tabu. 1.11).

[TepeBakHa OiMBLIICTH TOBEPXHEBUX BOJA GOPMYETHCSA HA TEPUTOPIT
KpaiHu, ogHaK He OilbIlle YBepTi piYKOBOTO CTOKY I[OPiYHO BUKOPUCTO-
BYETBCA 11 TOTPeb HAI[IOHAIBHOTO BOJOCIIOXKHUBAHHSA, iHIIIA HOTO Jac-
THUHA HaJXOAUTb Ha TEPUTOPii CyMiXKHUX AepkaB. O6CATHU KOJIEKTOPHO-

Ta6bnuua 1.11. PospaxyHkoBi NokasHWkM cepeiHbobaraTopiyHOro NOBEPXHEBOrO CTOKY

Teputopii Kuprusskoi Pecnybniku y pospisi BogHux 6aceitHis

HaiimeHyBaHHA BogHuX 06’ckTiB  CepepHbobaraTopiyHuil CTik Boau CepepHb06AraTopiyHmii CTiK BOAK
(6aceiiniB) no 6aceiiHy pasom (km3) no 6aceiiny, WWo thopmyeTbCs
Ha TepuTopii Kupruscrasy, km®
p. Cupmap’s 46,04 27,40
p. Amynap’s 93,42 1,93
p. Yy 6,64 5,00
p. Tanac-Acca 1,84 1,74
p. Ini-Kap-Kupa 0,36 0,36
03. lccuk-Kynb 4,65 4,65
p. Tapum 6,15 6,15
Pasom 159,10 47,23
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Kapta Kuprusskoi Pecny6niku (OOH, 2009)

PucyHok 1.20.

BogHuit dora Kuprusskoi \

Pecny6niku

3ApeHa’KHUX BOJ, OITiHIOIOThCS STK HE3HAYHI i CTAHOBJIATH O/TM3bKO 1,3 kM3 /pik
(puc. 1.20). JlocToBipHi BimoMocCTi TIpo 1opiuHi 06CATH 3BOPOTHUX BOJ
mpoTsAroM ocTaHHix 20 pokiB y Kupruscrati BizicyTHi. 3amacu npicHux i ciab-
KO COJIOHUX BOAHUX PECYPCiB, 30CepemKeHi B 03epax, MepeBaKHO B 03epi
Iccuk-Kyinb, o1iHO0THCA B 1745 kM3 i cTaHOBJIATH 6;1M3bK0 71 % 3amacis
HallioOHaJIbHUX BOJHUX PECYPCiB.

Ha TepuTopii kpainu BusaBiaeHo 106 pomoBUIl TPiCHUX MTiI3€MHUX BO/,
3 AKUX TinbKU 44 BUBYeHi. EkcIuTyaTaniiiHi 3amacu yx BOJ, OLiHIOIOTHCA B

JIbopgoBukmn 26% O3epa 71%
650 kM 1745 km®

y

Mip3emHi Boan 1%/ \Pil-IKVI 2%

13 km® 44 km®
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Tabnuua 1.12. Benui rigpotexHiyni cnopyam Kuprusskoi Pecny6niku

06'em BcraHoBneHa

Pik 3a- Mpu- Hainbinbwa [loBxuHa -
i Haungna BepweHHs  Pika/6aceiin  3HaYeHHs BUCOTa  norpe6- BoAa-wa ';T‘Q'T‘::nl-?
ApOBY OynisH. rigposy3ana rpeoni(m) Hwo (M)  (MnH M3) : 4
(Tuc. kBT)
Ana-ApYuHCbKUI 1986 Ana-Apya/My  3poLLeHHs 35 2100 90 —
pycnosuit
Ana-ApYnHCbKUI 1966 Ana-Apya/My  3poLLeHHs 245 6000 51 —
HanUBHUN
ATOALLNHCBKNIA 1970 Atbarun/ EHepreTuka 79 55 9 40
Haput/
Cuppap’s
basap- 1962 Kapa-YHKyp/  3poLueHHs 25 2400 22,5 —
KypraHcbkuii Cuppap’s
IcCMKaTUHCbKNI 1979 Iccuk-Ata/My  3poLueHHs 31 492 3 —
Kapa-bypuHcbknii 2005 Kapa-bypa/  3pouueHHs 49 250 17 —
Tanac
KaccaHcaincbknii 1968 KaccaHcait/  3poLueHHs 64 210 165 —
Cuppaap’a
KipoBCcbKkuit 1975 Tanac 3poLLeHHs 86 258,5 570 —
BoponocTta-
YaHHS
Kypncaicbknit 1983 Hapbin/ EHepreTuka 113 364 370 800
Cuppap’s
HanmaHcbKmit 1966 Knuprus-Ata  3poLueHHs 40,5 265 39,5 —
OpTo-TokoCbKMiA 1962 Hy/Hy 3poLLEHHs 52 365 470 —
lanaxcbKum 1985 Axbypa/ 3poLLEHHS 100 90 260 —
Cuppap’a BoponocTta-
YaHHS
CoKynyKcbKnii 1968 Cokynyk/My  3poLUeHHs 22,5 3000 11,5 —
Cnaprak 1978 Ax-Cyy/ Yy 3poLLEHHS 15 2 600 22,8 —
TawkymmpcbKuit 2001 Hapun/ Enepretuka 75 336 140 450
Cupaap’s
TokTorynbcbKnit 1978 Hapbin/ Enepretuka 215 292,5 19500 1200
Cuppap’s 3poLLEeHHS
TopT-TynbcbKuin 1971 Icchapa 3poLLeHHA 3axig 3axia 90 -
34 1090
Cxin Cxin
20 540
TopT-Kynbcbka 1963 ToH 3pOLLeHHS 19 380 1,4 —
BoJonmMa
Y4-KypraHcbkuii 1962 Hapur/ 3POLLEHHS 36 223,9 56,4 180
Cuppap’a EHepreTuka 27 2 882
Llamanmcaii- 2002 HapuH/ 37 238,5 39 240
CbKuiA Cuppap’s
Kam6apatuh- MigrotoBka Hapux/ EHepreTuka 275 280 4650 1900
CbKUi-1 6yn-Ba Cuppap’s
Kambapa- Crapis Hapun/ EHepreTuka 60 190 70 360

TUHCbKNIA-2 6ypn-Ba Cuppap’s




40

PucyHok 1.21.

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

pebns Kiposcbkoro

BOAOCXOBMLLC
Ha piuui Tanac

6,1 mutH M3 /106y, IPOTHO3HI 3amacy — mpubanu3Ho B 11-13 vt M3/700y.
3arasbHUM IOTEHIlial MiA3eMHUX BoZ B Kupru3craHi BUBUeHUH HeloCTaT-
HbO. Y KupruscraHi HUHi eKCIUTyaTyIOThCA YUCIEHHI BOJOCXOBHIIA i3 3arajb-
HUM 06CATOM aKyMYJIAIiHHUX EMHOCTeH oHaz 22 kM. Hal6iIbIIMy 3 HUX
€ BogocxoButlle Tokrorynbekoi I'EC, a Takoxx OpTo-Tokilicbke, KipoBchke Ta
[TamaHChKe BOJOCXOBUIIA ipUTAI[iHHOTO MpU3HaYeHHs (Tabi. 1.12).

Y 1iyiomy, 3a BUHSTKOM JIOKQJIbHUX 30H B IiBZIEHHUX perioHax, Kupruss-
ka Pecmy6utika 3abe3meueHa 3amacaMu MUTHOI BOAY Ha JOBIOCTPOKOBY ITep-
CIIEKTUBY.

1.2.1.9. Boaui pecypcu Pociiicbkoi ®enepartii

Pociticbka Defepalliss HaIeXUTh 0 AepKaB, HAHOLIbII 3a6e3meueHnx
BogHUMU pecypcamu. CepeHbOOAraTOpiYHi BiIHOBIIOBaHI BOJHI pecypcu
Pocii ctanoBnATh 10 % CBiTOBOI'0 piuKOBOI'O CTOKY (2-re Miclle y CBiTi micisa
Bpaswuii) i oniHtotoThes B 4,3 THC. KM® Ha piK.

Y nisoMy 1o KpaiHi 3a6e3neueHicTh BOAHUMHU PECypPCaMU CTAaHOBUTD
30,2 Tuc. kM Ha JtoAWHY Ha pik. OliHKa 3amaciB BOAHUX pecypciB y Pocifi-
cokitt ®ezepartii HaBegeHa B Tab. 1.13.

Besnka yacTrHa BiZJHOBIIOBAaHUX BOAHUX pecypciB Pociticbkoi ®ezeparrii
(95,8 %) dopmyeTbes B Mexkax Pocii, i vactuna (4,2 %) BOAM HaAXOAUTD 3

Ta6nuusa 1.13. Ouixka 3anacis BogHmx pecypcis Pociitcbkoi Pepepauii (Minnpupoan PP, 2013)

Cope LA pAgof e Cramonea
PiqHun cTik 4270 —
O3epa 532 26600
bonota 1000 3000
J1b010BUKM 110 39890
[Mig3emHi Boawn 869 28000
I'pyHTOBA BOsIOra 3500 —
Pasom 8384 binbLwe 97000
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Ta6nuusa 1.14. Pecypcu piukosoro croky 3a okpemmnmun baceiHamm Pociricekoi Penepauii

PiYyHui cTiK

MisHiyHa [BiHa
[Tevopa
Bonra
[loH
Ky6aHb
Tepek
06
EHiceit
JleHa
Konuma
Awmyp

(Minnpupoan PD, 2013)

Maoua Gaceiey, e D0V pomy.  ola cepamMLoaravopkaoro
. pecypcis, km3/pik KM3/pik 3Ha4eHHs, %
357 101,0 120,0 18,8
322 129,0 142,2 10,2

1360 238,0 239,0 0,4
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 -271

2490 537,0 677,4 26,1
647 131,0 1444 10,2

1855 378,0 376,2 -0,4

TEpPUTOPIiH CyMiXKHUX Aep:kaB. Y Tabs. 1.14 HaBeZeHi JaHi TPO pecypcH pid-
KOBOTO CTOKY TI0 OKpEMUX PiUKOBUX OaceliHax.

Y tabn. 1.15 HaBegeHO 06CATH BOAYW B HAMOLIHIINX 03€pax.

Bozni pecypcu Pociticbkoi @efepanii xapakTepusyoTbCA 3HAYHOIO He-
PIBHOMIpHICTIO pO3MOALTY IO TepUTOPii kpainu. Ha ocBoeHi paltioHU €Bpo-
melchbKOI YaCTUHU KpaiHH, Jie 30cepeKeHo binblie 70 % HaceneHHs i BUpOb-
HUYOT0 MOTEHIliany, TpUunazac He 6inbire 10 % BOAHUX peCypCiB.

Y ManoBoAHiI poku AeilluT BOAM CIIOCTEPIraeThCs B palOHAX iHTEHCUB-
HOI rOCIOAapChKOi AisIbHOCTI B 6aceiiHax pivok JloH, Ypai, Kybans, Iprur,
a TaKOX Ha 3axifHoOMYy y36epexxki Kacmilicbkoro mopsi. PecypcHU OTEHIII-
aJl miZ[I3eMHUX BOZ Ha TepuTopii Pocilicbkoi ®ezepallii cTaHOBUTH Malike
400 xm3/pik. 3aranbHa KiTbKiCTh 3amaciB MiZI3eMHUX BOJ, TPUAATHUX JJIS
BUKOPHUCTAHHS (ITUTHOTO Ta T'OCIIOAAPChKO-TTO6YTOBOT'0, BUPOOHUYO-TEXHIY-
HOT'O BOJIOTIOCTAYaHHsI, 3POIIEHHs 3eMeJTb i 3aBOAHEHHS MaCOBUIIL), CTAHO-
BUTH 6siu3bKO 34 KM /piK.

3abesneyeHicTh TepuTOpii Pociiicbkoi Pezeparrii 3amacamMmu miZIzeMHUX
BO/I, SIKi MOXKYTh BUKOPHUCTOBYBATHCS /JII IUTHOTO Ta TOCIIOAAPChKO-TI00Y-
TOBOTO BOZIOTIOCTAYaHHS, TAKOK HepiBHOMipHa. [lij3eMHMU BoZiaMU, SIKiCTh
SIKUX BiJTIOBiZja€ ririeHiYHUM HOpMaTUBaM, HeIOCTaTHLO 3abe3neveni Myp-
MaHcbKa, Kyprancbka, OMcbka, HoBropozicbka, SlpociaBebka 0671acTi, OKpeMi

Ta6nuus 1.15. O6’emun Boan y HaMbinbLLMX 03epax Pociicekoi Peaepaii, kme B pik (Poccrar, 2013)

g CepepHbob6aratopiyHi
03epa 06’em Bogu Ha 1.01.2013 p. 3anack oM
Baitkan 23000 23000
Jlapo3bke 911 911
OHe3bke 293 292
XaHka 19,3 18,4
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Ta6nuusa 1.16. [okasHKMKK, WO XQPAKTEPUSYIOTb EKOIHTEHCUBHICTL BUKOPUCTAHHS BOAM

B Pocivicexin @egepauii (Minpupoan PP, 2013)

Moka3uuk 2010 2011 2012
3a0ip BOAM Ha AyLUy HACEMEeHHs, M3/ NoanHy 446,61 421,84 410,19
3a6ip BoAu Ha oguHuuto BB (BBITy noTo4HMX LiHax,
MITH py6.), M3/ MAH pye. 1693,0 1333,2 1298,99

Tabnuua 1.17. [NokasHuku, L0 XAPAKTEPU3YIOTb BUKOPUCTAHHS NPICHOT BOAM HA FOCNOAAPCHKI T

rocnogapcbko-nobyTosi notpebu B Pocincskin Penepauii (Minnpupoan PP, 2013)

Moka3Huk 2010 2011 2012

06’em npicHOi BOAN, L0 BUKOPUCTOBYETLCA K MATHA Ta HA
rocnofapcbko-nobyToBi NOTpe6u, MiH m? 9572,2 9411,66 9023,67

YacTKa HaCeseHHs, LU0 BUKOPUCTOBYE LIEHTpasi30BaHe BOAOMO-

cTa4yaHHs, % 67,58 67,99 67,7
CnoXnBaHHs BOAM Ha AyLlY HACENEHHS NP LEHTPani3aoBaHoOMy
BOJOMNOCTAYaHHi, M3/noanHy 103,75 96,76 92,99

patioHu ApxaHTeabChKoi, PocToBchKoi, TIoMeHChKOI o6acTel, Pecmy6iku
KasnmMukia Ta CTaBpoIIosbChbKOI'0 Kparo.

3abip BoAY 3 MPUPOAHUX /Kepes (BKII0Yat0Yr MOPChKY BO/Y) CTAHOBUB
y 2012 pori 72,1 kM3, a6o 61u3bK0 2 % BiZIHOBIIOBAHUX PECYPCIB, 3 PAAY
piukoBux OaceiiHiB BiH gocsaras 50 % i 6inbie. [ToHaz 90 % 3araabHOTO 00-
CATY BUKOPUCTAHHS BOJHUX PeCypciB IIPUIa/Ia€ Ha TEIUIOBY Ta aTOMHY eHep-
retuky (37 %), arporpoMucIoBul KoMIUTEKC (24 %), a TAKOXK YKUTIOBO-KOMY-
HasibHe rocrogapcTBo (18 %), Buzio6yBHY Ta 06po6HY TpoMucioBicTs (12 %).
VY tabs. 1.16 HaBeZeHi JesAKi MOKa3HUKH, 110 XapaKTepU3YIOTh eKOIHTEHCHB-
HiCTh BUKOPHCTaHHA BOJMU.

Sk BuAHO 3 Tabs. 1.16, crioKMBaHHA BOAY Ha oAuHUIIO BBIT ocTaHHIMU
POKaMU 3HM)KYEThCA, 1[0 CBIZIYUTD IIPO MOJTIMIIEeHHs cUTyallii y cdepi paio-
HaJIbHOTO BOZOKOPUCTYBaHHA. Pa30M 3 TUM BOJOMIiCTKICTh BaJIOBOTO BHY-
TpimHboro npoaykTy Pociticbkoi ®ezepariii cTaHOBUTH 6IM3bKO 2,4 M3 /THC.
py6uiB (2007 pik), 3HAaYHO MEPEBUIIYIOUM aHAJIOTIUHI TOKAa3HUKU KpaiH 3
PO3BHUHEHOI0 eKOHOMiKO0. [TepenbavaeThes, M0 B pe3y/IbTaTi 3AiHCHEHHS
Bognoi ctparerii Pociticbkoi ®egepariii Ha nepiog 1o 2020 poky (mpuiiHATa
B 2009 porii) 1eit mokaszHuk y 2020 po1ii 3Hu3uThCA Ha 42 % i CTAHOBUTHUME
1,4 m3/Tuc. py6uiB (y uinax 2007 poky). Y Tabs. 1.17 HaBezieHi fesaki mokas-
HUKY, 1[0 XapaKTePU3yIOTh BUKOPUCTAHHA MPiCHOI BOAU Ha r'OCIIOAAPCHKI Ta
roCIiolapCchbKO-Mo6yTOBI MOTpe6H.

1.2.1.10. BoaHi pecypcu Pecry6niku MonzoBa

MosnzoBa Hebarara MmoBepxHeBUMU BoZaMU. Lle MOSCHIOETHCA TUM, 1[0
omaziB TYT BUIIaZa€ MOPiBHAHO HebaraTo, a BUIapOByBaHHA CHUIbHE. [103Ha-
YaETHCSA | BIUIUB IepecidyeHoro penbedy: pu Ta 6aTKU CUIBHO APEHYIOTD Mic-
1eBicTb. [Ipo6yemMa IpaBUIbHOIO BUKOPUCTAHHS Ta OXOPOHU BOJHUX PeCypCiB
i IOLITYKY HOBUX JKepeJl € BaXXJIUBOIO JJI TycTOHaceseHoi MosiZioBu.
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Ta6nuusa 1.18. OcrosHi piukn Mongosu (nosxumroto Ginbwe 100 km)

Ha3sBa pidku

[HicTep
MpyTt

Peyt
Ikenb

buk

botHa
KorunbHuk
Annyr

HoBxuHa YV mexax Mnowa fﬂgﬂ:;( Jaranbre B';L“;'J " 06’em
3aranbHa, fJepxaBu, 6aceiiHa 3a- ; piyHoro
KM KM ranbHa, Km? "e'm""’ LG LU Hrﬁ?gax, CTOKY, KM®
1352 657 72100 19070 759 318,0 10,0
989 695 27500 7990 2058 150,0 2.4
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 — —

[IpupogHi CKyITYeHHS BOAU 3aiMalOTh B pecIyOiIilli Bcboro 62,2 km? 3
06’emom 200-220 mutH M3, Y BHYTPIIIIHIX CTaBKax Ta BOJOCXOBUINAX MiCTUTD-
cs1 6iu3bko 800 MutH M3 Bozau. Best BogHa 1oma 3atiMae 6;113bko 1 % Tepu-
TOPIi.

Poxb BogHMX pecypciB y MongoBi — 1je pakTop 3abesnedeHHs IPojo-
BOJIBYOI 6e3MeKy Ta MOTPeb JIOANHU V BOJI, [PKepesio TeHepyBaHHS 0XO0/iB
i OCHOBa eKOHOMIUHOI JiIJTIbHOCTI, cepeZoBUIIIE I BiAMOUYUHKY i TYPU3MY,
[DKePeJIo TiZpoeHeprii, MIITXU BOAHOTO TPAHCIOPTY, CepefoBHUIIe A 6io-
pisHOMaHITTA Ta PyHKUIOHYBaHHSA BOZHUX Ta HABKOJIOBOZHUX EKOCHUCTEM.
HapeInuTti BoZo#Mu € pelUIIi€HTOM i OYHUIyBavyeM CTIYHUX BOZ i 3a06pyAHIO-
BayiB.

Y MoszioBi Majio BeIMKUX PiYKOBUX apTepil, [0 HECYTh BEIUKi Macu
BOZIU, 3aTe OCUTH baraTo cepeZiHix i Manux pivok (tabs. 1.18). Tomy piuko-
Ba Mepeka HaraZiye iepeBo 3 I'YCTOIO i CKIaZIHOIO CHCTEMOIO PO3rayKeHHH.
Y cknazi piukoBoi Mepexxi 3085 moCTiHHUX i TUMYacOBUX BOJOTOKIB; 3 HUX
Tinbku 240 MaioTh JOBXKUHY noHa 10 kM i suiie Bicim pidvok — JIHicTep,
[IpyT, PeyT, Ixens, buk, borHa, fAnmnyr i KormnbHUK — moHaz 100 kM.

Kpim aBOX TpaH3uTHUX pidok — JIHicTpa i [IpyTa, 110 HecyThb CBOi BoAU
3 YkpaiHncekux Kapnart, Bci piku MosiZIoBU *KUBJIATHCSA 32 paXyHOK MiCI[eBOT'O
CTOKY. BiH cTaHOBUTD B cepeIHbOMY Ha MiBAHI pecmybiiku 20-30 MM Ha piK,
B leHTpi — 40-50 MM i Ha niBHOYi — 60-70 MM.

Bci MonzaBchKi piuku Hasexats Ao 6aceitHy YopHOTo Mops i Maiike BCi,
CITiZlyI04YY 3arajJjbHOMY YXWIy MIOBEPXHi, TeUYTh 3 MiBHIYHOTI'O 3aX0/y Ha IiB-
JeHHUM cxiZ. MaJsi IpUuTOKHA MaloTh Pi3Hi HANIpAMU, ajie BCE XK PidoK, I0
TedyThb Ha IBHIY i 3aXi/], Maike HEMaE.

Yci npupozHi Bogotoku MosoBH, Halexadu 6aceitHy YepHoro Mops,
BiZTHOCATBCA 10 TPHOX baceitHiB — pivok IIpyT i JyHati; JHicTpa i pidok, 1m0
6e3nocepeiHbO BragamTh y YopHe Mope (puc. 1.22). 3 MeTOl0 yrpaBIiHHSA
HMMMU B paMKax AreHTCTBa 3 BOZHUX pecypciB “Anesie MoazoBei” cTBOpeHi
nBa baceitHOBUX ypaBiiHH:A (JJHICTPOBChKE — Ha KapTi KepOBaHAa TEPUTOPIs
mokasaHa uudpoto 1, i [Ipyrcbko-JlyHalicbKe — TepUTOPisA BKa3aHa nudpaMu
2-4). Kpim 11poro, moctaHoBoo Ypsiay Monzosu y 2014 poiii cTBopeHi 6aceii-



44

PucyHok 1.22.

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTI nioamHm

Moain Pecny6nikn Mongosu 3a
pidHMMM BacetHamm

HOBI pajiy, KyZiu YBiHIIUIU ITpe/ICTABHUKU PETiOHAMBbHOI BJIau, IIEHTPATbHUX
BiZOMCTB i mpodimbHUX IPOMaZICbKUX 06’eHaHb. [lepeabadaeThes, Mo Ha
MaJuX piukax OyZyTh CTBOPEHI mifbaceHOBI paay y CKJIa/i MiclleBoi BIau,
€KOJIOTTYHOT0 iHCIIeKTOPATy Ta HeypsZ0BUX opraHisdauiil. Ha okpemux manux
piukax Taki paZy B:Ke CTBOPEHi 1 yCIillIHO Ai0Th, CIMpPalOYUCh Ha MiclieBi
iHII[iaTUBU.

3 teputopii MonzoBu Ha b6aceitn JlHicTpa npunazae 57 %, a Ha 6aceitH
JyHaro, Brmroyatoun [IpyTt, — 35 % (cam [IpyT — 24 % i 6acetinu pivok Karyn
i Anmyr, mo TeuyTh y yHai, — 11 %). /o 6aceliHiB pivyoK, IO TeUyTh 6e310-
cepeZiHbO B HopHe Mope Yepe3 yKpaiHCbKy TepUTOPilo, HaleXUuThb 6 % Tepu-
Topii MosizoBu. [Ipu 1boMy cepe/; TPaHCKOPZOHHUX pidok (puc. 1. 23), mo
HecyTb BoAu B MosgoBy, [laicTep npuHocuts 78 %, a [IpyT — 21 %. 3 Hux
3-5 km® mpusHaueHi 411 MongoBu. CTBoploBaHi Ha TepUTOPii KpaiHu BOZAHI
pecypcu cTaHOBIATh MeHIe 1 kM3 (10 10 %). Micuesi migzemHi pecypcu cra-
HOBJATH 1,1-1,2 kM3,

Piunwuii ctik JlHicTpa B cepeinboMy cTaHOBUTH 10 kM3, Jlns JlHicTpa xa-
pakTepHi JiTHI maBogku. OCKiIBKY Ha el Jac Ha piuli 30yz0BaHO Tpu rpebii
TiZipoesieKTpoCTaHIIiM 3 BOZOCXOBUIIAMU, IPU IPaBUIbHOMY YIIPaBJIiHHI BOHU
3[aTHI 3[VIa/pKyBaTU MTaBOAKHU, OZHAK Ile BiIOyBa€eThCsA He 3aBXK/AU i OCTaHHI
ceplio3Hi moBeHi Ha JIHicTpi crocTtepiranucs B 2008 i 2010 pokax. 36UTOK
Biz moBeHi 2008 poky ctaHoBUB 120 MJIH Jj0/1apiB.
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PucyHok 1.23.

bacernnn ocHosHMx
TPAHCTPAHMYHMX PIYOK

=== lepykaBHI KOPAOHU
—— = Mexi piukoBrx bacenHis

baceiiHn oCHOBHUX
TPaHCrPaHNYHNX PiYOK

6acelH MpyTta
]
[ 6aceitn nictpa

m MONJOBCbKa YacTuHa baceitHy [lyHato,
6e3 baceiiHy MpyTa

- 6aceiiHu pivok, AKi BnagaloTb B YopHe Mope

Jlitepatypa no nigposginy 1.2.1

GRIDA-UNEP, 2012. GRID-Arendal. http: //www.grida.no/graphicslib.

http://belstat.gov.by/homep/ru/indicators/statistics_for_schoolers/05.pdf.

http://minpriroda.gov.by/dfiles/000597_60789_part_4.pdf.
http://water.usgs.gov/edu/earthwherewater.html.
http://www.cawater-info.net/review/legal_kz.htm.

JRC,2012:JointResearchCentre. https://ec.europa.eu/jrc/en

Revenga, 2000 B pakTax v TeHeHIUAX—Boza, BceMUpHBIi cOBeT pepUHUMATENEH IO YCTOM-
YUBOMY pa3BuTHi0. Revenga, 2000 in Facts and Trends — Water, World Business Council
of Sustaianble Development, 2006.

Shiklomanov 1., 1993. World fresh water resources; Chapter in: Water in Crisis: A Guide
to the World’s Fresh Water Resources, Editor Peter H. Gleick, Oxford University
Press, New York.

Statistics Norway, 2009: Natural Resources and the Environment. Statistics Norway. http://
www.ssb.no/a/english/publikasjoner/pdf/sal09/sa109.pdf.

Statistics Norway, 2012. http://www.ssb.no/a/english/publikasjoner/pdf/sal09/
sal09.pdf.

UNDP, 2004: BozHele pecypchl KazaxcraHa B HOBOM ThIcA4eeTHH. http://www.undp.
kz/library_of_publications/files/2496-24188.pdf.

UNECE, 2007. Be3omacHOCTb IUVIOTHH B LleHTpasbHOU A3WMu: cO3aHue TIOTEHINaIa 1
pervoHanbHOe coTpyaHudecTBo, OOH, JKeHeBa. http://www.unece.org/fileadmin/
DAM/env/water/publications/documents/Water_Series_Publication5_r.pdf.

UNECE, 2010. Bropoit O630p pe3ylIbTaTUBHOCTH 3KOJIOTUIECKO AeaTenbHoCTU KbIp-
reI3cTaHa, XKenesa. http://www.unece.org/?id=14802&L=2.

UNECE, 2013. HaijyioHa IbHBIH AUaJI0T II0 BOFHOM ITOUTYKe B KbIpreiscraHe B chepe UHTErpHU-
POBaHHOTO yIIpaB/IeHNs BOAHBIMY pecypcaMu, 2013. [Tpomnecc u pe3yabTaTs 3a 2008-2013
rozibl. bumkek. http://www.unece.org/fileadmin/DAM/env/ water/meetings/NPD_
meetings/2013/Kyrgyzstan/pb_rus.pdf.



46

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

Babaes A.I', 2009. TpaHcrpaHUYHbIe IPOOIeMBl B 6acceiine AMyzapbu // TpaHcrpa-
HUYHBIE Tpo6eMel cTpad CHI. Mockaa.

Bospxuna O.A., 2011. YnpasieHUs BOSZHBIMU pecypcaMU B LIeHTPaIbHOa3UaTCKOM
pervoHe. VIHCTUTYT BOAHBIX Ipo6ieM PAH.

BEpormrtopa MUHHCTEpCTBA METUOPALIMY U BOAHBIX pecypcoB Pecry6iuku TamKuKy-
craH, [lyman6e, 2010.

EBpocrart, 2013: Water statistics. http://ec.europa.eu/eurostat/statistics-explained/
index.php/Water_statistics.

Wzaanvie MUHKMCTEPCTBA METMOPAIIUH U BOAHBIX PeCcypcoB Pecry6iiky Ta[JKUKUCTaH,
Jyman6e, 2010.

Kaprorpadpuueckas cexuusa OOH, 2009.

Keipreiscran-2025, 2013. CTpareruu U cieHapuu pa3BUTuA. IHCTUTYT cTpaTeruye-
CKUX HCCIeZIoBaHUM npu npe3uzeHTe KoIpreickoit Pecrrybnuku, Buikex.

Munnpupoz P®, 2013: TocyzapcTBeHHBIH Aokaaz “O cOCTOSHUM U 06 OXpaHe OKpY-
JKaroten cpezbl Poccuiickoit ®ezneparnuu B 2012 roay”. Mocksa, c. 15. http://
www.mnr.gov.ru/upload/iblock/cef/gosdoklad%20za%202012%20god.pdf.

Poccrart, 2013. PoccuiicKuil cTaTUCTUYECKUH exeroguuk. Crat. ¢6. MockBsa, c. 64.
CocTosiHHE OKpY:Katolel cpezbl PeciyOnuku Benapycs: Hail. okiaz / M-Bo Ipu-
POZ. pecyp. ¥ OKpy»atoleit cpezbl Pecrrybnviku Benapycs, 2010, roc. Hayy. yup-e
“UH-T npupojomnoab3oBanud Ham. AkazeM. Hayk benapycu”. MuHck: Berramosx-
cepsuc, 150 c. http://www.minpriroda.gov.by/uploads/files/000597_79443_
part_0. pdf.

CrpaBouHble MaTepuabl ['uapomMeTeocay 06l Pectybnnku Tamxukrcran, 2012.

Hlaxupacaros P., 2010. Boza B LleHTpanbHOU A3UM — TeONOIUTUIECKUN KPU3UC B
IepCreKTuBe?

1.2.2. KPYroobIr BOAU B NPUPOAI

Tpu UBepTi HOBEPXHi 3eMHOI KyJTi TOKPUTO BOZAO0. BogHy 060710HKY 3eM-
Jii Ha3uBarTh rizipocheporo. izpocdepa siBIsTE OGO CYKYIIHICTh BCIX BO/,
3eMHOI KyJIi — MOBEpPXHEBUX, MMiZI3eMHUX, BOJ, JIbOJOBUKIB i CHITOBOTO II0-
kpuBy. Jlo ckiany rizpocdepu BXOAUTD BOJA, IO MiCTUThCA B aTMocdepi, AKa
BiZlirpa€ BaXXJIUBY POJIb ¥ 3aralbHOMY Kpyroob6iry Bogu. OCHOBHIMH eJleMeH-
TaMu rizpocdepu € 06’€KTH, Ze 30cepe/KeHa Boga (OKeaH, MOpe, 03€po, pid-
Ka, BOJOCXOBUIIIE, CTABOK, 60JI0TO, KaHaJI, BOJOHOCHUH TOPHU30HT).

Kpyroobir Boau B IpUpo/i ABJsie cob60t0 Ge3repepBHUI MPOLeC mepeMi-
IIeHHs BoAu Ha 3emuti (B atMocdepi, rizpocdepi i 3emHil kopi), o cympoBo-
JKyeTbed ii pasoBUMU ITepeTBOPEeHHAMH i Mae O6inbII-MeHII BUpaKeHUH
LIUKJIIYHUN XapakTep. BiH € Halil3HAYHIIINM 32 KiTbKiCTIO Mac, 1[0 TIEPEHOCATh-
cs113a BUTpaTaMu eHeprii Kpyroobiry Ha 3emti. BiH BK/IFOUa€ BUTapOBYBaHHS
BOZY 3 BOAHOI oBepxHi CBITOBOI'O OKeaHy i Cyllli, IepeHeceHHA BOAAHOI Tapyu
TIOBITPSTHUMU TeUisIMU, KOH/IEHCAIII0 i TOBEpHEHHS BOAU Y BUITIAA1 aTMochep-
HUX OTAJiB B OKeaH (Mauii, abo OKeaHiYHUH, KPyroobir) abo Ha CyIy, Ze
yacTHHa ii cTikae yepe3 piku Ha3az B OKeaH (BEJMKUI KPyroooir).

Po3pi3HsAI0Th MicIleBUl, a60 BHYTPIITHbOMAaTEPUKOBUH, KPyroobir, mpu
KoMy GepeThcs 0 yBaru Boa, 1[0 BUIIAPYBaJIacs 3 TIOBEPXHi CyIIli i 3HOBY
BUIIaJIa Ha CYIIy y BUIVIAAI aTMochepHUX onaziB. CyKyIHICTb B3a€EMOIIOB sI3a-
HUX MPOIIECIB, TKa CTAHOBUTDb 3aMKHYTHUH KPyroo6ir BOAY MPOTATOM IIEBHO-
ro IPOMDKKY 4acy, Ha3WBaIOTh TiZIpOJIOTiYHUM LIUKJIOM.

PymrifiHoio cuioio r1o6anbHOTO KPyroobiry BoAu Ha 3eMIIi € COHAYHA
eHeprif i cuia TKiHHA. BaM3bKo TPeTUHY BCi€l COHAYHOI eHeprii, Aka Hajl-
XOZUTH Ha 3eMJII0, BUTPAYA€EThCA Ha IIPUBEJEHHS B PyX KPYroobiry BoAu.
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3 MOTIMHAHHAM (BUAUIEHHSIM) TeIUIa Bil0yBaeThCs BUTapOBYBaHHs, KOHIEH-
caris BOAAHOI Iapy, TaHEHHs, 3aMep3aHHsA Ta iHII $pa3oBi nepexoau BOAM.
[Tiz BIUTMBOM CHJTH TSDKIHHA BiIOyBa€ThCSA BUMTaJaHHA aTMOChEPHUX OTIaIiB,
PyX IIOBEpXHEBUX i Mi3eMHUX BOJ, fAKe MOXe BUKOPUCTOBYBaTUCA /A BU-
pobiieHHs eHepril (TiipoeHepreTUKa).

Kpyroobir Boau, 0cO6IMBO TOBEpXHEBUH i MiZI3eMHUI CTiK Ha CyIIIi, BU-
3Hayae TiIporeHHy Mirpallito pe4oBUH, sKa, KpiM IlepeHeceHHs, CYIIPOBO/-
JKyeThCA MpollecaMy pO3UYMHEHHs, KpUcTasti3allii, ocaZ;keHHd Ta iOHHOTO
00MiHY, OKHCHO-BiJHOBHIMH PeaKIAMU. TAKIM YUHOM, 3 KPYyTOOOiroM BoAH,
ITI0 BUKJIMKAETHCS IIOTOKOM COHSYHOI €Heprii, T0B’s13aHi Kpyroobiru 6araTbox
XiMIYHUX eJIEMEHTIB i iX CITONyK. Y BEIMKOMY KPYroobiry BoAy HOMITHY y4acTh
6epyTh JKUBi OpraHiaMu, eKocucTeMu. POCIMHY ITepeXOILTIOI0Th YaCTUHY Olla-
ZiB 1 CIpUAIOTH BUITAPOBYBAaHHIO BOJIOIH [I0 TOTO, IK BOHA IIOTPAIIUTh Ha 3eMJIIO.
[pyHTOBa BOJIOTA BCMOKTYEThCS KOPIHHAM POC/IUH, Gepe y4acTb B 0OMiHi
PEUYOBUH i IOTIM BUIIAPOBYETHCA 3 TUCTA (TpaHcmipanis). Pazom 3 Bumapo-
BYBaHHSM 3 IOBEPXHI I'PYHTY TPAaHCIIipallif CKIaZae CyMapHe BUTIapOBYBaH-
Hs, a0 eBamOTpaHCIipaIliio.

PiBeHb nepexoruieHHa i TpaHcmipallii cTaHOBUTE IToHaZ 40 % obcAary BU-
[IapoByBaHHA Ha CYIIi.

Kpyroobir Bogu xapaKTepHu3yeTbCst BOAHUM OanaHcoM. KinbKicHi O1liHKH
BMiCTy Bogu B “pe3epByapax’ (OkeaHH, IbOJJOBUKHU TOII0), a TAKOXK IIOTOKAX
BOZU, 3aJIy4€HUX JI0 ITI06aTBHOTO KPYyroobiry BoAy, peAcTaBIeHi B Pi3HUX
JDKepesax, BiipisHAThCA (B Tabs. 1.19 HaBesieHO cepeiHi 3HAaUEHHS 3a1aciB
BOZU Y BOAHUX 00’€KTaX).

3icTaBAI0YM KiTbKiCHY OIIiHKY IIOTOKIB BOAM, 3aJyIEeHUX Y KPYyTroo0ir,
MOXKHa BiZJ3HAYUTHU KibKa HOro 0cobJInUBOCTEN.

OxeaH BTpavyae yepe3 BUIIapOBYBAHH OLTbIlle BOAU, HiXK OTPUMYE 3 OIa-
Aamu. banaHc Bogu y CBiTOBOMY OKeaHi MiATPUMYETbCS 3a PaxXyHOK ii Ha-
XOZXEHHA 3 piYKOBUM CTOKOM. Pi3HMIIA BeJIMYMH BUIIaPOBYBaHHsA Ta ONlaZiB
Ha moBepxHI0 CBITOBOTO OKeaHy CTaHOBUTH 47 Tuc. KM® BoAM B pik. Lleit xe
00’eM BOJY IIOPiYHO TTOBEPTAETHCA A0 OKeaHy 3 piyHUM (41,7 THC. KM?),
MiZI3EMHUM Ta CTOKOM, II[0 He ApeHyeThbcs (2,2 Tuc. kM%), Ta y BUIVIAAL JThO-
IOBUKOBOTO CTOKY (3,0 Tuc. KkM3) — aiicbepriB Ta Taiaux Boz. Ha cyrmi croc-
TepiraeThcs MPOTWIEXKHA CUTYallifd. 3HauHa YacTUHA ONa/iB, 1110 MiATPUMYIOTh
€KOCUCTEMHU CYIIli, B TOMY YHCJIi OLIBINICTh arpOEKOCUCTEM, SIKi BUPOOJIAIOTh
DKy 21 IIOAWHY, CKJIaZJA€ThCA 3 BOAH, 110 BUIIAPOBYETHCA 3 IOBEPXHi OKeaHy.
Y MaTepuKOBOMY OajiaHci IopivHo 6epe yyacTh 72 THC. KM BOAH, IO JOPiBHIOE
BeJINYMHI BUMTAPOBYBAHHS 3 IIOBEPXi BOZ CyIIi, 3 AKUX 6113bko 30 THC. KM3
(42 %) npunazae Ha TpaHcHipallilo pOCIMHHUM IIOKPOBOM.

Pi3HUIIA MiXK PiYHOIO KiTBKIiCTIO OTIaZiB i TOBEPXHEBUM CTOKOM CTaHO-
BUTH HAJXOXKEHHS BOAY B Ii3eMHi BoAM. Y 6araTbox o61acTsax 3anacH mij-
3eMHUX BOJ, BUCHRXXYIOThCA 32 PaXyHOK IlepeBUIeHH:A 3a00py BOAU Ha ro-
CIIOZAPCHKY AiAMbHICT HaZ i1 HAAXOMKEHHIM.

HazxomxeHHs MPiCHUX BO/, 3 piYKOBUM CTOKOM y CBITOBU OKeaH 3 A3i-
aTCBKOT'O KOHTUHEHTY cTaHoBUTH 30,8 %, [liBgenHoi AMepuku — 25,1, I[1iB-
HiuHO1 AMepuku — 17,5, Abpuku — 9,8, EBponu — 6,9 i ABcTpaii — 5,1 %.
€Bporia, Ha TEPUTOPIi AKOi po3TalIoBaHi iHAYCTpiaJbHO PO3BUHEHI KpaiHU,
He BiZITHOCUTHCS 10 KOHTUHEHTIB, ie popMyeTbCs HaMOLIbIINI 06CAT CBITOBO-



48 Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

Tabnuua 1.19. CepenHe 3HaueHHs 3anacis BOaM y NPUpoaHux o6’ ekTax

BogHmii pecype 06’eM BoaK, KN Yactka Bif 3anacis  1acTka Bif 3aranbHux,

npicHoi Boam, % 3anaciB Boau, %

OkeaHun, Mops Ta 3aTOKN 1338000000 — 96,5
J1b0J0BUKM Ta MOCTilAHWNIA 24064000 68,7 1,74
CHiroBOIi NOKpNB
[PyHTOBI BOAW, Pa3om 23400000 — 1,69
3 HUX:  MpicHi 10530000 30,1 0,76

COMOHi 12870000 — 0,93
lpyHTOBA BOMOra 16500 0,05 0,001
[MepLunii nig Ta BiYHa MepanoTa 300000 0,86 0,022
03epa, pa3om 176400 — 0,013
3 HUX:  npicHi 91000 0,26 0,007

COJOHi 85400 — 0,006
Atrmocdepa 12900 0,04 0,001
bonota 11470 0,03 0,0008
Piykn 2120 0,006 0,0002
binoriyHa Boga 1120 0,003 0,0001

ro 6ajaHcy MPiCHOBOZHOI'O CTOKY. 3HAYHA YacTWHA EBPOIU — Ile PaliOHU 3
omazaMu MeHure 400 MmM/pik. Ha BenunHy HOBepXHEBOI'0 CTOKY €BpOIH,
OKpiM NIPUPOJHUX YNHHUKIB, iCTOTHO BIUIUBA€E POOUTH GE3MMOBOPOTHE BUITY-
YeHHs BOAY Ha MOTpebu BUpoOHUITBa — 61n3bK0 500 kM3 /T0oz1, abo Maiike
20 % moBepxHEBOTO CTOKY. Ha HalbinpIIux piukax EBpOIU CTBOPEHi BOZO-

PucyHok 1.24.
Kpyroo6ir soan y npupoai (PhysioGeography, 2012)
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CXOBHIIA, B AKUX 3aTpuMyeThed Ao 10 % ii Boguux pecypciB. CyMapHui piu-
KOBUH CTiK 3 ii TepuUTOpii B pi3Hi 32 BOAHICTIO pOKU KOJUBAETHCA B MeXkKaxX
2410-3800 xm3.

BasKJIMBY POJIb Y KPYTOOOIrY BOZIM BiZIirpatoTh IbOJIOBUKH, SIKi JAIOTh OJIH3b-
KO 7 % 3arajJibHOTrO CTOKY, 110 HaAXoAuTh y CBITOBUM OKeaH 3 TepUTOPii CyIi.

Y4acTb 3ajeleHUTHX TipChbKUX MAaCUBIiB Y KPYroob6iry MeHII BUpakeHa.
BoHM aKyMysmoTh aTMocdepHi omaZiv y BUTVISAZI KPYXKAHOTO i CHI?KHOT'O T10-
KPUBIB, AKUH pOPMYE CTiK ripChbKUX PidOK.

STk BXKe 3a3HAYATIOCH, KPYyroobir BOAU CYIIPOBOAXKYETHCS CKIAAHUMU i pi3-
HOMaHITHUMU (i3UKO-XIMIYHUMU ITpoliecaMHu. 3 MIOBEPXHi OKeaHy BHUIIApO-
HOTO CKJIaZly: BOHA CTa€ OifHIIIOI0 Ha BaKKUU BOZIEHb (eHTepili Ta TPUTIiL),
MTOPiBHAHO 3 OKEAHIYHO0 BOZIOIO (V pe3ybTaTi ppaKI[ioHyBaHHA i30TOIIIB BOJ-
HIO IIPY BUIIAPOBYBaHHI). Mik MIOBEpXHEBUM LIAPOM BOJY OKeaHY i Macoo
BOZM OiTBII IMOOKUX HOTO 30H iCHYE CBill PETYIAPHUM, CTAIUA 00MiH. Mix
[aporo BOZAU i BOZOIO aTMOcepu Ta BOZONM BCTaHOBIIOIOTHCS JIOKATbHI THM-
yacoBi piBHOBaru. [1apa Bogu B aTMocdepi KOHAEHCYEThCS, 3aXOIUTIOI0YH Ta3u
i IOMIIIKwY, 10 MiCTATBCA B aTMocdepi, a MOTIM y BUIVIAZI aTMOCPEPHUX OaziB
BUIIaZIa€ Ha cy1ry. YacTHHA BOAU IIPU LIbOMY BXOAUTH B XiMiUHi CIIOYKH, iHIIIa
y BUIVIAZII KpUCTAJIOTiApaTHOI, cop6oBaHoOi Ta iHIMX GpOPM 3B’I3y€ThCST KPUX-
KMMH OllaZlaM¥ 3€MHOI KOpH i HaZJOBI'O 3a/IMIIa€ OCHOBHUM LIUKIL.

OcafioBi MOPO/U B MPOIIECi IEpEMIlIieHHs BITIMO 3eMITi ITi BILTUBOM THC-
Ky i TeMIlepaTypu BTpayaloTh BOAY, sIKa IMi[HIMAETHCA BTOPY i 3’SIBISAETHCS Y
BUIVIAZI rapsa4yuXx MJKepes abo IacTOBUX BOZ Ha TOBepxHi 3eMri, abo BUKU-
JIAa€ThCA 3 TapaM¥ MPU BYJTKAHIUHIN JisUIBHOCTI pa30oM 3 IesIKOIO KiJTbKiCTIO
I0BEHITbHUX (IiZI3eMHi BOZU, SIKi YTBOPIOIOTHCA 3 KHCHIO i BOJHIO, 1110 BUJi-
JITIOTHCS 3 MarMy, i BIlepllle BCTYHAIOTh B KPyrooOir BoAu) BoA. [HIIa )X, OCHO-
BHa Maca BOJY, BUTATAIOUYM PO3UYUHHI CIIOIYKHU 3 TTOPif JliTochepu, pyHHYIOUH
ix, cTikae pikaMu Ha3a/ B OKeaH. B pesysbTaTi IbOro poliecy CoJbOBUM CKIIaZ,
OKeaHy MOCTYIIOBO 3MiHIOEThCA. XiMiUHi eeMeHTH, 110 YTBOPIOIOTh JIETKO-
PO3UYUHHI CIIONYKH, HAKOTTMYYIOThCSA ¥ MOPChKill BoZi. Baxkkopo3uunHHi c1io-
JIVKY XiMiYHUX eJIeMeHTiB OCiZlJafoTh Ha JHO OKeaHy.

TakuM 4YMHOM, OKpeMi IUKJIi4Hi IpoIlecy, 110 YTBOPIOIOTh 3arajlbHUM
Kpyroo6ir Bogu Ha 3eMJli, He € MOBHICTI0 060poTHUMU. YacTHHA PEYOBUHUI
B TOBTOPIOBAHUX LIUKJIIYHUX IIPOIIecax PO3CitoeThCs (PO36aBIA€ThCS) i BKIIIO-
Ya€eThCs B JIOKAJIbHI KPyroobir abo 3aTpumyeThest (GikcyeThes).

TpuBalicTh riZ[poONOTIYHOr0 UKJIY MOKHA YMOBHO OIIiHUTH 110 TOMY
yacy, IKUi HeoOXiZHO, [ TOTO, 1106 BCsS Maca BOAM MOIJIA MTOBHICTIO 3aMi-
HuTuCsA (OHOBUTHCA). [l BUSHAYEHHS IIbOTO Yacy HeoOXiJHO MaTu iHop-
Maitlito IIpo KiTbKiCTh BOZAM, 1[0 MiCTUTHCA B “pe3epByapax’, i BuTpaTu (1mo-
TOKY) BOZIM, 3aJy4€HOI B KPYrOOOir.

OCKiNbKY IIBUAKICTD IIepeHEeCeHH OKpPeMUX BU/IiB IPUPOJHUX BOZ, HEO-
JHAKOBA, TO ¥ yac BUTpayaHHA Ta BiAHOBJIEHHA Pi3HUH.

CepezHi iepiozfiy BiIHOBIEHHS 3aIaciB IPUPOAHUX BOJ, (TPUBAJICTD TiZIpO-
JIOTIYHOTO IMKJTY) /I Pi3HUX BUAIB IPUPOAHUX BOJ, i BOZHHX O0’'€KTIB:

— migzemuwuii n1ig 30Hu 6aratopiuHoi mep3anotu — 10000 poxiB;

— TOJAPHI JbOJOBUKHU, Jle TIOCTiAHO 3aArae CHi*kHUM MOKPUB, —

9700 poxkiB;
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— CsitoButi okea — 2500 pokKiB;

— JIbOJIOBUKH TipCchKUX panioHiB — 1600 pokiB;

— miasemHi Bogu — 100-1400 pokiB;

— Boza B o3epax — 10-100 poxiB;

— Boga 6oiiT — 5 pOKiB;

— TI'pyHTOBa Bojora — 1 pik;

— BOZM B pycjax piuok — 2—6 Mic;

— armocdepHa Bosiora — 8-9 AHiB;

— OiosioriyHa BoZila — KibKa FOAVH.

Boza Biziirpae BaXXJIMUBY pOJib ¥ MiATPUMILI TEIJIOBOTO GamaHCcy 3eMIIi.
VY mporieci Kpyroo6iry Bogu 34iMiCHIOETHCS EPEPO3NOALT Tema. Terno, 1o
BUTPAYAETHCA HA BUMIAPOBYBAHHSA B OZIHOMY MiCIli, BUBIIbHAETHCSA IPU KOH-
JleHcarlii Bojiory B iHImomy. [TppxoBaHa eHepris, 1o Hagilnuia B atMochepy
3 BOAAHVMMU IlapaMU 3 IOBEPXHi 3eMJIi, YaCTKOBO IIepeTBOPIOETHCA B MeXa-
HiYHy €Heprilo, 110 3abe3evuye nepeMillleHHS MTOBITPSIHUX Mac.

KinpkicHa XapaKTepHCTHKA JIOKATLHOTO, PEriOHaTbHOTO KPyroobiry Bo-
[, TiIPOIOTiYHOTO IIUKITy BOAHUX 00’€KTIB € OCHOBOIO /I CKJIaIJaHHS BOJO-
rocrnoZlapcbKux 6anaHciB, IIaHYBaHHA JiJIbHOCTI I0Z0 3aXUCTY BOJHUX
00’eKTiB Bif BUCHA)XEHHSI, PallioOHATFHOTO BUKOPUCTAHHA BOAHUX PECYPCIB.

1.2.3. XIMIS TIAPOCPDEPU

1.2.3.1. XapakTepucTHUKa IPOIECIB, 1110 Bil0yBalOThCA
B IPUPOJHUX BOJAX

XapakTepHUM /JIs IPOLIeciB, IO BizbyBamThCA B Tizpocdepi, € Te, o
MPUPOAHI BOAHI 06’€KTH ABIAIOTH COO0I0 CUCTEMHU BiJKPUTOIO THUITY, AKi
0OMIHIOIOTHCSI PEYOBUHOIO i EHEPTi€l0 i3 CYMIXKHUMU CepeJOBUIIAMU: aT-
Mocdepoto, JiTochepolo i 6i0TOTiYHOIO CKIaJ0BOI0 HABKOJIUIITHBOT'O CEPe-
oBua. lle Bu3sHavae ¢pisuko-ximMiuHi Ta $pi3uyHi MpoIlecH, 0 € OCHOBOIO
dbopMyBaHHA CKJIAAY i BTACTUBOCTEN MPUPOAHUX MiI3€MHUX i BIIKPUTUX
BOZOUM.

[TpupozHa Boza, CTUKAIOYMCh 3 MiHepalaMHU i 'ipCbKUMU IIOPOJaMH, aT-
MochepHUM TOBITPSM i OPraHiYHOI0 PEYOBUHOIO I'PYHTY, MOCTIHHO 3MiHIOE
CBill xiMiuHMH ckiaz. Taki 3MiHU MOB’A3aHi He TITbKYU 3 Gi3UKO-XiMiYHUMU
MpoliecaMy, 10 IEPEBOJAATh PEYOBUHY B PO3UUH a60 BUBOAATS ii 3 PO3UHHY.
BoHu MOXyTh 6yTH BUKJIMKaHI IpollecaMy BUIIAPOBYBAHH:, BUMOPOKyBaH-
HA, JKUTTEAIAIbHICTIO OPTaHi3MiB TOIO.

Jlo OCHOBHUX MPOIIECiB, 1[0 GOPMYIOTH CKJIaJ| IPUPOAHUX BOJ, BiTHOCATD:

— TIepeHeceHHs PeYOBUWHM, IO 3/iMCHIOEThCA 3a MeXaHi3MOM MoJie-

KyJIApHOI i TypOyneHTHOI Audy3ii, a Takoxk Andy3iiHO-KOHBEKTUB-
HOI'0 MacollepeHeceHHH;

— IIpoljecH, IO IepeBOAATh PEUYOBHUHY B PO3UNH;

— IIpollecH, 110 BUBOAATh PEUOBUHY 3 PO3UHHY;

— 00MiHHi mportiecu;

— IIepeTBOPEHHs PeYOBUHMU.

Jlo TakuXx IIpolleciB, Meplll 3a Bce, HajlleXKaTh: PO3YNHEeHH: ra3iB i TBEpAUX
TiJ, TiAPOJIi3 coell cIabKUX KUCIOT i CTabKUX OCHOB, OCA/I’KEHHS aMOPOHUX
i KpUCTATIYHUX TBEPAUX PEYOBUH, 1[0 YTBOPIOIOTHCA 3 i0OHiB, IPUCYTHIX y
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(BigcTOIOBAHHA) TBEPAUX YACTUHOK, PUCYTHIX y BOJi 3a paXyHOK aKTHUBi3a-
1Iii TiApOoAMHAMIYHUX YMOB CTOKY BOZM IIPY BUIIaJlaHHI 01Ny, B TAaBOJKOBUM
mepioz Ta iH., a TAaKOX € MPOAYKTaMH MeTaboJ1i3My 6i0JI0TiYHOI CKIaZioBO1
BOZHUX 00’€KTiB.

Jlesiki 3 mepepaxoBaHUX MPOLIECIB BiZOYBaOThCSA HAa MeXi “TBepaa daza —
pizvHa (Tra3)”, mo 06YMOBJIIOE BaXXJIUBY POJIb MOJIEKYISIpHOI Audy3ii, sKa
BU3HAYa€ MBUJKICTD MpoleciB pu GopMyBaHHI XapaKTEepUCTHUK i CKIaLy
IIPUPOJHUX BOJ,.

IIporecy, 110 ITepeBOJATH PEYOBUHY B po34uH. Lli mporecu nepebi-
raloTh, B OCHOBHOMY, B PYXOMOMY CepPeZOBHIILi, KOJTH BoZa MepebyBae y cTa-
Hi, BiifjajleHOMY Bifl HACU4YeHHS COJMIAMH i ra3aMu, i CTUKAETHCA 3 TIOPOAAMU
i atmocdeporo.

XiMiuyHUM cKJ1a/ 371e6iNbIIOTO TOBEPXHEBUX i MiZIBEMHUX BOJ € PE3YJTh-
TaTOM B3AaEMO/Iii AOIIOBUX BOJ 3 IIOPOAAMU MOOIN3Y TTOBEPXHi 3eMTi 1 0co-
6JIMBO B I'PYHTOBI 30Hi. Boau, sIKi MIPOCOYYIOTHCSA Yepe3 I'PYHT, MiCTATD,
3a3Buyai, B 10-100 pasiB 6ibIlle pO3YMHEHOTO AIOKCUY BYTVIEITIO, Hi)K IOTI0-
Bi Bogu. Lle#t mioKcu/ BYIVIELIO € /PKepesioM KUCJIOTHOCTI y1st 61bIIocTi pe-
aKIIiil BUBITPIOBAHHS.

Y pe3ynbTaTi BUBITPIOBAHHSA T'iPCHKUX MOPiZl YTBOPIOIOTHCSA 3aTUIIKOBI
MIPOAYKTH i pO3UMHHI coiti, aKi ¥ GOPMYIOTh pi3HOMAHITHUM iIOHHUH CKIaz
IIPUPOJHUX BOJ. BIUIUB areHTiB BUBITPIOBAaHHA, HacamMIepes, IPpU3BOAUTD 10
PYHWHYBaHHS TipCbKHUX IOPiZl BHACIIZOK TiZIpOJIi3y, BUJIYTrOBYBaHHS ab0 pO3-
yrHeHHA. [1iZi BUBITPIOBAaHHAM PO3YMiIOTh CYKYIIHICTb MPOIeciB Gi3MIHOTO
pylHHyBaHHs i XiMiyHOTO (6i0XiMiYHOT0) PO3KIaZaHHA TipCHKUX MOPiA i Mi-
HepaJIiB Ha TOBEPXHi 3eMJIi ITi/] Zliefo 30BHIIITHIX areHTiB. ['0JI0BHi areHTH BU-
BiTpIOBaHHA — BOZA Y BCiX ii BUABaX, llepenaiu TeMiieparyp (COHAYHA eHep-
rifl), KUCEeHb i ByIVIEKUCINY ra3, a TAaKOX KMBi OpraHiaMu.

Po3uuHHicTb rasiB y Boai. [Ipy nopiBHAHO HEBUCOKOMY TUCKY i Bifl-
CYTHOCTI XiMi4HOi B3a€MOZii 3 BOZ|010 Ta il KOMIIOHeHTaMU PO3YUHHICTh ra3iB
V BOZIi MiATIOPSAZKOBYETHCSA 3aKOHY ['eHpi:

C=K-P,a6oP,=K-N,

Ae C— pO3YMHHICTD ragy; P; — mapuiagbHui THCK ray (rapa) B cymitii; N; —
MOJISIPHA YacTKa KOMITOHEHTIB y po3uuHi; K, K — xoedirtienTtu I'eHpi B pisHOMY
KOHIIEHTPAIifHOMY BUPaKeHHI, 10 BU3HAYAIOTHCSA AOCTIZTHUM HUITXOM.

Po3uuHHicTh TBepAUX pedyoBUH y BoAi. [Ilo cTocyeThbes MpupoaHoi
BO/IM, TO 3a3BUYal pO3MIAZA€ETHCA PO3YMHHICTh BAXKKOPO3UYMHHUX PEUYOBUH.
KinbkicHOIO XapaKTEepUCTUKOIO BaXXKOPO3UNHHUX PEYOBUH € J0OYTOK pO3-
yuHHOCTI (/IP). [l BaXXKKOPO3UMHHUX cosiei Tuty K, A,, Ipoliec eJ1eKTpoi-
TUYHOI Aucollialii Ipy po3UMHEHH] ONKUCY€eThCA PIBHAHHAM:

K,A,, & nK™t + mA™.
®opmysa yTBOpEeHHSA PO3YMHHOCTI Ma€ BUTJIA/:
MP(K,A,) =[K™ | [a]",

Po3paxyHOk PO3YMHHOCTI TBEPZOi PeYOBHHU 3 BUKOPUCTAHHAM JOBiJI-
KOBOTO 3Ha4YeHH: Z0OYTKY PO3UMHHOCTI MOXXHA MMPOBECTU TAKUM YHUHOM.
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Po3misHEMO, HAIPUKJIAZ, PO3YMHHICTD KaIbllito KapOOHATy, IKa iCTOTHO BU-
3Hayae CKJIa/ IPUPOAHUX BOJ, 30KpeMa, ii TBepicTs. EnekTposiTiiyHa A1co-
nianisa CaCO,Ipu Horo po3YrHEHHI Y BOZI ONIUCYETHCA PiIBHAHHAM:

CaCO, « Ca*" +COj -
,Z[O6YTOK pOB‘II/IHHOCTi 3a3Ha4YeHol PE€YOBHHHU, 3SHAYEHHA AKOI'O HABOAUTb-
cs1 B JIOBiIKOBUX JaHUX, Ma€ BUIJIS:
P =[Ca®" |-[cO3 | .

Kpim Toro, B piBHOBa)XKHOMY CTaHi 3 TBepZO0 $a30i0 B PO3UHHI iCHYIOTh
TaKOX iHIII Impolecy (TeX piBHOBAXXHOI'O XapaKTepy), 110 BU3HAYaIOThCA
MIPUCYTHICTIO aHiOHY c/1abKoi ByrinbHOI KucaoTu H,yOs, AKi KiTbKicHO onucy-
IOThCSA KOHCTAHTaMU i0Hi3allil BYTiIbHOI KMCIOTU:

K, =[H"|-[HCO, | /[H,CO,];
K, =[H"]|c03"]/|HCO3].
YMmoBa MaTepianbHOro 6asaHcy po3drHHOCTI (S) kapboHATy Kaibllito

MIPeICTaBISIEThCS HACTYITHUM YUHOM, BpPaxoByrouH, 1o Ca?* € KaTioOHOM CHJIb-
HOI OCHOBH:
S, = [Ca“} ;
3
2— _
S, =|CO3" |+[HCOg | +[H,CO;].

Bupasu 7151 piBHOBaXKHUX KOHI[EHTpallili KapO0HATBMICHUX YaCTOK 3
BUKODUCTAHHIM KOHCTAHT iOHi3allii ByriTbHOI KUCIOTH i JOOYTKH PO3UUH-
HOCTi, IpeCTaBUMO TaKUM YMHOM:

co3|=T1P/S;
[HCO; |=T1P-[H*]/ K,S;
[H,c0,|=T1P[H*]" /K, -K, -S.

B pesysnbTaTi piBHAHHA MaTepiaJbHOTO 6ajaHCy PO3YUHHOCTI KaJlbIlito
kapboHaTy HaGyBa€ BUTVLIAY:

], ) Tk kK,
K2 Kl .Kz ‘ Kl .KZ ‘

S¢ =TIP|1+
OTpuMaHUU BUPA3 AO3BOJISIE 0OYHUCIUTH PO3YUHHICTh KAPOOHATY KaJlb-
1[I0 TIpY 3HAYE€HHAX KUCIOTHOCTI BOJU, sIKa BU3HAYAETHCSA PO3UMHHICTIO Oy
3 OBITps ab0 iHIMIUMU YMHHUKAMHU, [0 3yMOBJIIOIOTh aKTUBHICTh peakKIlii
cepenoBuiiia, Tobto [H*] abo pH Boawm.
ITporiecy, 110 BUBOJATH PEYOBUHY 3 PO34HHY. /[0 OCHOBHUX ITPOIIECIB,
110 3a0€e3MevyoTh BUJAJeHHSI PO3YMHEHUX PEYOBUH 3 TPUPOAHUX BO/I, Ha-
JIeXXaTh OCa/KeHH:, copOIlif, CliBocayKeHHs, KpUCTaTi3allis coelt.
IoHu i MOJIEKY/TM PO3YMHEHUX PEYOBUH MOXKYTh BUJAIATUCS 3 HACUYEHUX
COJIIMY MTPUPOAHUX BOJ, BHACTIZOK copO1ii. /lo XOpouIux COpOEHTIB y IpU-
POIHUX BOZIaX BIIHOCATHCSA IIMHU, OPTaHiYHi pEYOBUHH, IO BXOJATH 10 CKJIa-
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Iy TipCbKUX MOPiJ, I'PYHTIB i MyiB (rymyc, Topd TOINO), KoaoiaHi popmu
KpeMHe3eMy, Tigpokcuau Mn, Fe, Al Tomro.

OcadacerHs (KpUCTai3alliss) cosi 3 po34rHy BiI0YBa€ThCS IIPU TEPEBUIIIEH-
Hi KOHIIEHTpAIlii iOHiB 3HaY€eHb, BiZIMTOBIIHUX JOOYTKY pO3YMHHOCTI ([IP).

CnigocadiceHHss — 3aTydeHHs PO3YNHEHNX eJIEMEeHTiB K APYTOpsAAHOTr0
KOMITOHEHTA B TBepAy a3y B MOMEHT ii oca/pKeHHs. Y IPUPOSHUX BOAAX, 10
MICTATH TiIPOKCUAYM MapraHIfio i 3a1i3a, TPaKTUIHO HEMOXKJIMBO TTPOBECTHU
pi3HUIIIO MiXK COPOIIi€lO i CIiBOCAMKEHHAM.

Kpucmanizayii coneii 3 BOAY CIIPUSIOTh 3MiHU MeOXiMiYHOT 06CTaHOBKH.
Jlo Takux 3MiH BiIHOCATBCA KOHIIEHTPYyBaHH:A, BU/UICHHA rasis, 3CyB TePMO-
JAUHAMIYHOI, KUCJIOTHO-ITY>KHOI Ta OKMCHO-BiIHOBHOI pPiBHOBAaru, 3MilllyBaH-
HsI BOZHUX Mac Pi3HOTO CKJIAZYy.

[Tpu BUnapoByBaHHi a0 BUMOPOXKYBaHHi OKeaHIYHIX, MOPChKHUX, 03€p-
HUX Ta iHITUX BUZIB BOJ BiOYBa€ThCSA KOHIIEHTPYBAHHA, 110 IPUBOJUTH /10
BUNAJAHHSA coJiel. 3i 30LIbIIIeHHSIM KOHIIEHTpAllil BUITaflaHHA coyiel Binoy-
Ba€ThCsA B TaKili OCTiZIOBHOCTI: KapOOHATHI, cyabdaTHi, XJTOPU/IHI.

BunazaHHs kapboHAaTiB 3/1e GiIbIIIOTO TTOB’SI3aHO 3 era3alli€ro IPUpPoJ-
HUX BOJI, 3MiHOIO TeMIIepaTypH, 301IbIIeHHAM CTyTIeHs BUIIAaPOBYBAHHS.

3aranbpHUl epeKT BUMapOBYBAHH IOJIATAE Y BUAATIEHH] 3 PO3UUHY YH-
CTOi BOAM, TOMY KOHIIEHTpaIlil BCiX pO3UMHEHUX KOMIIOHEHTIB IIPX BUIIAPO-
BYBaHHI 3pOCTal0Th. X04a BUIIApOBYBaHHA Bi/0yBa€TbCA Y BCIX KJIIMaTUYHUX
30Hax, [IPOTe TUIbKU y BiIHOCHO apUAHUX YMOBaxX KOHIEHTPYBaHHA PO34U-
HEHUX PeYOBUH CTa€ TOJIOBHUM YMHHUKOM, 110 KOHTPOJIIOE CKJIaJ BOAU.

Kpucramisamis cosneli B mpolieci KOHIIEHTPYBaHHA IPUPOAHUX BOZ apU-
HOI 30HU CYTIPOBO)KY€EThCS BUIAJaHHAM He TLThKU Kap6oHaTiB i cynbdaris,
a i xJIopuZiB Kasbllito, MarHito, HaTpito, 1[0 MPU3BOAUTH 0 YTBOPEHHS CO-
JIOHYAKiB.

Ba)XTMBUM YMHHUKOM (OPMYBAHHSA CKJIAJLy IPUPOAHUX BOJ, € PO3UMH-
HiCTh KapOOHATOBMIiCHUX MOPI/ Y TPUCYTHOCTI OZHONMEHHOTO i0HYy. Lleii mpo-
I[eC CIIOCTePIraeThCs MPU KOHTAKTI BOJM, HACMYEHOI KapOOHATOM KaJlblIifo,
3 TOPOZAMHU, 1[0 MIiCTATh CYyIbdAT KaJbIlito, IKUH Ma€ Z0OYTOK PO3YUMHHOCTI
6inbiuii, Hi*k kapboHaT Kanibiito: P, = [IP.(CaSO, - 2H,0) = 1,3 - 104
JIP, = JIP(CaCO,) = 9,3 - 10-°. ¥V 11bOMy BUIIJIKy V BO/Ii BCTAHOBJIOETHCS
piBHOBa)KHA KOHIIEHTPallid i0HiB KaJbllif0, 110 BUSHAYAETHCA PO3YNHHICTIO
cynmbdaty Kaibliio S i kapboHAaTy Kasblito (Y IPUCYTHOCTI CyIbGaTy Kasbllito
Skc). OTxe, MaTepiasbHUH 6anaHC pO3YMHEHHA KapOOHATY KaJlbIliIo Ipes-
CTaBUMO TaK:

Sic +8c =[Ca’"];
Skc =|CO3" |+ [HCO; | +[H,C0;],
a Bupas /[IPy MaTume BUIIIAL:
P, =|Ca®" |-|CO3 ™| = (Syc +8¢)-|CO5 |

PiBHOBa)XHY KOHIIEHTpallito [COSZ‘] , BAKOPUCTOBYIOUU KOHCTAHTHU JMCO-
miarii kap6oHATHOI KUCIOTH, MOYKHA BU3HAUUTH TaK:

Sic =|CO3 ™| +|HCO5 | +[H,CO, .
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BUKOPUCTOBYIOUM BUPa3W KOHCTAHTH AUCOIIiallii KapOOHATHOI KUCIOTH,
[HCO;] i H,CO; MoxHa BU3HAYUTH 4epe3 PiBHOBAXXHY KOHILIEHTpallilo
[COZT:

2
H||cO; H' ||HCO; H*| |CO;
Kz Kl Kl 'Kz

[TepeTBOPIOOYY BUPA3 Sk 3 BAKOPHUCTAHHAM BUIIleHaBeIeHUX GpOpMYI,

OTPUMYEMO:

SKCKlKZ
_ .
H] + K, [HT ]+ KK,

o |-

Otxe, /IPK MOXHa IIpeICTaABUTU TaKUM YHHOM:
(SKC + SC ) ‘S KC 'Kle

2
H] + K, [H ]+ KK,

[Ticst obumcieHHs Sc, 3 BUKOPUCTAaHHAM 3HaueHHs /IP, 3a piBHAHHAM,
aHaJIOTIYHUM [ Sy?, PO3B’I30K BUIlEHABEAEHOTO PiBHAHHS IMIOAO Syc HE
CTAaHOBUTH IIpo6eM. CITiZ 3a3HAYUTH, 1O Sk < Sg; TOMY IIPU KOHTAKTi BOAH,
Hach4yeHoi kKapbOHATOM KaJbIliio, 3 TOPOAaMHU, IO MiCTATh Cy/IbGAaT KajbIliio,
KapOOHAT KaJIbIIito OyZle KpUCTAi3yBaTUCS | BUBOAUTHUCS 3 BOZH.

Tigpoi3 y npupoaHiii BoAi i B mponecax BogoouunineHHs. ['igpoiz —
Ile piBHOBaXXHi peakuii 06MiHHOI B3aeMOZii pi3HUX PeYOBUH 3 BOAOI0. [l
TIPUPOJHUX B0/, a TAKOXK Y IIPOIlecax BOAOOYUIIeHH HAUBaXKIUBIILIUM € Tif-
poJii3 conel y BOAHUX po3urHax. Jlo rifiposi3y CXWIbHI COJIi, 10 CKIay AKUX
BXOZSITh KaTioHU cinabkux ocHoB (Al(OH),, Fe(OH),, Fe(OH), Ta iH.). Ilpu
rifposisi coeli CUIBbHUX OCHOB i CTaGKUX KUCJIOT aHiOH c1abKoi KUCIOTH
3B’s13y€ 10HU BOZAHIO (3 Ti[POKCOHII0); A1 6araToOOCHOBHOI KHCIOTH 3B’3y-
BaHHSA i0HIB BOAHIO MTPOXOJUTH CXiZYacTo.

Hampukiiaz, TiZiposi3 cosli CUIbHOI OCHOBH i c1abkoi kucaoTu Na,CO4
OIHCYETHCS CXiZluacTo 0OOPOTHUMHU CKOPOUYEHUMHU iOHHUMU PEAKITIAMU:

CO2™ +H,0 < HCO; +OH;
HCO,; +H,0 — H,CO, +OH .
[Tpu 1poMy BifOyBa€eThCA MiJTyKyBaHHA PO3ULHY.
Tigponis couti cabkoi ocHoBY i crtbHOI Kucmotu (AlCl;, Al,(SO,)5, FeCls,
Fe,(SO,)s, FeSO, Ta in.) BizbyBaeThca 3a paxyHOK 3B’sI3yBaHHSA TiIPOKCHU-

iOHiB KaTioHOM MeTasy (HampuKJaJ aatoMiHil0), IOCTaAiiHO peati3youn
peaxtiii yTBOpeHHs TiZ[pOKCOKOMILIEKCIB aTlOMiHi0:

TP, =

AI** +H,0 < Al(OH)*" +H;
AI(OH)*" +H,0 « Al(OH)," +H*
Al(OH)," + H,0 +> Al(OH), + H".
KonuenTpariisi coseli B po34rHi iCTOTHO BILUTUBAE HA CTYITiHb TiAPOIi3y
cosieli. 31 3MeHIlIeHHAM KOHIIeHTpallii cosiell y BoZi piBHOBaXKHa KOHIIeHTpa-
uig [OH-] ta [H*] Takok 3MeHIIY€eThCA, 0 TPU3BOAUTS /10 3PYLIEHHA PiBHO-

Baru peaklliii rizpoizy BrpaBo, TOOTO /10 30LIbIIEHHS CTYIIEH TiApoTi3y
conelt.
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Y posunHax cepeZHbOI KOHIIeHTpallii CTymiHb ripomnisy a=Cr/C, cTa-
HOBUTbH JIMIIIE KiJIbKa Bi/I[COTKIB, ITIepeBaKHO Ha Iepliil cTazii. 3MeHIIeHHs
KOHIIEHTpallii CoJi MPU3BOAUTH 0 30LIbIIEHHS CTYIIEH TiIPOJIi3y; IpU IIHO-
MY iCTOTHUM CTa€ BHECOK HACTYITHUX CTaZil TipOi3y. Y po3unHax coyei
amoMinito C(AlX;) = (0,1+0,001) mmonb/aM® TiZposTi3 MOXKeE OCATTHU Tpa-
HUYHOI TpeThoi cTazii. OxHak ocaay Al(OH), B ANCTUILOBAHOI BO/I He CITOCTe-
piraerbcs, TOMy 1110 KOHIeHTpalif po3urHeHoro Al(OH), He ocsiTae KOHIIEHT-
pariii ocagoyTBOpeHHsI, 06yMOBJIeHOI 106yTKOM po3uuHHOCTi JIP (Al(OH),) =
=5,1-10-33,

Y npupoaHi BoJi, sika Ma€ JIy>KHicTb 10 10 MMoJIb/AM3, B OCHOBHOMY 3a
PaxXyHOK pO3YMHEHOTO TifpokapboHaT-ioHa, BiZbyBaeTbcsa HelTpaisallis
[H*]-ioHa (3 ioHa TiZIpOKCOHII0) 32 PEaKIi€ro:

H' +HCO, < H,CO, — CO, T +H,0.

Ll peax1iisi 3pyliye piBHOBAry peakliii IiipoJii3y BIipaBo HaBiTh y IO-
PIBHSTHO KOHIIEHTPOBAHUX PO3YMHAX COJIEN aIFOMiHiO, III0 3aCTOCOBYIOThCS
JUISL KOATYJISIIITHOTO OYUINEHHS BOJU.

Y mizcyMKy, B IpUpozAHil BoAi dopmyBaHHA 1wiacTiBiiB Al(OH)4 3zii-
CHIOEThCS 3TiAHO 3 6PYTTO-peakKiiieio:

A" +3HCO, — Al(OH), | +3CO, 1,
abo ITpY BalTHyBaHHi BOAU TiAPOKCUIOM KaJIbIlito (CHIbHA OCHOBA) 3a PEAKIIIE0:
AI*" +30H — AI(OH), | .

JAudysiiiHi mpoijecu B IpUPOHii BoAi. [ludysis — 1e Mirparilis pedo-
BUHHM, 3yMOBJIeHa I'PaZlieHTOM Horo KoHUeHTpallii. PeaynpraToM audysii e
MUMOBUIbHUI Mpoliec IepeHeCeHHsI PeYOBUHU. Y PUPOAHI Boai Andy3isa
3[iHCHIOETHCS, B OCHOBHOMY, B reTepoda3Hux yMoBax. Lle po34muHeHH KOM-
TIOHEHTIB MOBITPA Y BOAi, pO3UMHEHHA cojlel MPU KOHTAaKTi BOJY 3 'PYHTOM
i MiHepanaMu, IPOHUKHEHHS i0HIB i pO3YMHEHNX r'a3iB y JJOHHI BOZOHacH4de-
Hi BiZIKJIaIeHHS.

Bce ckasaHe BUIIle BiIHOCUTBCA [0 IPOIIECy MOJIEKYIAPHOI Andysii, Konu
MoJieKynu abo ioHU AUPYHAYIOTh B HEPYXOMOMY CepeZIOBUIIL.

ZlughysitiHo-KoHeeKkmuUBHe MaconepeHeceHHs1. Y IIMPOKOMY CEHCI ITi/] KOHBEK-
I[i€10 PO3YMIIOTh TEIUIO- i MacollepeHeCceHHs B PyXOMOMY IOTOTIIi. SIKIIo Audys3ist
BiZIOYBa€THCS B CIIOKIMHOMY CepeIoBHIIli, TO HEOOXiZIHOIO YMOBOIO KOHBEKII|i €
PYXJIMBICTb CAMOT0 CepeIoBUINA, 3 AIKOIO pe4OBHHA IIepeMilllaeThCA.

3aJIeXkKHO BiJ pyIIifHOI CUIH pO3pi3HAIOTH MPUPOAHY (abo BiTbHY) i BU-
MYyIIeHYy KOHBEKIIito. Y pa3i MpUpoJHOi KOHBEKIIii TepeMillleHHS PeYOBUHU
BiZIOyBa€THCA MiZl BIVIMBOM TPa/lieHTa TeEMIIepaTypH i TpaZiieHTa KOHIIeHTpa-
11ii i 3yMOBJIEHO1 HUM Bi[MiHHOCTi TYCTUH cepeoBuIa. [Ipy BUMYIIIeHiil KOH-
BekKIIil MaconepeHeceHHs 00YMOBJIEHE, TOJIOBHUM YHMHOM, 30BHIIIHIM 36y/-
HUKOM i IIo€iHy€e MexaHiuHe Ta Audy3iiiHe mepeMinieHHA peuoBUHU. Take
nudy3iifHO-KOHBEKTUBHE MacOTlepEHECEHHS CIIOCTEPITaEThCSA TaM, /i€ € T'Pa-
JI€HT HaIOPy i rpaZlieHTH KOHIeHTPallii po3YMHEeHUX PEUYOBUH, 3aBAAKU AKUM
BUHUKAIOTh MOJIEKY/IAPHI IIOTOKHU.

[ToBepXHEBi BOAU 3aBK/U IepeOyBarTh y Pyci, B OCHOBHOMY Y BUIJISA/I
Typ6yIeHTHUX MTOTOKIB. SIKIIIO B TaKiii BOAHIl Maci icHye Tpa/lieHT KOHIeH-
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Tpallii IeTKUX PEYOBHUH, TO MIPOIIEC 3MIllIaHHs, TOB’sI3aHUH 3 TypOYJIeHTHUM
IUTMHOM, IIPU3BOZAUTD 10 IIepPeHOCY PO3UMHEHOI pedoBUHU. Leli npolec Ha-
3UBa€EThCA TypOyneHTHOIO Audysieto. KoediieHT TypOyneHTHOI Andy3ii Ha
KiJIbKa MOPSZKIB MepeBUIIY€E KoeillieHT MoMeKyIsIpHOI Audy3ii.

[TizcymMKOM KOHBEKTHBHOI Andy3ii € 3MillTaHHA BOAX Pi3HOTO CKJIAJY Ta
MiHepaJtizarii. 3aJe)KHO Bii 06CATy 3MilllyBaHHA BOAHUX Mac, a TAKOXK BILTH-
BY JeSKUX iHITMX GAaKTOPIB 3MillTyBaHHS iX CYyITPOBOAKYEThCA aKTHBIi3alli€l0
MIPOIIEeCiB MacoIepeHeceHH s, TepeBeIeHHAM COJIeli B pO3YMH a60 BUBEAEHHAM
PEYOBUHU 3 PO3UMHY. ¥ IMiZICYMKY IIOPYILIyeThCA AUHaMiuHa piBHOBara, 1o
BCTaHOBWJIACA Mi>X BOZHUM PO3UYMHOM, IIOPOZOI0 i pO3YMHEHUMHU ra3aMu.

Po3rianyTi mpotiecu €, B OCHOBHOMY, BHYTPIIIHOBOZOEMHHUMU, 110 BifI-
O6yBarOThCSA Y BOAZHOMY 00’€KTI 3a y4aCTIO PEYOBUH, IIPUCYTHIX Y HHOMY.

Judysia B cucteMi “raz—piguHa” B IpUPOJHUX BOAAX 3/iMCHIOETHCH, B
OCHOBHOMY: IIPH PO3YMHEHHI KMCHIO y BOZI 3 I0T0 NOAaIbIINM BUKOPUCTAH-
HAM y 6i0XiMiYHMX peakIlifix; Mpu PO3YMHEHHI okcuay Byrelto (IV) 3 Bu-
KOPUCTaHHAM HOTO B peaklilisx HelTpastidallii mpu KOHTaKTi BoAu 3 kapbo-
HATBMiCHUMHY MiHepajaMu:

CO, +H,0 « 2HCO; .

Hal6iIbIlI MOIMTMPEHUM B CUCTEMI “Ta3—piZiuHa” € JBOILTIBKOBUI MeXa-
Hi3M Audysii, mpu nepebiry peakiiii A, + B,. — R,., CXeMa IKOT'0 HaBeZileHa Ha
puc. 1.25.

Ha puc. 1.25 npeacrasneHo (y pasi BUAKOI XiMIiYHOI peakilii) 3HaueHHs
napuiajgbHOTO THCKY Ta30BOI0 KOMIIOHEHTA Py | B /i ra3oBoOro MoToKy (Ha-
MpUKJaz, kucHio abo CO, B MOBiTpi). 3HaUeHHS P, , He 3MiHIOETHCS IO T10-
BEpXHIi MPUMEXOBOI ILTiBKY 3 60Ky ra3y BHACJIiJOK TOTO, 10 KOHBEKTHUBHE
MacolepeHeceHHs iCTOTHO BuIlle 3a Audy3iliHe MacollepeHeCceHHs Y IpuMe-
JKOBil mriBii. Ha Mexxi po3ziny ABox das 37iliCHIOEThCS PO3UMHEHHS Ta3y B
piAuHi 3rigHO i3 3akoHOM ['eHpi CA O = KPA0 1 BCTAaHOBJIIOETHCSA KOHI[EHTPAllifl
razy y Bofi Cy .

Or Sp

6|P 6”P
Pa, Cs,

Cs, /

CA0 /

1 2 3

Cxema geonniskosoi mogeni npouecy amdysii B cuctemi “raz—pigmHa”:
Y Y

1 — aapo notoky rasy; 2 — mexa posgainy ¢pas; 3 — 30Ha peakuii; O, — TOBLUMHA MPUMEXOBOI nnisku 3 6OKY rasy;
0,, — TOBLUMHQA MPUMEXOBOI nniskm 3 6OKy pianHu,; O0'y— YACTUHA MNiBkM 3 GOKY PIavHM, Ky MPOXOANTL PO3YUHEHMI ra3
0 peakuii; &'y — 4acTuHa nnisku 3 6OKy pianHu, Ky MPOXOAUTs KOMIOHEHT B, Lo micTuTbCa B piguHi
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BpaxoByrouw, 1[0 Ta3 B Pi[iHi pearye 3 KOMIIOHEHTOM B, KOHIIeHTpallist 10r0
B IUTiBL pifviHY Oyze MeHIIa Biz Ca, i mpodinb KOHLeHTpaLi Ca, 6y;1e 3MeHLy-
BaTHUCS 10 MOMEHTY 3yCTPidi 3 KOMIOHEHTOM B i IBUAKOTO Mepebiry peaxiiii.

JudysiiiHe mepeHeceHHs KOMIIOHEHTa A Yepe3 0}, BUSHAYa€ThCS MIBU/-
KiCTIO MacoliepeHeCeHHS:

W/ = B)K (CAO _CA )7

ze (3, — KoedillieHT Macorepeaadi A B piuHi.
BpaxoBytouu, 110 Ha piBHi Mexi peakiiii 3 C,=0, oTpuMaemo:
D
W, = B)K CA0 = 6_/A
ne D, — koedimienT audysii A. )“
[IIBuzKiCTh MacoiepeHeceHHs B uepes '), aHaJIOTiYHO BU3HAYAETHCA 3a
BUPa30M:

Cay

D

w' = BBCBO = 6_’}’3CB°’
ne 3y — xoedimieHT Macomnepegadi B B piguHi; Dy — koeditienT audysii B B
pizuHi.

B cranionapuomy pexxumi W/=W", Tomy:
W= 6DTACA0 - ?T? .,
XK K
6/ _ DACAO 6// _ DBCA0

a6o: ’K w o w

Ockinbku TOBINMHA AUY3iHHOI IUIIBKY 3 60KY piinHu Oy = Osx” + Oxx”,
TO CTalliOHapHA IIBUKICTh MacOllePeHECEHHS BUBHAYAETHCS TaK:

1 DiCy. (. DyCy,
W=, (DG +DeCo, )= =14 o

X

JlpyTuii ClliBMHOXKHUK MTPUMHATO HAa3UBATH KOedillieHTOM IPUCKOPEHHS.

[IBuzKiCTh MacomiepeHeceHHs 0e3 XiMiuHOi peakilii, abo Mpy MOBLIbHIH
XiMiuHi peakIiii, BU3Ha4Ya€TbCsI, B OCHOBHOMY, IIBUAKICTIO Andy3ii A uepe3
ILTiBKY 3 6OKY piiluHu, TOOTO BiZiTIOBiAae mporiecy ¢pisnuHoi abcopoirii.

O6MiHHi TpouecH. /i eIeMeHTiB, 1[0 BUKOPUCTOBYIOThCS OpraHi3ma-
MU Yy BiJHOCHO BEJTUKUX KiTbKOCTAX (a30T, dpocdop, iHoAi Byrelb, Katiii,
KaJbIlill, KpeMHii1), 6iosoriuHe morTMHaHHA (COpOIIis) YacTo € AOMiHAHTHUM
¢dbaxTopoM, IO perysroe BMICT iX B IPUPOJHUX BOZAX y IIUPOKOMY Aiana3oHi
KOHIIeHTparii. Te )k caMe MOXKHA CIIOCTePiraTu AJjis1 MiKpoesieMeHTiB (Map-
TaHIIIo, MiJli, HiKeJTI0, MOTibJeHy, celleHy), TPUCYTHIX ¥ BOAHUX 00’€KTaX B
He3HAYHUX KOHLIeHTpallifX.

XiMiuHUI CKJIa/] BOAM 3aJI€KUTh BiZi 0OOMIiHHUX MPOIIECIB, 110 BigOyBa-
I0ThCS Ha MMOBePXHi po3ziny piakoi i TBepzoi da3 (ioHHUM 0O6MiH, OKHCHO-
BiZHOBHI Ta 6ioxiMiuHi peakiiii).

ToHHull 06MiH — TIPOIIEC TOTVIMHAHHS TBEPJOI0 PEYOBHUHOIO 3 BOJY OJTHUX
i0HIB i 3aMiHU iX iHIINMY, 1110 MiCTATHCA B TBEPZill peUOBUHI (IVIMHUCTI MiHe-
paju, opraHiuHa pe4yoBHHA MIPUPOAHUX BoA). Peakiiii ioHHOTO 06MiHYy 060-
poTHi. IX pymIiiiHOIO CHIOIO € TparHeHHs [0 BCTaHOBJIEHHA XiMiuHOI PiBHO-
Baru Mi’k B3aeMoZitouumMu pazaMu.

K
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OO6wMminHi ioHU, 30cepemKeHi Ha IOBEPXHi COPOEHTY, HA3UBAIOTHCA T10-
[JIMHATBHUM KOMIUIeKcoM. CTYIiHb AUCIIEPCHOCTI TBepzoi $hasu 36imbIirye ii
3[aTHICTD 0 06MiHy. YuMasty poJib Biflirpae B IbOMY i CKJIaz COpOEHTY, 30-
KpeMa MiHepaJIOTiYHUM CKJIazl mopi/,. Hampukiaz, BeuKy 0OMiHHY 37aTHICTb
Ma€ MOHTMOPHWJIOHIT, MiHiMaJIbHY — KaOJIiHiT.

CTymiHb MOTJIMHAHHS i0HIB 3aJI€)XUTD Bi/l BaJIEHTHOCTI KaTioHiB. Jlo6pe
MIOTVTMHAIOTHCS OaraToBasieHTHi i0HU, cabiie — ogHOBaNeHTHi. Cepesi ioHiB
OJJHAKOBOI BJIEHTHOCTI €Hepris IOIIMHAHHA [1a/]a€ 3i 3MeHIIeHHAM BiZIHOCHO1
aTOMHOI Macu i paziycy ioHa: Kt > Na* > Li*; Sr2* > Ca2* > Mg?2*.

AzcopOiiig Ha TBepAili opraHiuHili pe4oBuHi. Po3urHeHa opraHiuna
peYoBUHA IPUPOAHUX BOJ MICTUTH IIMPOKE KOJIO CIOJYyK — BiZl BiZHOCHO
HEBEJIMKUX MOJIEKYJI /10 OJIiroMepiB i moimepiB. KoHIleHTpallid po34nHeHO1
OpraHiYHOi PEYOBUHU B I'PYHTOBHUX PO3YMHAX 3a3BU4ail HabararTo Ginblia,
HIX y piukax i o3epax. OCHOBHA KiJIbKiCTbh OPTaHiYHOI pe4OBUHU NPUPOJHUX
BOJ IIpeZicTaB/ieHa 'YMyCOBUMY peYOBHMHAMHU, AKi CKJIaZal0ThCA 3 TyMiHOBUX
i yIBBOKUCIIOT.

T'yMiHOBI KUCIOTH ABIAIOTH COO0I0 BUCOKOMOJIEKY/ISIPHI ITOTiMepH, 1110
MicTATb KapbOKCHIbHI 1 GpeHonbHi rizpokcuaHi GyHKIioHAMbHI Tpynu. [Ipu
MiZKUCIeHH] T'YMiHOBI KMCJIOTH BTpayaloTh PO3YNHHICTb i BUALIAIOTHCA 3
PO3UMHY y BUIVIAAL AUCIIEPCHOI pasu.

['yMycoBi pe4oBUHU B PO3YNHi aKTUBHO B3a€EMO/iIOTh 3 iOHAMU MeTaJliB,
YTBOPIOIOYU KOMIUIEKCH XeJaTHOTO THUIly. Lle € mpuunHOI0 GOpMyBaHHS BU-
COKUX KOHIIEHTpaIlill MeTaiB y po3unHi. CopO1is Ha TBepAii ¢pa3i ryMiHOBUX
KUCJIOT CIIPUsi€ BUJAJIEHHIO METAJIIB 3 PO3UHUHY.

[TpucyTHICTb B PO3YMHI OPTaHIYHUX JIITaH/iB TAKOXX BHOCUTDb 3MiHU /10
azcopOIrii MeTasIiB Ha OKCH/aX i TOBEPXHI IMTMHUCTUX MiHEPaJIiB.

SIKmIo ioH MeTasny B po3uuHi mepebyBae B KOMIUIEKCHIiH ¢opmi, iHoro
azcopOIlist Mo)ke OyTH MIPUTHIYEHA, ale B IETKUX CUCTEMAaX BOHA HACIPaBZi
HaBiTh 36LIBIIYEThCA 32 PAXYHOK YTBOPEHHS MOTPIMHUX MeTa-Tiran/-mo-
BEpPXHEBUX KOMILIEKCIB.

XimiuHi Ta pizuko-xiMiyHi mpoecu. Y IpUPOAHUX BOAAX BiOYBaIOThCSA
pi3Hi xiMiuHi i ¢pisuKo-xiMiuHi Impoliecy, 110 iCTOTHO BIVIMBAIOTh Ha iX
CKJIaZ.

XimiuHi peakiiii B IpUpOJHUX BOAX, B OCHOBHOMY, iOHOOOMIHHI Ta OKHC-
HO-BigHOBHI. CyMapHO BiZIHOCHMU BMiCT OKMCHO-BiZIHOBHUX PEAKIIi} XapakK-
TepU3ye BeIUYNHA OKHCHO-BiJHOBHOTO (pefokc) moTeHIjiany. OCKilbKY B
TIPUPO/HIM BOZI MPUCYTHIN pO3UMHEHUU KUCEHb, TO CEPeOBUIIe MAE OKUC-
HIOBaJIbHUY xapakTep. HeraTnBHe 3Ha4eHHA pe/lOKC-TIOTeHIlialy crocTepi-
ra€eThCcs B aHAepOOHUX YMOBAaX — CepeZIOBUIIe MA€ BiZIHOBIIOBAIbHUH Xa-
pakrep.

OxkucHo-8i0HO8HUMU Ha3usaromycsi peakyii (OBP), 110 cynpoBOLKYIOThCS
[Iepexo/IoM eJIEKTPOHIB MiXK YaCTHHKaMH, 10 6epyTh y4acTh B peakiii (aTo-
MaMH, ioHaMu, MoJIeKysiaMu) . Po3pisHstoTh Tpu Ty OBP: MidcMoeKyNAPHI,
MINCIOHHT, BHYMPIWUHBbOMONEKYAAPHIL, CAMOOKUCHEHHS — CAMOBIOHOBTEHHS.

[TpuKJIaZIoM MEPIIOTO TUITY MOXKe CIyTyBaTH, PeaKIlis 110 BiZiOyBaeThCs
B aTMocdepi:

NS +209 =2N"0,2%,
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abo y BoJi:

4Fe*" +0, +10H,0 = 4Fe(OH), | +-8H".
[MTpuxnazom gpyroro tuily OBP Moxxe cyryBaTu peakiiis:

2KC1™0,;? = 2KCl ! 4309

[Tpukiazom TpeThoro Triy OBP MoXKe CIyryBaTH peakilis, o BiZioyBa-
€ThCs IIPU 3He3apakeHHi BOZAU:

Cl$ +H,0=HCl ' +HCI''0,

Jle XJIOp BUCTYIIa€ B AKOCTi OKMCHUKA i BiJHOBHUKA (peakKIlisi CaMOOKUCHEH-
HA—CaMOBI/JHOBJIEHHS).

domoniz — HoTOXIMiUHI TEPETBOPEHH, IO BiZIOYBaIOTHCA B IPUPOAHUX
BOZax Iiz BILTMBOM Y®-BUlpoMiHIOBaHHA COHIIA 3a YYaCTIO BUIBHUX paju-
KaJiB Ta 30y/pKeHNX YaCTUHOK. TOBIIWHA IIapy BOAY, B SKOMY 3/1iiCHIOEThCS
doToni3, MOXKe JOXOAUTH 10 AEKLTbKOX MeTpiB. PoTOMi3 Tepebirae 3a yyacTro
KHCHIO i BUIbHUX paJivKaJiB, Bilirpalouy BaXKJIUBY POJIb B IIpoljecax CaMOOYH-
IIeHHs HEITTMOOKUX BOAOIMM, PidoK, CTaBKiB, IIprbepeXHUX 30H MOPIiB, 03ep,
BOZIOCXOBHII] Bi/J] 3a6pyJHIOBAIbHUX PEYOBHH.

1.2.3.2. KucjI0THO-OCHOBHI piBHOBaru B NpUpOJHUX BOJAX

BrutuB kap6oHaTHOI cucTeMu Ha pH npupogHux Boj. BaxkinBoto xa-
PaKTepPUCTUKOIO IIPUPOJAHUX BOJ, € BOAHEBHUH MOKa3HUK — pH. EneKTpoHenT-
PaJIBHICTh PO3YMHIB Y MPUPOAHUX ITIOBEPXHEBUX BOAAX JOTPUMYETHCA 3a
PaxXyHOK PiBHOCTI Mi’XK BMiCTOM KaTiOHiB HATPit0, KaIif0, MarHito, Kajblliio,
BOZIHIO i KiTBKICTIO aHiIOHIB: XJIOpUJ-, TiApoKkapboHaT-, kapboHart-, cynbdat-,
HiTpaT-ioHiB.

[Na*] + [K*] + 2[Ca2*] + 2[Mg2*] + [H*] =
= [CI] + [HCO;3] + 2[COZ] + 2[SOZ] + [NO3].

3a BiZICyTHOCTI MpOIleCciB PO3YMHEHHS i yTBOpEeHHS HOBUX ¢a3 ionu KT,
Na*, Ca?* CI, SO,%, NO* He YMUHUTUMYTb BIUIMB Ha pH yTBOpEHUX PO3YHHIB.
KucnoTHo-ocHOBHA piBHOBara BusHadaTuMeThbes npucyTHicTio HCO3i CO3~
ioniB. Tomy i1 GiNBIIOCTI IPUPOAHUX BOJ KOHIIEHTpAIlisl i0HIB BOJHIO BU-
3HAYA€EThCsA BMICTOM TiIpoKapOoHAT- i Kap6OHAT-iOHIB. Y IUX PO3YMHAX IIPU
pH 7 6yze moTpuMyBaTUCA PiBHICTh MK BMICTOM i0HiB BOJHIO i KiJTbKiCTIO
rizpokxapboHar-, kapboHaT-i TiZIPOKCUA-10HIB.

H* = HCO; + 2CO% + OH-

3 oAy Ha Ile BUBYEHHIO PiBHOBAT, 1110 BUHUKAIOTh B KapOOHATHi#H cuc-
TeMi, MPUAISIOTh OCOOGIUBY yBary.

BcranosieHo, o BugiteHHA CO, B pe3y/bTaTi JUXaHHA Ta PO3KIaJeHHA
OpraHiYHUX 3a/IUIIKIB BUKJIUKAIOTh 3HIKEHHA pH B IPUPOAHUX BOAAX, TOMY
mo pu abcop6buii CO, BOAOI0 YTBOPIOETHCA caabka kapboHaTHA KUCIOTA:

H,O + CO, <> H,CO; <> H* + HCOj3 <> 2H* + COZ.

3 inmoro 6oky, mormuHanHs CO, B mporieci $OTO3MHTE3y MPU3BOJUTH
J0 3MeHIIeHHd Kinbkocti H,CO; i HF, TobTo 3pocTanusa pH. MoxxHa nepes-
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6auuty, mo pH perymtoerbes piBHOBaroi CO, i Kap6oHaTy Kanbliro. TakuM
YUHOM, MiZIBUIEeHHs KitbkocTi CO, 36inbInye BmicT H,COs, 1110, ¥ CBOIO Yep-
'y, BUKJIMKAE 3MEHIIIeHHsS BMiCTy KapOOHATY KaJlbllifo, a 3MEHIIIEHHS BMiCTy
CO, IpUBOAUTH IO OCA/KEHHS KapboHaTy Kasbliito. Boza, 110 mictuth H,CO4
i HCO;, Bosmoziie 6ybepHUMU BIaCTUBOCTSIMU, TOMY AOCTAaTHHO GBI 3MiHU
KOHIleHTpanii H* M0O:XXyThb He IPUBECTU 10 CJIbHUX 3MiH pH.

Pe3ynbTyIoui CITiBBiITHOIIEHHS MiXX MOJIEKY/IaMH Ta ioHaMu, aTMocdep-
HuM CO, i TBepAUM KapOOHATOM KaJjbIlit0 IPUBOAATD A0 GOpMyBaHHS OY-
¢depHoro po3unny 3 pH 8,0-8,4. [Ipu IbOMY He BUKJIIOYEHO, 110 aKTUBHICTh
OpraHiYHOI pe4oBUHU ab0 iHII JOKAJbHI IPUIUHU MOKYTh YTBOPUTHU Ha
JesTKUi yac 611bIn HU3bKi (70 6) 1 6inbit Brcoki (0 10) 3HaueHHs pH.

fAKIIo BiZjoMa cyMapHa aKTUBHICTh KapOoHaTiB i pH po34yuHy, To 3aBXKau
MOXXHa OOYUCIUTH aKTUBHICTb KOXKHOTO 3 KOMIIOHEHTIB KapOOHaTHOI crcTe-
MHU. /lJi OpiEHTOBHUX PO3PaxXyHKiB 3pYYHO BUKOPUCTOBYBATU PO3MNOALIBHY
niarpamy (puc. 1.26), sika mpe/icTaBiisie COO0I0 3aI€XKHICTh BMICTY (y 4aCcTKax)
KOMITOHEHTIB Kap6oHATHOI CCTeMU Bif BenuuuHu pH po3uuHy.

Jiarpama leMOHCTPYe /IBi 3aJIe?KHOCTI: IIepIlia 3aJIe3KHiCTh T0OKa3ye 3Mi-
Hy BMicTy rizpokapboHaT-ioHiB y cuctemi Bizi pH Bozau, Apyra — 3MiHy BMic-
Ty okcuzy Byrrelrio (IV) (mepeBakHO Y KMCIOMY CepefloBUIIi) i kKapOOHAT-
iOHIB (ITepeBaXHO B JIy>)KHOMY cepeZioBuUIli) Biz pH BozawM.

BcTraHoBsieHO 3aexHicTh pH po3uuHy Bif BMicTy okcuzy Bymierio (IV)
B IIOBITpi:

PH:—lg[H+}:—lg(K1 “Kr(co,)Feo, )1/2, (1.1)

ne K, — KoHcTaHTa Jucoliallii Kap60HaTHOI KUCJOTH MEPIIOro CTYIEHS,
Moitb/IM3; Kr(coz) — KoHcTaHTa 'eHpi 271 okeugy Bymiero (IV), monb/ (am3 - T1a)
abo mosb/(am3 - at™m); Poo, — TapuiagbHUM THCK OKcuay Byrieio (IV) B
noBiTpi ([Ta abo aTm).

Heo6xigHo BiA3HAYUTH, IO MiZAXOAHU A0 OI[iHKY 3Ha4eHHs pH npu piBHO-
Ba3i 711 TpOIIeciB pO3UMHEHHS TAKUX r'a3iB, K, HATPUKJIAZ, 1iOKCH/] BYTJIEIIO
(IV), okcuay cipku (IV), amiaky, y BOZi, III0 He MiCTUTb iHIIUX JJOMIIIIOK, €
3aranbaHuMU. Tomy dopmysna (1.1) Moxxe 6yTH BUKOpHUCTaHa s OI[iHKY pH

PucyHok 1.26. % 100

< TN P
3anexHicTb BMICTY OKpeMMX /\\ / | \ /
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arMocdepHUX OmaziB, KO B MOBITPi MpUCYTHI okcuz Bymielio (IV), cipku

(IV), amiaky abo iHIIMX ra3iB Ta iX cymillei, OCKiTbKY B IIbOMY BUITAZIKy B

PO34MHI IPAaKTUYHO BiJICYTHI /pKepeJsia JOMIIIOK, 3aTHUX BIUITMHYTH Ha PO3-
JIAHYTi piBHOBary.

AKTUBHICTH ioHIB BogHI0 (AH") B po3unHi KapOOHATY KalblIif0 3aI€3KHO

BiJ ITapLiaJbHOTO TUCKY BYIVIEKUCJIOTO ra3y HaZl PO3UMHOM BU3HAYAETHCA 32

dopmyroro:
2 12
s _pz K Krco)Ke e (1.2)
aH* — PCO . . y .
? 2K
CaCO,

“hco;

ze K, i K, — xoHcTanTu guconianii H,CO5; nepuroro ta Apyroro CTyIleHs;
Kr(co,) — xoHcTanTa I'enpi s COy, Yca2+> Yrcoz — KOEPILIEHTH aKTMBHOCTI
ionis Ca%* i HCO;.

XapakTepucTuka KapOOHATHOI CHCTEMH IPUPOAHUX BoA. Kap6oHaTHa
cucTeMa sBJIs€ COO0I0 O/IVH i3 CKITIaZIHUX KOMIUIEKCIB TPUPOAHUX PiBHOBAT i BU-
3HAYaE XapakKTep PsAAY IMPOLIECIB i ABHIII, 110 BiIYBAIOTHCSA B MIPUPOJHUX BOJAX.

OCHOBHUMMY KOMIIOHEHTaMU KapOOHATHOI CUCTEMU MPUPOAHUX BOZ €
okcuz Byremnto (IV), rizpokapboHaT-i KapOOHAT-iOHU. Y PO3YKHI MK HUMU
icHye ;MHaMivYHa piBHOBara:

H,CO, <> H* + HCO4 <> 2H* + CO42~.

CuiBBiZHOIIEHHS MK KOMIIOHEHTaMH KapOOHATHOI CUCTEMU 3HAYHOIO
MipoIo BU3HaudaeThcs BennynHoto pH cepenosumia. Tak, npu pH < 4,5 3 ycix
KOMITOHEHTiB KapOOHATHOI piBHOBArY y BOZi IPUCYTHSA TLTHKU BLIbHA BYTLIb-
Ha KuciuoTa. B intepBaii pH Bizg 6 10 10 rizpokapboHaTt-ioHM € OCHOBHOIO
¢$bopMOIo MOXiHUX BYT'UIBHOI KUCJIOTH (MaKCMMaJIbHUH IX BMICT criocTepira-
etbed pu pH 8,3-8,4). Ilpu pH > 10,5 rosoBHOo0 $OpMOIO iCHyBaHHA I10-
XiIHUX BYTUIbHOI KMCJIOTH € Kap6oHAT-10HMU.

OxapaKTepHU3yeEMO OCHOBHi KOMIIOHEHTH KapOOHATHOI CUCTEMH IIpU-
POAHUX BoZoVM. ['0JI0OBHMMU [yKepeslaMy HaAXOAKEeHHA OKcUy Bymelio (IV)
B MIPUPO/IHI BOAY € MpoIlecu 0i0XiMiYHOTO PO3Majly OPTraHiYHUX 3aTHUIIIKIB,
OKVCHEHHS OpPraHiYHUX PeYOBUH, IMXaHHA BOAHUX OpraHi3miB. OKCHUZ ByTJIe-
1fo (IV) MicTUTBCA Y BOZI, B OCHOBHOMY, y BUIVIAZ1 pO3YMHEHUX MoIeKya1 CO,,
i ure Masia yactuHa #oro (6;1u3bko 1 %) mpu B3aeMOii 3 BOIOIO YTBOPIOE
BYTLIbHY KUCJIOTY:

COZ + HQO «> H2C03.

OpHouacHO 3 nponecamMu Haaxo/xxeHHA CO, B BOZy 3Ha4YHA YaCTHUHA OK-
cuzy Byrelrto (IV) BUKOPUCTOBYETHCA MPU GOTOCUHTE3], a TAKOXK BUTpada-
€THCS Ha PO3UYMHEHHS KapOOHAaTIB i XiMiYHe BUBITPIOBAHHSA aJIFOMOCHJIIKATIB,
10 TIPUCYTHI y BOZI:

CaCO, + CO, + H,0 <> Ca(HCO,);
HSiO;~ + CO, + H,0 <> H,SiO; + HCO4~.

3MeHIIeHHs BMicTy okcuzy Bymielito (IV) y Bozi BiiGyBa€eThCs TaKOX y
pe3yJbTaTi Horo BUZAIEHHSA B aTMochepy.

KonuenTpariis okcugy Bymieiio (IV) y IpupoAgHUX BOZax KOJIUBAETHCS
BiZl IEKITBKOX ZECATUX YaCTOK OAUHULB A0 3—4 Mr/am?3, 3pigka gocsrae
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BenuuuHU 10-20 Mr/ame. 3BU4aiiHO HaBeCHi i BJIITKY BMIiCT OKCHZY BYIJIELIO
(IV) y BomoiMi 3HMXKYETHCS, @ B OCIHHbO-3UMOBHUI ITePiof 361IbLIYEThCS, 0-
cArayy MaKCUMyMy HallpuKiHIli 3uMu. Oxcenz Bymienio (IV) Mae BUKJIIOUHO
BaKJIMBe 3HAYEHHS JJIs1 POCIMHHUX OPTaHi3MiB (K /KepeJio BYTJIEIO).

Boanouac nizBuieHi koHueHTpanii CO, IpUTrHiuyIOTh PO3BUTOK KUBUX
oprani3miB. [Tpu Bucokux koH1eHTpaliax CO, BoZa cTae arpecUBHOIO 1070
MeTaJsiB i 6eTOHY B pe3y/bTaTi yTBOPEHHS PO3YMHHUX ri[poKapOoOHATIB, 10
MOPYIIYIOTh CTPYKTYPY LIMX MaTepiasiB.

[HITMIT KOMITOHEHT KapbOHATHOI cUCTeEMU — KapOOHATH — 3HAYHO I10-
IIVMpeHi K B IOHHUX BiJIKJIaZleHHAX MOPIB i OKeaHiB, Tak i Ha TIOBEPXHi Ma-
TepukiB. MOT'yTHi TOBIIi BalHAKIB, MEPTeiB, ZOJIOMITIB Ta iHIINX KapOOHAT-
HUX IIOPiZ, TPAIUIAIOTHCA IPAKTUYHO ITOBCIOJHO.

Kap6oHaT KaJbIlifo B IPUPO/i TPAIUIAETHCA IEPEBAKHO Y BUIIAZL ABOX
KPUCTIIYHUX GOPM — KaJbLUUTY i aparoHity. KanbuuT GilbII momupeHui
i HAMOLTBII XapaKTePHUH /IS OTIa/liB, IO YTBOPIOKOTHCS B XOJIOHOMY CEPEZO-
BUIIi. AparoHir, 1[0 YTBOPIOETHCA B TPOIIYHUX MOPAX, HAJIEKUTH 10 MeTa-
cTabinbpHOI GopMU KapOOHATY KANBLIIIO i IIOCTYIIOBO MEPEXOAUTH B KAJIBIIHT.

OCHOBHUM /I)KepeJIoM TiZipokapboHATHUX i KapOOHATHUX iOHIB y TOBEPX-
HEBUX BOJIaX € TIPOLIECH XiMiYHOT'O BUBITPIOBAHHS i pPO3UMHEHHs KapOOHATHUX
TIOPi/l TUITY BaIlHSKIB, MEPTETiB:

CaCOs + CO, + H,0 <> Ca2* + 2HCO3;
MgCO, + CO, + H,0 <> Mg2+ + 2HCO;3.

Heo06xizHO Bifl3HAYUTH, 1110 ITpoliec 6e3110cepeJHbOr0 PO3UNHEHHS Kap-
OOHAaTYy KaJblIlilo Iepebirae 3a piBHAHHAM:

CaCO; < Ca?* + COZ,

ITI0 TIPAKTUYHO HeE TPAE POJIi IPH IEPEXO/Ii MAIOPO3UMHHUX KapOOHATIB Y PO3YHH.

YTBOpeHi IpU LJUX IIpoliecaxX aHiOHYM BKJIIOYAIOTBCA B 3arajbHy CUCTEMY
kapbOHATHOI piBHOBAry, 110 iCHYE B MPUPOAHUX BOZAAX, i YNHATH iCTOTHUH
BIUIUB Ha pH po3uuHiB.

Jleska yacTuHa rifjpokapboHaT-ioHiB HaAXOAUTb 3 aTMOChEPHUMU OTIa-
JlaMH i mizizeMHUMH BoZaMu. [iipokapOoHaTHi i KapboHATHI i0HU HAZXO/SATh
y BOJOWMU 3i CTIYHUMU BOJIlaMU HiANIPUEMCTB XiMi4HOI, CUJIIKaTHOI, COZ0BOL
TIPOMMCJIOBOCTI Ta iH.

Kpim kambIuTy i aparoHity, B riTocdepi momupeHi kap6oHaTHI TOPO/H,
10 MIiCTATH Kasibllili i MarHiii, — 1e gonomit CaMg (COs;), i BUCcOKOMarHesi-
asybHi KaabpIUTU. MarHesiaabHi KaJablUTH, IO YTBOPIOIOTHCA B palioHax MOp-
CbKOT'0 MUIKOBOZS, 3a3BUuait MicTATh BiZ 11 10 19 % (mos.) MgCO; i Ha-
JIeXKaTh ZI0 BUCOKOMarHe3iaabHOTO KalIbIUTy. KalabIUT, 110 MiCTUTh MeHIIe
5 % (moz.) MgCO,, Ha3MBalOTh HU3bKOMAarHe3iaJbHUM.

[Tpoiiec po3unHEHHA JOJIOMITYy MOXXKHA IIPeICTaBUTU PiBHAHHAM:

CaMg(CO,), <> Ca?* + Mg?** + 2C0z7".

Y npupozi MoXJIUBe B3aeMHe IlepeTBOPeHHA (llepexo/ii) KalbIUTy B
JOJIOMIT i HaBITAKU:

CaMg(CO;), + Ca?t <= 2CaCO; + Mg2*.
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Jlnst 6inbIIoCcTi MOBEpXHEBUX BOJ KaTIBITUT — MEHIII CTilika ¢popma Kap-
6OHATHUX MOPiJ MOPIBHAHO 3 ZIOJIOMITOM.

Y Mmipy HaKonmU4YeHHA TrigpokapboHaT- i ocobauBo KapboHaT-i0HIB OC-
TaHHI MOKyTb BUIIaZaTH B Oca/;

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

Y piukoBUX BoZaX BMICT ri[pokap6OHaTHUX i KapOOHATHUX iOHIB KOJIH-
BaeThes Bizi 30 0 400 mr HCO®™/am3, B o3epax — Big 1 10 500 mr HCO3®™/am3,
B MOPCBKilt Bozi — Big 100 g0 200 mr/am3, B aTMmocdepHUX omazax — Big 30
1o 100 mr/am®, B IpyHTOBUX BoZax — BiZ 150 g0 300 mMr/am®, v migzeMHuX
Bozax — Big 150 g0 900 mr/am3.

Kap6oHaTHa piBHOBara B MOpchKiii Bozi. HeopraHiuHi criosyku Byriie-
1[}0 B MOPCBKill BOZi IpescTaBeHi, AK i y BUMaAKY [IPiCHUX TOBEPXHEBUX i
HiZ3eMHUX BOJ, okcuzioM Byrneno (IV) ta iomamu HCO® i CO3™. Boga okea-
HIB sIBJIsI€ COO60I0 6AaTaTOKOMIIOHEHTHU PO3UMH €JIEKTPOJIITIB CepeAHbOI KOH-
LIeHTpaIlii, IKUN XapaKTepU3yEThCSI BUCOKUMU 3HAYEHHSIMU i0HHOI CHJIH.
Po3unHeHHS i Tifposi3 kKapOOHATIB 3yMOBJIOIOTh TIOSBY B PO34YHMHI BCiX ITO-
XiZIHUX BYTUIBHOI KUCJIOTH.

CxeMa 06MiHy BYTVIEITIO MiXK OT'O CITOJTyKaMU B OKeaHi Ipe/icTaBieHa Ha
puc. 1.27.

OcHOBHUM GaKTOPOM, Bifl AKOTO 3aJ€KUTh CTaH KapOOHATHOI PiBHO-
Bar, € BmicT CO,. 3 Buganenusam CO, 3 BoAW, HANTPUKJIaZ Ipy GpOTOCUHTESI,
3poctae pH, 36i1bIUIyEThCS KOHI[EHTPAIisl KaApOOHATHUX i 3MEHIITYETHCS KOH-
IIeHTpallis TiipokapboHaTHUX ioHiB. HaaxomkeHHs CO, B MOPCHKY BOZY BeZie
[0 aZiiHHsA pH, 3MeHIlIeHHsI KOHI[eHTpallii KapOOHATHUX i 30LIbIIIEHHSI KOH-
LeHTpallil rizpokap6oHaTHUX ioHiB. HarpiBaHHA MOPCHKOI BOAY 3PYIIIYE PiB-
HoBary B OiK 3MeHIIIeHHsS KOHI[eHTpallil riipokapOoHaTHUX i 30iMbIIEHHSA
KOHIIeHTpallii KapOGOHATHUX 10HIB.

[lepebir mporieciB po3unHeHHsa ab60 ocamkeHHsI CaCO5 y pO3MIAHYTIlH
KapOOHATHIM CHCTEeMi OKeaHy 3aJIeXKUTh BiZl mapiiaabHOro TUCKY CO,, TEM-

Atmocdepa
CO,
A
v
Bona ggﬁct;ﬂw — (0, & H,C0; & HCO; &— (0"
PosunHeHi Tl ><: T Tl
OpraHiuHi 3anuwKkm — — >
PEYOBUHU opranismis € Teapun  «———  CaCOspun == CaCOspon)
lv v v |
CaCOsrs) [oHHi BigknageHHa CaCOsrs) CaCOsrs)

PucyHok 1.27.

Cxema 06MiHy ByrIewio Mix HOro CrosnyKamu B OKEaHi
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IepaTypu, COJIOHOCTI BOAU i BEJIMYMHU TiZIPOCTaTUYHOTO TUCKY. B okeaHax
CTBOPIOETHCS BeJIbMU HEOAHOPIJHUN MeXi KOPJOHY HaCUYeHOCTi BOAU Kap-
60HATOM KaJlblli{0. 3 MIUOGUHOIO 3a3BUYal BUALIAIOTh YOTUPU 30HU 3 Pi3HUM
CTyIeHeM HacU4YeHH BOAU KapOOHaTaMU.

[lepiira 30Ha — MOBepXHEBU 1ap BoAu Ao mubunu 300-800 M, 3HAYHO
nepeHacudeHa. LIboMy CIIpHUAIOTH TOPiBHAHO BHUCOKi TeMIepaTypy i HU3bKi
napifiajibHi TUCKU OKcuAy Byrerio (IV).

Jlpyra 30Ha OXOIUTIOE map mubuHow 710 1500-2000 M. Y 3B’A3KY 3 iH-
TeHcudiKaIli€lo Mpollecy OKMCHEHHS OpPraHiYHUX PEYOBUH B I1ili 30Hi BiZiOy-
BaeTbcA 36imbieHHA THCKY CO, i MOXXe BUHUKHYTH HeJOHACU4YEeHHs Kapbo-
HaTOM KaJIbIIiIO.

Tpets 30Ha — 10 3500-4500 M — Bizipi3HAETbCSA CTAHOM, GIU3BKUM IO
PiBHOBaXHOTO.

YetBepTa 30Ha — Big 3500-4500 M /10 IHA — XapaKTepU3yeThCs 100pe
BUP&XXEHUM HeZIOHACUYEHHAM BOJU KapOOHATOM KaJIbIIilo, TOB’I3aHUM 3i
3POCTaHHAM TiIPOCTATUYHOI'O THUCKY.

JIyxkHicTh IpUPOAHUX BoA,. OZfHi€I0 3 HAWBAKIUBIIINX 0COOTUBOCTEN
OLIBIIOCTI IPUPOAHMX BO/J € 3/aTHICTh HEUTpasTisyBaTH ioHU BOAHIO. L5 37aT-
HICTb Ha3UBAETHCA JIY>KHICTIO BOAU.

OCHOBHUMUY KOMIIOHEHTAMHU, BiIMIOBiJaJLHUMH 32 MTPOIeCH 3B’I3yBaHHSA
ioHiB BoziHIO, B 6inbIIOCTi MpUPOAHUX BoZ € ioHn HCO®*", COZ™ i OH". Inmi
ioHu (mmoxizHi opraHiyHUX KUCIOT, docdaTu, 6opaTu i T. 1.) pobIATH IULIIe
He3HaYHUI BHECOK B IIPOIlecy HelTpasi3allii ioHiB BOAHIO i TOYUHAIOTH Bifli-
rpaBaTH MEBHY POJIb JIUIIE TiC/IsA 3B’A3yBaHHA TiZpoKapOoHaT-i0HiB.

OcHoBHI xiMiuHi peaxiiii, 10 BifOyBalOThCA Y BOAOMMI IIpU HeUTpasiza-
11ii i0HiB BOZIHIO, MOXKHA IPe/ICTaBUTH PiBHAHHAMU:

HCO3 + H* <> H,0 + COy;
CO2 + H* < HCO3;
OH- + H* < H,0.

TakyuM 4MHOM, JTIY>KHICTh MOXKHA BU3HAUUTH K CyMy KOHIIEHTpalliil ioHiB
riZpokapboHaTy, TiIPOKCUAY i TOZABOEHOO0 KOHIIEHTpaIli€o KapOOoHaT-i0HiB:

JI, = [HCO3] + 2[COZ] + [OHT,

ne JI, — 3arajbHa JIyKHICTh BOAU, MOJIb/AM>.

BesvuuHa JyKHOCTI IPUPOAHUX BOJ] Ma€ BEJIWKe 3HAYEHHS i GOTO-
CHHTEe3y Y BoloiiMax: IpU 3B’A3yBaHHi ByIVIEIl0 i CHHTe31 OpraHiYHUX CIIONYK,
y pasi BiZicyTHOCTi fogaTkoBoro HaaxomkeHHA CO,, B pO3YMHI HEMUHYYe Mijl-
BUIIUTHCA PH, a KiTbKiCTh CHHTE30BAaHUX OPTAaHIYHUX CIIOJIYK 3aJ€KUTh Bif
BMicTy CO, i HCO3 B po3unHi. ToMy 4acTo JIyXHiCTh IPUPOJHUX BOZOUM BHU-
KOPUCTOBYIOTH ITOPiBHSJIbBHY XapaKTEPUCTUKY TIPU OIiHIOBAHHI TTPOJYKTUB-
HOCTI BOZJOMM.

[HOZI B MPUPOJHUX BOZI0OMMAX y 3B’I3KY 3 OYpXJIMBUM Mepebirom mpo-
1eciB poTOCUHTE3Y i HEZIOCTAaTHBOIO MIBUAKICTIO HazxomkeHHA CO, pH miz-
HiMaeTbes 7o 10 i Buie. Taki BUCOKi 3HaueHHs pH, TakoX fK i 3aKUCIeHHH,
HETraTUBHO MO3HAYAIOThCS HA PO3BUTKY BOJHUX €KOCUCTEM.

Jlisi MoBEpXHEBUX BOJZIOWM, IO y PIBHOBA3i 3 KapOOHATOM KaJIBIIiIO i OKCH-
zoM Bymienio (IV), mo mictaTbea B atMocdhepHOMY TOBiTpi, pH Boau Mae
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craHoBUTHU 7,3-8,4. Y IbOMY BUIIAZIKy 3HAYEHHS JIY?KHOCTI B ITUX BOAOMMAX
OyayTh BU3HAYATHUCA JIKIIE KOHI[EHTpAIli€lo rifpokapboHaT-ionis. KoHIeH-
tparis HCO3 B Takux BooiMax, a OTXKe, i Iy»KHICTh OPiBHIOBATUMYTb ITPUO-
an3Ho 1 MMoOab/AM3.

Ciiz 3a3HaYUTH, 110 32 BiICYTHOCTI IIPOIIECiB pO3YMHEHHs ab60 0ca/KeH-
Hf peYOBUH JIY>KHICTh BOAM 3aIMIIA€ThCA He3aMiHHO0. [Ipu 3MiHi pH cepezo-
BHIIIA BiZIOYBAOTHCs JIUIIIE B3AEMHI TpaHcOopMaIllii KOMITOHEHTIB KapOOHATHOI
cucteMu. ToMy JIy>KHICTh YaCTO Ha3UBAIOTh “KOHCEPBAaTUBHOIO BETUUYNHON”.

ITpouecu 3akucieHHA IOBepXHEeBUX BOAOMM. OHi€I0 3 MPUYKH 3MeH-
nieHHA pH NpupozHUX TOBepPXHEBUX B0/ € 3aKUCJIECHHA BOJOUM y pe3ysbTari
BUNAJaHHA KUCIOTHUX JOIIiB.

Y Bogo¥iMi MOXXHA BU/IUTUTH /IeKiTbKa eTalliB IIpoIiecy ii 3akuciaeHHs. Ha
IlepuIoMy, He3Ba)Kalouy Ha HaAXOKeHHA KUC/IUX onafiB, pH nIpakTU4YHO He
3MiHIOEThCA. ['iApoKapOOHAT-iOHY, IPUCYTHI Y BCiX TOBEPXHEBUX BOAOIIMAX,
TIOBHICTIO HEUTPasi3yloTh ioHM H T, 1110 HaAXOAATh:

HCO3 + H* — H,0 + O,.

[Tpu BIUIMBI KMCJIOTHUX /IOIIiB KUCJIOTHICTh BOAW BOZONMM He 3pOCTaTUMe
Jl0 TUX TIip, ITIOKU JIY>KHICTh BOAU He 3MeHIUThcA B 10-15 pasiB 0 MeHIIIe
0,1 Mosb/AM3. Y 1IbOMY BUTIAZIKY B TIEpio] HAMOUTBII iHTEHCUBHOTO HAIXOKEHHS
KHUCJIUX BOJ Y Boioiimy (ociHb — psicHi ot i, 0co6IMBO, BeCHAa — TaHEHHs
CHITY) MOXXJIMBI 3Ha4Hi BigxWieHHA y BeauuuHi pH moBepxHeBux Bogoum. LIi
BiIXMJIEHHS MAIOTh TUMYaCOBUM XapakTep i 3 IPUIIMHEHHAM iHTEHCUBHOT'O
Ha/IXO/)KeHHS KUCINX ONa/liB y BOJOMMY NepeXoJiuTh y 3BUYakiHuii cTaH, pH
MiZHIMaeThCA 0 IOYaTKOBUX 3HAaYeHb. HaBiTh 1li KOPOTKOYaCHi 3MiHU HaJ-
3BUYAMHO Hebe3MeyHi /it BOAHUX eKOCUCTEM, OCKUTbKY IX TepMiHU 36iratoTh-
¢ 3 IepiolaMyu pO3MHOXEeHHsI OKPEMUX BU/IiB BOJHUX OPTraHi3MiB.

Ha apyri#i crazgii 3akucieHHsa Bogoimu pH Bozu 3BUYaitHO He MTigHIMa-
€ThbCA BUIIE 5.5 IPOTArOM ycbOr'o POKy. I1po Taki BogoiiMu 3a3B14ail roBOpATh
SIK TIpO TOMipHO Kucii. Ha 1ipboMy eTami 3akvciaeHHs Bif0yBarOThCA 3HAUHI
3MiHU Y BUIOBOMY CKJIaZli )KUBUX OpraHi3MiB.

Ha TpeThoMmy eTari 3akucieHHs pH BogoiiM cTabinizyeThest Ha 3HAYEHHAX
pH < 5 (3Buuaiino pH 4,5), HaBiTh AKIIO aTMocdepHi OmaZu MalOTh OLTBII
BUCOKi 3HaueHHs pH. lle moB’si3aHo 3 MPUCYTHICTIO I'YMYCOBUX PEYOBUH i
CHOJIYK QJIFOMiHiI0 Yy BOZOMMAaX i I'pyHTOBOMY Iapi. 'yMycoBi CLIOTIyKU, B OCHO-
BHOMY, IIpe/ICTaBJIEH] y BOZOKMMaX PO3UMHAMU CIaOKUX OPraHiYHUX KHUCIIOT.
[MoB’sI3ytoun abo BuziIA0YM ionu H, 11i KUC/IOTH cTabili3yoTh 3HaYeHHs pH
y BoZo¥Mi. LIboMy CIPHAIOTS i CIIOIYKU aTIOMiHiI0, TPaKTUYHO 3aBK/AU IIPU-
CyTHi B I'pyHTi. IIpu po3urHeHHi a60 0Ca/PKeHHI CITOJIYK aJIOMiHiI0 TAKOXK
BiZIGyBa€eThCs 3B’A3yBaHHA ab0 BUALIEHHs i0HIB BOAHIO.

3MiHa BUZIOBOTO CKJIaZly BOAHUX €KOJIOTYHUX CUCTEM TP 3aKUCIeHHi BO-
JIOViM B BUTBIIOCTI TIOB’s13aHa 3i 306UTbIIeHHAM BMICTY i0HIB Al 3+ B po3uuHi, AKUiA,
MIEPEXOAAYH B HEPO3YHMHHI CTIOIYKU B OpPTaHi3Mi pub, € IPUYMHOIO iX 3aruberti.

1.2.3.3. OkucHO-BiZAHOBHI pouecH B rizpocdepi

OKUCHO-BiIHOBHI peakIlii JieXkaTh B OCHOBi IMOIIUPEHUX NPOLIeCiB 3He-
ITKO/I)KEHHS Ta 3He3apakyBaHHA CTIYHUX BOJI, PI3HOMaHITHUX IIEpPeTBOPEHD
3a0pyAHIOBAIILHUX PEYOBUH Y BO/i BOAHUX 00’€KTIB.
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B oKHCHO-BiIHOBHUX peakifix, 0 CYIIPOBOAKYIOTHCA 3MiHOIO CTYIIeHA
OKMCHEHHS YaCTHUH, sKi 6epyTh y HUX y4acTh (aTOMiB, iOHiB), HeOOXigHa O
HOYaCHa MPUCYTHICTh i OKUCHUKIB i BiZIHOBHUKIB, 1110 OOMiHIOIOTHCS €JIEKTPO-
HaMU.

[IpUHIMIIOBA MOXXIUBICTD ITepPebiry OKMCHO-BITHOBHUX PeaKIliii, a TAKOXK
iX CIIpsAMOBAHICTb MOXKYTh 6YTH BU3HAYEH] 32 BEIMYMHOIO OKMCHO-BiTHOBHOTO
nmoTeHIliany (pefoKc-MoTeHIiay, Big anrmiicbkoro RedOx — Reduction/
Oxidation). Ha mpakTu1i A1 BUMipIOBaHHSA OKHMCHO-BiJHOBHOT'O ITOTEHIIia-
JIy y BOAHUX PO3YMHAaX BUKOPUCTOBYIOTbCA MiniBonbT™MeTpu (pH-MmeTpy,
i0HOMEeTpH) 3 IUTATUHOBUMU i BOJJHEBUMU €JIeKTPO/IaMU, 3HaUeHH: eJIeKTPO-
PYILiMHOI CHIM MiXK AKUMY IPUPIBHIOETHCA [I0 3HAYEHHA OKMCHO-BiZITHOBHOT'O
nioreHtiany E i BupakaeTrbcs piBHAHHAM HepHcTa:

£, 4 90591

>

Ay

Zie E, — cranzapTHUN (HOpMaabHUMN) OKMCHO-BIJHOBHUI IIOTEHIliaJl peloKC-
MIpOoIIeCy MPY aKTUBHOCTSIX KOMIIOHEHTIB, 10 6€PYTh y4acThb, PIBHUX OWHMUIII,
i3aJIeXKUTH BiJZl IPUPOAU PeJOKC-TIPOLIeCY Ta Bif TeMIepaTypH, B; n — KilbKiCTh
€JIEKTPOHIB, 1110 6epPyTh yYacTh B peakxllii; dok, dhc — aKTUBHOCTI PEYOBHHU B
OKWCHEHIH Ta HEOKHCHEHIl (BiZIHOBIIOBaIbHIN) popMax BiZITIOBiHO.

Benmuunu E, 3BezieHi B Tabsuili, i 3 iX I01TOMOT0I0 MOKHA BUPIIIyBaTH
MMUTAHHS IIPO CIIPSMYBaHHS Ta MTOBHOTY Mepe6iry TUX YU iHIINX PeAOKC-TIPO-
neciB (JoBigHuk ximika, 2012).

Jlo CUJIPHUX OKUCHUKIB BiZIHOCATBCA GTOP, KUCEHb, XJIOp Ta iHII pedo-
BUHM 3 BEJITMKUMU 3HAaYEHHSIMY OKUCHO-BiIHOBHOTO TIOTeHTIiany E,. PeqoBu-
HU 3 POMDKHUM CTyIleHeM OKHMCHEHHs 3aJIe’KHO Bifi 06CTaBUH MOXKYTh BU-
CTYIIaTH i B POJIi OKMCHUKIB, i B POJIi BiAHOBHUKIB.

CTaH OKMCHO-BiTHOBHOI PEJJOKC-CUCTEMU MOKe OyTH OXapaKTePHU30BaHO
3HAuUeHHAMM /IBOX ITOKa3HUKiIB: E i pH.

Jlist XapaKTepUCTUKYU OKMCHO-BiZTHOBHUX IIPOIIECIB, 110 BiZIOYBaOThCSI y
BOJHOMY CepeIOBUIINi, BAKOPUCTOBYEThCA Aiarpama [Iypbe. BoHa Ha04HO
Bifjo6pakae TepMOAMHAMIYHO CTilKi popMU icHyBaHH:A eneMeHTIB (i0oHiB,
MOJIEKYJI T iH.) Y pO3YMHAX IIPY Pi3HUX 3HaUeHHSX PH i OKMCHO-BiTHOBHOTO
noteniany E. [liarpama B cTuciiil i HaouHil popMi mokasye, ki XimivHi yac-
TUHKY (10HU, MOJIEKYJIN) TEPMOAMHAMIYHO CTiMKi 10 OKMCHEHHS-BiZTHOBIEHHS
Ta KMCJIOTHO-OCHOBHUX peakIiiil 3anexHo Big pH i E. [liarpama ITyp6e as
BOZM HaBeZleHa Ha puc. 1.28.

Y penokc-cucTeMi, yTBOPEHiN XiMi9HO YMCTOIO BOZIOIO B TIEBHUX YMOBAX,
BiZIOYBA€ETHCS BiTHOBJIEHHS MOJIEKY/T BOAHIO i OKMCHEHHS MOJIEKYJT BOAU, BiJl-
TIOBiIHO 10 PiBHAHB:

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

Y pesynbTaTi, BOJa HACUIYETHCS MOJIEKY/IIPHUM BOZHEM ab0 KUCHEM /10
THX ITip, TIOKU TUCK ITUX T'a3iB He JOCSATHE PiBHOBAXKHOTO. CTyTiHb HACUYEeHHS
BO/IM KHCHEM ab0 BOZTHEM OIIiHIOETHCS CITIBBiZITHOIEHHAM GAaKTUYHOTO i piB-
HOBa)KHOTO (MapIfiaJibHOI'0) TUCKIB.
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PucyHok 1.28. E,B
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11i ymoBU BUpaxkaroTh TaKOX dyepe3 MoKa3HUK rH,, 1110 mpejcTasiide co-
6010 HETaTUBHUY JIOTapU(M TUCKY MOJIEKYIIPHOTO BOAHIO B CEPEZOBUIIII.
Tax K OKHCHO-BiZJHOBHi YMOBH 3HaYHOIO MipOIO 3a/Ie3KaTh Bifl aKTUBHOI KOH-
IIeHTpallii i0HiB BOAHIO B CEPEOBUII, TO 3B’I30K Mi)K HUMH BUPAKAETHCSA
piBHanHAM: rH, = E, / 0,029 + 2pH (mpu Temmneparypi 20 °C i arMmocdepHO-
My Tucky 106315 I1a).

Y cepeioBUIIi, CUIbHI OKHCHI BTACTUBOCTI IKOTO BiITIOBiIaI0Th YMOBaM,
CTBOPIOBAHUM ILIAXOM HacUUeHHA HOro KUcHeM (IIpY Ha/JIUIIKOBOMY THCKY
98,01 klla), rH, = 41; mpu CUJIbHUX BiITHOBHUX YMOBaX, Bi/IMOBIIHNX HaCH-
YeHHIO CepeZIOBUIIA MOJIEKYIIPHUM BOZHEM (TIpU TAKOMY K HAJTUIITKOBOMY
TUCKY), rH, = 0. IIpu piBHOBa3i OKMCHO-BiITHOBHUX IIPOLIECIiB Y CEpeJOBUIILi
rH, = 27,9. 3navyenns rH, HK4e 11iei BETUIMHYU BKa3ylOTh Ha OiabIny abo
MEHINYy BiJHOBHY 3IaTHICTb Ccepe/0oBUIIa, a BUIlle — Ha OKUCHIOBAJIbHY i
37aTHICTb. [IpUCyTHICTE y cepeZloBUIlll BiTbHOTO KUCHIO BU3HA4Ya€ lepeBa-
YKaHHS OKWCHUX ITPOIIECIB.

O6sacTh TepMOAMHAMIYHOI CTIMKOCTI BOAM Ha Aiarpami BiiMexoBaHa
npaMuMu “a”; aist skoirHy = 01 “B” — s rO, = 0.

Wy,

PiBHAHHA mpsiMoi “a”:

E =-0,0591pH - 0,02951gPy,;

ExTael)

psAMOi “B
E = 1,228 - 0,0591 pH + 0,0147 IgP,

Jlinist mo6yzoBaHa A 3Ha4eHb rH, = rO,, moziise giarpamy Ha Bi 30HU:
HIDKYE PO3TAlllOBaHa 30HA BiZIHOBJIIEHHS, BUIIle — OKHMCHEHHS.

B 30Hi, po3TamnioBaHiil HUXKYe JIiHii a, BiOyBa€eTbCsA pPO3KJIAJaHHSI BOAY
3 BU/IJIEHHAM BO/IHIO, @ BUIIIE JIiHii B — 3 BUZIJIEHHAM KHCHIO. X04a po3IJii-
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HyTa ZliarpaMa cIipaBe/jTuBa sl XiMiYHO YUCTOI BOAH, il MOXKHA BUKOPUCTO-

BYBaTH I OI[iHKY CTaHy BOAHUX PO36aBIeHUX PO3YUHIB.
OKMCHO-BiZTHOBHI peakllii BilirpaloTh BUKJIIOYHO Ba)KJIUBY POJIb B OIIMCI

MIPOIIECIB, 110 BiIOYBalOThCSA B MPUPOAHUX BOJAAX.
®opmyBaHHA AKOCTi MIPUPOAHUX BOJ 3HAUHOIO MipOI0 BH3HAYAETHCA

OKHCHO-BiJHOBHMMU PEaKIiAMHU, iX KIHETUUHUMU XapaKTepUCTUKaAMHU, fAKi,

y CBOIO Uepry, 3ajJeXaTh Bi/l BeIMYNHU OKMCHO-BiZTHOBHOT'O ITOTEHIIialy BOAU

MIPUPOAHOTO BOAHOTO 06’eKTa (pefoKC-TTOTeHIlial, BU3HAYeHUH /I BOAH,

mo3HavyaeMo Ep), 1110 iepe6yBa€ B CTaHi piBHOBaru.

Jly11 OKMCHO-BiZIHOBHUX PEAKIIil, 110 BiZIOyBaIOTHCA B IPUPOAHUX BOZO-
1iMax, XapaKTepHi 1Bi 0COGIUBOCTI:

1) O6inpIlIicTh peakilifi KaTanidyeTbcsa depMeHTaMU MiKpOOpraHi3amiB (Ha-
NIpUKJaJ, OKMCHEHHA OPTaHiYHOi peYOBUHU MOJIEKYIAPHUM KUCHEM,
BigHoBmenHA Fe (IIT) B Fe (I iT. 4.;

2) TpollecH OKMCHEHHS MepebiratoTh 3a y4acTio TAKUX OKUCHUKIB, K Bi/lb-
Hi pasiuKaju, IeEPOKCHU BOJHIO, O30H TOIIIO.

Y npupozHiii Bogi 3HaveHH: E, kKomuBaeThes Big —400 go +700 MB, mo
BU3HAUAETHCS BCI€IO CYKYITHICTIO OKUCHUX i BiJHOBHUX IPOLIECiB, AKi B Hill
BiZIOyBalOThCA.

3asiexkHO Bifl 3HaUeHHs E, BUAIIAIOTH KiJlbKa OCHOBHUX YMOB, IIIO CIIO-
cTepiraroThbcs B IPUPOJHUX BOJAX:

OKUCHI — XapaKTepU3yloThcA 3HaueHHAMU E;, > + (100-150) MB, npucyt-
HICTIO V BOZi BiJIbBHOTO KHCHIO, a TAKOX Py eJIeMeHTIB y BUIIOMY CTyIeHi
okucHenHs (Fe3*, Mo®+, As>* Vo+ U6+, Sr4*, Cu?*, Pb2*). Curyariis HaiiGimbIIT
YaCcTO CIIOCTEPIraeThCs B MOBEPXHEBUX BO/JAX;

nepexioHi OKUCHO-810HOB8HI — XapaKTepU3YIOThCs BemmynHaMu Ey, Biz 0 10
+100 MB, HECTIKUM reoXiMiYHUM PEXXUMOM i 3MiHHHUM BMiCTOM CipKOBOZ-
HIO i KUCHIO. Y IIUX YMOBaX MOXKJIUBUH ITepebir MpoIieciB SK OKUCHEHHS, TaK
i BiTHOBJIEHHSI MeTaJliB;

8I0HOBHI — XapaKTePU3YETHCA 3HaUYeHHAMH E;, < 0 . TUTIOBI A1 miA3eM-
HUX BOJ, Zie IPUCYTHI METaJIN HU3bKUX CTYIeHiB okucHeHHs (Fe2, Mn?2™,
Mo#+, V4+, U4t), a TaKoK CipKOBO/ZIEHb.

BusHayeHHs peJOKC-TIOTEHIliany J03BOJIsE MPOTHO3YBaTU GOPMHU, B
SIKUX MOXKJIMBE iCHyBaHHA XiMiYHUX eJleMeHTiB 3i 3MiHHOIO BaJIEHTHICTIO Y
MIPUPOAHUX BOZAX, @ TAKOXK OI[IHUTH YMOBH, 3a TKUX MOXXJIUBUU ITePepPO3-
nozin (po3YMHEHHS, OCAPKEHHS, COPOIIif, 6i10aKyMyJIsIlis TOIO) METaJIiB
MiX KOMIIOHEHTaMu BOAHUX 06’ekTiB. YacTo (Hampukiaz, mpu obpobii
Boau B GaceliHax) Ej € OHUM 3 OCHOBHUX ITapaMeTpiB KOHTPOJIIO SKOCTi
BO/JIU, OCKIBKH ZI03BOJISIE OLIIHUTH €(EKTUBHICTD ITPOIIECIB 3HE3apAYKEHHS
BOZH.

Y npupoHUX BOAAX, IK IIPABUWIO, HE ZIOCATAETHCS TEPMOJUHAMIYHA PiB-
HOBAara, a CrocTepiraeTbcsa AUHAMiYHA OKHMCHO-BiZJHOBHA PiBHOBAra, OCKijib-
KU B HUX TIOCTiliHO TIepebiraioTb OKUCHO-BiZIHOBHI peakiiii. [IpH 1boMy MOXKHA
BU/IUTUTH /IBi OCHOBHI pe/IOKC-IIiICCTeMH, 3aCHOBaHi Ha y4acTi B OKUCHO-
BiIHOBHUX ITpoIjecax MOJIEKYIIPHOI0O KUCHIO (ITOBLTLHO BCTAaHOBJIEHA PiBHO-
Bara) i mepokcuAy BogHIO (ImifcucTeMa, sska IIBUAKO pearye). BuMmipiroBaHe
3HaveHHs Eh mpu 11boMy BU3HAYa€THCS TIPOIIeCAMU, IO BiZIOyBalOThCSA B OCHO-
BHOMY B “NIOBiNBHIN” mificucTeMmi.
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[Mepoxcuz Boguto (H,0,) MpUCYTHIN B IPUPOAHUX BOAAX IPU a€POOHUX
yMoBax. 3Ha4Ha KibKicTh H,0, MicTUTBCA B aTMOchepHUX onazax. [lepokcuy
BO/IHIO YTBOPIOETHCSA B MPUPOJHUX BOZAX i B pe3y/IbTATi BHYTPIIIHbOBOJHUX
TpoiieciB (IIepeTBOPEHHS TiIPOKCUAHOTO paJiiKasa ITi/i BIVIMBOM COHSYHOTO
cBiTna (Y®-yacTuHa cieKkTpa); KaTaJiTUYHi IPOoIeCcy OKMCHEHHS JIETKOOKUC-
HIOBaHUX OPTaHIYHUX PEYOBUH; BUALIEHHA B ITpolieci OTOCUHTESY AeTKUMU
BHU/IaMU BOZIOpOCTeH Ta iH.)

Crif 3a3HaYUTH, 1110 PEYOBUHU, AKi BOJIOZiI0OTh BiJHOBHUMU BJIACTUBOC-
TAMU, IPOAYKOBaHi 6i0TO0, OibIT ePEKTUBHO OKHCHIOIOTHCS TIEPOKCUAOM
BO/IHIO, Hi’k PO3YMHEHUM KucHeM. [Ipu B3aeMo/ii 3 KICHEM BOHU CJIYKaTh
JoaaTtkoBuM mxepenoMm H,O, y BOIHOMY cepeZOBUIIIi.

[TepeHeceHHs eIeKTPOHA B PEAOKC-TIPOLIECi CYITPOBOKYEThCSA TIepeHe-
CEeHHSM IIPOTOHA, 0OYMOBJIIOIOUM TUM CAaMUM AJISI PeaKIliii, o mepebiraroTh
Y BOZHOMY PO34HHi, })KOPCTKUU B3a€EMO3B’I30K Mi>K OKHCHO-BiZIHOBHOIO i KHC-
JIOTHO-OCHOBHOIO PiBHOBAroio.

Hanpuxnaz, aximo ioH Fe (II) Bizzae e1leKTpOH, TO BUALIAIOTHCA TPU i0OHU
BO/IHIO, III0 IPU3BOUTH B KiHIIEBOMY Pe3yJIbTaTi 10 yTBOPEHHS BaXKKOPO3-
YUHHOTO TiZipokcuay 3aiiza (III) i 36iableHHA KOHIIEHTpallii i0HiB BOAHIO B
PO3UUHi:

[Fe(H,0)]2* <> Fe(OH)5| + 3H,0 + 3H* + e~.

I[Tepebirom 1€l peakiiii MOSCHIOETHCA KUCTMH XapaKTep UIaXTHUX BOZ Ta
YTBOPEHHS XapaKTepHOTI'o ocaay “ipxki” B MiCIfIX BUXOZAY Ha IOBEPXHIO Mifl-
3eMHUX BO/I, 110 MIiCTATh i0HU BOBAJIEHTHOTO 3ai3a.

TaxyM YMHOM, OKKMCHO-BiITHOBHUMH ITOTEHIIiaJl B3AEMOIIOB AI3aHMI 3i 3Ha-
yeHHAM pH. Bennuunu pH i E, BiZHOCATHCA 0 HAWBAXKJIUBILIIUX TOKA3HUKIB
BJIACTHUBOCTEN IPUPOAHUX i CTIYHUX BOJ, BOHU JO3BOJIAIOTE OI[iHUTH OKUCHO-
BiIHOBHUI PEXUM BOJY y BOAHUX 00’€KTaX, CTYIiHb 3a0pyAHEHHA ii po-
AyKTaMU po3IaZy Opra’HiYHUX CIOJIYK i CTIYHMMU BOZaMU IPOMUCIOBUX
MiATPUEMCTB, CTaH pifKoi i TBepzAoi a3 Ha OYMCHUX CIIOPYAaX TOIIO.

Hampukiaz, Hu3bKi 3Ha4eHHs Ej, MOO6yTOBUX i BUDOOHUYHUX CTIYHUX BOJ,
CBi[uaTh PO MPUCYTHICTDh BiAHOBHUKIB (aMiaKy, HITpUTiB, OpraHiYHUX pe-
YOBUH i T. 1.) ; BUCOKi — OKMCHUKIB, Hanmpukaazj xpomy (VI), razomnofiobHOTO
xjiopy abo MpoAYKTiB fioro B3aeMozii 3 Bogoto (taba. 1.20). Kepytouu Ej,
MOJKHA CIIPSIMOBAHO BIUTMBATH Ha MPOIIECH, 1[0 BiZIOYBAIOTHCS B IPUPOJHUX
BO/IaX i HA CIIOPYy/]aX OYUIIeHHS CTIYHUX BO/,.

Tabnuusa 1.20. 3Havernns pH i £, neakux Buais cTivHmx 8o

Ha3sBa pH E,B
HeounLeHi nobyToBI CTi4HI BOAK 7,2-7,6 -0,20...+0,01
OuuLLeHi nobyToBI CTi4HI BOAN 7,2-8,3 +0,015..-0,125
CkuHyTMiA 0caf No6YTOBUX CTIYHUX BOS 7,2-7,5 -0,20...+0,07
CTiYHi BOANM M’ICOKOMOIHATIB 7,3 +0,005
[TpOMUBHI XPOMOBMICHI CTi4Hi BOAM ranbBaHi4HUX BUPOOGHNLTB 3,2-7,8 +0,35...4+0,80
CTi4Hi BOAW LLIKIpSHMX 3aBOAIB 6,0-13,0 -0,1...-0,4
CTi4Hi BOAM XyTpoBUX habpmk 4,0-7,0 +0,01...40,2
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Cnoco6u 3miHn BenuunHy pH Ta Ep po3umHiB

XimiyHi Qi3nyni BioximiuHi
- peareHTHi - aepauin - aepobHe OKMNCHEHHS
- eNeKTPOXIMiYHI - pagioni3 - aHaepoO6He BiIHOBJIEHHA

PucyHok 1.29.

Crnocobu aminm senunumniun pH T1a E;, BogHmux posuuHis

Besmmuunu pH i Ej, BILTMBatoTh Ha pi3Hi ¢i3uKo-XiMiuHi Ta 6ioxiMiuHi mpo-
I[eCH, [0 JIeXKaTh B OCHOBI BUZaJIEHHs 3 BOAU 3a0PyJHIOBATbHUX PEYOBHH.
V 3B’A3Ky 3 M, BaXXJIMBO 3HATH OCHOBHI crioco6u 3Minu BennuuHu pH i Ey
BOJHUX po34yuHiB (puc. 1.29).

3 iHMI0r0 60Ky, BeIMYMHA OKMCHO-BiJHOBHOTO TIOTEHITiaIy peakKIlii, 1o
BiZOyBaIOThCsA 3a yIaCTIO iOHIB BOAHIO ab0 TiZipOKCHUy, 3aMeXuTh BiJ pH ce-
pezoBuia. Po3rIaHeMO B3a€MO3B 30K MK ITMMHU IIOKa3HUKAMHU.

Y 3araspHOMY BUIVIAZI OKHMCHO-BiIHOBHUH ITpOlieCc MOXKHA IIPe/ICTaBUTU
TaKUM PiBHAHHIM:

OxwucHi dopmu + né <> BiIHOBITIOBaIbHI GopMU, (1.3)

Jle N€é — KinbKicThb (n) eneKTpoHiB (€), 1m0 6epyTh y4acTh y Lil OKUCHO-BiJ-
HOBHIH peaxIiii.

KoHcTaHTa piBHOBaru nporo npotecy (K) Mmoxe 6yTu npeacraBieHa B
TaKOMY BUIJIAZI:

Ke_ TBa (1.4)
1o, -(0.)"

ne I[B,; iI10,; — A00yTOK aKTUBHOCTI BiJHOBHUX i OKMCHUX (GOPM PEYOBUH
BiZIIOBIZIHO; N1 — KiJIBKiCTh €JIEKTPOHIB, 1[0 Opaik y4acThb y MpoIeci; d,- —
aKTHUBHICTb €JIEKTPOHIB.

[Tiz aK TUBHICTIO €JIEKTPOHIB PO3YMI€ThCS 3/]JaTHICTh CUCTEMU ITOCTABJIATA
€JIEKTPOHU /IJIs1 OKMCHO-BiIHOBHUX TpotieciB. HeobXifHO po3yMiTH, 110 PO3YHH
BUIBHUX €JIEKTPOHIB y BOZIi, TAKOX fIK i pO3YMH BUTbHUX HECOJIbBATOBAHUX IIPO-
TOHIB, — IIe He OiIbIIe HiXK aOCTpaKIlis, IKy BUKOPUCTOBYIOTb ITIPU OITHCI KUC-
JIOTHO-OCHOBHUX PiBHOBAr y MpUPOAHUX BoZaX. Tak, HAIPUKJIaZ, aKTUBHICTb
iOHIB BOZHIO MOXK€ XapaKTePU3yBaTU KUCJIOTHO-OCHOBHI BJIACTUBOCTI BOZIH.
ToMy BOJy IiC/IA IMAXTHUX POOIT 3 BEJIMKOO BEIMYMHOIO aKTUBHOCTI i0HIB BOJ-
HIO Ha3MWBAaIOTh KHCIOIO. 3a aHAJIOTI€I0: BOZAA 3 BUCOKOIO aKTUBHICTIO BiJIbHUX
€JIEKTPOHIB HA3UBAETHCS BiZTHOBHOIO (HAPUKJIAJ, CipPKOBOZHEBI BoAM YOpHO-
ro Mops, “MepTBa” BoZia 3 HAPOJHUX Ka30K), a 3 HU3bKOIO — OKUCHOIO (Hampu-
KJIaZl, XJIopoBaHa abo 030HOBaHa BoJa, ““kuBa” BOJa).

Criliki BogHi cucTeMu, sIK Oyzie TOKa3aHO HIDKYE, MOXXYTh XapaKTePU3y-
BaTHCA BeIMYMHAMM A€, 10 pisHATHCA Ha 20 MOPAZAKIB, TOMY 3pYyYHUM IILIA-
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XOM BUCJIOBJIEHHA aKTUBHOCTI BUIBHUX €JIeKTPOHIB € IIKaja pé. 3a aHaJIori€ro
3 BeJIMunHOI0 pH BennunHa pé BU3HAYa€ThCA CIiBBIIHOIICHHAM:

pé =-lg(a,). (1.5)

BesmurHa aKTUBHOCTI eJIEKTPOHIB i 3HAYeHHS pé-3py4Hi /IS BUPAyKEHHS
OKHCHO-BiTHOBHOT'O ITOTEHIIi ATy CUCTEMU. 3B’sI30K MiK /IBOMA UMY BUPA3aMHU
OKVCHO-BiZ[HOBHOT'O TIOTEHIIiaJTy CUCTEMU MOXKHA MIPE/ICTAaBUTHU Y BUTVIA/I:

pé=F-E,/(2,3-R-T), (1.6)

e F— uucno ®apazes (96 485,3383 Kii/monb); R — yHiBepcaibHa ra3oBa
crana (8,314 [Ixx/(mons - K)); T — Temmnepatypa, K.
[Tpu mizcTaB/ieHH] BiIIOBIIHUX BEJTUYUH OTPUMAEMO:

pé=10*"E, /(1,98 T). (1.7)
s cTaHAapTHUX YMOB Liel Bupa3 Habyze TaKoro BUIVIALY:
(pé)° = 16,9 -Ep, (1.8)

Zie Ey — OKMCHO-BiZJHOBHUMU MOTeHIlia, BUMipAHUM y 3BUYalfHUX YMOBax BiJl-
HOCHO CTaHZAapTHOI'O BOJHEBOTO eJNeKTPOAY (CTaHAAPTHUU eIeKTPOAHUN
nmoTeHIian), B.

Heo6xiznHo BiazHayuTH, 4TO Ef Ta pé € 11iIKOM BU3HAYEHUMHU BeTUINHA-
MU, KOJIU XK /IBa WIEHH IIi€l peZJoOKC-TTapy MPUCYTHI pa3oM B po34YrHi ab60 B
KOHTAaKTi 3 HUM. B TOI ke yac B peaJbHUX IPUPOJHUX BOZaX NPAKTUYHO
3aBXKAM MiCTUTbCSA OiTbIIe HiXK 1 pegoKc-mapa.

KoxxHa mapa 6yzie BUBHa4aTH BJIaCTUBe il 3HaueHHs pé (abo Ey), ogHak
JUIS Pi3HUX Tap 11i 1Bl BETUUYUHU MOXKYTb BUSIBUTHCA HEOJJHAKOBUMHU, OCKiTb-
KU U1 TPUPOAHUX 00’€KTIB OIBII XapaKTepHa BiZICYTHICTh PiBHOBArU KOXK-
HOi 3 popM 3 ycima iHmuMu GopMaMu, HixK 11 HasBHICTb. JKIIO He BCi pefloKc-
mmapu rnepe6yBaioTh y piBHOBa3i, He MOXKHA TOBOPUTH PO pé (abo E;,) po3unHy.
MoxHa TOBOPUTH JIMIIIE TTPO 3HaUeHHsI pé (abo Ep), 0 BU3HAYAETHCS OKpe-
MOIO IIapOoI0 B PO3UUHI.

3Haro4y Npe/cTaB/IeHi 3a1eXHOCTi, MOXKHA CKJIACTH Aiarpamu pé — pH
abo piarpamu E, — pH. [liarpamu 1ii iIeHTHYHI, 32 BUHATKOM LIKaJIX OCi Op-
[IVHAT, MacuITab Kol 3MiHIOEThCS BiAMOBIZHO 10 piBHAHHA (1.8). [Ipu TeM-
nepatypi 298 K E;, = 0,0591pé. Hegosnik BukopuctaHuA E; B AKOCTi 3MiHHO1
TIOJISITAE B TOMY, 1[0 HAXWJIM MEX Pi3HUX II0JIiB CTiKOCTi 3a/eXaTh BiJ TeM-
IepaTypH, 40ro BAAEThCA YHUKHYTH Y pasi, KoY 3MiHHOI € pé .

Jiarpamu pé — pH (abo E;, — pH) € 3py4yHuM criocob6oM 300pakeHHs
30H CTiHKOCTi OKMCHEHUX i BiTHOBJIEHUX HOPM IMEBHUX OKHUCHO-BiTHOBHUX
cucteM. KoxeH BiZipi3oK NpaAMOi Ha Aiarpami BiANOBifae 3a1eXKHOCTI pé Bif,
pH a4 meBHOI peaxiiii.

Ha puc. 1.30 npezcTaBiieHi 3ajeXHOCTi BeIUYNHY peé Biz pH ana pizHux
MPUPOAHUX BOJ, III0 MAIOTh HANOLIbIIIE TOUTUPEHH.

Y mpupoZiHUX BoJlaX OKMCHO-BiZIHOBHI IIPOIIeCH BiI0OYBaOTHCA 3a YYACTIO
GakTepiii. Y KOXKHIl 3 OKHCHO-BiZIHOBHUX peakKIiiti 6epe y4acTh CBiil THI 6ak-
Tepil, i peakilii mepe6iratoTh y cyBopiii mocigoBHOCTi. IlIBUzAIIE TepebiratoTh
PeaKIlii, /I SKUX B ITUX YMOBaX OKUCHO-Bi/IHOBHUH MMOTEHIIiaI Ma€ Ha611b-
Ire 3HaueHHA. ToMy 1pu o6yzoBi y3aranpHIOBaabHUX pé — pH i E, — pH
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PucyHok 1.30.

3anexHicTb OKMCHO-BiAHOBHOTO
noteHuiany (ans pisHUx NPUPOAHMX BOA)
Ta Mex cTikkocTi Boau Big pH

Fnaesa 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

-15 4

JiarpaM po3mIsialoThCs BCi MOXKJIUBI 1A ITi€l CHCTEMU OKHUCHO-BiZIHOBHI ITPO-
1iecu, aje Ha Jliarpamy, 3peliTolo, HaHOCAThCA JIUIIe Ti, AKi BiAMOBiZaI0Th
BUIIIUM PENOKC-DiBHAM.

Penoxkc-0ydepHiCTh MPUPOJHUX BOJ

[Topsz 3 pefoKc-piBHEM pé IPUPOZAHI BOAY XapaKTepU3YIOThCA IOHATTAM
penokc-6ydpepHocTi (a60 pesoKC-EMHOCTI), aHAJIOTIYHUM MOHSTTIO KUCJIOTHO-
OCHOBHOI 6ydepHocTi. KaxkyTb, 1110 cucTeMa € “3abydepeHor0” 1010 pesoKc-
MIPOIIECiB, AKINO B Hill IPUCYTHI CIIOJMYKH, 3aTHI OKUCHIOBATUCA ab0 BiTHOB-
JIIOBATUCA, 1O IIepellIKoKae 3HaYHMM 3MiHaM pé IIpU JoJaBaHHi HeBeJIUKUX
KUThKOCTE! CHIBHUX OKUCHUX 200 BiHOBIIOBAJIbHUX areHTiB.

Amnasti3 3a5eXHOCTi BeJTMYMHU OKMCHO-BiJHOBHOT'O TIOTeHIliany Bix pH
PO3YUHY i Bifi TapliaJbHOI'0 TUCKY KUCHIO B PIBHOBa)KHOMY IOBITpi [TOKa3ye,
III0 PeZIOKC-PiBEHb CUCTEMU CJIaOKO 3aJI€KUTh BiZi BMICTY KHMCHIO B MTOBIiTpi.
[Toku B cucTeMi € BUIbHUM KUCEHb, BETMYKMHA p€ 3aTUIIAEThCA BUCOKOIO. Tomy
B IPUPOAHUX BOZAX, III0 KOHTAKTYIOTh 3 aTMOCHEpPHUM MOBITPsIM abo 3 IPyH-
TOBUM IIOBITPAM, 1[0 MiCTUTh KUCEHb, 3HaUeHHA p€ MPaKTUYHO 3aBXKAU 3a-
JIUIIAETHCA BUCOKUM. [IprpozHi Boau MaioTh 6ybepHy pesoKC-eMHICTb, TOB's-
3aHy 3 IPHUCYTHICTIO KUCHIO B PiIBHOBA)KHOMY 3 HUMU IIOBITPi.

OpHak HeoOXiZIHO BiIBHAYUTH, IO U1 IPUPOJHUX BO/I, SIKi KOHTAaKTYIOTh
3 IOBITPAM, IO MICTUTb KMCEHb, He IPUUHATO JaBaTU TOUHY OLIIHKY BeJu-
YUHU P& CUCTEMU HaBiTh U pikcoBaHOMY 3Ha4YeHHi pH. Lle moB’A3aHO 3 TUM,
110 TIOBHE BiZTHOBJIEHHS KUCHIO 3 PEAKIIii, IO CyTi BiIOyBa€eThCA HE Y BUTTIAAL
OZIHOTO CTYTIEHs, a AK JBi IOC/TiJOBHI peakilii:



1.2 e Bopa s npupoai 73
Oz + 2H* + Zé <> HzOz, (1.9)
H,0, + 2H* + 2¢ <= 2H,0. (1.10)

JlimiTytoua nipu uboMy € peakiisa (1.9). 3HaueHHA pé uiei peakiii ipu
pH 7 nopiBHIoe 4,5, B TOH 4ac AK pé peakuii

%0, + H* + & — % H,0 (1.11)

npu pH 7 piBre 13,8.

Jleski IpUpoAHi peJOKC-CUCTeMY OBOASATHCS TaK, K HiOW BeJTMUUHY pé
BU3Hauae peakuiq (1.11), a inuri — (1.9). Tomy A4 BOZ, 1110 KOHTAKTYIOTh 3
KHCHEM, Kpallle XapaKTepU3yBaTH 3HaUeHHs PE TEPMiHOM “BUCOKe” 6€3 TOU-
HOI'0O YMCJIOBOI'0 3HaYeHHH.

OrnHaK AKII0 KOHTAaKT MPUPOAHUX BOZ 3 TIOBITPSAM, IIJ0 MiCTUTB KUCEHD, Oyzie
MIOPYIIeHUH, ZOCUTD IIBU/IKO MOXKE Pi3KO 3MIHUTHCA peJOKC-CTaH BOAU. Y pasi
BiZICYyTHOCTi HAaZIXOXKEHHS KUCHIO TIpH TeMmniepaTypi 298 K y Bozi Moxke 6yt
OKHCHEHO He Oiblre 7,9 Mr/AM® OpraHiYHUX PEYOBUH, AKIIO iX MOJIEKYIAPHY
dopmyny nputinatu sk {CH,O}. IIpu 11b0My Bech KUCeHb Oyzie BUTPAYeHUH.

Y pasi, K10 BiJHOBHUKU, HATIPUKJIA/] OPTaHiuHi CIIOYKU, TIPOJOBXKYIOTh
HaAXOAWUTHU, B CUCTEMI TOYMHAIOTH BiZIOyBaTHCSI OKMCHO-BITHOBHI peakiiii 6e3
y4acTi kucHio. [Tpu 1boMy peZloKc-piBeHb cUCTeMHU 3HU3UThCA. Po3riaHeMo
peaxiiii, HalOLIbII BOXKIHUBI 3 TOYKHU 30pY peAoKCc-0ydhepHUX Ta CTaHy BBIIHUX
€KOCHCTEM B LIIJIOMY.

Jenimpudgikauyisi. Ponb peakiiii mossrae B IepeTBOPeHHI HIiTpaTy (Bax-
JIMBOTO KOMIIOHEHTA Xap4yyBaHH:A) B 0i0JOTiYHO iHEPTHUH MOJIEKYIAPHUN
azor. [Ipu 11poMy 6akTepii BUKOPUCTOBYIOTH I OKUCHEHHS OPTaHivyHOi pe-
40oBUHU 710 CO, KUCEeHb-HITPAaTHUX iOHIB:

2,5Copr + 2NOy + 2H* — N, + 2,5C0, + H,0. (1.12)

Y mpoueci geHiTpudikalii KpiM a30Ty, MOXKYTb YTBOPUTHCSA reMiOKCU/IH,
OKCHU/U 1 IIOKCUAU a30TY, AKi BiZIirpatoTh BXKJIMBY POJIb y IIpoOliecax, 1o Bif-
6yBaroThcs B Tportocdepi (okcuy i Jiokcu a3oTy) i crparocdepi (remiokcus
asoTy). Y TOH Ke 4ac, OCKiIIbKU KOHIIeHTpallif HiTpaT-ioHiB y IPUPOAHUX
BOJIaX JJOCUTb HU3bKa (BUHATOK MOXKYTb CTAHOBUTH JIKIIE I'PYHTOBI BOAM),
11i iOHM He YUHATH BIUTUB Ha peZioKc-6ydepHicTh IPUPOAHUX BOJ,.

BioHogneHHa cynvgamis, abo cyavpam-pedykuis. Lle peakiiii, B AKUX
6akTepii BUKOPUCTOBYIOTD /I OKHCHEHHS OPTaHIYHOi peYOBUHU KUCEHb-
cynbGaTHUX i0HiB, YTBOPIOIOYH B AKOCTi MPOAYKTIB XXUTTEAISIIBHOCTI CYJIb-

obizni dbopmu:
2Copr + SOZ™ + 2H,0 — H,S + 2HCO;. (1.13)

flxkmwo pH Bozu Buile 7, yTBOPIOETHCA, TOJIOBHUM YUHOM, ioH HS-, a B
MIPUCYTHOCTI OyZb-IKUX 3ZIaTHUX /10 PeaKIili CIOMYK 3ai3a cyabdinHi bopmu
6yayTh pearyBaTy 3 HUMU, YTBOPIOIOUH OTIAIN Y BUIVIAAL cyabdiziB. BizHOB-
JIeHHs cy/bdaTiB iCTOTHO BIVIMBAE HAa CTaH €KOCUCTEM BOJOUM. JIjis 6ibIIoC-
Ti KOMIIOHeHTiB ¢iopu i payHu H,S € BUCOKOTOKCUIHUM. [lepeTBOpeHHA
OKCH/ZIB 3asti3a B Cy/bdigu 3a3Buvaii BUKJIMKAE 3MiHy KOJbOPY BOJAH Bifl uep-
BOHYBAaTOr'o ab0 KOPUYHEBOTO ZI0 YOPHOT0 abo ciporo. PeyoBuHM, copboBaHi
pawiuie Ha rizpokcuzi Fe (III) (Hanpukiaz, ioH1 BAXKKUX MeTasliB abo docdart-
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ioHun), OyAyTh BUALIATUCS B pO34MH. [IpU IbOMy 6araTo BaXKKUX MeTasliB (Ha-
npukiaz, Cu, Zn, Mo, Pb, Hg), 1110 B OKMCHEHUX BoZax Oy/u Mmpe/cTaBieHi
BiJHOCHO PO3UMHHUMU CIIOIyKaMu (TIpU He Ly»Ke BUCOKUX pH), yTBOPIOIOTh
MaIOpO34YuHHi cynbodiau. OCKinbKY cynbdaT-ioHN HalIeXKaTh 0 TOJIOBHUX
i0HIB IPUPOAHUX BOJ, MOUIMPEHi i MiCTATHCS B IPUPOJHUX BoAaX y 6araThox
BUIIaIKaX y JOCUTh BeJIUKUX KOHLIEHTpAllifAX, BOHU 3ZlaTHi Ha JeAKu yac
cTabinizyBaTu peZloKC-piBeHb CUCTEMU, HE3BAXKAIOYH HA MOXJIUBE HAXO0-
[DKEeHHS BiIHOBHUKIB. [IpHu 1[bOMY pé€ cucTeMU OyZe HETaTUBHUM, OCKLTbKHU
nipu pH 7 ana peaxkuii (1.13) pé fopiBHIOE —4,5 .

depmenmauis. Le mpotiec, 110 BiZiGyBa€eThCs 3a y9acTi MiKpoopraHiaMiB
i IPUBOZAUTH /10 pyWHYBaHHA CKJIaZJHUX OPTraHiYHUX PeYOBUH Ta MTOSBU HOBUX,
OLTBIIT IPOCTUX OPTaHIYHUX CHOYK. BpyTTO — piBHAHHSA 6GakTepianbHOI dpep-
MeHTallii BUIIAZlae Tak:

[opraniyHa crionyka A] — [opraniuyHa crionyka B] + CO,. (1.14)

Ha#mpocTiiioo i ofHi€l0 3 HaOLIbIN BaXKIUBUX PEAKIIiH IIbOTO TUITY €
YTBOPEHHS METaHY:

Copr + 2H,0 — CO, + CH,. (1.15)

I[Mporiecu depMeHTallii BiiOyBatoThCs IPU 3HAYEHHAX pé < MiHyC 4,5 110
MeXKi CTIHKOCTI BOAU.

Ha puc. 1.31 mpeacTaBieHa 3a71eXHICTb 3MiHU PeJOKC-PiBHA CUCTEMU
3aJIeXKHO Bi/] KLTBKOCTI BIfHOBHHUKIB, 110 710 Hei HaaXoAATh (C,p,,), AKa HAOUHO
ZIEMOHCTPYE PiBHi, IO BiATIOBiZa0TH “3a6ydepeHoMy” cTaHy, XapaKTEPHOMY
JUIsT GLIBIIIOCTI TPUPOJHUX BO/I,.

[Tepenbavaerncs, 10 Boja CIIOYaTKy Oysia B piBHOBAa3i 3 aTMochepHUM
KUCHeM, ajie 0ZlaTKOBe HaJXO/KeHH: KUCHIO B IIpolleci po3kJalaHHA opra-
HiuHOi pedyoBUHHU 6yJ0 BifcyTHE. KpiM TOTO, peaxiiii, 1o BKJIOYAIOTh CIIO-
JIYKH a30TY, CTBOPIOIOTH JiKIlle HeBeIuKy OybepHicTh Mixk piBHAMU O,/H,0
i SOZ /H,S.

flk mpaBWIO, 3HAUEHHA pé B IIPMPOAHUX BOZIaX, B OCHOBHOMY, BiITIOBiZIat0Th
“3abydepeHuM “ cTaHaM, OCKUTbKY He3abydepeHui cTaH HeCTIHKU. EAMHUM
MiCIleM, Zie MOJKHA OUiKyBaTH 30epekeHHs “He3abydepeHoro” pe, € 30Ha, B AKil
€ KOHTPOJTIOEThCsA [udy3iero Mixk aHaepoOHOO BOZIOKO (HAIIPHKJIAJ], BOAOO OMa-
ZiB) i aepobHOIO (HapUKIIa/], He HaCHIeHOI KMCHEM BOAU 03epa abo OKeaHy).

Y mizizeMHUX Bojiax, 10 IepebyBarOTh B KOHTAKTI 3 OMaZlaMu, PeJOKC-
peakiii 3a yuacTio TBepoi das3u MOXKYTh Takox “ 3abydepyBaTu” pé.

Xoya BiZHOBHUM areHTOM B IIPUPOJHUX BOJAX 3BUYANHO € opraHiyHa
PEYOBUHA, 3HIDKEHHS pé MOXe OyTH BUKJINKAHO TaKOXX OKUCHEHHAM MiHe-
pauis, 1o mictath Fe (II) ab6o BigHOBIEeHI dopMu cipku. Hampukiiaz, 3 Boau
JledKUX JpKepeJl, 1110 BUXOAATD 3 YIBTPAOCHOBHUX ITOPiA (AKi ckIaZaloThes, B
OCHOBHOMY, i3 CHJIIKaTiB MarHito i 3ajisa), BUAUIAIOThCA OyIbOAIIKU BOAHIO,
110 € pe3y/IbTaTOM BiJHOBJIEHHS BOAM MiHepajaMU 3aKUCHOT'O 3aji3a.

OKHCHO-BiJHOBHi YMOBH Ta Mirparis eJ1eMeHTiB

Jeski pyaHi pogoBuina, ocobauBo iHGINBTpaLiiiHi poZoBUILa ypaHy 3
$poHTOM, IO EPEMIIIYETbCS, € HACTIIKOM PeJOKC-PEAKIIiN B MiZIBEMHUX
BoOZIaX. IHTeHCUBHICTD Mirpailii eleMeHTiB IPUHHATO XapaKTepu3yBaTu Koe-
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Pucyrok 1.31.

3MiHn pe npicHoi Boau (BuxiaHe 3HaueHHs koHueHTpauii kucHio 10 mr/amS, cynsdat-ionis — 96 mr/amd)
3QEXHO Bifl KOHUEHTPALT OPraHIYHOT PEYOBMHM, SKQ PO3KNanacs (B nepepaxyHky Ha Byrneus) npu pH 7

dimientTom BogHOI Mirpariii K,, 1110 JOpiBHIOE YaCTIIi BiZ AiTeHH KiTbKOCTI
ejleMeHTa X y MiHepaJbHOMY 3aJIUIIKY IIPHUPOAHOI BOAY Ha HOTO yTpUMaHHSA
B ripChKUX NOPOZAX, AKi APEHYIOThCA IIi€I0 BOJOIO:

K. —m, . 100
a-n

X

Jle m, — BMICT eJIeMEeHTa X y BOZIi, MTI'/ZIM>; N, — BMICT eJIeMeHTa X B Topozax, %;
a — MiHepaJisaiis Boau, Mr/ am>.

Yuwm 6inbia BemnurHa K, TUM 6inbliia MirpariifHa 3JaTHICTh ITUX eJie-
MEHTIB.

Jly>xe pyxJIUBi aKTUBHI MirpaHTH MawoTh 3HaYeHH: K, Buie 20, pyxiu-
Bi — Bizg 20 10 1. KoedinieHT BogHOI Mirpaiii Takux c1abKoOpyXJIMBUX MirpaH-
TiB, SIK 3aJ1i30, TUTAH, aJOMiHil, He mepeBuiye 0,1.

3MiHa iHTEHCUBHOCTI Mirpaiiii B OZHUX i TUX XK€ YMOBax cepeZoBuUIlla
3aJIeXXHO BiZi OpMHU, B SIKill €JIeMEHT MiCTUThCSA B IOPO/Ii, XapaKTEPU3YEThCS
kKoedirieHToM KOHTpacTHOCTI Mirpanii. Hanpukiaz, B pi3HUX CUTyaIisx Mi-
rpaiis ioHiB UMHKY B cyaboigHiit dopmi i y popmi okcuay mae koedimieHT
KOHTpacTHOCTi Mirpamii 6u3bko 100.

OZHUMY 3 HAMOLIBII BXKIUBUX XapaKTEPUCTHK, III0 iCTOTHO BILTUBAIOTh
Ha Mirpailito eJJleMeHTiB y saHzamadTax, € KUCJIOTHO-OCHOBHI I OKMCHO-BiJ-
HOBHIi XapaKTepuCTUKHU cepeZoBulna. [IpoTe ciif, MaTu Ha yBasi, 10 KUBI
OpraHi3Mu 3ZaTHi 3HAYHOIO Mipoio TpaHcHOPMyBaTH Ipoliec Mirpartii.

TeoxiMiyHUM 6ap’ep — 1ie AiNIAHKA 30HU TillepreHe3y, e Ha KOPOTKii
BiZicTaHi BiZibyBa€eThCs piske 3MeHIIIEHHs iHTEHCUBHOCTI Mirpartiii, 1o mpu-
3BOJUTH [0 KOHIIEHTPYBAHHA XiMiYHUX €JIeMeHTiB.

®i3uko-xXiMiuHi 6ap’€py BUHUKAIOTh MMPU Pi3KUX 3MiHAxX BeJTUYUHU pH
abo crmiBBizHOIMeHHs pH/E),. Hanpukiaz, AKIo KMCHEBMiCHA Bo/ia IOYHHAE
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PYXaTHUCs [0 BOAHOMY TOPU30HTY, B AKOMY CITIOYATKY iCHyBaIH BiTHOBHI yMO-
BU, TO M)XK OKHCHUM i BiIHOBHUM CepeZIoBUIIIaMHU MOKe YTBOPUTHCSA pPeZOKC-
¢bpoHT. Lieit dpoHT Gyze mepeMilaTrcs B HAPSIMKY PyXy BOJH, ajie 3i 3HaUHO
MEHIIIOIO MIBUAKICTIO, HixK Bozia. IIIBUAKICTb PyXy ppOHTY BU3HAYAETHCA 3/1aT-
HICTIO BOZOHOCHOTO FOPU30HTY (0COOIMBO BMICT B HBOMY OPTraHi4HOI pedo-
BUHU) CIOXKMBATH KUCEHb. K10 TUTIOBUI BOJOHOCHU TOPU30HT B 0CAZIOBUX
nopozax mictuB 1 % peakiiiHO3aTHUN OpraHiYHUN ByIJIellb, a IiJ[3eMHa
Bozia — 10 Mr/amM® po3YMHEHOT0 KUCHIO, TO, 3TiJHO 3 PO3paxyHKOM, ppOHT
noBuHeH MirpyBatu B 13 000 pasiB moBinbHille, Hixk Bozga. Paj eneMeHTIB
(ocobMBO ypaH, cesieH, apceH, MoJIibZieH) HepO3YMHHI y BiIHOBHUX YMOBaX
i pPO3UMHSIOTHCA Y OKUCHUX. [Ipu mpocyBaHHi GPOHTY OKUCHEHHS I1i e1eMeH-
TH, IPUCYTHI Y BOAOHOCHOMY I'OPHU30HTI, PO3UMHAIOThCA. PyxoMmi mig3eMHi
BOZIU TIEPEeHOCATS iX Yepe3 GPOHT y BilHOBHY 30HY, Zie BOHU Biipasy  ociza-
10Thb. TaKUM YMHOM, eJIeMeHT, 1[0 MiCTUThCS Y BCbOMY BOJJOHOCHOMY T'OpHU-
30HTi ZI0 MPOXOMKeHHs GPOHTY ab0 MepeHeCeHNH 3 iHITUX JUTSTHOK CUCTEMU
MiI3eMHUX BOZ, KOHIIEHTPYETHCA B 6e3mocepeHbO 6ijist GpOHTY, IO CTBOPIOE
MOXKJTMBICTh EKOHOMIYHO BUTIZTHOTO HOTO BUAOOYTKY.

1.2.3.4. BiibHi pagnkaay B IPUPOAHUX BOAAX

BinbHi pagiukaau — XiMidHi YacCTUHKY (MOJIEKyIu abo aTOMHM), 110 Mic-
TATH OAUH ab0 KiTbKa HecllapeHUX eJIEKTPOHIB Ha 30BHIIIIHIM eleKTPOHHIM
060J10HIIi. BOHM BOJIOZIfOTH MTapaMarHeTU3MOM i BUCOKOIO PeaKIiiHO0 3/1aT-
HiCTIO.

BinbHi paguKaIu MOXYTh Oy TH KOPOTKOXKUBYUIUMU (TPUBAJIICTE YKUTTA —
YaCTKU CEKYH/IM) ab0 JOBTOXXUBYYUMHU ([0 IEKLTBKOX POKiB), HEUTPATbHUMU
a6o 3apsamKeHUMU, MaTy OAMH abo Giblile HeclapeHUX eIeKTPOHIB (HaIpu-
KJ1az, 6ipagukanu), OyTu TBEPAUMHU, PIAKMMU ab0 ra3onofiOHUMU PEYOBU-
Hamu. CTaGiTbHICTD BUIBPHUX PaJUKaJIiB BUSHAYAETHCS IMBUAKOCTIMH iX pe-
KoMObiHa1lii abo JUCTIPOTIOPITiOHYBaHHS.

3apoKeHHA paJuKaIbHOTO JIaHIloTa MOXXHA iHIIiI0BaTH [li€l0 Ha pevo-
BUHY KOPCTKUX YMOB (BHCOKi TeMIlepaTypH, eJleKTPOMarHiTHe 1 i0Hi3yBaJsb-
He BUIIPOMiHIOBAaHHA Ta iH.)

HecmapeHuti eJleKTPOH B paZiiKaiax IPUNHATO MO3HAYATH KPATIKOIO.
Hanpuknaz, rizpokcuiHuil pagukan nosHadawoTh ak HO®, pagukain nepox-
cuzy BogHio sk HOO® (HO,*), cymepokcugHuii ioH-pazukan — O, ~. Dopmy-
JI1 pagukaiiB etunosoro cnupry: CH;CH,0°; CH;*CHOH.

BinbHi paguKanu BiZirpatoTh BaXKJIUBY POJib y Gi3sMKO-XiMiYHUX TIepe-
TBOPEHHAX PEYOBUH Y IPUPOJHUX BOZAX, IO JIEXKATh B OCHOBI IPOIIECiB camMo-
OYMIIeHHs BOJHOTO cepeZioBUIla. Po3rsiHEMO NUIAXU YTBOPEHHS, BAAaCTH-
BOCTI i TepeTBOPEeHHs BUIbHUX PaZVKaIiB B IPUPOJHUX BOAAX.

IMoxomxeHHs IEPBUHHUX BiTbHUX PaZIUKaIiB

BizoMmo kinbka LUIAXIB OSBY BUIBHUX paIuKaJjiB B IPUPOJHUX BOAAX:

1) xatajiThyHe iHillifOBaHHS;

2) pO3YMHEHHS rasiB 3 aTMOcdepu;

3) pagianiiiHo-xiMiuHe iHillifOBaHHS;

4) OGiosoriu"a emicis;

5) kasitariiiHi epekTy;

6) doroximiuHe iHil[itOBaHHS.
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SIk mpaBWIO, B IPUPOAHUX BOAAX KATANITUYHE iHII[iFOBAHHA BUIBHUX pa-
JUKaJIiB [IOB’A3aHe 3 OZHOEJEeKTPOHHUM BiZIHOBJIEHHAM KHUCHIO i IEPOKCULY
BOJHIO. Y IPUPOJHUX BOJAaX iHilliaTopaMH peakilili yTBOpeHHA paJuKaJiB
CIIy’KaTh i0HU MiZli, XesmaTHi koMIuiekcu 3aiiza (1), fAKi yTBOpIOIOThCA B IIPU-
POZHUX BOZaX B pe3y/bTaTi Bi/JHOBJIeHHA riipokcuay 3aiiza (III). BizHoBto-
BaJIbHE cepeZloBUIIle CTBOPIOETHCA B TOMY BUIIQZKY, AKIIO Y BOAI IPUCYTHI
PEYOBUHU — BiJHOBHUKU (HAIPUKJIAJ, CipKOBO/IEHb, iOHU METAJIiB B HU3bKUM
CTyTIeHEM OKUCHEHHS).

A6copb11ist BOZOIO aKTUBHUX r'a3iB 3 aTMocdepy IPU3BOAUTD /10 ITOSIBU
B IPUPOAHUX Bozax paaukainiB HO®, HO®,, CH'; Ta iH. YuMm 6inbina peak-
IifiHa 3JaTHICTh PaJUKaJiB, TUM MeHIIIA [MTUOMHA IPOHUKHEHHS iX B TOBIILY
Bozau. Tak, pagukanu HO®, HO®, pearyBaTUMyTh JIMILIE B IOBEPXHEBOMY
mapi. 3a HaABHUMU OIiHKaMU, ITOTiK PaZAUKaIbHUX YaCTUHOK 3 aTMocdepu
BKpal HesHayHU. HabaraTto BayKJIMBILIY POJIb BiZlirpae po3YNHEHHS 030HY.
Y BOZIi 030H MIBUAKO MepexoguTh B O°,, MpUYOMYy Ipoliec Iei nmepebirae
yepes NMpOMikKHe yTBOPeHHA BiIbHUX pazukaaiB HO*,0°; 3a TaHIIOrOBUM
MexaHi3MoM. IIIBUAKiCTb YTBOPEHHS paZuKaiB MPU PO3YUHEHHI 030HY Oy-
Jle BU3HaYaTHUCA MIBUAKICTIO i1 HaZAX0ZKeHHA y BOHe cepefoBullie. L1a mBuz-
KicTh TUM BUIa, YUM BHUINUH BMicT O5 B aTMocdepi, IKUil MOXXe BapitoBa-
TUCA B LIMPOKUX MeXXax.

3 iHIMX Ta3iB B iHillifOBaHHI paZuKasIiB Moxe 6paTu yuactb NO,, 31aT-
HUM 3a6UpaTH eJIEKTPOH Bif 0HOPIB, 30KpeMa Bizx H,0,.

Y 3BUYaliHUX yMoBax (6e3 mpuMycoBOTro 30iIbIeHHA MTOTOKY O3, NO, y
BOZIHE cepelloBUIIle) IIBU/KICTD iHil[ilOBaHHA paJUKaJsiB 3a paXyHOK PO34U-
HeHHA aKTUBHUX ra3iB BiJHOCHO MaJia.

PagianiiiHe iHiLlifoBaHHS 3a BiZICYTHOCTI pazialliiiHoro 3abpyaHeHHs
BOJHOT'O CEPeZIOBUINA 3iMCHIOETHCA TiJ] Ii€F0 TIPUPOJHOTO PaZlioaKTUBHOTO
¢doHy (KOCMIYHMX MPOMEHIB, IO JOCATAIOTH TOBEPXHI 3eMJIi, a TAKOX MpHU
posmazi IpPUPOAHUX paZioaKTUBHUX i30TOIIiB, 30kpeMa 40K).

[IBUAKICTh YTBOPEHHS PAAUKAJIIB i/ Ai€l0 TPUPOAHUX GAKTOPIB AyKe
Masia. Y TOH Ke Jac IIpH paialiiiHoMy 3a0pyAHeHHi ITBUAKICTD iHII[iFOBaHHSA
BUIBHUX paZIUKaJiB Pi3KO 3pOCTaE.

BrivB paZiioakTUBHOI'O BUIIPOMiHIOBAHHA CIIPAMOBAHUH, B IIepILy 4ep-
Iy, Ha BOJY i IIPU3BOJUTH IO YTBOPEHHS LIUIOT0 HAO0pY aKTUBHMUX i CTAOLTBHIX
MIPOMIXKHUX YaCTUHOK:

H,0—=21,HO", H, ¢, H,0,, H, .

B aepobHmX ymoBax yacTUHKU H, & B3aemozitoTh 3 O, 3 yTBOPEHHAM
pazukanis — HO,®, O,°~. ®akTUYHO MpU pajliosi3i OKCUTreHOBaHOI BOJYU B
HEUTpaJbHOMY CepeZoBHUIIL BifOyBaeTbcs reHeparig HO® 1 0,

o, B, 0O
HZOT)HO’ 02

2
[IBuzKicTh iHiLliTOBaHHA paZMKaliB BU3HAYAETHCS TOIVIMHEHOIO 03010
Ta pafialliiHUM BUXO/IOM: KiTbKicTIO yacTUHOK Ha 100 eB nornHeHoi eHep-
rii. Pagianitinuii Buxig g1 HO® i O,°~ pagukaitiB JopiBHIOE 3.
BiosioriuHa eMicist BiTbHUX paguKaliB — MaJIOBUBUYEHE siBUIIE. Bizomi
TIPUKJIAZY YTBOPeHHs: pasukana O,°~ 1eSKMMU BUaMU OpTraHi3aMiB (MaKpo-
daramwu). IpyHTOBI rpubu BUALIAIOTE ofHOoYacHo H,0, i kaTanizarop, mpu
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B3a€EMOZIii 3 IKUM B CEPEZOBUII YTBOPIOIOThCsA pazukanu HO*. Taki rpubu
6epyThb yyacTb y pyinyBanHi jgiruiny, AT ta iH. [leski rpyHToBi 6akTepil
(miTpo3oMoHacu) BUAUIAIOTE pagukas NO* B xozi okucHeHHs NHj.

Y mpupogHOMY BOZHOMY CEPeIOBUII YTBOPEHHS PAINKAiB 32 PAXyHOK
6i0JIOTIYHUX MTPOIIECIB BiIOYBaETHCS OTIOCEPEIKOBAHO Yepe3 MIPOIECH YTBOPEH-
Hs i pyliHyBaHHSA Mepokcuay BogHo. [Topsiz 3 posknazanuam H,O, BHyTpiII-
HbOBOZIHEBUI KPYroo0ir MEPOKCHU/Y BOJHIO OXOIUTIOE PEAKIlil OKMCHEHHS Op-
raHIYHUX CyOCTPATiB, a TAKOXK abioTUYHI KaTamiThyHi i poToximMiyHi mporecy,
110 CYTIPOBO/KYIOTHCSI YTBOPEHHSIM PEAKI[INHO3aTHUX YaCTUHOK.

AGioTHYHI MpoIlecu KaTaJiTUYHOIO PO3KIaZlaHHA MePOKCU/Y BOAHIO 3
YTBOPEHHSIM BiTbHUX paZiMKaliB B IPUPOAHUX BoZax mepebiraoTh BKpak
noBinbHO. [Ipu nbomy posnazaersest 10-50 % mepokcuy BOAHIO.

BcTaHOBIEHO, 1110 BOZOPOCTi CTUMYJIIOIOTh PaZiIMKaibHi IIPOIecy B IIpU-
POZHOMY BOZHOMY CcepeZIoBUIIi. BOHU B Ipolieci CBOEL XXUTTEAIANTBHOCTI yTBO-
PIOIOTh PEYOBUHU BiZIHOBHOI IPUPOZIM HE TLIBKU Ti, AKi 6€PYyTh y4acTh Y BHY-
TPIIIHBOKJIITUHHUX OKUCHO-BiITHOBHUX IIPOIlecax, a i Taxi, AKi BUALIAIOTHCA
B 30BHIIITHE CepeIOBUIIE, HIIIFOI0YN MTO3aKJIITUHHI MPOI[eC PaINKATbHOTO
OKUCHEHHS PO3YMHEHUX Y BO/i pedoBHH. Lle mpoifec HEmpsiMoro 6ioreHHOTo
iHiI[ifOBaHHS BUIBHUX paJUKaIiB.

Y npuposHUX BOZAAX BOAOPOCTI MPOAYKYIOTh B 30BHIIITHE CEpeOBUIIE
peuyoBUHU — BifHOBHUKHU (DH,), AKi B mpucyTHOCTi H,0, CIPUAIOTH YTBOPEH-
HIO BUTBHUX TiZIPOKCUHUX PAJUKAIiB, B3AEMOZII0OYM 3 ioHaMU MiZi (kaTasti-
3aTOPU PeZIOKC-TIPOIIECIB).

3arasibHa cxema 6i0TeHHOTO iHil[iF0BaHHS paANKaJIbHUX IIPOIIECIB cCAMO-
OUMINEHHS MOXKe OyTH IIpe/icTaBlieHa y BUTVIA/L

6iora

/

H,0, +DH, —““/M" 1o

N/

abioTryHi
[oKepena

Y 1i#i cxeMi He BpaxoBY€eThCH, IO BifHOBHUK DH,, AKUI MPOAYKYEThCA
6i0TO10, MOXXe 6paTH yIacTh B iHIINX ITPOI[eCaX OKUCHEHHS, 30KpeMa OKHUCHIO-
BaTucA KucHeM. He BpaxoByeTbCA TaKoXK, 1110 IEPOKCH/, BOAHIO MOXKe B3a€MO-
JiATH 3 iHITMMU KOMIIOHEHTaMU CepeJIOBUINA, a TAKOXK pyHHYyBaTHCA 32 KaTa-
JII3HUM MeXaHi3MOM.

B aKocTi KaTaxizaTopiB MOXyTh OpaTy y4acTb i0HM METaJiB 3MiHHOI Ba-
JIEHTHOCTI. fIKIII0 ¥ BozZi mocTitHO npucyTtHint H,O, (quB. po3zin 1.2.3.3), To
IIBU/KICTD iHIiLliFOBAaHHA paZiiKaJjiB BUSHAYaTUMeTbhCS NIBU/KICTIO BULIEHHSA
DH, B 30BHillTHE cepeioBuIIe. BiTHOBHMKYM MOXYTh yTBOPIOBATHUCA i B AIKOC-
Ti IPOMIXKHUX MPOAYKTIB TpaHchopMallii pe4oBUH, SAKi caMi BiIHOBHUMU
BJIACTUBOCTSIMU He BOJIOZIIOTb.

Hanpukiag, Tpancdopmallis BUHHOI KUCIOTU CYIPOBOAKYETHCS YTBO-
PEHHAM JUTIAPOKCUPYMAPOBOi KMCJIOTH, KA MA€ CKPABO BUPAXKEHI Bijl-
HOBHI BJIACTHUBOCTI.
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Kasitaniiini epexTu. Y TOBIIi IPpUPOJHUX BOZ MIPUCYTHI CBOT'O POAY
“xmapu” 3 MiKpOITyXHUPIIiB Ia30Boi a3y po3aMipom 1-10 MKM, TOBEPXHS AKUX
MIOKPUTA HAUTOHIIOIO IUIiBKOIO IIOBEPXHEBO-aKTUBHUX PEUYOBUH.

Y 3BHYalHUX YMOBAaX 9acTKa BUIBHOTO ra3y B IPUPOJHUX BOJAX Y IIO-
PiBHAHHI 3 pO3UMHEHUM ra30M CTAaHOBUTS Jiuiire 10~°. OfHaK Mpu 3MiHi yMOB
(TemnepaTypa, IBUAKICTDb PyXy, Gi3WYHi BIUIMBU) 11 YaCTKa MOXKe [JOCATATH
102 . IIpu 1IpOMY HIOBEPXHS PO3ZLTy ra3 — BOJA Y BOZHOMY CepeOBUIIN 3a
paxyHOK Oynb6aliok rasy Moxe 36ilIblryBaTHCsA Ha 6araTo MopszKiB. BHa-
CITiZIOK BEJUKOI IIBUAKOCTI PyXy ra3oBUX Oynb0aIIoK 3/iliCHIOEThCSA iHTEH-
CHUBHUM 00MiH rasiB Mi>k BOZHOIO Ta ra30Boi0 dazaMu.

[Tpouecu “cxyomyBaHHa” 6yap6aIoOK (KaBiTallil) XapaKTepU3yIOThCs BU-
COKMMU €HepPreTUYHUMU XapaKTePUCTUKaMU (depe3 BeIUKY ITOBEPXHIO Billb-
HOi eHeprii).

02.7 + H20 = HOQ‘ + OH_ == HO. + O + OH_

Y MOMEHT “cxjionyBaHHA” BUHUKAIOTh BETMKUN iIMITy/IbCHUM TUCK, €JIeK-
TPUYHI pO3psAaH, BilOyBalOThCs i0HI3aIlisT YaCTUHOK i PO3PUB XiMiYHUX 3B’3-
kiB. KopoTkouacHi nepemnazy TUCKY AocATatoTh AecATKiB MIla, BUHUKAIOTh
BEJIUKi I'PaZlieHTH eJIeKTPUYHOIO MOJIA.

HasBHicTIO B IpUPOAHUX BOJaX eIeKTPUYHO-3aPAAKEHUX MiKPOILyXUP-
1IiB rasy IIOACHIOIOTbCA He3BUYalHi BJIaCTUBOCTI TaK 3BaHOI oMarHiuyeHoi
Bozu. CpaBa B TOMY, 1[0 PyX IIPUPOAHOI BOAU, HACHYEHOI MiKpoOyIpbari-
KaMH, B eJIEKTPOMAarHiTHOMY TI0JIi TPUBOJAUTH /10 iHTeHCcHdiKallii mporeciB
“cxyomyBaHHA” i po3puBY Oy/IbOAIIOK, 1[0 CYTIPOBOKYIOTbCS YTBOPEHHAM
BUIbHUX paZUKaJIiB Ta iHITUX aKTUBHUX YaCTUHOK. Hal6inbIi mopyIeHHs
$i3uKO-XiMiYHUX BIACTUBOCTEH BOAHUX CHCTEM BiZIOyBaOThCS B yMOBAX TYP-
OyJIEHTHOTO PEXXUMY Tedii i HasBHOCTI HEOAHOPIZHOTO MarHiTHOTO TOJIA.
JluHaMigyHUH, HeCTalliOHADHUU XapaKTep MPUPOAHOI BOAY IPU3BOAUTH /10
6e3mepepBHOI reHepailii eJIeKTPUIHUX i MAaTHITHUX TIOJIiB, TOCTIHOTO ITepe-
PO3MOALTY 06’eMHUX 3aps/iB Mac BOAU.

YTBOpeHHS BiTbHUX pagukainiB HO® B pe3ynbraTi KaBiTamiiHUX e(eKTiB
6yJ10 TOBEZIEHO IpU BUBYEHHI IIPUYMH CBITiHHS BOZHOTO CEpeZOBUIIA 03epa
Baiikas. 3a [OIOMOI0I0 YyTIUBUX GOTOMMOMHOXYBaUiB OY/I0 BUABJIEHO CBi-
TiHHA 3 MaKCUMyMOM Ha rmubusi 50-75 M. “HociaMu” cBiTiHHA BUABUINCA
Mikponyxupi rasy. [Ipu ix cxyionyBaHHi yTBopIotoThes pasukanu OH®. B3a-
emozisa HO® 3 po3unHeHUMU y BOZI OpraHiuyHMMU Pe4OBHHAMU IIPUBOJUTD
[10 YTBOPEHHS BTOPUHHUX PaIMKaJiB, YaCTHHA 3 AKUX PEKOMOIHYEThCSA 3 BU-
JIIEeHHAM KBaHTa CBiTJa.

Kagirtaritini edpekTH i iX posib y paZiIlKaabHOMY OKUCHEHHI Pi3HUX 3a-
OpyAHIOBAJIBHUX PEYOBUH HANOLIbII iCTOTHI B OKEaHIYHUX i MOPCHKUX BOZAX,
JUT TIMOOKOBOZHUX MPiCHUX BOJOUM.

Y npupoAHux Bozax HaGUIbIN IIMPOKO MpecTaBieHi peakilii poToXi-
MiYHOTO iHil[iFOBaHHA BITbHUX PAZIMKaJIiB Tif Zli€l0 COHIYHOro Y®-BUMIPO-
MiHIOBaHHS.

YTBOpEeHHs pafIuKaJliB IIPU IIbOMY CKJIQJA€THCA 3 IeKIIbKOX MeXaHi3MiB.

1. ToMmoreHHe po3lIeIIeHHd 3B 3Ky € eQeKTUBHUM KaHaJIOM iHiIlifo-
BaHHA paUKaJiB, SKIIO KBAHTOBUN BUXiJ IIPU [ii COHAYHOT'O BUIIPOMiHIO-
BaHHA nepesuye 0,1. Ile peaktiii Tumy:
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— BifIeIUIeHHS MOJIEKYJI FaJIoTeHy B FaJIOTeHOBUX BYIJIEBOAHIX:
R-X— R +X".

— PO3pUB 3B’A3Ky B HITPOKCUJIBHUX CIIOTYKaX:

RONO — RO*® + NO.
— PO3pPUB 3B’A3KY B IEPOKCUJHUX CIIOTYKaX:

0, + H* + OH = H,0,= 2HO".

— BuzineHHsa N, 3 a30CIOIyK:

RN =NR — R+ N,.

2. IlepeHeceHHA 3apany. PoToxiMiuHi peakilii mepeHOCEHHA 3apALy
HaMOUIbII iCTOTHI A/ KOMILIEKCIB 3asIi3a:

FeOH2+ — Fe2+ + HO",
a TaKOXK /I AeIKNUX KOMIUIEKCIB Mizi:
CuXt — Cu* + X,

ne X — Cl, Br, I Ta i jirasgu.

YTBOpeHH: paZiiKajiB MOXJIUBE B pe3y/IbTaTi B3a€MO/ii COHAYHOTI'O CBIT-
Jia Ha MOJIEKY/IIpHI KOMILIEKCU IlepeHeCceHHA 3apA/y, HallpUKJIaz Ipu elek-
TPOHHOMY IepeHeceHHi B KoMIuiekci O, 3 6apBHUKOM T:

T+0, < TO, ——(T0,)* - T" +0}
Zle hv — nepeHeceHHs 3Heprii 3 BizpuBoM H.

3. doroenekTpoHHe IlepeHeceHHs. PoToeNIeKTPOHHE IepeHOCEHHH 10-
CUTB IIOLIMPEHUN B IPUPOAHBIX BOJaX:

T T +e[—2-05].

Y npoMy BUMAAKYy HapTHepoM D 3a JOHOPHO-aKIENITOPHUM 3B’sI3KOM
CJIyTye MOJIEKYJIa BOAU. Y peakilisx GpoTOeJIeKTPOHHOI'0 TIepeHOCEHH TaKOX
6epyThb y4acTh QyJIbBOKUCIOTH.

doToeneKTpoHHE epeHeCceHHs 3/[iINCHIOEThCS Ha IesTKUX MiKporeTepo-
reHHHUX OKCHZIaX 32 TUIIOM HaliBIIPOBIIHUKOBOTO MeXaHi3My — 3a PaXyHOK
TepeKu/IaHHsA eJIEKTPOHA B 30HY IIPOBIZHOCTI:

TiO, —Y—TiO; +&|—%=—0; |.

4. Yepe3 IpOMi:KKOBi yTBOPEHHS €JIEKTPOHHO-30y/>KEHIX YaCTOK.
3arasibHa cxeMa peakliii 3a y4acTio eJIeKTPOHHO-30Y/)KEHIX YaCTOK MOXKE
OyTH pe/CTaBleHa Y BUIVISL:

T T %05

OKHCHEHHS
cyb6erpariB-zoHopiB H (RH)

HO, 2% —TH+R —% R0,
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B3aeMozisl TpUIUIETHOI-30yKeHOi YaCTUHKY T* 3 PO3YNHEHUMU PeYO-
BUHaMH MOXKe CYIIPOBO/)KYBAaTHUCS IIepeHeceHHAM eHeprii 3 BigpuBoMm H a6o
IlepeHeCceHHAM eJIeKTPOHa.

[TincymoByt0UY PO3IJISTHYTI IUIAXY YTBOPEHHSA BUTBHUX PAJUKAJIIB B IIPU-
POJHUX BOZaX, MOKHA BiZI3HAUYUTH, 1110 [TOPAZ i3 CUHIVIETHUM KHMCHEM B AKOC-
Ti peakLilfHO3ZJaTHUX YaCTUHOK YTBOPIOIOThCA pagukanu O,° ", HO®. ¥V pazi
BUIIQ/IKiB MOXXJIMBE YTBOPEHHSA TaKOXK aJKUTbHUX pafuKaiiB R, 1m0 miBUAKO
Iepexo/ATh B MaJopeaKIiiHO3aTHI ankiinepokcuini pagukanu RO,. Kpim
TOr'0, MOXKJIIBE YTBOPEHHA aJIKOKCUIbHUX paZukaitiB RO, aHioH-pazuKatiB
BiZiHOBHOI npupoau D Ta iHIIKUX MEeHII 3HAaUyIIUX OPraHiuYHUX BUIBHUX paju-
KaJIiB.

OcobsiiBa poJib y paJuKaJbHUX IIpOliecax OKMCHEHHS Y BOZHUX cepe-
JOBUILAX HaJIEeXKUTh pagukanam O,°~, HO".

BnactruBocrti pagukanis O,", HO*~
Pagukan O,"~ Ma€ JBOSKY peakiliiHy 3aTHICTh, TOOTO IK OKUCHI, TaK i
BigHOBHI BiacTuBocTi. Hati6inbin xapakTepHi peakriii O,°
1) B3aeMofis 3 ioHaMHU MeTaJIiB 3MiHHOI BaJIeHTHOCTI;
2) 4K akmenTopa aToma H B peakiifix 3 JoHOpaMu BOJHIO;
3) sK J0HOpA eJeKTPOHA B PeaKIlifgX 3 OKUCHUKAMU;
4) pucmyTanisa (ZUCTPOTOPIIIOHYBAaHHA);
5) yTBOpeHHA rifpokcugHoro pasukana HO".
CyKymHiCTb mpolieciB yTBopeHH i 3arubeti O,* ~ MPU3BOJUTD JI0 CTaI[iOHAP-
HOI KOHIIeHTpallii I[bOro paZiiKaia B IPUPOAHUX BoAax Ha piHi 10-8—10-° M.
Haii6inpi edpexTrBHO pagukamy O,° ~ B3aEMOZIIOTh B HEUTPATbHIX BOJ-
HUX PO3YMHAX 3 iOHaMU Mifi:
0,"+ Cu?* — Cu0,* — Cu™ + O,,
0,"” + Cut + 2H* — Cu?* + H,0,.

KoHCTaHTH MBUAKOCTI IUX peakKIlii 6;u3bKi 10 Andy3iitHux. PakTUIHO
B IIUX PEaKIifixX i0HU Mi/li € KaTali3aTopaMu AUCIIPOIIOPIIIOHYBAHHS TEPOK-
CUZTHUX paJuKaJiB.

Sk aknenTop H 1ieii pagukan ebeKTUBHO B3aEMOZIE 3 TAKUMHU JOHOPAMH,
SIK COJTi aCKOPBIiHOBOI KMCJIOTH, TiAPOXiHOH, GEHOMH, AesdKi aMiHu:

0, "+ DH — HO?" 4+ D*".
B peaxkuisx 3 okvicHUKaMu A pagukai O,"~ 6epe y4acTb SIK JOHOD eTeKTPOHa:
O, "+A—=0,+A".
Haiibinpur xapakTepHi peakiiii 3 OKCUZIaMH a30Ty:

02.7 + NOZ g N027 + 02,
0,4+ NO — NO, + O,
0,""+ NO — NO;".
[Topsaz 3 ocTaHHBOIO peakiiieto /1o yrBopeHHsa HO-pasukaiB IpUBOAUTD
B3aemozisa O,°~ 3 HyO,:

0,"” + H,0, — 0, + 2 HO".
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KoncraHTa mBuzKOCTi Liei peakiii HeBesnKa, oZHaK BOHA MOKe KaTa-
JIi3yBaTHUCA iOHAMU MeTalliB, 30KpeMa ioHaMU Mifi.

OzHa 3 OCHOBHUX peakIliil cCymepoKCUIHUX i0H-pajuKaldiB — iXHA
AUCMYTAIlif:

0,'" + 0,"” + 2H* — O, + H,0,.

Lla peaxkriisd 3a BiicyTHOCTI KaTaxizaTopiB B3arasi He BigoyBaeTbcs. Edek-
TUBHA KOHCTaHTAa UIBUJAKOCTI ucMyTallii O,° ~ 3a1exxuTh Bifi pH cepezoBuina.

V 6ionoriyHmx cucTeMax AuCMyTallist pagukamiis O, ~ KaTasmizyeTbes dep-
MEHTOM CyTIepOKCUALVNCMYTa3010.

Pagukamu HO® — HalbinbII peakiitHO34aTHI OKUCHUKY B IPUPOJHOMY
BoAHOMY cepezoBuiLi. Yac )kutTa pagukana HO* B mpupoiHUX BoZaxX BU3HA-
YaETHCA YIACTIO KO0 B PeakIlifgx 3 pPO3YNHEHUMU OPTaHiYHUMHY i HEOpTaHid-
HMMM pedoBHHAMU: BiipuB H Biz opraHiuHUX CIOIYK:

HO'+ RH — R* + H,0,
— IpUEAHAHHS 32 KPaTHUM 3B’SI3KOM:
HO* + CH, = CH, — *CH, - CH,- OH,
— IepeHeCceHHs eJIeKTPOHA:

HO" + NO; — NO, + OH-.

B pe3ysbTarTi CyKyIHOCTI POo1ieciB yTBOpeHH i 3arubesi pagukanis HO*
cTaljioHapHa KOHILIEHTPalid iX B IPUPOAHUX BOJax 3MiHIOEThCA B MexKax
10-15-10"Y™monn/aM3.

Y 3aranpHoMy Bunazxy HO® BzaeMozie 3 yciMa po3uMHEHUMH Y BOAI Op-
TraHiYHMMU i HEOPTaHIiYHUMU pedyoBUHaMU. [Ipu 11boMy B cepeZloBUIIIi YTBO-
PIOIOThCA BTOPUHHI BiJIbHI pa/luKay, YaCcTHUHA 3 IKUX MO3Ke IPU3BOAUTH /10
pereHepatii HO® 3a paxyHOK HaCcTyIIHUX IIepeTBOPeHb 3a y4acTIo i0HiB MeTa-
niB (Mmigi), Og, HyOy 1 T. A1

YTBOpeHH4 i BJIacTUBOCTi OpraHiyHUX BiTbHUX paZuKajliB

OpraHiuHi BiTbHI paiuKaay yTBOPIOIOTHCA B HABKOJUIITHBOMY IIPUPOJ-
HOMY CepeZIOBUIIY B OCHOBHOMY B pe3y/IbTaTi BTOPUHHUX MpoljeciB. Opra-
HiYHi BUTBHI pafilKaayu MaloTh IUPOKUH CIIEKTP BJIACTUBOCTEH i peaKIiiHy
3/IaTHICTh, TOMY iX OI[ITbHO PO3IVIAZATU B 3araJlbHOMY BUIVISI 3 LIOCTpalli-
€10 TUX YU {HIIUX 0COBIMBOCTEN Ha KOHKPETHUX IIPUKJIaZaX.

HecmapeHu# e1IeKTPOH B OPTaHIYHUX BiITBHUX pajuKaiax Moxke OyTu
JIokaizoBanuii Ha atoMax C, N, O abo ZieJIoKkali30BaHUI 38 CUCTEMOIO CIIO-
JIy9eHUX 3B’A3KiB. UMM GiTBIIOI0 MipOIO BiH ZleJIOKaTi30BaHUI Ha MOJIEKYJISIP-
HUX OpOiTaIAX, TUM MEHII PEAKI[IMHO 3aTHUH BiATIOBIIHUI paZnKal.

3a peakIiltHOI 3[aTHOCTI OpPTaHiuHi paZuKalu MOXHA MOJUINTH Ha pa-
JIVKaJI1 — OKUCHUKU R,,°, BIZHOBHUKU R, ", B TOMY YHCJIi JOHOPU efleKTpoHa D,
i Ha pafiuKaiy, 1[0 BOJIOAIIOTh i OKUCHUMHM, i BiIHOBHUMU BJIaCTUBOCTIMU,
TOOTO R, .. TaKuMii OALT Ma€e AKiICHUN XapaKTep, OCKITbKYU OKUCHI abo Biz-
HOBHI BJIACTUBOCTI Ti€i YM iHIIIOi YaCTUHKU BU3HAYAIOTHCSA IPUPO/OI0 TTApT-
Hepa IIo peaxkllii.

[TepestiurMo HaMOLIBII XapaKTePHi peakilil OpraHiYHUX BUIBHUX PaJMKaIiB:

1. PexoMO6iHarlis i AUCIPOOPIIitOBaHHS:

2R* — HepaaukaabHi IPOAYKTH.
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3ayeXXHO BiZi Mpupoau R* KOHCTaHTH MIBUAKOCTI peKOMOiHaIlil BiZipi3Hs-
I0TbCS Ha 6araTo mopsAAKiB. Ha6inbuimMu KOHCTaHTaMU MIBUAKOCTI PEKOM-
GiHarlii xapaKTepu3yoThCA adKiIbHI pauKalu R*, TOTiM aJKoKcuIbHI RO® i
rizponepoxcuzni RO,*

2. Bizpus atoma H pagukanaMu-OKMCHUKAMU BiJl iHITUX OpraHiuHUX
MOJIEKYJI 3 YTBOPEHHSIM, K IIPABWIO, MEHII PeaKI[iHHO3/IJaTHUX PaIKaJiB:

/ / /
R, +H—C—R, — RH+'C—R,,, (abo 'C-R,,)
\ \ \

[TocnioBHICTh TaKUX peakiliii MPUBOAUTH /10 TOCTYIIOBOT'O 3HMKEHHS
peakIIiiiHoOi 37aTHOCTi BTOPUHHUX paJUKaJiB aX 10 YTBOPEHH: cTabintizoBa-
HUX pafiuKatiB abo ix pekoMbGiHaIIii.

3. [lpueanaHHA 32 KPaTHUM 3B I3KOM:

\ o\ \ o\
R}, +'C=C—R, —» Rj—C—C"— monimepusauisa
/1
Ro(or)z

Peax1iii Takoro TUITy HalOiMbII MONIMPEH] B IIpoIiecax mojiMepusartii
BiHUJIOBUX MOHOMEDIB.
4. [lepeHeceHHs IIPOTOHA:

R, +DH-—RH +D"",
R, +M" + H* — RH + M?2%,
R+ M?* — M* + P, (IpOAYKT BiZHOBIEHHS).

PeaxiIii TaKoro TUITy HalOUTBIN XapaKTepHi MpY HAABHOCTI ¥ BOAHOMY ce-
peZoBUILi i0HIB MeTasliB 3MiHHOI BaJIeHTHOCTI, IOHOPIB efleKTpoHa (atoma H) i
okucHUKiB (0,, H,0,).

5. MOHOMOJIEKY/ISIpHi TTeEpeTBOPEHHS: i3oMepu3ariis (H-3cyB); dparmeH-
Ta1is (po3puB 3B’A3KY) ; BHYTPIIITHbOMOJIEKYIAPHUI ITepepO3I0/is eJIeKTPOH-
HOI TycTUHU (K IPaBWIO, [eIoKasi3allisf eleKTpoHa). B 3arasbHOMY BUTVISA]
BCi IIi MTepeTBOPEHHS MOXKHA ITPEICTABUTH SIK Iepexi/ OilbII peakIiiHO31aT-
HOT'O CTaHy B MeHII peaKI[iitHO3ZaTHUM:

Ro' - Ror. (Rr.)'

Jlo IIbOT0 )X TUITY peakKlliii HaJeXaTh PO3KPUTTA a00 3aMUKaHHA KibIld,
IUCTpaHC — i30MepH3allisi, peakilii JeKkapOOKCHUIIOBaHHS paJuKaliB i iH.

Y aepobHOMY cepeZOBUII aKiIbHI pafuKaIl B3a€EMOZIIOTh 3 O, 3 YTBO-
PEHHSAM aJKUIIepOKCUIHUX paJiuKaliB. PafuKanu-oKUCHUKY 3 JIOKaJli3allieto
HecIlapeHOTo ejlekTpoHa Ha aTomax N, O B pe3y/bTaTi HoJabIInX IIePETBO-
PEHb YTBOPIOKOTH ab0 cTabinizoBaHi, abo anKibHI paguKamu, TOOTO B KiHIle-
BOMY paxyHKY IlepeTBOpeHHA BTOPMHHHUX OPraHiYHUX BUIBHUX pPaJUKaiB
MIPU3BOJATH 0 YTBOPEHHA a00 cTabili30BaHUX paZUKaIiB, ab0 aIKiIIIepoK-
CUAHUX pajgukanis RO," .

BuBUeHHs IPOIIECiB, IO BiZOYBAIOTHCA B MPUPOAHUX BOZAAX 3@ YYACTIO
BUIBHUX paZiUKaliB, JO3BOJIMIO 3DO3YMITH MeXaHi3M JesKUX MPOoIeciB OYn-
IIeHHA CTiYHUX BoJ,. Tak, HallpUKJ/aJ, BCTAHOBJIEHO, 1[0 NOUIMPEHH iHTeH-
CHBHUX Y/IbTPa3BYKOBUX XBUJIb Y CTiUHilM BOJi BUKJIUKAE ABUIe KaBiTallii,
fIKa 3HAYHO MiZIBUIIYE CTYIIiHb PO3KJIaLy MOJIEKYJ OKHUCHUKA, CTUMY/IIOI0UN
YTBOPEHHS BUIBHUX paZukaiiB. KpiM Toro, BHacIi/Jok BUHUKHEHHSA MiKpoO-
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TypOyJIEHTHOCTI, IO CYTIPOBOKYE YIBTPA3BYKOBE BUIPOMIHIOBAHHS, IPU-
CKOPIOEThCA Ilepexis 030Hy 3 ra30Boi ¢pa3y B pO3UMHEHNUN CTaH.

[Tpu ogHOYAaCHOMY O30HYBaHHI Ta yabTpadioseTOBOMy OIPOMiHEHHi
BOZU IIPHUCKOPIOEThCA YTBOPeHH: pazukaitis HO®. [1py nboMy 3HaYHO 3pOCTa€
IIBU/IKICTh OKVMCHEHHS CITUPTIiB, XJIOPIOXiJTHUX Ta iHIINX OPraHiYHUX CIIOIYK.
[pu ge3indexuii Ay:xe 3a6pyJHEHUX CTIYHUX BOJ MOEJHAHE 3aCTOCYBAHHSA
030HYBaHHS U yIbTPadioneTOBOro OIPOMiHEHHS 03BOJISIE IOMOT'TUCS ebeK-
TUBHOCTI, 110 B 1000 pasiB nepeBulye epeKTUBHICTb 3aCTOCYBaHHA OZHOTO
030HYBaHHA.

OfHi€ro 3 albTEepHATUB XJIOPYBAHHIO B TEXHOJIOTIUHIN cXxeMi OUUIleHHS
CTIYHUX BOJ, € 3aCTOCYyBaHHA yIbTpadioseTOBUX IPOMEHIB, 1110 He IPU3BOAUTD
JI0 YTBOPEHHS IIKiZJTMBUX JJIA 3/J0POB’S XIMiYHUX CIOJIYK, BO/A ITiC/A Zie3iH-
¢dexkuii He Mae TOKCMYHOTO BIUIMBY Ha BOJHI opraHisamu. [Ipu 1ipoMy mopsz 3
6axTeprUIAHNM edeKTOM criocTepiraeTbesa eeKT OKUCHOTO BIUIUBY. MexaHizm
TAKOT'0 BIUIUBY IOJIATA€ B YTBOPEHHI BUTPHUX PAZIMKAIB i IEPOKCU/Y BOAHIO
mpu ¢oTosisi. Posnaz nepokcrzy BOAHIO B CTiUHiM BoAi CyIIpOBOMKY€EThCA YTBO-
PEHHAM BTOPMHHUX BUIBHUX paJKaliB, 3aTy4eHHAM KUCHIO i PO3YMHEHUX Y
BOZIi iOHiB MeTaJIiB y Ipolieci OKMCHEHHS 3a0pyIHIOBaIbHUX PEYOBHH.

BuBueHHsA MexaHi3My XJIOpyBaHHA BOAY [TOKA3aJIo, 10 3a YIacTIO KaTa-
Jli3aTOpiB — MeTasiB 3i 3MiHHOIO BaJIEHTHICTIO — BiZI0YBa€TbCsA YTBOPEHHS
IIPOMIXKHOT'O aKTHBOBAHOT'O KOMILIEKCY, IKUH 3a6e31edye I1epepo3Iozi eHep-
rii XiMiYHUX 3B’A3KiB ¥ MOJIEKY/IaX XJIOPHYBAaTUCTOI KUCJIOTH i FiOXJIOPUZ-
iOHa, 1[0 OZTHOYACHO IIPUCYTHI V BOJI:

K + HCIO + CIO-— ClO* + ClO* + Ht + K,

e K— 3HaueHHs KaTasizaTopa.

[Ticna posnazy KOMIUIEKCY i BUXOZY 3 HbOT'O KaTaslisaTopa 3aMiCTb BU-
xiguux dpopwm aktuBHoro xyopy (HOCL, ClO-) 3’aBas10ThCS peaKIiitHOAKTUB-
Hi paJuKaiu, sKi 6epyTh y4acThb B peakiiii yTBOpeHHs HaH6iIbII CHIBHOTO
OKHCHUKA, aTOMapHOT'0 KMCHIO i TiI[POKCUHOTO pajuKana. Peakiiia mpoxo-
JUTD B JIy?KHOMY CepeZlOBUIIIi:

ClO* + CIO* + OH- — 20 + 2CI-+ HO".

[Tpu B3aemogii ripokcuzHoro paaukasa HO® 3 OKUCHIOBAJIbHUMMU pe-
YOBUHAMHM YTBOPIOIOTHCS HETOKCUYHI MPOAYKTH.

MexaHi3M OKHCHEHHS 3a0pyJAHIOBAJbHUX PEYOBUH KHUCHEM IMOBITpS
BKJIIOYAE KiZbKa MOCIiJOBHUX CTYIEHIB 3 YTBOPEHHAM XiMi4YHO aKTUBHUX
KHUCHEBMICHUX PaJUKasliB. PO3MIAHEMO K TPUKJIAZ, OKUCHEHHS IBOBAJIEHT-
HOT0 3ai3a B TPUBaJIEHTHE.

CyMapHe piBHAHHSA peakIlii Mae BUIJIAL:

4Fe2* + O, + 2H,0 <> 4Fe3+ + 40H-.
Ale IIponec OKMCHEHHA IIPOXOAUTD ITIOETAIIHO!:

1) Fe?* + O, <> Fe3t 4+ 0,°7;
2) 0,"” + H* «» HO,";
3) Fe?* + HO," «» Fe3* + HO,~;
4) HOy + H* > H,0,;
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5) Fe2* + H,0, < Fe3* + OH- + HO";
6) Fe2* + HO® « Fe3* + OH;
7) 2H,0 « 2H* + 20H".

Takum YMHOM, IIpOLieC OKMCHEHH: ABOBaJEHTHOIO 3a1i3a MOJIEKY/IAPHUM
KHCHEM BKJII0Ya€ yTBOPEHH:A J0AATKOBUX OKMCHUKIB (BIIBHUX paJyKaJliB
HO,* Ta HO®, a Tako:x IepOKCUZy BOAHIO).

OpHUM 3 Han6TbII e(PEKTUBHUX OKUCHUKIB € MTepOKCU BOAHI0. ChOTOI-
Hi 10 25 % BUPOBIEHOTO Y CBiTi IEPOKCUAY BOAHIO BUTPAYAETHCSI Ha 06p06-
KY BOZU.

[Tpu po3k1azaHHi TepPOKCUAY BOAHIO YTBOPIOETHCA KMCEHb 1 BUZIAETD-
4 TeIIo:

2H202 . 2Hzo + Oz + 98,8 K,Z[)K/MO]II).

B ymoBax ximiuHoi a6o ¢pizuyHOi aKTUBaIlii pO3KIaZaHHA MEPOKCUIY
BO/JIHIO CYTIPOBO/XKYETHCS YTBOPEHHAM BUTbHUX pasukainis HO® i O°, mo Bo-
JIOZIIFOTh BUCOKOIO PEaKIiMHOO 3/aTHICTIO. Y POJIi KaTali3aTopiB BUCTYNAlOTh
MeTastu 3i 3MiHHOIO BaJIEHTHICTIO: MapraHellb, MiZb, 3a1i30, KOGAJIbT.

BinbHi pagukanu 3gaTHi TpanchopMyBaT 6araTo CTIHKUX CIIONYK.

[ToeanaHHA EPOKCUAY BOAHIO 3 GpOTOIi3a L03BOJIAE PO3KIACTU I'YMiHOBI
KHUCJIOTH 10 IIOKCUAY BYIJIEITIO i BOAM, JOCATTH TJIMOOKOI IeCTPYKITil CUHTE-
TUYHUX IOBEPXHEBO-aKTUBHUX peuoBUH (CITAP), HaQTONPOAYKTIB, ITeCTH-
I[UZIiB Ta pAAY iHIINUX 3a0pYyAHIOBATBHIX PEYOBUH TEXHOT€HHOTO ITOXO/PKEHHS.
[Tpu BUKOPHUCTaHHI IEPOKCU/Y BOAHIO B IKOCTi OKMCHUKA B OUMIIEHIH BOA1
He YTBOPIOIOTHCA TOKCUYHI IPOAYKTH OKMCHEHHA.

TeHeparlisi BUIbHUX paZIMKasiB MOXe 3/[iICHIOBATHCSA i TP paiariitHoMy
ornpoMmiHeHHi (pafiosisi) BoAu. B pesynbraTi paZiosnidy Boza HACUIYETHCS
TaKUMU BUIBHUMHU pajukanamu, Ak HO,* i O,°~. 3a fomoMoroio pazionisy
MO>KHA CTBOPUTH ONITUMATbHY pelOKC-cUcTeMy. B sIKOCTi mxepes paziarii
3acTocoBytoTh C®0 i Cs'¥. Pagiatritiia 06po6Ka 3aCTOCOBY€ETHCS JI OKUCHEH-
Hs eHoiB, 1iaHiAiB, Aeskux CIIAP.

1.2.3.5. Baxkki MeTanu B IPUPOJHUX BOAAX

EnemenTH, AKi BiIHOCATH IO METAJIIB, BXOJATH /IO CKJIAZy TipChbKUX TTOPIf,
I'PYHTIB, IpUpogHUX BoZ. BmicT ix He nepesuugye 0,14 % 3aranpHoi Macu
3eMHOi Kopy. MeTaiu xo4a i IpUCYTHI B )KUBUX OpTaHi3Max y Mi3epHO MaJIiii
KIIBKOCTI, ajie BifirpatoTh Ay>Ke BaXKJIUBY POJib, BXO/SYH IO CKIasy 6iosoriy-
HO aKTUBHUX PEYOBHH, IO PETry/II0I0Th HOPMaJIbHY KUTTEAIANBHICT Opra-
Hi3My. AJle, B TOM JKe 4yac, Bci 6e3 BUHATKY METaIN MOXKYTb YNHUTH HETaTUB-
HUH BIUIMB HA OPTaHi3M, AKIIO KOHIIEHTPAIlif iX J0CTyMHUX GOPM IIEpEBUIITYE
BU3HA4YeHi MexXi.

TepMiH “Bakki MeTann”, M0 XapaKTEPU3Y€E BEJUKY IPYIy 3a6py/AHIO-
BaJIbHUX PEYOBUH, HaOyB OCTaHHIM 4acoM 3Ha4YHOTI'O MOIIHUPEHH:A. B AKOCTi
KpUTepiiB MpUHAIEKHOCTI €IeMEHTIB /10 Ba)KKUX MeTaliB BUKOPUCTOBY-
I0ThCA Pi3Hi XapaKTEePUCTUKU: aTOMHA Maca; MITbHICTh; TOKCUYHICTh; ITO-
IIUPEHICTh B IPUPOJHOMY CepelOBUIIli; CTYMiHb 3aIy4YeHOCTi B IPUPOJHi
Ta TeXHOTeHHI LIUKJIU.

Ha choToziHi /10 BAXKKUX METaJliB BiTHOCATH OibIlie 40 eJeMeHTIB mepi-
OZIMYHOI crcTeMH 3 aTOMHOI0 Macoto rmoHaz 50: V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
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Mo, Cd, Sn, Hg, Pb, Bi Ta iH. I[IpaKTUYHO BCi 3 HUX (3a BUHATKOM CBUHIIIO,

PTYTi, KagMito Ta BicMyTy, 6ioyloTidHa POJIb SKUX Ha Ilefi MOMEHT He 3p03y-

Misa), aKTUBHO 6epyTh y4acThb ¥ 6i0JOTIYHUX MTpoOIlecax, BXOAATh 0 CKIAAY

6aratbox GepMeHTIB, BiTaMiHiB Ta iHITUX 6I0JOTIYHO aKTUBHUX PEYOBUH.

BoHu KaTasi3yloTh MPOIeCH CUHTE3y OpraHiYHUX CIIOJIYK i HeoOXigHi opra-

Hi3MaM y HEBEJIMKUX KiITBKOCTSX (SIK MiKpOeJIeMeHTH) .

Tomy ozfuH i TOH Ke eleMeHT, 3aJIe’KHO Bi/l TOT'0, B AKOMY KOHTEKCTi BiH
3raZlyeThCsl, MOXKE XapaKTepU3yBaTUCA K “Bakkuil metan” (BM) abo “mikpo-
eleMeHT”.

Bizmomo, mo TokcuuHicTh BM 3pocTae 3i 36iIbIIeHHSIM aTOMHOI MacH,
3aJIeXXUTh BiZl 3[aTHOCTI 10 AMCOIliallii iX KOMIUIEKCIB 3 JIilliZlaMu, PO3YUHHOC-
Ti CITONTYK y BOZI i Timigax, psaay iHmmx ¢GisuKo-XiMigHUX BJacTUBOCTEH. Kpim
BHUCOKOI TOKCUYHOCTI, ZIesIKi 3 HUX MaloTh epeKT BifijaleHNX HaCTiKiB.

Lle, B mepIiy 4yepry, CBUHEIb, PTYTb, KaZAMil, HiKeJb, KOOaIbT, IIUHK,
TastiH, ceseH, 6eprtiii Ta iHII MeTaau, GUIBIIICTD 3 SKUX BiIHOCATHCA 10 1 i
2 xiaciB HeGesmneku. Cepes 3a6pyAHIOBATbHUX PEYOBUH 38 TOKCUKOJIOTIYHU-
MU OILiHKaMU “CTpec-iH/IeKCiB” Ba)KKi MeTa MOCiZIal0Th PyTe Miclle, To-
CTYIAIOYUCh TUIbKY MecTunugam. [1ogi6HO /0 CTiKUX opraHiyHux 3abpya-
HIOBa4iB BOHU 3/]JaTHI HAKOTMYIYBATUCA (aKyMYyJ/IIOBAaTHCS) B TKAHUHAX YKUBUX
OpraHi3miB BUIIUX TPOGIYHUX PiBHIB (BKJIIOYAIOYHU JIOAWHY) B KOHIIEHTpPA-
IifX, IKi MOXKYTh BUKJIUKATH iX 3aTU6€b.

Y pesynbTaTi HAKONMMYeHHA B 30BHIIIHbOMY CepeZloBUII BaXKKi MeTalu
CTaHOBJIATH CEPHO3HY HeOE3IeKy 3 TOUKHU 30Dy iX 6i0/I0riYHOi aKTUBHOCTI Ta
TOKCUYHUX BiacTUBocTel (Tabs. 1.21). OguH 3 HaWbOLIbIN BifOMUX “psazaiB
Hebesneku” ioHIB MeTamiB A 6iochepu Takuii: Be, Cd, Cr, Cu, Hg, Ni, Pb,
Se,V, Zn.

[TpuurHOIO HAaKOMTMYEeHHS B 6iocdepi eleMeHTiB, 10 BiIHOCATH /10 BaK-
KHUX MeTaJiB, € 3pOCTaHHsA IX CIIOXKUBaHHs. BBayKaeThCs, 10 AKIO BUAOOYTOK
eJleMeHTa BUIlepe/yKae Horo IprUpoHe IepeHeceHH B TeOXiMiYHOMY ITUKJI
B 10 pas3iB, To HOT0 BXKe CJIifi pO3IAAATH K 3a0pyAHIOBaTbHY peuoBUHY. [eit
MMOKa3HUK 6araTopa3oBo MepeBUIIEHUH I OKpeMuXx BM.

HagxomKeHHs BAXKKUX MeTaJliB Y IPUPO/HI BOAX BiIOYBaEThCsI BHACTIZIOK:
— CKHUaHHA BUPOOHUYUX CTIYHUX BOJ| FaIbBaHIYHUX IIEXIB, MiAIPUEMCTB

ripHUY0406yBHOI TPOMUCIOBOCTI, YOPHOI i KOJIbOPOBOI MeTanyprii, Ma-

IMMHOOY/IiIBHUX 3aBO/IIB;

— oOinpTpaliii B miZiIseMHi TOPU30HTH BOJ 3 MMiIBUIIEHUM BMiCTOM Ba)KKHUX
MeTaJliB, 1[0 BUKOPHUCTOBYIOTBCA /IJII 3POILIEHHS 3eMeJb;

— Mirpatiii B mii3eMHi BOAY 3 OIa/[iB OYUCHUX CIIOPY/ KaHasli3allii, 1[0 BHO-
CATHCA JI0 TPYHTY SIK ZI0OPHBO;

— BWJIYrOBYBaHHA 3 Bi/[BaJIiB PyAHUKIB 260 MeTaIyprifiHUX MiIPUEMCTB;

— HaJXOMXKEHHS 3 ZIOMOBUMHY CTIYHUMU BOZAMU 3 CLTbCbKOTOCIIOIAPChKUX
VTiZb, Ha AKUX 3aCTOCOBYBAJIMCSA Y BUCOKUX /]03aX OPraHiyHi U MiHepasb-
Hi 106pUBa, MMECTUIU/H, 1[0 MiCTSITh BayKKi METaH;

—  3aKWCJIeHHs IPUPOAHUX BOZ B Pe3y/IbTaTi BUNIAZIAHHA KUCIOTHUX OMA/IB, i,
SIK HACJIZIOK, iepexo/ty BM i3 3B’s13aHOr0 (HEpO3YMHHOI0) CTaHy B PO3YMH.
Boza € ocHOBHUM cepezloBUINEM Mirparllii BAXKKUX MeTastiB. [l Mirparii-

HUX MPOIIECiB Y IPUPOJHUX BOZAX OCOOIUBE 3HAYEHHS MAIOTh TaKi paKTopH,

Ak dopMu icHyBaHHA BM, OKUCHO-BiIHOBHUI IIOTEHIia/l, KUCIOTHO-OCHOBHI
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Tabnuua 1.21. bioximiuHi BNACTMBOCTI BOXKMX METANIB

BnacTuBicTb Cd Co Cu Hg Ni Pb Zn
bioximi4Ha aKTMBHICTb B B B B B B B
TOKCUYHICTb B M I B M B M
KaHLeporeHHicTb — B — — B — —
36arayeHHs aep0o30nis B H B B H B B
MiHepanbHa dhopma noLwmMpeHHs B B H B H B H
OpraxiyHa hopma NoLUMPEeHHS B B B B B B B
PyxnusicTb B H M B H B M
TenaeHLis 10 6i0KOHLEHTPYBAHHA B B M B B B M
ECDeKTUBHICTb HAKONUYEHHS B )% B B M B B
KomnnekcoyTBoptoBanbHa 34aTHICTb M H B M H H B
CxunbHicTb Ao rigponisy M H B M M M B
Po3unHHicTb cnonyk B H B B H B B
[Mepioa XuntTa B B B H B H B

ITpumimka: B — Bucoka I1 — nomipua, H — HusbKa.

ymoBu (pH) i psag inmux. Ha BizmMiHy BiZi OpraHiqYHUX CIOJYK, IO MiAJAaI0ThCS
IpolrecaM po3KJazy, MeTald 3aTHi JIUIIe 10 IepepO3IOoALTy MiXX OKPEMUMU
KOMIIOHEHTaMU BOJJHUX €KOCUCTeM. Y IPUPOAHUX BOZAX BOHU iCHYIOTH ¥ pi3-
HUX popMax i pisHUX CTYIIEHAX OKUCHEHHS i BXOJSATD 10 CKJIaZly OPraHiYHUX i
HEOPTaHIYHUX CIOJYK, AKi MOXKYTb OYTH iCTUHHO PO3YUHEHUMU, KOJIOIIHO-
JIVICTIEPCHUMHY YU BXOJUTH JI0 CKJIaly TPyOOAUCIIEPCHUX IOMIIIOK.

[Tpu o11iHIIi 3/JaTHOCTi €KOCUCTEMU YMHUTHU OIIip 30BHIIIHINM TOKCUYHIM
[ii, moB’A3aHill 3 HAAXOAKEHHAM 3a0PyAHIOBATbHUX PEYOBUH, MPUHHATO
TOBOPUTHU MPO OypepHy EMHICTh ekocrcTeMu. Tak, miJ 6ypepHOIO EMHICTIO
IIPiCHOBOAHUX €KOCHUCTEM CTOCOBHO [0 BaXKHUX MeTaJliB pO3yMilOTh TaKy
KITBKICTh MeTasy, HaZIXO[)KEeHH: AKOT0 iCTOTHO He IOPYIIyEe NPUPOSHOI0
xXapakTepy GYHKIIIOHyBaHHA eKocucTeMU. BydepHa eMHICTb 3a/I€3KUTh Bif
HasABHOCTIi YMOB, III0 CIIPUAIOTH 3B’A3yBaHHIO (Ilepexoy) BM B MeHIT aKTUB-
Hi i MaJIOPyXJIMBi pOpPMHU, a TAKOXK Bifl aKyMYJIAIIHHOI 3/IaATHOCTI TiZIp06iOHTIB
i BiZf IIBUJKOCTI MPOIIECiB MOIYIMHAHHSA i10HIB MeTaJliB yciMa KOMIIOHEHTaMU
€KOCHUCTEMHU.

Pi3Hi moBepxHEeBi BOAM 11O Pi3HOMY 3BB’SI3YIOTh i0HU MeTaJiB, BUABJSIIO-
YU MpHU 1IbOMY pis3Hy 6ydepHy eMHicTb. Boau MiBIEHHUX PiYOK i BOJOUM, AKi
MaroTh BETMKUH Habip MPUPOAHUX KOMIIOHEHTIB (T'yMyCOBi peYOBUHU, TyMi-
HOBi KMCJIOTHY Ta QYIbBOKUCIOTH) Y BUCOKIM KOHIIEHTpAIlii, 37[aTHi /10 OLIbII
edeKTUBHOI TPUPOAHOI AeTOKCHKAIlii TOPiBHAHO 3 BoZaMH BozokM [TiBHOUI
i moMipHOi cMyTH.

[MoTpanuBIIM y BOAOKWMY abo piuky, BM po3nofingaoThCcsa Mi>kK KOMIIO-
HeHTaMH Ili€i BOAHOI eKOCHCTEMHU Ha TaKi CKJIaJl0Bi:
1) w™eTan B po3uyHHeHil popmi;
2) copboBaHUll i aKyMy/IbOBaHUM GITOMIAHKTOHOM, TOOTO POCTUHHUMU

MiKpoopraHisMamu;
3) yTpuUMyBaHUU JOHHUMU BiZIKJIa[eHHSAMY B Pe3y/IbTaTi ceINMeHTallii 3Ba-

’KeHHUX OpraHiYHUX i MiHepaJbHUX YaCTOK 3 BOZHOTO CEpe/loBUIIa;
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4) azacopboBaHU Ha MOBEPXHi JOHHUX BiIKIaZleHb 6e31mocepeHb0 3 BOA-
HOT'O CepeIOBUINA B PO3YMHHIN popmMi;
5) mepebyBae B azcopboBaHili GopMi Ha YaCTUHKAX CyCIEH3ii.
PiBHAHHs 6aaHCy BOAHOTO 00’€KTY 0 MeTany M, Mo)Xe 6yTH IIpeICTaB-
JIEHO B TAKOMY BUIVIAZI:

M, = {M"*} + ML + [MX],

e XML — CcyKyTHicTbh KOMIUIEKCHUX (pOPM MeTaIy Y BOZHOMY CepeZOBHIIL;
[MX] — Baskkopo3unHHa abo Hepo3unHHa popma MeTany ; {M"+} — meTan
B iOHHIN dopmi.

PosuunHi popmMu BM MOXYTh TPaIUIATUCA Y BUIVIAAL BUIBHUX i TiApaTo-
BaHUX iOHiB, HEOPTAHIYHUX i OPraHiYHUX KOMILIEKCIB i XeslaTiB, KOMIUIEKCIB
3 BUCOKOMOJIEKYIAPHUMH CITOJMYKaMU — I'YMiHOBUX KUCJIOT i QYIbBOKUCIOT
(TyMycOBUMUY peUOBHMHAMU), TTOJTicaxapuiaMu Ta iH. BmicT pozunHeHUX dopm
MeTaJIiB 3aJIEXXUTh BiJ] CObOBOTO CKIaAy, pH, HaABHOCTI YMOB /7151 Iepebiry
peaxIliii ripori3y i KOMILIEKCOYTBOPEHHS.

KommiexcoyTBoproBaibHa 3ZaTHICTh 3a/I€KUTh AK Bij MpHUpPOAU i KOH-
LIeHTpallii IpUCYTHIX Y BOJi JiraH/iB, Tak i BiZl pH BogHOTO cepefoBUILa.
Y IpupOAHUX TOBEPXHEBUX BOJAX MICTUTHCS 6€3J1i4 OpraHiyHUX PeYOBUH,
6s113bK0 80 % SKUX CTAaHOBJIATH TYMYCOBi pEYOBHUHH, ITI0 HAXO/SATD Y BOAY 3
I'pyHTY. BHaC/1iZoK HagBHOCTI y ckJ1aZi GyIbBOKUCIOT GeHONMbHUX TiAPOKCUZ-
HUX i KapOOKCIIBPHUX TPYII 1li PEYOBHUHU YTBOPIOIOTH 3 iOHAMU METAJIIB Mill-
Hi XeJlaTHi KOMIUIEKCH i 3MEHIIYIOTh TUM CaMUM TOKCUYHICTb BOJ. € Bifio-
MOCTI, 1[0 Pi3Hi F'yMiHOBi KUCJIOTY MOXKYTh ITPOTATOM AE€KLTbKOX AHIB ITOBHICTIO
3arajbMyBaTU OKMCHeHHs 3amiza (II).

Y NpuZOHHUX BOAHUX Macax, Zie KOHLeHTpallid PO3YNHEHOT0 KUCHIO
3HAYHOIO MipOI0 3HIKeHa, GYHKIII0 OKMCHUKA OPraHiYHUX CIIOJYK i Iepe-
KJIaZly HIDKYUX OKMCHEHUX CTYIeHiB MeTasly /0 BUIIUX 3aMiCTb KMCHIO MO-
JKYTh BUKOHYBATHU CIIOJIYKU a30TY i CIPKU y BUIIOMY CTYTIeHi OKUCHeHHA (Hi-
TpaTH i cyambdaTH), M0 BUKJINKAE 3HIMKEHHA OKUCHO-BiZIHOBHOTO IIOTEHITiaTy
(E;) BOZHOI cUCTEMM i BiZipa3y K MO3HAYAETHCSA Ha CTYTIEHi OKWUCHEHHS MeTa-
JIiB, CIIpUAIOUN iX EpeBeZieHHIO Ta cTabiti3allii 0 HIKIOTO CTYTIEeHsI OKHUC-
HEHHS i Ha PiBHOBA3i MPOIIECiB IePeX0/[iB i0HIB MeTary MiXK JIOHHUMU Bifl-
KJIa/IeHHAMU 1 BoziHOIO $azoro.

MeTanoobMexeHi KOMIUIEKCH, YTBOPEHI TYMYCOBUMY PEYOBUHAMU 3 CO-
JIAMU 3aJ1i3a, alIOMiHil0, TUTaHY, YpaHy, BaHaito, Mifli, MOJIiGAeHy Ta iHIIIX
Ba)KKUX METaJiB, BiIHOCHO I06pe PO3YMHHI B yMOBax HEUTpaIbHOI, C1abKo-
KHCJIO] i cTabKOJTYKHOI peakllii cepeZloBUIIA i 37aTHI MirpyBaTHU B IPUPOAHUX
BOJlaX Ha JJOCUTH 3HAYHi BizcTaHi.

Mix 3araJpHOIO KOHIIEHTpAIli€l0 MeTasy B IPUPOJHUX ITOBEPXHEBUX
BOZIaX Ta iX Hebe3MeKoIo A/ TiApobiOHTIB HeMa€e OHO3HAYHOI 3a/I€KHOCTI.
[IpuitHATO BBAXKaTH, 1110 HANOLIBIIOI TOKCUYHICTIO BOJIOAIIOTD TiZipaToBaHi
10HM MeTasliB, a ITOB’sI3aHi B KOMIUIEKCU Hebe3IeuHi IoHaiMeHIIe abo HaBiTh
MaliiKe HellKiZyuBi. ToMy yTBOpeHHs KOMIUIEKCIB 3 T'YMYCOBUMU PEYOBUHA-
MM PO3IVIAAAETHCA AK OAWH i3 HAIPAMKIB 3HIKEHHA HeraTUBHUX HACJIiAKiB
HaAXoMKeHHS BM y BogHi 00’€KTH.

KpiMm opraHiyHUX pe4oBUH, B POJIi KOMIUIEKCOYTBOPIOBAYiB B IPUPOJHUX
BOZax MOXyTbh Buctynatu HCO5 (C032‘), CH,;COOH, NH;r (NH3), Si(OH),,
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H,PO; (HPOf‘), H,S(SH"). Psag komiuiekcHUX ioHiB, Hanpukiaz, [ Sn(OH) F]
Ta iH., 06pe MIrpyloTh V BOZI i CIpUsAIOTH ii 3ab6pyAHEeHHI0. BaraTo KOMILIEK-
ciB 106pe PO3YMHAIOTHCA Y BOAI, Hanpukiaai, BeF(H,0)]*, [A1F(H,0)s]%*.

IoHM 6iMbIIOCT] MeTaiB CXUIbHI /10 peakKIlil rigpaTaliii, B AKi JiraHg0oM
€ MOJIEKYJTH BOJH:

Mt + tzo — [M(HZO)X]’H'.

KinpkicHUM BUpaKeHHAM KOMIUIEKCOYTBOPIOBAJIBHOI 3ZIaTHOCTI CITY>KUTh
MaKcHMaJbHa KOHIIeHTpallist opM ioHiB MeTany (y r-ioH/AM®) B IPUPOAHI
BOZIi y BUIVIsZ[i KOMIUIEKCHUX CIIONYK, GOopMa SIKUX PO3Pi3HAETHCA AJIA PiISHUX
MeTaJIiB i 3aJIeKUTH BiJl IPUCYTHOCTI Y BO/[i KOHKYPEHTHUX METaJIiB, 1110 yTBO-
PIOIOTH KOMILIEKCH 3 IPUPOJHUMU JliraHJaMMU.

Ha ¢popmu, B AKUX MeTaIU MICTATbCA Y BOZi, BIUTUBAIOTh Tip0o6iOHTH
(Hampuksa;, MOTIOCKH). Tak, Mpy BUBYEHHI MTOBEAIHKY MiZli B TOBEPXHEBUX
BO/IaX CIIOCTEPIraloTh CE30HHI KOJUBAHHS ii KOHILIEHTpallili: B 3UMOBUH Iie-
pioz BOHU MaKCHMaJIbHi, a BIITKY BHACIIZIOK aKTUBHOTO POCTY 6ioMacu 3HU-
XKyroTbed. [1pu ocazpkeHHI 3BaXKeHUX OpraHiYHUX YaCTUHOK, AKi MalOTh 3/aT-
HIiCTb acopbyBaTH i0HU Mifli, OCTaHHI IepeX0oAATD V JOHHI BiIKIaZeHHs, 110
I IPUBOAUTH 10 KOJMUBANIBHOTO edeKTy. Ciif TaKOXK 3a3HAYUTH, IO iHTEH-
CHUBHICTB ITbOTO IIPOLIeCy 3aJIeXKUTh Bifl IIBUAKOCTI ce[UMeHTallii cycrieH3i,
TO6TO TO6IYHO BiZi Takux $HaKTOPIB, AK PO3MIpH i 3apsz afcopbyrouux ioHM
Mi/Zli YaCTHUHOK.

dakTopw, 1[0 BU3HAYAIOTh Mirpalfito BaXKKUX MeTaJliB

Y BOAHUX CHCTeEMax

3IaTHICTD eJIEMEHTIB JI0 TIepeMillleHb Y BOAHIHN Maci y OUTbIIOCTi BU3HAYAETh-
s crmyneHeMm iXHb020 OKUCHeHHs. Y1M BUIIMM 3apsAf, ioHa MeTasly, TUM MilHilre
BiH yTPUMYEThCS Y BUIVISIZI CITOJYK Y CKJIaZli MiHEpaUTiB TOpoay abo TBEpAYX Bijl-
XOZIiB, TUM MeHIIIe BUpa)keHa MOTo PO3UMHHICTD Y IPUPOAHUX BOZAX i TUM HIDKYA
tioro BogHa Mirpattis. Hanpukiaz, po3unHHICTb cionyk K+ 6imbiia, HiX CIIOTyK
Ca?*, a criommyk Ca?* 6inbina, HiXK crionyk Fe+, to6To KT > > Ca?* > Fe3™.

BogHa Mirpanis ioHiB MeTaJliB y CTyIIeHi OKUCHEHHA n* iCTOTHO 3aJje-
SKUTh BiZ IX Macy: 4uM Oiabiia Maca ioHa Me™, TUM MillHillle BiH OB a3aHui
B CIIOJYIHi, 1110 BXOAUTH IO MiHepa/lbHOI IOPOAY, i TUM Tiplie IepeXoAUTh y
BOZHY a3y, TUM iHTEHCHBHIllle BUTIAZIA€ B 0Ca/] 3 PO3UUHY IPUPOAHUX BO/,.

KoHueHTpariss MmeTany B IPUPOAHUX BOJAX 3aJEXUTh TAKOXK Bifl HOoT0
ioHHOTO paziyca: yuM GinbuIuii pagiyc Me"*, TUM Jieriie BiH TepeXoquTh y
BOZHY a3y i TUM CUJIbHiIEe HOT0 y4acTh y mpollecax PO3YNHEHHS.

Mirparis ioHiB MeTaJsiB y BOAHIN $a3i BU3HAYAETHCA 3HAYHOIO MipOIO
BEJIMUYMHOIO0 i0HHOT'0 OTeHIlialy, i/ AKUM PO3yMi€TbCA BeIWYUHA BiHO-
IeHHA 3apsAAy i0Ha 10 oro paziyca.

Benuka KibKiCTh i0HIB MeTaJsIiB 3 BeIMUYUHOIO 3apsaAy MeHie 3+: LiT,
Rb*, Sr“, Ba2+, Mn2+, Fe2+’ Ni2+, C02+, Zn“, Cd2+’ Hg“, pb2+’ Cu“, Agt
Au?* — mepexoAaTh Y BOAY i ;o6pe mepeHoCAThCsS BoAoI0. EnreMeHTH, ioHI
AKUX MaloTh 3apsAz 3+ i Bullle, c/1abKo MTepeXoAATh Y BOAY, TOOTO iX CIIOIyKU
MaloTh MaJly pO3UMHHICTD Y BOZ.

Jlo HUX MO)KHa BiZIHECTH Taki baraTo3apszHi ioHu MmeTtaitiB : Fe3*, Ga3*,
A13+, U4+, ZI‘4+, Ti4+, Nb>+, Ta 5+, Mn4+.
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3a iHTeHCHBHICTIO Mirpaii y BoZHOMY cepeZioBHIIli MOXXHa BUAUIUTU TPU
IpyNy MeTasIiB i ix cronyk. I[lepiiia rpyma npeicTaBieHa HaliOLIbII JIETKO PO3-
YUHHUMU i PYXJIUBUMHU TIOITHUMU, TiIpOKapOOHATHUMU i CylbpaTHUMU
criosmykamMul Mn?+, Fe?+ Co?*, Ni2*, Cu?*, Zn?*. ¥ apyTy IpyIy BXOASTb MEHII
PO3YMHHI i MEHII PyXJIUBI CIIONyKH, Taki Ak SrCO5, SrSO,, BaCO;. TpeTio
IpyIy CKJIaZaloTh HalMeHII PO3YMHHI i HaliMeHIII pyXJIUBI CIIOyKU MeTaliB
y BUIIIOMY CTyTieHi okucHeHH:: Fed+, Mn*+, Ti*t, Zr4+, Th+.

CxkJ1aZi BOAM i ckaz TBepAUX 3a0pyAHIOBAYiB MPH iX KOHTAKTi 3yMOBIIIOE
xXapakTep IIpolleciB po3uyrHeHHA (BWIYTOBYBaHH:) CIIOIYK BaKKHUX MeTaJliB.
Haiibinbine 3HaYeHHS A1 PO3IOAUTY MeTaIiB Mixk ¢pazamu rpae ¢pakTop pH
cepeZioBUIIa — BOJHEBUU IIOKA3HUK, 110 XapaKTepU3ye KUCIOTHICTh cepe-
posuina. binpimicte MetaniB (Cu?*, Cré+, Pb2+, Zn2+ Cd?* Hg?") ocizaroThb
IIpY 3HaYeHHAX pH, mo e)xaTh 3a3Buyail y Mexxax 6—7. [IpudoMy ocamxeHHA
YiZle y BUIVIAZI OKCUZIB, TiIpOKCcH/iB, KapOoHaTiB, cynbdizgis, ocdatis. [Ipu
3HIDKeHHI pH, a Tako)X HecTadi KUCHIO i B IPUCYTHOCTI XeJIaTOyTBOPIOBayiB
BiZIOyBa€THCA MepexiZ MeTany 3 I'PpyHTY V BOAHY ¢a3y.

dopMu icHyBaHHA MeTaliB y IOBepXHEBUX BoJax

ToxcuuHi popmu — GopMu icHyBaHHA iOHIB MeTasiB, HEraTUBHO JiIOTh
Ha KUBUU OPTraHi3M:

— rigparoBadi ionu Metainis [M-(H,0),]"*;

— TIPOCTi KOMIUIEKCH 3 HeopraHiynumMu anioHamu: MCL™, [MHCO;]™* i T. 1.
dopmu 3HUNCEHOT MOKCUUHOCMI BHACIIIOK YTBOPEHHS KOMIUIEKCHUX CIIO-

JIyK 3 OPTaHiYHUMM JIiraHZaMU:

— KOMIUTIEKCH 3 CipKOBMiCHUMU JliraHZaMu i amiHokucaoramu: M[S-R]™*,

Zle R — opraniunuii pagukai;

M [NH, - CH, - ....- CH,COOH) i T. 1.;

— KOMIUIEKCH METAJIIB 3 TYMiHOBUMH i GYIbBOKUCIOTAMH.

Konoioni uacmuHku — MeTasiu, afcopboBaHi Ha MOBEPXHi 3BaXKEHUX
yacTtok: M"*[Fe,O5-xH,0]; M"*[MnO - yH,0O] i T. A.

Po3miaHeMo XapaKTepUCTUKY HaWOUIBII TOIMPEeHNX B HABKOJIUIITHBOMY
cepeZloBUII BAXXKHUX MeTaliB.

3anizo. ['ooBHUMY AXKepesaMU CIIONYK 3ajTi3a B IOBEPXHEBUX BOJAX €
Tpollecy XiMi4YHOTO BUBITPIOBAaHHA TiPChKUX MTOPiJ, 1110 CYTIPOBO/KYIOTHCA iX
MeXaHiYHUM PYUHYBaHHAM i pO3UMHEHHAM. 3Ha4Hi KiIbKOCTI 3ai3a Haj-
XOJATH 3 MiZI3EMHUM CTOKOM i 3i CTIYHMMU BOZAMM MiJIIPUEMCTB METAIYP-
ritfinoi, MeTas006po6HOI, TEKCTUIBHOI, 1akodapbOoBOI MPOMHUCIOBOCTI Ta 3
CLTBCHKOTOCIOJaPChKUMU CTOKaMU.

OcHoBHOIO dpopmoro, B skiit Fe (III) MicTUTbCA B IOBEPXHEBUX BOJIAX, €
JOro KOMIUIEKCHI CIIOJIYKH 3 PO3YMHEHHMMHU HEeOpraHiuyHUMU i OpraHiYHuMU
CIOJIyKaMU, FOJIOBHUM YHHOM I'yMycOBUMU pedyoBuHamu. [Tpu pH 8,0 ocHo-
BHOIO popmoro € Fe(OH)s.

KonneHnTparis 3aiza cxmwibHa JI0 Ce30HHUX KOJMBAHb 110 MTOB’I3aHO 3
OCiHHBO-BECHSIHMM TIepeMillyBaHHAM BOJHUX Mac (TOMOTepMis), IKa CyIIpo-
BomKyeThbcs okrcHeHHAM Fe (II) B Fe (III) i BUnaganHAM OCTaHHBOTO y BU-
sazi Fe(OH)s.

Y npupogHUX BoZAax i ApKepesax MUTHOTO BOAOIIOCTaYaHHA BMICT 3aji3a
KOJIMBAEThCS ¥ BEIUKUX Mexkax — Big 0,01 zo0 26,0 mr/am3. BmicT 3amisa y
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Bo/i Buiile 1-2 Mr/aM? 3HaYHO TOTipIITy€ OPraHOJENTHUYHI BTaCTUBOCTI, Ha-
JIAaf0YY 1 HEIIPUEMHOT'O B’I3KOT'0 CMaKYy, i pOOUTH BOAY MaJIOIPUAATHOIO JJIS
BUKOPHCTAaHHA B TOCHOJAPChKO-TIUTHUX 1 TEXHIYHUX IIIAX.

Mauni KoHIleHTparlii 3a1i3a, 3aTUIIalYUCh B PO3UYMHI IPU HU3bKOMY 3Ha-
yeHHi pH, CIPUYMHAIOTD TOKCUYHY Zito Ha pub i Api6HI BoAHI opraHizMu.
MexaHi3M IIKiAIUBOI Aii 3aii3a Ha prb 3BOAUTHCS [0 TOTO, IO 3aJi30, SKe
nepeOyBa€e B BOJi y BUIVISA/I TiZIPDOKCUAY, OCiJal0uM Ha CIM30Bil 000JIOHII
3s6ep pub, 3aKyIoproe ix i po3’izae. Xsmopuy 3ajiza B CTIYHUX BOZaX B KOH-
neHTtparnii 5 mr/am® (y mepepaxyHKy Ha ioH 3ajiza) 3aTpUMY€ YTBOPEHHS
aKTUBHOTO MYJIy Ha OYHMCHUX CIOpYZax i 30poKyBaHHA 0caZly B METAHTEH-
Kax; TIpH 11ill KOHI[eHTpallil ruHe Mikpodiopa 6ionoriunux GinbTpis.

Kaawmiii. Y npupozHi BoAM BiH HAZXOAUTH TIPU BWIYTOBYBAaHHI I'PYHTIB,
ToJiMeTaIiYHUX i MiZITHUX DY/, B pe3y/bTaTi PO3KJIalaHHsA BOAHUX OPraHi3MiB,
3ZaTHUX Horo HakonudyBaTU. CIIOIYKH KaZMil0 BUHOCATHCA B TOBEPXHEBi
BOZIY 3i CTIYHUMH BOZIAMY CBUHIIEBO-ITMHKOBUX 3aBO/IiB, PyZ0306araqyBaJIbHUX
babpuk, pagy XiMiYHUX MATPUEMCTB (HalpUKJIaZ, BUPOOGHUIITBA CipYaHOI
KHCJIOTU), TaTbBAHIYHOTO BUPOOHUIITBA, & TAKOX i3 IMaXTHUMU BogaMu. Po3-
yrHeHi GOpMHU KaZMilo B IPUPOJHUX BOJAX ABIAIOTH COO0I0, TOJIOBHUM UU-
HOM, MiHepaJIbHi Ta OpraHo-MiHepasbHi KOMIUIEKCH. 3HIKEeHHA KOHIIeHTpa-
11ii pO3YMHEHUX CITOJNYK KaJMil0 BiZJOYBA€THCA 32 paXyHOK MPOIIECiB cOpOIIii,
BUIAZaHHA B 0Caj TiPOKCHUAY i kapboHATy KafMil0 Ta CIOXKUBAHHA iX BOJ-
HUMHU OpraHisMaMu. 3HayHa YacTUHA KaJMil0 MOXXe MirpyBaTH B CKJIa/i KJIi-
THH TiZIpo6GiOHTIB. Y piyKOBUX He3abpyAHEHUX i ciabo3abpyJHEHUX BOaxX
KaZIMill yTPUMY€EThCs B CyOMIKpPOTPaMOBUX KOHIIEHTPAIiAX, V 3a0pyJHEHUX
i cTiYHMX BOZAX KOHIIEHTpAILis KagMilo Moxe gocsaraty 10 MKr/ams.

Mizgbs — ozuH i3 HAUBKIMBIMINX MiKpoesieMeHTiB. PiziooriyHa aKTHB-
HICTb MiZli MOB’A3aHa, TOJIOBHUM YMHOM, 3 BXO/’KEHHAM ii 10 CKJIaZly aKTUBHUX
IIEHTPiB OKMCHO-BiTHOBHUX ¢pepMeHTiB. HegocTaTHIM BMiCT MiZli B I'pyHTax
HEraTMBHO BIUIMBA€ Ha CMHTe3 OIKIB, )KUPIB i BiTaMiHiB i cripusie 6e3Iutiaazo
POCJIIMHHUX OpraHisMiB. Mizib 6epe y4acTh y mpoueci GOTOCHHTe3Y i BIUIUBAE
Ha 3aCBOEHHSA a30Ty pPocaruHaMU. Pa3oM 3 TUM HaTUIIKOBI KOHIIEHTpaLlii MiZi
YMHATHh HECIPUATINBUY BIUIUB Ha POCIVHHI 1 TBADHUHHI OpraHi3Mu.

OCHOBHUM /)KEpPeIOM HaZIXOXKEHHS Mi/li B IPUPOAHI BOJY € CTiUHI BOAM
MiIIPUEMCTB XiMiYHO1, MeTalIypTriiiHOi TPOMUCIOBOCTI, ITIaXTHi BOAY, ajib/e-
rizni peareHTH, [0 BUKOPHUCTOBYIOTHCA /I 3HUIIEHHA BogopocTel. Mizab
MOKe 3’SIBJIATUCS B Pe3y/IbTaTi KOPO3ii MiZJHUX TPyOONPOBO/IB Ta iHIIKX CIIO-
PYZ, 1110 BUKOPHCTOBYIOTBCA B CUCTEMaX BOAOIIOCTaYaHHA. Y Ii[3eMHUX BOZax
MIPUCYTHICTb MiZli 06YMOBJIEHA B3a€EMO/Ii€10 BOAU 3 TiPCBKUMU ITOPOIaMH, 1110
MiCTSTh MiZib (XaJbKOIIPHUT, XaTbKO3WH, KOBEJIiH, OOPHIT, MalaxiT, a3ypuT,
XpU30K0JIa, OPOTAHTHUH).

BMicT MiZli B TpUpOJHUX MTPICHUX BOZIaX KOMUBAETHCA Bif 2 10 30 MKT/ M3,
B MOPCBhKHX Bogax — Biz 0,5 zo 3,5 Mkr/am3. [TigBuineHi KoHIeHTparii migi
(mo mexinbKoX rpamiB B 1 1M%) XxapakTepHi A KUCIUX PYAHUYHUX BOJ,.

Mizpb 1o/1a€ BOZli HEMMPUEMHOTO IPUCMAaKy PY KOHIeHTpailii 1,5 Mr/am3,
3abapsiioe Bogy npu koHieHTpatii 0,5 mr/am3. [Ipu koHIeHTpalii Mizi
0,01 Mr/am3 CIIOBITBHIOIOTHCS MPOLIECU CAMOOYHIIIEHHS BOJOMM, a MPU KOH-
nenrpanii 0,4-0,5 mr/am® Migp 3ry6HO Aie HAa MiKpOGdIOpPY, 3aTPUMYE PO3-
MHOXXeHHA MiKpoopraHisMiB. Hagxozaa4u 3i CTIYHUMY BOZaMHU B I'PYHT NIPU
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TIOJTMBAHHI, Mi/Ilb aKyMYJIIOETHCS I'PYHTOM i POCTMHAMU, YMHUATH HA HUX IIKiI-
JIUBY ZIif0, TOYnHa0uH 3 KoHIneHTparii 0,1 mr/am3. OJK (opieHTOBHA AOITyC-
TUMa KOHIIeHTPAllifl MiZli B 'PyHTi, BCTAHOBJIEHA PO3PaXyHKOBUM ILUIAXOM) 3
ypaxyBaHHAM GOHy: 33 MI/KT /IS MIlAHUX i CYTIepIillaHuX I'PYHTIB, 66 MI'/KT
U KUCIUX (CYIIMHHMX 1 ITIMHUCTUX) IPYHTIB, 132 MT /KT 7151 6JIM3bKUX 10
HeUTpaJbHUX.

CBuHenb. [IpupogHUMU AKepeaMy HaZXO[KEHHS CBUHITIO B IOBEPX-
HeBi BOJU € IIPOLlecy PO3YMHEHHA. 3HAaYHe ITi[BUIIEHHS BMIiCTy CBHHIIIO B
HaBKOJIUIITHBOMY cepeZoBuILi (y TOMY YHCJI, i B TOBEPXHEBUX BOZAX) II0O-
B’I3aHe 3i ClajlOBaHHAM BYTULIA, i3 3aCTOCYBAHHAM TeTPAETUICBUHITIO AK
aHTHIETOHATOPa B MOTOPHOMY TTAJIUBi, 3 BUHOCOM Y BO/IHI 06’€KTH 3i CTiUHU-
MM BOZaMU pyzo3b6aravyBajbHUX GabpUK, JeTKUX METATyPTiiHUX 3aBOJIB,
XiMiYHUX BUPOOHUIITB, MIAXT i T. [1.

CBuHelb nepebyBa€ B IPUPOJHUX BOJAX Y PO3UMHEHOMY i 3BasKEHOMY
(copboBaHOMY) CTaHi. Y po3unHeH i GOpMi TPAIUISETHCA Y BUIIA/I MiHEPAITb-
HUX i OpraHo-MiHepaJbHUX KOMILJIEKCIB, a TAKOX IIPOCTUX i0HIB, B HEPO3-
YUHHIA — rOJIOBHUM YWHOM y BUIVIAAIL Cynb®iaiB, cynbdaTis i kapboHaTiB. Y
PIYKOBMX BOZIaX KOHIIEHTPAIlif CBUHITIO KoMUBaeTbes Biz 0,1 0 2 MKr/ame.
HaBiTh y BoZii BOAHUX 00’€KTiB, MPWIETHX 0 PAMOHIB 3a1raHHs MojiMmeTa-
JIIYHUX PYZ, KOHIIEHTpallis Horo pizko gocsarae 10-20 mr/am3.

IcToTHUMY paKkTOpaMU 3HMKEHHS KOHI[EHTpallii CBUHITIO Y BOJI € aj-
copOI1ist 3BasKeHUMHY PEYOBUHAMU i OCa/PKEHHS 3 HUMU B JIOHHI BiIK/TaIeHHS.
Y 9ucsti iHIIUX MEeTaliB, CBUHEIb BUTATYEThCSA i HAKOMTUYIYETHCSA TiZIPO6ioH-
TaMHU.

CBUHeIIb B OPraHi3M JIIOAVMHY ITPOHUKAE TOJIOBHUM YHHOM Yepe3 OpTaHu
JUXaHHA i TpaBieHH:A. BiH HaKOMUYyeThCA B KiCTKaxX i TOBepXHEBUX TKAaHUHAX
i € IUTOIUIa3MaTHUYHOIO OTPyTOI0. CIIONIYKHU CBUHIIIO He BUBOJAATHCA 3 Opra-
Hi3My i TUM caMUM YUHATH TPUBAIY TOKCUYHY JIifO.

Xpowm. Y noBepxHeBi Boau crionyku xpomy (III) i (VI) moTpamniaioTs B
pe3yabTaTi BUWIYTOBYBaHHA 3 ITOPiZ (XpOMIT, KPOKOIT, yBapoBiT Ta iH.). Jedka
iX KUTbKICTB ITOCTYTIAE 3 TPYHTIB, Y IpoIieci po3KjIaflaHHsA OPraHi3MiB i POCTHH.
3HavHi KUIBKOCTI MOXXYTh HAXOAUTH Y BOAOWMH 3i CTIYHUMU BOAAMU T'aJlb-
BaHIYHUX 11eXiB, papOyBaIbHUX I1€XiB TEKCTWIHHUX MiAIIPUEMCTB, IIKipIHUX
3aBOZiB i MiANMPUEMCTB XiMi4YHOI IPOMMCIOBOCTi. 3HM)XEHHA KOHIIeHTpallil
iOHIB XpOMY MOXe CIIoCTepiraTucsa B pe3y/bTaTi CIIOXKMBAHHA iX BOAHUMU
opraHi3aMaMH i IIpoIeciB aAcopoIIii.

Y moBepxHEBUX BOJAX CIIOJYKU XPOMY MepebyBaioTh ¥ PO3UUMHEHOMY i
3Ba)XEHOMY CTaHax, CIiBBiHOIIEHHA MiXK AKUMH 3aJIeKUTh Bifl CKJIaZLy BO/,
TemrepaTypy, pH po3unHy. 3Ba’keHi CITOJIYKH XPOMY SIBJITIOTh COOO0I0, B OCHO-
BHOMY, copb60BaHi crioyku xpomy. CopbeHTaMu MOXKYThb OYTH TIUHU, TiAPOK-
cuz 3aJ1i3a, BUCOKOJUCITEPCHUM 0ca/i KapOOHATY KaJbIIit0, 3aTUIITKU POCTMHHIX
i TBApMHHUX OpraHi3MiB. Y po3unHeHi Gopmi XpoM MosKe repeGyBaTH y BU-
IJISIZI XpoMarTiB i 6ixpomaTiB. XpOM TaKOXK aKyMYJIIOEThCSA B TKAHUHAX POC-
JIVH.

Y piukoBUX He3abpyAHEHUX i c1a6K03a0pyJHEHUX BOJAX BMICT XpOMY
KosMuBaeThes Bix 0,1 1o 5 MKr/aAM3, v 3a6pyZHEHUX BOZOMMax BiH focATae
10-100 mkr/ame. CepeiHs KOHIIEHTpaIlisi B MOPChbKUX Bogiax — 0,05 MKr/zaM>,
B MiZI3eMHUX BOZIaX — 3a3Bu4aii B Mexxax 10-102 mkr/am>. Y BOAOIPOBiZAHI i



1.2 ¢ Bopa s npuponi 93

BOZi — cepeHA KOHLEHTPAIlif CTAHOBUTH 2,3 MKI'/AM3, MaKkCUMalbHa —
79 mkr/ame. Cionyku xpomy (VI) y BogoliMax Ay»e cTabilbHi; B aHaepOOHIX
ymoBax xpoM (VI) nepexoauth B xpoMm (III), crosyku SKOTO BUIAZAOTh B
ocazi. Y JIy>KHOMY CepPe/IOBUII OCa/PKeHHS BiZiOyBa€ThCS MBUIIIIE.

Xpomar i 6ixpoMar KaJiro 3 KOHIIeHTpaIli€io 1 Mr/AM> HalatoTh BOAI Tip-
KOT'O IIPHCMAKYy, a 3allax He BiIYyBa€ThCsA HAaBITh IPU KOHIIeHTpartii 50 mr/zame.
Y IpUCYTHOCTI HiKeJIto MIKiJTNBA Jisi XPOMY BUSBJISETHCS MTPU KOHI[EHTpallii
XpoMmy 2 Mr/zams.

Cnonyku xpomy (VI) Y4MHATH Ha OpraHi3M 3arajbHOTOKCUYHY, APaTiBIU-
BY, KaHIIEpOTeHHY, KyMY/IITUBHY, aJIePTifiHy i MyTareHHy /if0, 3ryOHO Ai0Th
Ha ¢uiopy i payHy BOZOWMMUIL i TUM CaMUM YIIOBLIBHIOIOTE IIPOLIECH CAMOOYH-
IIeHHS.

ITuHK noTparnisae y IpUPOJHi BOAY B pe3y/ibTaTi pyHHYBaHHA i po3uu-
HEeHHJ TipCbKUX MOpiz i MiHepasiB (cdasepur, IIUHKIT, FOCTapUT, CMiTCOHIT,
KaJlaMiH), a TAKOX 3i CTIYHUMU BOZIAMU pyZ036aradyyBaibHUX GaOpPUK i rajb-
BaHIYHUX 1€XiB, BUPOOHUIITB IIEPTaMEHTHOTO Tatnepy, MiHepaabHUX $apo,
BiCKO3HOI'O BOJIOKHA Ta iH.

Y BoZIi IMHK iCHY€, TOIOBHUM YHUHOM, B ioHHit popmi abo y popmax fioro
MiHepaJbHUX i OPraHiYHUX KOMILIEKCiB, iHO/1 TPAIUIAEThCA B HEPO3UYNHHUX
dopmax: y BUIAZI riipoKkcuy, KapOoHaTy, cynbdiny Ta iH.

Y npupoZHUX Bogax MUHK MICTUThCA B KOHIIEHTpamifax 1-5770 Mxr/ame.
Y piuKOBUX BOJax KOHIIEHTpallif IUHKY 3a3BUYail koJuBaeThed Bif 3 1o
120 mxr/am®, B Mopcbkux — Biz 1,5 10 10 Mkr/ame, B pyaHUX i 0cOGIUBO
B IIaXTHUX BOZIaX 3 HU3bKUMHU 3Ha4eHHAMU pH BMicT MO)Xe OyTU 3HAYHUM.
[Tpu koHIeHTpanii 2 Mr/am® y Bozi 3’ABIg€TbCA IPUCMaK, IpU 5 Mr/am>
3’IBJIAETHCS TEPIIKUM MIPUCMAaK, OllajeclieHIlis, MicKOomoAioHuM ocas. [Ipu
30 Mr/am? Bojia cTa€ HeIPUAATHOO /JIst TUTTS 38 CMaKoM i HaGyBae MyT-
HOT'0O MOJIOYHOI'O KOJIbOPY.

LIMHK HaJIeXXUTh 0 aKTUBHUX MiKpOeJIeMeHTiB, 10 BIIMBAIOTh Ha PiCT
i HopMaJbHUI PO3BUTOK OpPraHi3MiB. Y TOMH ke 4ac, 6araTo CIOJYK IUHKY
TOKCHYHI, HacamIepe/, ioro cynbpaTH i XJTOPU/H.

st pub IMHK B 6araTo pasiB 6LTbII TOKCUYHUM, HiXK JIS JTF0ZeH i Teruio-
KPOBHUX TBapWH, i HOTO MIKiZ/INBA /i BUABIAETHCS HabaraTo paHilie, HixK
3MiHIOIOTHCS OPTaHOJIENITUYHI BJIaCTUBOCTI BoAu. LIUHK 3/aTHUM /10 KyMYJIs-
11ii TKaHUHaMU pU6 1 HUKIMX BOJHUX OPTaHi3MiB, IPU KOHIIEHTPAIisX Bif
0,1 mr/aM?® y BoZi ITUHK MIKiJJIHUBO [li€ HAa CLTbCbKOTOCIOAAPCHKI KYIBTYPH.
LIMHK aKyMy/IIO€ETHCA I'PYHTOM, TOMY CTi4HI BOZAH, IO MiCTATH IIUHK, HEIIpU-
JlaTHi A1 3pOIIEeHHA CUIbChbKOT'OCIIOAAPChKUX KYABTYP.

XiMiKo-aHAITUYHUN aCIIeKT BUPIIIEHHSA MPo6ieMU BU3HaYeHHA GpopM
iCHyBaHHS MeTaJIiB y IPUPOJHUX BOZAAX CTAB MOKJINBUH 3 ITOSABOIO HOBITHIX
MeTOZiB aHasli3y. PaHillle BU3HavYaIy JIUIIe BaJTOBUM BMiCT BaXXKOI'0 MeTaly
y BOZIi i BCTAHOBJTFOBAJIM PO3IIOALI MiK 3BaXKEHOIO Ta PO3YUHEHOIO GOPMaMHU.
IIpo sikicTh BOJ, 3a0pyAHEHUX MeTalaMU, CyAWIN Ha MiZicTaBi 3icTaBIeHH
JlaHUX 100 IX BaJIOBOI'O BMICTY 3 BeIMYMHAMU I'PAaHUYHO JOIIYCTUMUX KOH-
nenTtparnii ([IK). 3apa3 Taka OIliHKa BBaXKa€ThCs HETIOBHOIO 1 HEOOT' PyHTO-
BaHOIO, OCKUTbKY 6ioJIOTivHA [Iis1 MeTay BU3HAYa€EThCs HOTO CTAHOM y BOZAX,
a 11e, AK IMIPaBWUJIO, KOMIUIEKCH 3 PI3HUMU KOMIIOHEHTaMU. OCKUIbKY Ma€ Mic-
1le KOMILIEKCOYTBOPeHHA BM 3 opraHiyHUMU CIIOJYKaMU IPUPOJHOTO TI0-
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XOZXeHHS, I1i KOMIUIEKCH He TUIbKY MaJIOTOKCHUYHI, a HEPiZIKO CTUMYJIIOIOTh
PO3BUTOK TiZIPOGIOHTIB, OCKLIBKY MIPHU I[bOMY BOHH CTaIOTh Gi0JOTIYHO 0-
CTYIIHI OpraHi3MaM.

[Tpu po3pobiii icHytouux I'/IK mpoliecu KOMILIEKCOYTBOPEHHS HE BpaXo-
ByBaJIU I OIiHKY BIUIMBY HEOPraHi9YHUX coJeil BaXKKUX MeTaJsiB Ha JKUBI
OpraHiamMu, IPOBOAWIU B YUCTUX BOAHUX PO3YMHAX IPU BiZICYTHOCTI po3-
YUHEHUX OPTaHiYHUX PEYOBUH IIPUPOAHOIO IOXO)KeHH:. A 3HaHHA GOPMU
iCHyBaHHA MeTaJsy y BOZi BaXXKJWBO He TUIbKY IIPU BUBUEHHI IIPOIIeCiB, 110
BiZOyBalOTbCsA B IPUPOAHUX BOAHUX 00’€KTax, a ¥ Mpy BUOOPi METOAY OYH-
IIeHHA CTiYHUX BOJ BiJl BAXKKUX MeTaJiB.

1.2.3.6. IIpoiecu caMooOYHIlleHHA B IPUPOJHUX BOZaX

[Tiz caMooYHUIIIEHHAM MPUPOAHUX BOZ PO3YMIIOTh CYKYITHICTh Gi3UYHUX,
6iooTiYHMX i XiIMIYHUX BHYTPIIIHBOBOAHUX MPOIIECIB, CIIPSIMOBAHUX Ha 3HU-
JKEHHS BMICTy 3a0pyZHIOBAJIbHUX PEYOBUH Y BOJi 10 PiBHS, IKUU He TIpeJ-
CTaBJIA€ 3arpo3u AaA QYHKI[IOHYBaHHS €KOCUCTEMH.

CaMOOYUIeHHS OB’ A3aHO 3 TEXHOTEHHUM KPYroo6iroM pedyoBUH, SKi
BKJIFOYAIOTHCS B 6ioreoXiMiuHi IUKJIU BYIJIEIIO, a30TY, CipKH Ta iHIIUX eJe-
MEHTIB.

BHecok okpeMUX IIPOIeCiB y 3ZaTHICTh IPUPOAHUX BOZ, 1O CAMOOYHIIeH-
HA 3QJIEXUTH BiZl Gi3MKO-XiMIYHUX BIAaCTUBOCTEH, pa3oBOTO CKIAAY i dyxKe-
pizHOCTi 3a6pyAHIOBATPHUX PEYOBUH. BiANOBiAHO 0 1[bOTO 3a6PyAHIOBAID-
Hi peYOBUHU YMOBHO MOKHA PO3/INTU HA TPU TPYIIH.

1. Tak 3BaHi KOHCEpBAaTHUBHI PEYOBUHU — IO He PO3KJIaZaloThcsa abo
PO3KJIaZIal0ThCA B MPUPOAHOMY CEPEIOBUII Y Ke MOBUTHHO. le ioHn MeTais,
MiHepasibHi coJi, TiApodoOHi CIONMyKY TUILY XJIOPOPTaHIYHUX [TECTUIIUAIB,
Bakki HadTOBI BymteBozHi. [[o 11i€l rpynu 3a6pyAHIOBATbHUX PEYOBUH MOXK-
Ha BiZIHECTH i pa/lioOHyKITiAN.

3HIDKeHH: KOHLIeHTpallill KOHCePBAaTUBHUX PEYOBUH Y IIPUPOSHUX BOAAX
BiZIOyBa€THCS 3a PAXyHOK:

— po30baByieHHS,;

— Ii3MYHUX MIPOIIeciB MacoIepeHOCy B CYMiXKHI cepeZloBUINa;
—  i3UKO-XiMiYHUX MPOIIECiB KOMIUIEKCOYTBOPEHHS,;

—  copbiiii;

— OioHAaKOMUYEHH.

ToMy caMOOYHUIIEHHs Ma€ yIBHUM XapaKTep, OCKiIbKU BifbyBa€eThCs
Juiire epepo3nozin (ikcaris, o6MexKeHHA PyXJIUBOCTI) i po3citoBaHHS 3a-
OpyIHIOBAJbHOI pEYOBUHU B HAaBKOJUITHBOMY CePeJOBUIILi, TepEHECEHHS
HOro B CyMiKHi 00’€KTH.

2. bioreHHi pe4yoBUHU (BYIJIEIb, a30T, Gpocdop, Kariii Ta iHii), IKi 6epyTh
y4JacTb y 6iosorivHOMY Kpyroobiry, MmiHepaibHi popmu a3oTy i pocdopy, ser-
KO3aCBOIOBaHi OpPraHiyHi CIOJYKHU. Y IIbOMY BUIIaJKy CAMOOYMIIIEeHHA IIPU-
POZHUX BOZ BiZIOYBA€ThCA 3a paXyHOK 6i0XiMiYHUX IIPOIIECiB, IO ITepebiraroTh
3a y4acTIo ITepeBakHO MiKpPOOpraHi3MiB.

3. Bozopo3urHHi pe4OBUHH, IO HE BTATYIOTHCS B 6i0IOTIMHUI KPYTOO6iT,
YacTO TOKCUYHi, IPOMHUCIOBOTO i CLUTBCPKOTOCIIOAAPCHKOI0 MOXOMKeHHA. CaMo-
OUUIIIeHHS ITPUPOAHUX BOZ, Bi/l IUX PEUYOBYH 3/IilICHIOETbCSA B OCHOBHOMY 3a pa-
XyHOK 6i0pO3KJIaZly i mepeTBOPEHHS B Pe3yJIbTaTi epebiry XiMiYHIX peakIliil.



1.2 ¢ Bopa s npuponi 95

Y 3arajpHOMY BUIIQJKY Pi3Hi 3a0pyAHIOBaIbHI pEYOBUHY O€PYTh y4acTh
B CYKYITHOCTI IpOIleciB MaconepeHeceHHs i TpaHchopmariii.
Ha#i6inbIn 3HaUy MU 7151 CAMOOYHUIIEHHS IPUPOJHUX BOJ €:
a) ¢isnuHi mpoliecu MacomepeHocy:
* po3baByieHHs (TlepeMilllyBaHH);
* BUHOC 3a0pyZHIOBAIbHUX PEYOBUH B CyCifHI BoAHI 06’'eKTH (BHU3 3a
Teviero);
* BUIIapOBYBaHHS;
e copb11is (3BBayKeHWMU YaCTUHKaMH i JOHHUMU BiZIKJIaIeHHSIMMU)
* 6iOHAKOTMYEHHS.
6) MikpobiosoriuHa TpaHchopMmaris;
B) ximiyHa TpaHchopMallis:
* Tifporis;
* doronis;
* OKVICHEHHS.
Po3sriaHeMo ZedKi 3 IIUX IpolleciB AOKIaHIIIe.

®dizuko-xiMmiuHi mporecu Ha Mexi po3zginy ¢as

BumapoByBaHHs i pO3YMHEHHS ra3iB Ha ITOBEPXHi PO3/iTy TIOBITPS — BoAa
Mae BaXIMBe 3HaYeHH: /I MacollepeHeCeHH: pe4OBHH 3 BUCOKOIO JIETKICTIO.

OCKiIbKHY IIPOLIeCH BUIIApPOBYBaHHA — PO3UYMHEHHA 9acTO He PiBHOBaX-
Hi, /17151 OIUCY KIHETUKY BUKOPUCTOBYIOTh Pi3Hi pi3rKo-MaTeMaTUIHi MOZEJT.
3riziHO 3 ABOILUTIBKOBOIO MOJIEJLTIO, SIK B Ta30Bil, Tak i B piAKii da3zax € ABi
30HU: 30HA MOJIEKY/ISIpHOI A1dy3ii 3 rpagieHTOM KOHIeHTpaIlii o613y mo-
BepXHi po3ainy ¢pa3 i 30Ha KOHBEKTUBHOTO TIEPEHOCY PEYOBUHU (IIpH TT0-
CTiMHiN KOHLIeHTpallii) BifZjajeHo Bifl TOBEPXHi.

Y pamkax Moziesri Mo)kHa po3paxyBaTH MTOTiK PEYOBHUHU Yepe3 IOBEPXHIO
PO3AiTy y BUIIsAAI GYHKITI He3aIeXKHO BUMipIOBaHUX ITapaMeTPiB BOAHOI CHC-
TeMHU i Liel peuoBUHU. 30KpeMa, IIOTIK 3a1eXUTh Bifl 3HaUeHHA KOHCTAHTHU
T'enpi (Biz BifHONIEHHSA TUCKY HACMYEHUX TTAPiB 10 PO3YMHHOCTI y BOZI) i Bif
IIBUJKOCTI MOJIEKYISpHOI Andy3ii mobiusy moBepxHi poszainy ¢das.

[IBuzAKiCTb MOMEKYIAPHOI AMy3ii 3a/IeKUTh Bif:

— IIBUZAKOCTI IOBITPs HaZ OBEPXHEIO BOAU. 3a3BUYa IepesbadaeThes,
1110 IIpUITIOBEepXHeBa IBUAKICTh PyXy BOAU CTAaHOBUTH 3,5 % Bif| IBUAKO-
CTi BiTPy Ha/; BOZOIO;

— BUIIApOBYBaHHA BoAu. Lle IoB’A3aHO 3 TUM, L0 B CUJIy BUCOKOI KOHII€H-
Tpalii BoZia MepexoJuTh Yepe3 MeXY po3ziry ¢pa3 moBiTpsa—Boza 3i IBU/A-
KiCTIO, 1110 ¥ KUTbKa THCAY Pa3iB NepeBUIye BUKICTb BUIAPOBYBAHHSA
6yb-AKOTO iHITOI'0 KOMIIOHEHTA.

Yac, 3a KUl KOHIIeHTpallif pe4OBUHU B piZkilt pazi 3sMeHIIyeThCA BABI-
4i 32 paxyHOK BUIIapOBYBaHHA, BU3HAYa€ThCA CIiBBiHOMIEHHAM:

S 0,69-d
12783, 7

[ M
f= 2.%-R-T’

y_16,04-P,-M
- TS,

>
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Tabnuusa 1.22. Dismko-ximiuni napameTpu rasopiamHHmx npouecis (25 °C, pH 7)

ST Tucxnlllapia, Po3qu:|n|:i/t:11’:3y BOJi, ~r1r,2,
H-neHTaH 68400 40 0,012
benson 12700 1780 0,065
LinknorekcaH 10245 55 0,08
M-kcunon 1170 180 0,71
ETun6exson 935 152 0,81
H-pekaH 175 0,05 47
Jlinpax 0,017 17 4900
DeHaHTpeH 0,2 1,2 42000
AHTpaueH 0,001 0,04 530000
[ekcaxnop6eH3on 0,0015 0,11 570000
MipeH 0,001 0,14 830000
anT 0,000022 0,003 31000000

ne d — mmbuHa mapy Boay, 3 Kol BigoyBaeThcsl BUIapoByBaHHsA; H — KOHC-
tanTa lerpi, f=(2,0+0,2) - 10> — MHOXXHHUK, II[0 BpaXOBY€ BHUIIaPOBYBaHHSI
PEYOBHMHH i MOBITPsi; M — MOJIEKy/IApHa Maca peyoBUHU; T — abCoII0THA TEM-
niepaTypa; P, — TUCK TIapiB pe4OBUHH; S, — PO3YMHHICTh PEYOBUHU Y BOJ.
TakuM YMHOM, YMM BUIIUI TUCK MTapPiB PEYOBUHU, TUM IIBU/IIIE 32 iHIIINX
OJJHAaKOBMX YMOB BOHO BHUIIApOBYEThCA. HaBmaku, peuoBUHU 3 HU3bKUM THCKOM
T1apiB i BUCOKOIO PO3YMHHICTIO Y BOZI MEHIII CXWIBHI 10 TpoLieciB BUIapOBYBaH-
Hs [TOPIiBHAHO 3 PEYOBMHAMUY, 1110 XapaKTePU3YIOThCA BUCOKMMU 3HAYEHHAMU
THCKY MTApY PEYOBUHU | MEHIIIOIO PO3YMHHICTIO. 3 IAHUX Tabuili 1.22 BUILTHUBAE,
1110 HAUOGLTBII IBUAKO BUMIAPOBYIOTHCS HU3bKOMOJIEKYJISIPHI atibaTuyHi 1 apo-

MaTHYHi BYIJIEBO/HI, 0COOIMBO alKaH!, IIMKIOATKAHU i GEH30JIH.

CopO11iifHi MpoIecH MOCiAaI0Th BAXKIMBE MiCIle Y IEPEePO3IO/LIi B IpU-
POJHUX BOJaX HEUTPAIBbHUX, K MPABWIO, TipoPpoOHUX MOIeKys1. PiBHOBary

COpOIIiITHOTO MpOolleCcy MOKHA 3aUCATH Y BUTJIAAL:

K,
PW<¢>PS,

ne P,, — pevoBuHa P y BozHiii dasi, P, — peyoBuHa P B cop60oBaHOMY CTaHi,
K,. — xoedillieHT po3mo/iiieHHs pe4OBUHU P B cHCTeMi OpraHiyHa pe4oBHHa-

BOZA.

BenmuuHa K, 115 pi3HUX XiMiYHUX PEYOBUH 3aJI€KUTH Bifi KOedillieHTiB
AKTUBHOCTI PEYOBUH y BO/i IIPU BiJHOCHO MOCTIHHUX Koe(illieHTaX aKTHB-
HOCTi B opraniuHiii ¢asi. Llum, 30kpeMa, 06yMOBIEHO iCHYBaHHS KOPEJISAIIil
Mix KoedillieHTaMu po3moiny B cucTeMax okTaHoi-Boga (Kyy,) i TBepza op-

ra"iuHa peyoBuHa-Boza (K,.):

Koc = 0,4 Kow,

a TakoXx Mix K,,, i pakTopoMm 6iOKOHI|eHTPyBaHH: 3a0pPYAHIOBAJIbHUX PEYO-

BUH KB.

BenmuuuHa K, ToB’si3aHa 3 pO3YNHHICTIO PEYOBUHU y BOJi S IPOCTUM

CIiBBiIHOIIIEHHAM:
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IgK,, =(4,5+0,75)1gS .

Lle criBBiZiHONIEHHSI BUKOHYETHCS /7151 6araThoX KJIaciB OpraHiuHUX CII0-
JIyK, BKJIFOYAIOYU BYIVIEBOZHI, TAJIOT€HHI BYIJIEBOJHI, apOMaTHUYHi KUCJIOTH,
XJIOPOPTaHivHi eCTUIUAHN, TIOTiXIopoBaHi 6ibeHinu.

Y npupogHux copbeHTax OpraHiyHa peuOBUHA CTAHOBUTH JIUIIIE [TEBHY
YacTKY Biz Macu copbeHTy, ToMy Koe(illiEHT pO3IOZiTy pe4OBHUHHU P B cucTe-
Mi copbenT-Bozia (K,,) NpUIAHATO HOPMYBAaTH Ha BMICT OPTaHiYHOTO ByTJIEI[tO
(OC) B copbeHnTi:

K, = K,.[OCI,

ze [OC] — BmicT opraHigyHOi pe4OBHHU B COPOEHTI.
[1pu 11bOMY YacTKa copboBaHOI peyOBUHU B IPUPOAHIiH Bozi (P) omucy-
€TbCsA PIBHAHHAM:
_ KA
1+K,-[CI
ne [C] — KoHIleHTpallis CyCIeH30BaHOTO Y Bo/i copOeHTa.

3i 3pocrauuam [C] BeruuuHa F npsamye g0 1, To6TO Bcsi peyoBuHa P
mepebyBaTrMe B cOpOOBAHOMY CTaHi. B JOHHUX BiK/IaZeHHAX BeanuurHa [C]
BeJIMKa, TaK IO /i 6araTbOX PEYOBUH KP[C] > 1. ¥ BifKpuUTHX BOZOUMAX
3BOPOTHA CUTYyalifl: COPOIis € CYTTEBOO TiMIbKYU Jis crionyk K. > 10°.

AmepUKaHChKi JOCTIAHUKY BUBYAIU PO3MO/T iIHCEKTULIUAY ALUTBAPUHY —
TUIIOBOTO TIPEeACTABHUKA TIpoPpOOHMUX 3a0pyIHIOBATBHUX PEYOBHUH Y BOJO-
cxosuuli Kopansinn (CHIA). Bonu Buasuiy, mo 40 % AinpApuHy, 1110 HaJ-
XOJUTbH y BOZOCXOBUIIIE, OCilae Ha JHO, HAKONIUYYETHCA B JOHHUX BiZIK/IaJeHHAX,
50 % BUHOCUTBCA BHU3 32 TEUi€I0 Yepe3 UTI03U.

Bausbko 10 % AUTbAPHHY, 1110 HAAXOAUIO ¥ BOAY, HAKOITMIYBAaJIOCsS B prbax.
Y TOBIIIi BOAM AiNBAPUH PO3MOAUISAETHCSA TAKUM YUHOM: 64 % HaKOTTUYIYETHCSA
B pubax, 24 % po34rHAEThCA Y BoAi i 12 % copOyeThCs 3BayKEHUMU TBEPAUMU
yacTUHKaMU. KoHIIeHTpallisi pe4oBUHU B prbax i JOHHUX BiIK/IaIeHHSX IIepe-
OyBasia B piBHOBa3i 3 CepeTHbOI0 KOHI[EHTPAIIIEI0 PO3YNHEHOTO AUTbAPUHY,
MPUYOMY KUTBKIiCTh AUTBAPUHY B prbax Gysa mpsMo IPOIOPIIIHOI BMICTY B
HUX JKUPY i KOHILIEHTpallii y BoZi HezaieKHO BiJf XapakTepy XapuyBaHH, BUAY,
Macu, po3mipy pub abo iHiux yMmoB. JlaHi ObOBUX BUMIpIOBaHb BiAIOBiAaIN
J1abopaTOpPHUM, HOPMOBAHUM Ha BMiCT JKUPY, i BiimoBiganu koedilieHTy po3-
TIOZILTY B CUCTeMi OKTaHOJI-BOZA.

MabyTh, TaKuil piBHOBaXXHUI PO3MOZLT — 3arajbHe MPAaBUIO KOHIIEH-
TpPyBaHHA rigpodobHux (JiMOPLIPHUX) CIIOMYK B HEMOIAPHUX PPaKILiIX ce-
JUMEHTAPHUX YaCTUHOK i TiZIpO6iOHTIB.

[TpunyuieHHs Ipo PiBHOBAryu COPOLiMHUX MPOIECiB MOXKE HE BUKOHYBA-
THUCA, AKIO pe4OBHUHA 3a3HA€ XiMiYHUX ITepeTBOpPeHb. Y I[bOMY BUNAJAKY
MIBUAKICTH IIpolieciB copbirii — gecopbirii Moxke JTiMiTyBaTH MIBUAKICTH Xi-
MigHOi TpaHcopMallii 3a6pyAHIOBATHbHOI PEUOBUHU.

BuBYeHHS KiHETHUKY MPOIIECiB cOPOIIii TOKa3aio HassBHICTb IBOX CTAZIM:

Kl KZ
PW —1 PS1 <—>PS2

Ha mepimi#i crazii copOiiis pe40BUHU BiZIOyBAETHCS MIBUAKO i 000POTHO.
Lle moBepxHeBa copbitis. [Togabliiie IPOHUKHEHHS PEYOBUHU BCEPEIUHY MaK-
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POMOJIEKY/IIPHOTO KJIyOKa TBEPAOTO OPTaHiYHOTO COPOEHTY — TpOIIec IMo-
BUIBHUI i MOJKe BiZOyBaTHCA IIPOTATOM ZIeKLTbKOX Zi6. YacTka MoBepXHEBO-
copboBaHOi peuYoBUHU 3a3BU4ali cTaHOBUTH 0,35-0,6.

Copb6r11ist 6araTbox 3a0pyJHIOBAJIbHUX PEYOBHUH 3 PO3YUHHICTIO Y BOJI
MeHtie 10-2M € 0ZIHMM 3 OCHOBHUX IIPOIIECiB BUATeHHS XiMiYHOI pe4OBUHU
3 pigkoi ¢asu. JIo TakuxX pevyoBUH BiJHOCATHCS XJOPOPraHiuHi IeCTUUIMN,
oJTixIop6ipeHiIy, mosiapoMaTUYHi ByyieBo/Hi. LIi cioryku Masopo34uHHi
y BoZi i MatoThb BenuKi 3HaueHH: K, (104-107). [l Hux copO11id € Haibinbi
epeKTUBHUM IPOIIECOM CAMOOYUIIEHHS TPUPOJAHUX BO/,.

Mikpob6iosoriyHe caMOOYHIIIEeHHS

MikpobiosioriuHa TpaHcopMariisi 3a6pyIHIOBaJIbHUX PEYOBUH BBaKa-
€TbCsA OHMM 3 OCHOBHUX KaHaJliB CaMOOYHUIeHHA IPUPOAHUX BoJ,. Mikpo-
6iosoriuHi 6ioxiMiuHi IpOIleCH BKIIOUAIOTh PEAKIIii 32 y4aCTIO OKUCHO-BiJHOB-
HUX i rizporiTHYHNX GepMeHTIB (OKCHAA3U, OKCUTEeHAa3H, JeTiJpOTeHa3H,
rizposnasu Ta in.) OnTUMaIbHaA TeMIlepaTypa AJs mepebiry mpotieciB 6ioze-
rpazanii 3a6pyzHIOBaIPHUX PEYOBUH CTaHOBUTH 25-30 °C.

Y npupogHUX YMOBax MiKpOOHe CIIIBTOBAPUCTBO OTPUMYE €HEPriio 3
pisHuX mxepei. [Ipu 11boMy MiKpOOpPraHi3aMH, AKi MiCTATBCA B CIIiIOBUX KiJb-
KOCTAX Ti€i 4u iHI0i 3a0pyAHIOBAIbHOI PEYOBUHM SIK HA €UHOMY [KEpeTi
BYIVIELI}O, TepeOyBalOTh y CTaHi KOHKYPEHIIii OUH 3 OJHUM.

TakuM YUHOM, IIBUAKICTH MiKpobiosoriuHoi TpaHchopMallii peuoBUHU
3aJIeXKUTh He TUIbKU Bif i1 XIMIYHUX BJIACTUBOCTEN i CTPYKTYPH, a U BiJ MeTa-
60s1iuHOi 3aTHOCTI MiKPOOHOTO CIIIBTOBAPUCTBA, Bifl pasu poCTy IOIYJIAL,
BiZl MiCII€BOCTi Ta BUZIOBOTO CKJIaly MiKPOOHOT'O CITiIBTOBApUCTBA. SIK IpaBmiIo,
KOHCTaHTa MIBUAKOCTI MiKpobiooriunoi TpaHcdopmariii 3a6pyaH0BaIbHOI
PEYOBUHU KOPEJTIOE 3 KOHCTAHTOIO IBUAKOCTI HOTO JIY>KHOTO TiIpoTi3y:

Igkg=a + b - 1gkoy.

Lle CBiAYUTH PO POJIB TiZAPONITUYHUX IPOLIECIB Y MIKPOOiOJIOTiYHili TPaHC-
dbopmarrii pe4oBUH, CXUIBHUX 10 JIY>KHOTO TiZIPOITi3y.

Ha niporiecu 6iogerpazaiiii 3a6pyJHIOBaIbHUX PEYOBUH BIUIUBAIOTh O€3-
J1id GaKTOpiB — OCBITIEHHA, BMICT ¥ BoZi O,, IOXXUBHUX PEYOBUH, KODAKTO-
piB (pe4oBUH HeOLTKOBOI IPUPOAU, HEOOXiAHUX pepMeHTaM I 3/iICHEHHS
peaxiiii).

HaBiTb AKIIIO0 MiKpOOPraHi3MH BOJIOAIOTh HEOOXiAHUM JIJIT PO3KJIalaHHSA
3a0pyZHIOBaJIbHOI PeYOBUHU HabopoM $pepMeHTIiB, BOHU MOXKYTb HE BUSAB-
JIATU aKTUBHOCTI Yepes BiCYyTHICTh A0AaTKOBUX cybCTpaTiB abo KodpaKTopiB.
Tomy 6araTo 3ab6pyJHIOBAIBHUX PEYOBUH MOXKYTh MiKpOOiOJIOTi4HO po3Ia-
JaTHCA TITbKYA B YMOBax KoMeTaboizMa, TO6TO Mpu 3abe3nedeHHi BiZITIOBi/-
HUMU KocybcTpaTaMu, KOpaKTOpaMu i T. A.

Y NpUpOJHUX yMOBaXxX B pe3y/abTaTi MiKpOOiOJIOTiYHUX MTPOIIeCiB Ha-
OiMbII ITBUAKO PO3MaZaoThecs H-ankanu (Ha 60-90 % 3a Tpu TwxHi). Pos-
rajy>keHi aJlKaHU i IUKJIOATKAHU PO3MaZal0ThCSA MTOBUIbHIIIE, Hi’K H-aJTKaHU
(3a TwxzaeHb Ha 40 %). HusbKoMoJIeKy/IApHi apoMaTHYHi BYIVIeBOZHI MiHe-
pati3yroTcs WBUALLE, HiXK HACUY€eHi ByIJIEeBO/HI, POTe I0J1iapOMaTHU4Hi ByT-
JIeBOZIHI PYUHYIOThCA MOBLIbHO. Biozerpaallias apoMaTUYHNUX BYIJIEBOHIB
CYTIPOBO/)XYETbCA PO3KPUTTIM apOMAaTHYHUX Kijlelb 3a paXyHOK MTPOMiX-
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HOT'O YTBOPEHHS OPTO-AioiB. PeHou Ta Kpe3oiu TaKoK eGpeKTUBHO PYHHY-
I0ThCS MiKpOOpraHiaMamu. 3aMillieHi u- i TpUxIopdeHOIN PO3KIAAAI0ThCS
TTOBHICTIO B IOHHUX BiIKJIaZIEHHAX IIPOTATOM 5—7 [HIB, HITpO)EHOIN — TIPO-
Tsarom 14-20 aHiB.

Y npupogHUX YMOBaX, He3Ba)kalouu Ha BUCOKi TOTeHITiHI MOXXJIUBOCTI
6akTepilt BigHOCHO XiMiuHOI TpaHchopMallii 3a6pyIHIOBAJIbHUX PEYOBUH,
BOHM HE 3aBXX/IU MOXYTh OyTH peasizoBaHi. Tak, BHECEHHS aKTUBHUX MiKpO-
OpraHi3MiB y BoZolMy HalfyacTillle He BIUTMBAIOTh Ha IIBUAKICTb TpaHCcop-
Manii 3a6pyAHIOBAIBHUX PEYOBUH Y IPUPOJHUX YMOBAX.

Heo6xigHO 3yIMHUTHUCA Ha Ille OAHIN 0COGIMBOCTI MiKPOOiOIOTIYHUX
mpotieciB TpaHcpopMmariii kceHobioTHKIB (Biz rpell. KceHoc — uyxwuii, 6ioc —
KUTTS). Lle MOXKJIMBICTb YTBOPEHHS IPOAYKTIB TpaHchopMallii, TKi BUABIIA-
IOThCS OLIBII TOKCUYHUMU, KaHIIEPOTeHHUMU i MyTareHHUMU CIIOTyKaMU,
HiXX BUXiTHi pe4OBUHY. BUHUK HaBiTh CelliaTbHUI TepMiH “TOKcudikarisa”,
TOOTO MPOIIEC, TIPU AKOMY IMOYATKOBO MaJOTOKCUYHUU KCEHOOIOTHK Mmijza-
€ThCs B OpTraHi3Mi BIUTUBY GpepMeHTIB i cTae 6ibIl TOKCUYHUM. Lle cToCy€eTh-
cs1 TpaHchopMaliii eTKMX apOMaTUIHUX aMiHiB (TiPOKCHIIOBAHHS), CIIONYK,
110 MiCTATh apOMaTUYHi HITPO- i a30rpynu (yTBOpeHH: HiTPO30CIIONYK), apo-
MaTUYHUX CIONYK (YTBOPEHHA eIOKCU/IB) Ta iH.

XimiuHe caMOOYHUIIleHHA

TTporiecu mepepo3noAiTy 3a6pyAHIOBAIbHUX PEYOBUH Y IPUPOJHUX BO-
Jlax MOXYTb CYITPOBO/KYBATHUCA iX XiMiyHOIO TpaHchopmariiero. [Tpu mpomy
TpaHchopMallid PeYOBUH MOXKe 3[iMICHIOBAaTUCA AK B PO3YMHEHOMY, TaK i B
copboBaHOMY cTaHaX. Po3misHeMO ZesaKi 0coOMMBOCTi KiHeTHKY TpaHchop-
Matiii 3a6pyIHIOBaIbHUX PEYOBUH Y IIPUPOJHUX BOZAX B pe3y/IbTaTi IIPOIECIB
rizpoisy, GoTOmi3y i OKMCHEHHA.

Tigpouris

BaraTo 3a6pyHIOBaJIbHUX PEYOBUHU O€PYTh YIaCTh Y KUCIOTHO-OCHOB-
HUX [TePETBOPEHHAX. SIK MpaBWIO, Tifpoidy miagaroThes edipu i amiau kap-
60HOBUX Ta pisHUX pocdhopoBMicHUX KUCIOT. [Ipu IbOMy Bozia 6epe y4acTb
B peaxllii He TIMbKU SIK PO3UMHHUK, a K PeareHT:

R1XR2 + H20_>R1XH + RzOH.

Peaxiiii riZjposisy MOXYTbh 3/iMICHIOBAaTHUCA SIK HEKATATITUYHO, TaK i 3a
y4acTIo B IKOCTi KaTali3aTopiB PO3YMHEHUX B IPUPOAHUX BOZAX CIIOIYK.

CrtazHi edipy KapOOHOBUX KUCJIOT UTMPOKO BUKOPUCTOBYIOTHCS SIK Tep-
6iMay, IpH iX riAposii yTBOPIOIOTHCA BiINOBiZIHI KApOOHOBA KUCJIOTA i CITUPT.
Awmizny KapOOHOBUX KHUCJIOT TiIpPOJIi3yIOThCA 3 YTBOPEHHAM KHUCIOTH i aMiHy.
Tizmposni3 xapakTepHU# 17151 ToXiZHMX KapbaminoBoi kuciaotu (HO-C(O)-NH,)
i3 3aMileHHAM y aToMa a30oTy abo HO-rpymu. ¥ pe3ysbrari rigposi3y po3pu-
BatoTbeA 3B’a3ku C—O ta N-C.

BiZTHOCHO JIETKO TiZIpoJIi3ytoThcs GochopopraHivHi CIIOMTYKH, 10 BOTOZI-
IOTh BUCOKOIO iHCEKTUIIMIHO aKTUBHIcTIO. Edipu i1 amizu pocdopHoi Kuc-
JIOTH TifiponizyroThes 10 docdopHoi kuciotu. TiopocdaTu 6Lt CTiHIKI IO
rizposnisy, Hixk pocdaTu. XapakTepHUH Yac Tigpodisy geskux pochopopra-
HIYHUX iHCEKTULIU/IB TpeAcTaBieHo B Tabi. 1.23.
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Hanisnepioa rigponisy dochopopraHiuHmx iHcekTULmMaiB

IHCeKTMLMaK T1/2

®ocmer
Lianichop
ManarioH
[ukantoH
OumetunnaparioH
MapatioH

7,1ron
14,0 rop,
10,5 pobu
29 ni6
53 ni6
130 gi6

KoHcTaHTa NIBUAKOCTI TiZIpOIi3y pe4OBUHU B COpPOOBAHOMY CTaHi Majio
BiZIpi3HAETHCA Bifl KOHCTAHTH NIBUIKOCTI aHAJIOTIYHUX IIPOIIeCiB y TOMOI'eH-
HOMY BOZHOMY cepeZOBHIII (MeHIIle Hi>K y TpY pa3u). BiAANOBIZAHO Y BiAKPUTUX
BOJHUX 00’€KTax, lie YacTKa 3a0pyAHIOBATLHUX PEYOBUH B COpPOOBAHOMY
CTaHi HeBeJInKa, BHECKOM CeJUMEHTAapHUX YaCTUHOK B TiIpOJIITUYHY TPaHC-
¢dbopmariito pe4oBUH MOXXHA 3HEXTYBATH.

doTomi3

doToiITUYHE IEPETBOPEHHS 3a0PYAHIOBATbHUX PEYOBUH 3/[iICHIOETHCS
B NIPUPOJHUX BOZAX i Aieto yabTpadioneToBOi CKIaL0BOI COHAYHOTO BU-
NIPOMiHIOBaHHSA.

[ToBepxHi 3eMJi flocATae CBITIO AOBXUHOIO XBWIi > 300 HM, IPUYOMY
iHTeHCUBHICTh Y®-BUINIPOMiHIOBaHHSA 3a/I€3KUTh Bi/Jl TOBIIMHN 030HOBOTO I11a-
py i MOxKe 3a3HaBaTU 3HAUHUX 3MiH I1i/] BIULTUBOM fIK IIPUPOAHUX, TaK i aHTPO-
moreHHUX pakTopis. He3Bakarouu Ha Te, 1110 yacTka YP-cK1a0Boi B 3arajib-
HOMY IIOTOIIi eHeprii COHAYHOTO BUIIPOMiHIOBaHHA HEBEJIWKA, B XIMiYHUX
MepeTBOPEHHAX OLIBIIOCTI 3a6pyAHIOBAIbHUX PEYOBUH Hepe yJacTh CBIT/IO
3 I0BKMHOI0 XBWIi < 350 HM. CBiT/IO XiMiYHO aKTHBHE B 30Hi lIepeKpUBaHH:A
CIEKTpa COHAYHOT'O BUIIPOMIHIOBAHHA i ClleKTpa IOIMHAHHA Li€l peYOBHHU.
LI JinTHKA CIEKTPa COHAYHOTO BUIIPOMiHIOBAHHSA SIBJISIE COOOK0 “CIIEKTD
aii”. ins 6ib1IocTi 3a6pyAHIOBAILHUX PEYOBUH MaKCUMYM “CIIEKTpa Aii” po3-
TalIOBAaHWH B Jiama3oHi Z0BXUH XBUIb 310-330 HM.

doToximMivHi epeTBOpeHHs 3a6pyAHIOBATPHUX PEYOBUH B MPUPOJHUX
BOZIaX MOXKYTh 3/IiICHIOBATUCSA B Pe3yJ/IbTaTi MPSIMOT0 i CeHCU6iNi30BaHOTO
¢dboTosizy — 3a y4acTio BUTBHUX paJUKasiB Ta eJIeKTPOHHO-30yKEeHUX Jac-
TUHOK. Peakiiii mpsiMoro ¢poToizy Bii6yBaroThCs, KO XiMiYHOTO TIEPETBO-
DEHHs 3a3Ha€ peUYOBUHA, sIKa IMOIMHAE cBiTIO0. IIIBUAKiCTh TpaHchopMariii
pevyoBuHH P mipu npsiMmoMy ¢OTOITi3i BUBHAYAETHCS MITBUAKICTIO MOTYTMHAHHSA
KBaHTIB CBiTJIa i KBAHTOBUM BHUXOZOM TIPOIIECY.

KBaHTOBUII BUXi/] XapaKTepU3ye UMOBIPHICTh 3/[iICHEHHS XiMiYHOI pe-
aK1ii mpu MOIMHAHHI OHOTO KBAaHTAa CBi™Ia. 3a3BU4all KBAHTOBUM BUXi/,
¢/1a0K0 3aJIeXKUTh BiJ| JOBXUHU XBUJII.

I[Tpu ceHcubinizoBaHOMY HOTOJII3i CBIT/IO TOTIMHAETHCS CEHCUOiTi3aTO-
pOM i 30y)KeHHS MepeAaeThCs 3 IEPBUHHOIO IpHiiMaya COHAYHOI eHeprii Ha
DPEYOBUHY, sIKa 6epe yJacThb y IepeTBOPEHHI. Y MPUPOAHUX BOAAX CEHCUOLTi-
3aTOpaMHU CIy)KaTh PO3YMHEHi Y BOAi GYIbBOKUCIOTH, AJIA AKUX MaKCUMyM
“criexTpa Aii” COHAYHOI'0 BUIIPOMiHIOBaHHA — IIpU 365 HM.
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JocnipkeHHA 3 BUKOPUCTaHHAM K COHAYHOI'O BUIIPOMiHIOBaHHS, TaK i
MOHOXPOMAaTHYHOIO CBiT/IA 3i IITYYHUX JKepeJl [ToKa3alu, 1o I'yMycoBi pe-
YOBUHU B Pi3HUX BOZONMAX, & TAKOXK I'YMiHOBI Ta Qy/IbBOKUCIOTH, BIIyIeH]
3 I'PYHTIB, MarOTh MOZAiOHI HpoTOCEHCHOIMi3yBaNTbHi BIaCTUBOCTI.

CUHIJIeTHUI KUCeHb (KUCEeHb ¥ 30YKEHOMY CTaHi) BOJIOZIE IMIUPOKUM
CIIEKTPOM peakIliHoi 3Z1aTHOCTi. BiH B3aeMozi€e 3 mosriHeHaCUYeHUMU KUP-
HUMMU KUCJIOTaMMU JilliZliB, CTepoiZilaMu, AeIKUMU aMiHOKUCI0TaMU (MeTiOHi-
HOM, TiCTUAUHOM, TPUNITOGAHOM), Y TOMY YHUCJIi 3 BXiIHUMHU /10 CKJIay OLIKIB
i memTuziB, a TAKOX 3 6araThbMa 3a0pyAHIOBAIBHIMYU PEYOBUHAMU — IIECTH-
nugamu, ypaHamu, cyrbdiaMu Ta iHIIMMY pedoBUHAMU, 6araTuMu Ha
eJIEKTPOHU. Y TOU e Yac BifHOCHO GiNbIIOCTiI OPTaHIYHUX CIOJYK (ByIJIe-
BO/IHIB, CITUPTIB, edipiB Ta iH.) CHHITIETHUHN KUCEHb He 3aTHUH ZI0 PeaKIlii.

YTBopeHuii y GoTOCEHCUOLTI30BAHUX PeaKIlisiX CUHITIETHUH KUCEHb MO-
’Ke B3a€MOZIATH 3 MOTIIUKIIYHUMU apoMaTUYHUMU ByieBogHAMU ([TAB) 3
YTBOPEHHAM HaJKUCJIOT, 110 € AKepenraMu OH-pagukaris, AKiy cBOIO uyepry
31aTHi okucHIoBaTH [TAY 10 eHzonepokcuziB. Tum camuM npotec GpoToxi-
MiuHOi TpaHcdopMaliii 3a0pyAHIOBATPHUX PEYOBUH TiCHO MTOB’sI3aHUM 3 pa-
JUKaJIbHUMU IIpoljecaMy OKMCHEHHS.

OcobuBicTh GOTOXIMIYHUX IEPETBOPEHD B TPUPOAHUX BOJAX IOJIATAE,
3 ofHOTO OOKY, Y BIUIMBI Ha IIBUJKICTH iX mepebiry morogHux GpakTopis, A0-
60BUX i CE30HHUX 3MiH COHAYHOI pafiallii, ITMPOTHU MiCI[€BOCTI, a 3 iHIIIOTO
60Ky, B IOIIMHAaHHI (pOTOXIMIYHO-aKTUBHOT'O COHAYHOTO BUIIPOMiHIOBaHHS
B TOBIIIi BOAU.

Sk mpaBwWJIO, TOBIIVHA IIapy BOAU, B AKOMY 3JiHiCHIOIOTHCA POTOXIMiUHi
MIepETBOPEHHS, HEBEINKA — He MepeBUIIYeE JeKiTbKoxX MeTpiB. Tomy doTo-
XiMiYHi TepeTBOpeHHs HAaNOLIbII iCTOTHI /11 TpaHchopMaliii 3a6pyAHIOBab-
HUX PEYOBUH B HEIIMOOKUX BOAHUX 00’€KTaX: piyKax i cTaBKaX, a TaKOX y
npubepeXHUX 30HaX MOPIB, 03eP i BOJOCXOBHIII.

OKHCHEeHHA

[Tponecu oKVCHEHHS 3a0pYAHIOBIILHIX PEUOBUH Y IIPUPOAHUX BOAAX
MOXKYTb OYTH ABOX THIIIB:

1) sK OKMCHUKU 6epyTb y9acTh iOHU MeTasiB B OKUCHeHil ¢popmi (Fe3*,

Mn#**, Cu?* Ta in.). Lli mpoliecy HaM6LIbII HMOBIpHI 47151 3a6pyAHIOBAb-

HUX PEYOBHUH, LI[0 BOJOAIIOTh BUPAXXEHUMU JIiTaHAHUMU i BiAHOBHUMU

BJIACTUBOCTAMU;

2) B OKHUCHeHHi 3a6pyZHIOBaIbHUX PEYOBUH 6€pyTh y4acTh BUTbHI pasuKa-

JIV Ta iHII peaKIiiHO3ZaTHI YaCTUHKU.

Cepez ioHiB NepexiJHUX MeTaJsIiB KaTaJiTU4YHi B1aCTUBOCTi B IPUPOAHUX
BOZIaX HAMOUIBIII SICKPaBO BUABJISIOTh i0HH i KOMIUIEKCH Mijli, a TAKOXK MiKpO-
KOJIOiZTHI YaCTUHKU TiI[POKCHUY 3asi3a.

PefoKc-KaTa iTHUYHI POIlECH CAMOOYHUIIEHHS IPUPOAHUX BOJ He 00-
MEXYIOTbCs JInIIe TpaHchopMalliero 3a6pyAHIOBAIbHUX PEYOBUH, III0 BOJIO-
JIIOTh eJIeKTPOHHO-JOHOPHUMHU BJIaCTUBOCTAMH, 3a PaXyHOK iX NpAMOTO
OKHMCHEHHA i0HaMHU MeTaJliB 3MiHHOi BasieHTHOCTi. [TopsAz 3 doToxiMivHUMU
peaxIifiMu peZloKC-KaTaaiTU4Hi npouecH 3a ydacTio O,, H,O, TpuBogATs 10
YTBOPEHHS B IPUPOAHUX BOZaX aKTUBHUX IIPOMIXKHUX YaCTOK, 30KpeMa Bilb-
HUX paJuKaliB.
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TakyM YMHOM, CHCTEMA CAMOOYUHIIIEHHS IPUPOJHUX BOZ MOXKe OyTH OXa-
PaKTepPU30BaHa CYKYITHICTIO QYHKITIOHAIbHIX 3aJIEXKHOCTEHN MiXK ITapaMeTpa-
MM CepeIOBUIIA i 30BHINIHIX YUHHUKIB, 3 0HOTO 60KY, Ta Gpi3sUKO-XiMIYHUMU
BJIACTUBOCTSAMU 3a0PYAHIOBAIBHUX PEYOBUH — 3 {HIIOTO.

3HawYU BIACTUBOCTI 3a6PyJHIOBATPHUX PEYOBUH, MOJKHA TPOTHO3Y-
BaTH ix HAMOiIBI UMOBIpHI MIAXM TpaHchOpMallil B HABKOJTUIIHBOMY
cepeZoBHIli, a 3HAIOYU [TapaMeTpHU IPUPOJHUX BOJ — OL[iHIOBATHU JOILyC-
TUMe HaBaHTa)XeHHs Ha BOAOWMU 3 THUX UM iHIIUX 3a0pyAHIOBAJIbHUX pe-
YOBUH.

Jliteparypa go nipposginie 1.2.3.1-1.2.3.6

CrpaBoYHMK XuUMUKa, 2012. 2 u3z., T. 3, M.-JI., 1964, c. 740.

Tondosckas J1.®., 2007. Xumus okpysxatomiel cpezpl / J1.®. Tongosckas. M.: Mup, 294 c.

Iycaxosa H.B., 2005. XumMus okpyxatoleii cpespl. Cepus “Briciiee o6pazoBaHue”.

PocToB-Ha-ZJony: ®enuxkc, 192 c.
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chepe

1.2.3.7. 3arajpHuUl cTaH NPUPOSHUX BO/,

1.2.3.7.1. 3azanvHuii cmaH npupodHux 800 y caimi

[epenbavyaeThbes, 110 KUTbKICTD TIPICHOI BOAM V CBIiTi, AKa JOCTYIIHA JJIs
CIIO’KMBAHHS JIFOJUHO0, KoMuBaeTbes Big 12500 kM3 1o 14000 kM3 Ha pik
(Hinrichsen ta cmiBaBT., 1998; Jackson Ta cmiBaBT., 2001). Y 6araThox kpaiHax
Adpuxwu, bimsbkoro Cxozy, 3axizHoi A3ii i festkux kpain CxigHoi EBPOITH Kilb-
KiCTh BOZHUX PECYpCiB, JOCTYIIHUX JJI1 HaceJeHHs, HKYA 3a CepesHIo.
Y 3B’13KY i3 IIBUAKUM 3POCTAaHHIM HaceJIEHHs, IOTeHIIifiHA KiTbKiCTh BOAM /IS
HaceseHH:A 3eMti 3HU3wIacsA 3 12 900 m3 Ha gymry HacesneHHA B pik B 1970 porii
210 9000 M3 y 1990 p. i 1o MeHI Hixk 7000 M3 y 2000 p. (Clarke, 1991; Jackson
Ta cmiBaBt., 2001; Shiklomanov, 1999). Y rycToHnaceneHux patioHax Asii, Ad-
puku Ta IleHTpasnbHOi i [TiB1eHHOT EBpONK OTOYHE BO/I03abe3MeyeHHsT Ha
AyIly HaceJeHHs cTaHOBUTH Big 1200 M3 1o 5000 M3 Ha pik (Shiklomanov,
1999).

[mo6anbHi 3amacy MpicHOI BOAM, 3TiZJHO 3 TPOTHO3aMH, 3HU3ATHCSA 10
5100 m® Ha aymy HacemenHs y 2025 p. Iliei kinbkocTi 6yze 0CcTaTHBO, 11106
3a/JOBOJIbHUTH iHAWBIZyaJbHi TOTpeOU JIOAMHU, IKOW BOHA Oysia po3IMozi-
JileHa piBHOMipHO MiX HaceseHHAM y cBiTi (Shiklomanov, 1999). Puc. 1.32
inrocTpye 3MiHy Bo03abe3meueHOCTi Ha AyITy HaceJleHHs MPU MOCTiHHOMY
06cs3i mpicHOI BOAY, 3 ypaxXyBaHHIM ii HEPiBHOMipHOTO po3Mmoziny, ypbaHi-
3alii Ta 3pocTaHHA HaceJleHHA 3eMJIi.
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[Tpo6eMa IpicHOI BOAY CTaHe O/IHI€I0 3 HAUTOCTPIIINX 10 cepeauHU XXI
cronitTs. 3a fanumu OOH [BcecsiTHil Jlenb Bozau. http // www.cawater-info.
net//all_about_water?p=1332], Bxke cboroziHi 1eiluT BOAM, BpaXOBYIOUHN
CLTbCHKOTOCTIOZIAPCHKI i MPOMUCIIOBI MOTPeOH, OIiHIOEThCS B 230 MuIpa M° Ha
pik. [lo 2025 p. 3,2 MuIpZ )KUTeJIiB HAIIO1 IUIaHeTH OyAyTh CTPaYKJaTH Bif He-
craui mutHOI Boau (< 1000 mr/am? cosmeBmicT), AebillUT KO 10 1IHOTO Yacy
36imbmryerbes g0 1,3-2,0 TpaH M3 Ha pik. A g0 2025 p., 3rizHO 3 JaHUMU
FOHECKO, Bxe 7 miipg oci6 y 60 kpaiHax (3a meCuMiCTUYHUMU IIPOTHO3aMU)
abo B 48 kpaiHax (3a ONTUMiICTUYHUMHU MPOTHO3aMU) 3iTKHETbCSA 3 Mpobite-
MO0 KaTacTpodivHOI HecTadi mpicHOi BOAM.

1.2.3.7.2. 3azanvHuil cmaH npupodHux 800 8 €sponi

HepiBHOMIipHWMI po3smozis, ypbaHisailia i 3MiHa KIiMaTy BIUIMBAIOTh Ha
BOZio3abe3neueHHs MemrkaHIliB €epomnu. Ha puc. 1.33 npeacrasieni pe3yib-
TaTH OI[IHKM iMiTariiHOTO MOZIeIIOBaHHA clleHapiiB Ha 2070-2099 pp. Ak
BU/IHO, ZIesIKi palloHU OTPUMAaIOTh Oi/bllle BOAM, B TOM Yac K B paiioHax 3
JedinuToM BoAU ii cTaHe Ile MEHIIE.

Boana pamkoBa AyipekTuBa €C iCTOTHO BIUIMBAE Ha AKICTh BOAU B €BPO-
ITi BJKe ChbOTOZIHI 1 HalliJleHa Ha TPO/IOBKEeHHA pOOOTH 3 MiZBUIIEHHS TKOCTI
BoZM B MaibyrHboMy. Ha puc. 1.34 npescTaBieHo AKiCTh BOAU B €BPOMEN-
ChbKUX KpaiHax B 2012 porii.

Xoua B peasi3anii BogHoi paMmkoBoi fupekTHBU €C JOCATHYTO 3HAYHOTO
MpoTpecy, MPOTe TIOBHE JOCATHEHHS ITiIeld He BinOymocs, 10 Biggansae BUpi-
IIIeHHs HaMiYeHUX eKOJIOTiYHUX 3aBZiaHb. PO3CifHI i TOYKOBi 3a6pyAHEHHS K
i paHilne, € 3HAYHUM HaBaHTAKeHHSIM Ha BOJHE CEPeZIOBUIIE BiZITOBIIHO y
38122 % kpainax — wieHax €C. EBrpodikalis (3apocTaHHA BoJoIM), BU-
KJIWKaHa HaAMipHUM 6ioreHHUM HaBaHTa)KeHHSAM, BCE Ille 3aIHIIIA€ThCSA TO-
JIOBHOIO 3aT'PO3010 JJIs1 BOAOKHM, Ki IepeOyBatoOTh MOKH IO B 3a/I0BITBHOMY
cTaHi: 6ioreHHi peYOBUHU MiCTATHCA B ~ 30 % BeJUKUX BOAHUX 00’€KTax B
17 nepxxaBax — uieHax €C. HopMmu i piBeHb OUUIIIeHHA CTiYHUX BOJ, BCE IIie
MaroTh CYTTEBI BiZIMiHHOCTI B KpaiHax €BpOIH, 1[0 BU3HAYAJIbHUM YNHOM
BIUTMBAE Ha 3a0pyAHEHHS BOAU B €BPOIENChKUX BogoliMax. EEA (2011) mo-
BiTOMJIsT€, TITO CTAH OYUIIeHHS CTiYHUX BOZ B IliBreHHO-CXigHil EBpOTIi Besb-
MU JaJIeKO BiJ 3aJ0BUILHOTIO.

1.2.3.7.3. 3azanvHuil cmax npupodHux 800 y Hopeezii

Boga B Hopgerii, B 1iytoMy, MeHIII, HXK y pellITy Kpain €Bporu, 3abpya-
HeHa MiCbKMMHU CTiYHMMU BOZAMHU, He3BaXKaloyu Ha Te, 110 MiJKUCIEHHS €
OJTHI€I0 3 TOJIOBHUX MPO6JIeM B)Ke 6araTo poKiB BHACIIIOK MPOMUCIIOBOI Zi-
sutbHOCTI K y HopBerii, Tak i B 6aratbox Kpainax €Bponu. Sk BUIHO 3 puc.
1.35, cutyariia B HopBerii HocTyIIoBO MOMIMIITYETHCA Yepe3 CIPUATINBI 3MiHU
CKJIaJly CTiYHUX BOJ i BJOCKOHaJIeHHA MeTOZiB ix ouuieHHsa. Kpim Toro, ic-
TOTHUH MPOTPeC ZOCATHYTHH 3a 6araTo JeCITUIITh y 36epeKeHHi IPUPOIHO-
ro 6J1Iaronoyydsi perioHaJIbHUX HOPBE3bKUX aKBaTOPii.

EBTpodikariis 6yia OCHOBHOIO 3arp0o3010 Ha Mo4yaTKy 1970-x, aje mBu-
Ki iHBECTUIIii B OYUIIEHHS CTiYHUX BOJ, i B CiTbCHKOTOCIIOAPCHKUM CEKTOP
3HU3WIH KiTbKiCTh GaKTOPIB, 1[0 BILTUBAIOTh Ha eBTpodiKalliro. Xoua Bce I1e
€ ZedKi mpobyieMHi perioHu, AK [MOKa3aHo TOYKaMu Ha puc. 1.36.
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PucyHok 1.32.

3miHK y Bogo3abesneyeHoCTi
HO LWy HaceneHHs, m3

(Grid Arendal, 2000)

M Ha flyLly HaceneHH:
Ha piK

MNiBHiuHa AMepuKa

/55
RS
soogesetes
XX
RS

QLRR XX
SRS

SRS
4?"’:::’:’ R
pot' e 4

lOKoH 1249832
MakeHsi 408 243
HenbcoH 15167
Miccicini 8973
Piuka CBAToro JlaBpeHTia 9095
NieaeHHa Amepuka
AmazoHKa 273767
MapaHa 8025
€spona
HAyHain 2519
Adpuika i Bansbkuii Cxig
Hirep 4076
Baceitt o3epa Yag 7922
Konro 22752
Hin 2207
3ambesi —
OpaHxeBa 1050
€sdpar i Turp 2189
Asis i ABcTpania
Bonra 4260
06 14937
EHiceit 79083
Nena 161359
Konuma 722456
Amyp 4917
laHr i bpaxmanyTpa —
AHU3N 2265
Baceitt Myppeit i JapniHr -
XyaHxe 361 ﬂpOrHO3
It 830 Ha 2025

500 1000 1700 4000 10000 M’Haocoby

Hectaua Hanpyxennit  [locTaTHA KinbKicTb
CTaH

TenepiluHA piyHa Bogo3abe3neyeHicTb
Ha Aylly HaceneHHa (cepeaHa 3a nepiopn 1971-2000)

m*/ocoba/pik

Hl 0-500 1 1300-1700
I 500-1000 1 >1700
[ 1000-1300 Be3s BogozabesneyeHHs

MporHo3 piyHoi Bogo3abe3neyeHoCTi Ha Ayl HaceNleHH:A
B «2080-Ti» (cepeaHn 3a nepiog 2070-2099)

m*/ocoba/pik

Hl 0-500 [ 1300-1700
I 500-000 1 >1700
[ 1000-1300 V7] besBopozabesneveHHs

PucyHok 1.33.

3mina BoposabesnedeHocTi Ha mywy HacenenHs (EEA, 2011)
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Ecroin (645) D EcToin (645) jmmm_
CnosayvuuHa (1 760) I R CnoBayumHa |
PymyHis (3 256) I B PymyHis (3 256) _?
Icnanisi (3 474) S S Icnanis (3 474) _i.
Natsis (204) I Natsis (204) _—;.
MopTyranis (1 507) — Moptyranisa (1 507) |
Cnosenia (131) I —— Cnosetis |
Qiunaxgin (949) R S Oinnaxgis (949) _5
LWsewin (15 475) ) R Wseuis (15 475) 1
Ipnangis (4 508) I I IpnaHgis (4 508) _r
Itanin (3 991) [ | Itania (3 991) _r
Nawis (13 642) ——— Naria |
Ipeuis (649) — peuia (649) _F
Bonrapis (688) — Bonrapis (688) _5
€sponeiicbknin Cotos (91 040) p ncbkui Coros (75 405) _:.
OpaHuis (10 781) — Opanyin (10781) |———
Kinp (163) e ——] Kinp (163) [F———
AscTpis (7 322) S ABCTpiA (7 322) [m—
Nutea (832) — — NnTea (832) |—
Benuko6puTaHis (9 080) — BenukobpuTtaHis (9 080) |
Yecbka Pecny6nika (1 062) 1 Yecbka Pecny6nika (1 062) |
YropuwuHa (584) — YropuwmHa (584) |
Monbua (987) = Monbua (987) | ]
HimeuunHa (8 817) ] HimeyuuHa (8 817) | ]
TNiokcembypr (102) Tiokcembypr i
Higepnanau (254) Hipepnanan (254) | ]
Benbris (177) benbria (177) | !
o 20 40 e 8 100 o 2 4 & 8 100
BincoTkoBe cniBBigHOLWEHHA BOAHMX 00'€KTIB, CTaH BifcoTkoBe CniBBiAHOLWWEHHSA BNAVBY Ha BOLHI 06'€KTN
W [yxe noranunii M Moranui @ 3aposinbHuiA [ Tippomopdonoriynnin W PoscisHi pxepena
[ Lobpwi [ BigmiHHMI

PucyHok 1.34.
SkicTb BOAM BoAHMX 06 exTia B Eponi (EEA, 2012)

Pucynok 1.35.

[Mipxkncnenns soam
8 Hopserii

(NIVA, 2010)
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PucyHok 1.36.

fkicTb BOAM pivok i 03ep
8 Hopserii: eBTpodikauis,
BUKITMKAHA pOoChHaTamu
(Statistics Norway, 2009)

fAlkicTb Bogn

@ [lyxe noraHa
¢ [loraHa

A 3apoBinbHa
O [Jobpa

O BigmiHHa

1.2.3.7.4. BazanvHuil cmaH npupooHux 800 8 YKpaiHi

BoaHi pecypcu YkpaiHu cTaHOBJIATH MOBEPXHEBIi 1 MiZj3eMHi BOJU.

Jlo BemuKUX pivok HanexxaTh JlyHaii, Tuca JlHicTtep, [liBgennutii byr, /Hi-
nipo, Ilpur’aTe, JlecHa, CiBepcbkuii JloHens, 3axiguuii Byr.

BpaxoBytouu pi3Hi IpUPOJHO-KIIMaTUYHi yMOBH PeTioHiB YKpaiHU, IIpo-
6s1eMa IX BOZIOTIOCTaYaHHs BUPIIIYEThCSA 38 PaXYHOK Midk6acelfHOBOTO Iepe-
PO3MOZLTY BOAHUX PECYPCiB 3 BUKOPUCTAHHAM YHIKaJIbHUX BOJOTOCIIOAAP-
cbKux cucteM — [liBHiuHO-KprMcBKOro Ta KaxoBchbKOro MaricTpaibHUX
KaHasiB, KaHastiB JHinmpo — Jlou6ac i JlHinpo — [HTy/elb, MixKobIacHUX,
Mi>XKpaltOHHUX i Mi>KT'OCIIOZIaPChKUX BOJOPETYIIOBATbHUX i BOZHOTPAHCIIOPT-
HUX CUCTEM.

Besnuka yacTuHa 3aperyJab0BaHOro CTOKY B YKpaiHi npumaziae Ha JIHirpos-
CBKUM KacKaJl BOZOCXOBUIN — 3arajbHUM obcarom 43,8 km?® i KOpucHUM —
18,5 kM2, Bci micTh BogocxoBuil JIHIIPOBCHKOTO Kackaly MaloTh KOMILIEKCHE
MpU3HaYeHHsA. 32 paXyHOK BOJHUX pecypciB J[Himpa 3Ha4HO MiIBUIIEHE BOJO-
3abesmevyennsa B Kpumy (B 3 pasu), B XepcoHcbKili (B 5,5 pa3y), KipoBorpaz-
cobKilt (B 2,5 pasy), JIHimponeTpoBChbKili (B 3 pas3u) o6racTsx.

CrorozHi mopivyHa nmotpeba HaceJeHHs i raxy3ell EKOHOMIKH Y BOAHUX
pecypcax cTaHOBUTH 6/113bK0 20 kM3,
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OCHOBHUMU BOZOKOPHUCTYBa4aMU € IIPOMUCIOBICTE — 36 %, ciTbCbke
rocrnogapcTso — 41 %, koMyHanbHe rocrnozapcTso — 23 %.

CrernianizoBaHi oprasisariii YkpaiHy KOHTPOJIIOIOTH SIKiCTh IIOBEPXHEBUX
BOZ B paiioHaX OCHOBHUX B0OZ03a60piB Ha 50 mKeperax MUTHOTO BOAOIIOCTA-
4aHHA B /8 cTBOpax.

BwmicT paZiioHyKJIiZIiB Y MOBEpXHEBUX BOZAaX YKPaiHU, B TOMY YHCJII B 30-
Hax BIUI UBY PiBHeHcbKOi, XMenbHUIBbKOI, [liBZeHHO-YKpaiHChKOi Ta 3aro-
pi3bKOi aTOMHUX €JIeKTPOCTAHIIi!l Ta MiclIAX po3TallyBaHHS BOZ03abopiB,
OCTaHHIMU POKaMU 3HAYHO HUKYUH BiJi IOITyCTUMUX PiBHIB.

Hinxue HaBeZieHO ZiaHi PO TiZIpPOXiMiYHUM CTaH OCHOBHUX ITIOBEPXHEBUX
BOZHUX 00’€KTIB — JXKepeJ1 MUTHOTO BOJOTIOCTavYaHHI — I10 6aceifHaX OCHO-
BHUX PidOK YKpaiHU.

Bacetin piuku /JHinpo

Piuka JIHInpo € HaM6LIBIIOI0 piuKoI0 YKpaiHU, Ma€e IUIOILY BOA036ipHO-
ro 6aceiiny 291,4 tuc. kM2 B Mexkax YKpainu. [[HiIpo — OCHOBHE /IXKEPeJIo
BOZIOTIOCTAUYaHHS BEJTUKUX TPOMUCTOBUX IIEHTPIB y MeXKax 6aceliny, a TaKox
[MiBgusa i [TiBgenHoro CxoAy KpaiHw.

TizpoxiMiyHUI cTaH BOZOCXOBUI /IHITPOBCHKOTO KacKaly i BOZOTOKIB
baceifHy OCTaHHIMU pOKaMU Ma€ TEHAEHIIIIO0 ZI0 OTipIieHHs. [lepeBUIIleHHS
HOpPMAaTUBHUX ITOKAa3HUKIB AKOCTi BOAU AJiA IOCIOAAPCHKO-IIMTHOI'O BOZO-
KOPUCTYBaHHA CIIOCTEPIraeTbcsA IepeBa)KHO 3a TAKUMU ITOKa3HUKaMU, AK
ximiune (XTIK) i 6ioximiuHe crioxxkuBaHHA KucHio (BIIK) (Bizo6pakaioTb BMiCT
OpraHiuYHUX CIOJYK), 32 BMICTOM 3aJi3a, MapraHiio, a TaKO> KOJIbOPOBOCTI.
CriocTepiraeTbes CTiliKa TEHAEHIIIS 0 MiABUIIEHHSI BMicTy docdatiB y Bozi,
IO € HACJTiZIKOM TEXHOTeHHOT'0 HaBaHTa)KeHHs HA BOZAHI 00’€KTU ZepKaBH.
3pocranHs XI1K cBiguuTh K Ipo HeedheKTUBHY pOOOTY OUMCHUX CIIOPYZ MiCT
i MPOMMUCIOBUX MiATIPUEMCTB (10 TPU3BOAUTB A0 30TbIIEHHS CKUAIB Y PIYKy
JIHITIpo Ta 10ro MPUTOKYU HEKOHTPOJIbOBAHUX, HEOUUIIeHUX a60 HeZIOCTAaTHBO
OYUIIEHUX CTIYHUX BOJ), TaK i IPO HAAXOMKEHHA OPraHiYHUX CIIONYyK 3 60-
JIOTUCTUX TEPUTOPili BoZ0360py BepxHbOTO J[Himpa i 10TO MPUTOK: PidOK
[Tpur’ari, Y>ka. 3HauHa KUIbKICTh “opraHiku” (epeBa*kHO I'YMiHOBI CITOJIYKH),
a TaKoX 3aji3a i 6i0reHHUX eJIeMEeHTIB YTBOPIOEThCA B CJIAOKO MTPOTOYHUX
BOZIOCXOBUIIIAX AHIIIPOBCHKOT'0 KackaZly BHACIIZIOK aKTUBHOI'O PO3MHOXKEHHA
CUHBbO-3eJIeHUX BoZlopocTel (“IIBiTiHHA BoAu”) B IIeBHI epiogu. HatibinbIie
GioreHHe 3a6pyAHEHH, 3 YCiX BOAZOCXOBUIL JHITPOBCHKOTO KacKay, CIO-
crepiraetbcsa B KHiBchkOMY BOZOCXOBHUII, Ha AKICHUU CTaH BOAU SKOTO i
BepXHbOI YacTMHU KaHiBCHKOr0o BOZAOCXOBUILA CYyTTEBO BIUIMBAIOTh BOAU Pid-
k¥ [IpUI’siTh, y IKYy HAaIXOAUTH OCHOBHA YaCTHHA 3a0pyAHEHb i3 3a00I09eHUX
TepuTopit binopycekoro IToices.

lizpoxiMiuyHuii cTaH BoZ piuku JHImpo B paiioHi cTonuli YKpaiHu —
KueBa, sIK cBiguaTh JaHi iIHCTPyMeHTATbHO-Tab0PaTOPHOT'O KOHTPOJIIO, 3a-
JNOBUTBHUH i 3ayMIaeThcsA 6€3 iCTOTHUX 3MiH MIPOTATOM OCTaHHIX IT'ITU POKiB
3 He3HaYHUM KOJIMBAaHHAM cepeJHbOPIYHUX TOKa3HUKIB.

TigpoxiMidyHUI cTaH BEPXHiX BOJOCXOBUI piuku JIHIIpo Ta ii MpuTOK
3HAYHOIO MipOI0 BIUIMBA€E HA AKICTh BOAU CEPEAHIX BOJOCXOBHUIL, 0COOIUBO
KpeMeHUYyLIBKOTO, Zie aKyMY/IIOETHCSA OCHOBHA YaCTUHA IPOMHUCIOBUX CKU/IIB
3a0pyZHIOBAIBPHUX PEYOBUH. 32 JAHUMU JIAO0PAaTOPHUX BUMipPIOBAHb, B I[bO-
My BOZOCXOBHIIi CIIOCTEPIraeThcs 3aBUIEHUN BMiCT MapraHIfio, 3ai3a 3a-
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raJbHOTO, a TAKOXX BUCOKe OpraHiuHe 3a0pyzHeHH: BoAu. Y KpeMeHUyIbKO-
MYy BOZOCXOBMIIi, AKe € /pKepeJoM IMMTHOTO BOJOIOCTaYaHHA [eKiIbKOX
BEJIMKUX MicCT, 30kpeMa KpemeHuyKa, I[OPiYHO 3HMKYETHCA BMiCT PO3UMHe-
HOT'0 y BOJIi KMCHIO, 301IbIITYETbCS BMIiCT MapraHIfio, 3ai3a 3arajJbHoOro i, B
1iloMy, 36epiraeTbcs BUCOKe OpraHiuHe 3a6pyZHEHHSA BOJH.

Bacetin piuku /lecHa

OcHoBHo10 nTpuTOKOIO JIHirpa € piuka JlecHa, 47151 BOJ AKOi XapaKTepHi
HW)XYi, Hi’K Yy IHIIPOBCHKiM BOZi, 3HaueHH:A noka3HuKiB XI1K i 3aBuiieHi mo-
kasHuku bCKs.

B minomy 3k, riipoxiMidyHUM cTaH BOAY piuku JlecHa MpOTAToM OCTaHHIX
POKiB 3a/IMIIAE€THCA Mali>kKe He3MiHHUM 3 HE3HAYHUM KOJUBAHHAM IIOKa3HU-
KiB IKOCTi BOZIW, X04a BoZiaM JleCHU TpUTaMaHHUM TPOXU MiZIBUIIEHUN BMIiCT
3araJibHOT'O 3aJli3a i MapraHIIio, o MOSCHIOEThCA clielndiko Bog0360py
piuKy — piYKOBi BOAW BUMUBAIOTH iX 3 KPUCTAMIYHUX MTOPiJ YKpaiHCHKOI'0O
IPaHITHOTO ITUTA i MPOXO/ATH IO JICUCTiH i 3a60/109€eHi il MicIIeBOCT.

Y HwkHil Teuii JlecHu, B paiioHi Bogo3abopy KueBa Ha AKiCTh BOAH ic-
TOTHO BIUIMBae KaHiBcbke BogocxoBulle. Boja B 3a3HaYeHOMY CTBOPI —
MIPaKTUYHO € CyMillo Bog pivok JlecHu i Jlninpa. B 1inomy, sikicTh Bogu 3a
rizpoxiMiYHMMU TOKa3HUKaMU B CTBOPi JleCHIHCHKOTO Bogo3abopy KueBa
BiAmoOBizae, KpiM MOKa3HUKIB KobopoBocTi i XI1K, HopmaTtuBaM AKOCTi AJ1s1
BO/IM FOCIIOZAPChKO-IMTHOTO BUKOPUCTAHHA 3@ BCiMa IOKa3HUKaMMU.

Bacetin piuku /THicmep

Piuka /lHicTep B YKpaiHi € PyTolo 3a BOJAHICTIO, Ma€ 3arajibHy BOZ030ip-
Hy IOy 72,9 THC. KM?, B TOMY YHCJIi Ha TEPUTOPIi YKpaiHU pO3TalIoBaHO
53,5 THc. KM2.

EkosoriyHa cuTyariis y BogHOMY 6aceifHi piuku J[HicTep OCTaHHIMHU PO-
KaMU IIOMITHO HMOJIINIIYEThCH, Ha 1[0 BIVIMHYJIO CUTyaTHBHE CKOPOYEHHA
CiTBCHKOTOCITOIAPCHKOTO i TPOMHUCIOBOTO BUPDOOHUIITBA B PETIOHI.

Y HukHil Teuil piuku /lHicTep (Ha TepuTopii [BaHOo-PpaHKiBCcbKOi Ta Yep-
HiBeI[bKOi 061acTell) IKiCHUM CTaH BOAU XapaKTePU3YEThCS NOKa3HUKAMU, 1110
He nepeBUITyIOTh [/IK, 32 BUHATKOM BMiCTY OPTaHiYHUX 3a0pyZHEHD, KOHIIEH-
Tpailis akux OyBae Buia 3a [/JK y KOHTpOJIbHOMY CTBOpPi MicTa ['amud.

Bacetin piuku ITiedeHHuil Bye

Piuka [liBgeHHU# Byr BiHOCUTHCA ZI0 pidoK 6aceitHy YopHOTO MOpA.
JloBxxuHa piuku — 806 KM, BoZio36ipHa 1wioma — 63,7 THC. KM2.

st Bopu piuku [TiBgenanii Byt xapakTepHU MiIBUIIEHUH TTOKa3HUK KO-
sopoBocTi (7o 100 rpaaycis i 6ibIie) ocobauBO B JIiTHI Micstli. Boau 6aceiiny
[TiBgenHM By TaKOXX MArOTh MiZIBUINEH] 3HaYeHHS MoKa3HUKiB 3a pH i BCK.

Hatibinbir 3a0pyaHEHUMH AITHKaMu pivuku [liBeHHui Byr € Teputopii
XMenpHUIBKOI Ta BIHHUIIBKOI 0bJ1acTeld, e mepeBa’kHO BifbyBaeTbcs 3a-
OpyZHEHHS OPraHIYHUMU CIIOTyKaMU.

BwmicT 6ioreHHUX CIIOJYK TPYIH a30Ty — 3HAUYHO HIK4YMi 3a [JIK as
BO/IOMM T'OCIIOZAPChKO-IIMTHOTO BOJOKOPUCTYBaHHA, X04a MaIOTh MicIle BU-
nazku nepepuieHHs [JIK aMoHIMHOT0 a30Ty Ha TepuTOpPii XMeTbHUILIBKOI
obsacTi. Lle NOsACHIOETHCA BIUIMBOM 3a6PyAHIOBATBHUX CTOKIB BOJOIPOBIHO-
KaHaJi3alilfHIX KOMYHJIbHUX MiATPUEMCTB XMeTbHUIIBKOI 061acTi. Y 6i1b-
mocTi cTBopiB BiHHUIBKOI, KipoBorpazchkoi Ta MuKoIaiBChbKOi obacTei
BMICT aMOHIHHOT0 a30Ty CTabiMbHUIA.
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KonnenTpauii coneli BaXXKUX MeTasIiB y IOBepXHeBUX Bogax [liBieHHO-
Bysbkoro 6aceifHy, 3a BUHATKOM 3ajliza 3arajJibHOI'O Ta MapraHIiio, He Iepe-
BUIIYIOTb HOPM JJIf1 BOJOWM I'OCIIOJapChKO-ITUTHOT'O BOZOKOPHUCTYBAHHA.
XpowM i Kazmili y BoZii He BUSBJIEHI.

Bacetin piuku 3axioHuil Bye

Pe3ynbTaTvi MOHITOPUHTY SIKOCTI TIOBEPXHEBUX BOZ OaceiiHy 3aXiZIHOTO
Byry cBiguaTh mpo Te, 110 TiZPOXiMiUHiI TOKA3HUKU SIKOCTi BOAU 3 KOXKHUM
POKOM MOTipIIYIOTHCSA, OCOOIUBO B IIYHKTAX CIIOCTEPEXKEHb, Ha TEPUTOPIi
JIbBiBCcBbKOI 06acTi. [TepeBumenns [IK Biz3zHavanucs 3a BMicTom ¢ocdaris,
3aranbHoOro 3aiiza i BCKs.

BHacsizok HeepeKTUBHOI pOOOTH OYMCHUX CIIOPY/ IPOMUCIOBUX i KO-
MyHa/IbHUX mignpueMcTB (JJob6poTBipchka TEC), BOZONPOBiAHO-KaHAai3a-
UiMHUX miAnpueMcTB MicT JIbBoBa, Kam’siHka-bysbka, Cokasib criocTepiraeTbes
36inbIIeHHA 06CATIB CKU/IB y piuKy 3aXigHui ByT HeOUnIeHUX i HeZIOCTaTHBO
OUYUILIEHUX CTIYHUX BOZ.

Bacetin piuxu Cigepcovkuil /JoHeunb

Bacetin piuku CiBepcbkuii JloHeIb po3TalloBaHUM Ha TepUTOPii ABOX
nepxaB: Pociiicbkoi @ezepariii Ta Ykpainu. 3araabHa 1ioiia 6acefiHy cTaHo-
BUTH 98,9 THC. KM?, 3 HUX B MeXKax YKpainu — 54,5 tuc. km? (55 %).

HesHauHi KOTMBaHHS MOKA3HUKIB IKOCTi BOJIY MAIOTh CE30HHUM XapakK-
Tep. IlepeBullleHHA HOPMaTHUBIB CIIOCTEPIraeTbCA 3a BMiCTOM OpraHigYHUX
pedoBUH, HaQTONIPOAYKTIB, TBEpAicTIO i 3a pH.

OpHietro 3 mpobsieM SIKOCTi BOAHUX pecypciB piuku CiBepchbKuil J[oHEIlb
€ 36iIbIIeHHS 3a Tevielo MiHepaJtisallii Bogu, BMICTY XJIOPUAIB i cybdaris.

OCHOBHUMU eJleMeHTaMU 3a0pyHeHHs BOAU Pidok baceitHy CiBepChKOTO
JloH1IA Ha AUTAHII TTicssA BOaZiHHA pUTOK Yau, Kazenutt Topeup, JIyrans i Boa-
HUX 00’€KTiB GaceiiHiB piuok [Ipra3os’s Ta JlHinpa € opraHiyHi CIIOIyKH i co-
Jp0Bi ckuzy. Lle nosicHIoeThCsr HeepeKTUBHOIO POOOTOIO OYMCHUX CIIOPYZ MiCT
1 IPOMMCJIOBUX IMIZITIPUEMCTB-BOZOKOPUCTYBauiB. fKicTh BoAu piduok [Iprasos’s
XapaKTEPU3YEThCA TAKOK BUCOKUM COJIEBMICTOM IIPHUPOAHOTO TIOXOKEHHH.

Piuxu 3axapnamms

Piuka Tuca € HalOLIBIIOO JiBOIO MIPUTOKOIO piuku JyHal.

CraH BogHUX 00’€KTiB 3aKaprarTs 3a pe3yJbTaTaMU TiZIPOXiMIiTHUX Ta
PaZlioyIoOTiYHMX BUMipIOBaHb IIPOTSTOM OCTAaHHIX POKIB CYTTEBO He 3MiHIOETh-
cs1. 3a GiIBIIICTIO caHITapHUX TTOKA3HUKIB AKiCTh BOAY BiAIOBiZIana HOpMa-
TuBaM. [lepeBullleHHA HOPMAaTUBIB JJI1 BOJOWM IoCliofapcbKO-IIUTHOTO
BUKOPUCTAHHA PEECTPYIOTh IIepeBaXKHO 3a [TIOKa3HMKaMU: BMICT 3aji3a 3a-
rajJbHOTO Ta MapraHIo.

Bacetin piuku /Jynatl

BukopucTaHHA YaCTUHU CTOKY piuku /lyHall Mae BeJlKe 3Ha4YeHHA [
Ykpainu, ocobauBo A ii [TiBgeHHO-3aXigHuX perioHiB. CTaH BOAU PiUKU
JlyHaii 3a Ti[poXiMiYHUMU TTOKa3HUKaMU MOXKHA XapaKTepu3yBaTH fIK CTa-
6i1pHUI. CIIOCTepiraeThCs TUIBKY MiZIBUIIEHHS BMiCTy 3BRXKEHUX PEYOBUH Y
BO/Ii B TaBOAKOBUH 1iepio. Citii 3a3HAYUTH, 10 AKICTh BOJAY Y TPAHCKOPZOH-
HOMY CcTBOPi MicTa PeHi mpakTUYHO He BifIpi3HAETHCSA BiJ] AKOCTi BOJY B CTBO-
pi, o 3amukae (rupso micra Buikose). e cBiz9uTh PO GOpMyBaHHS IKOC-
Ti Bozu /lyHalo 3a paXyHOK aHTPOIIOT€HHOI'0 HaBaHTa)XKeHHA Ha JUIAHKaX,
PO3TalIOBAHUX BUIIlE 3a Tedieto (1103a YKpaiHoIo).



110

Fnaesa 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

1.2.3.7.5. 3azanvHuili cmax npupodHux 800 Pecnybaiku Binopycs

OrmiHka cTaHy BOAHUX 00’€KTiB i piBHA iX 3a6pyAHEHHS IPOBOAUTLCS B
OCHOBHOMY 3a CepeHbOPIYHUMU KOHI[EHTPALiAMU MIPIOPUTETHUX 3a6py-
HIOBAJbHUX PEUYOBUH, 110 BUKOPHUCTOBYIOTbCA B pO3paxyHKax iHAekcy
3abpyaHenocti Bog (I3B), — po3YMHEHOI0 KUCHIO; OPTaHIYHUX PEYOBUH,
HopMoBaHux 110 BCKs; a30Ty aMOHIMHOTO; a30Ty HiTpUTHOTO; pocdopy doc-
datHoTO i HapTOMpPOAYKTIB. [lepepaxoBaHi MOKA3HUKH, KPiM PO3YUMHEHOTO
KUCHIO i HAQTOMPOAYKTIB, BiTHOCATHCA /10 €KOJIOTYHUX TOKA3HUKIB, 10 3a-
CTOCOBYIOThCA y kpaiHax CxizHoi €Bponu, KaBkasy Ta LleHTpasbHOi A3ii a1
[IpOBeJIeHHA OLIIHKU CTaHy [I0BepxXHeBUX BoA. Ha sozaTok 10 HUX BU3HaAYa-
€TbcA HiTpaTHA dopMa MiHepaJTbHOTO a30TYy.

OCHOBHHUM CTaHZapTOM AKOCTi pidkoBUX Bo/, B binopyci € [TK xiMmiuHMX
PEYOBUH, 110 BCTAHOBJIIOETHCA JJI BOAHUX 00’€KTIB pHOOTOCIIOAapCHKOTO
mpu3HadeHHs. /1 OLiHKY 3a0pyAHEeHHS PiYKOBUX BOJ OPTaHiYHUMU PeYo-
BuHamu npuiiHATa IJIK 1 Benamau BCKs, sika craHoBuTth 3,00 Mr O, /am3.

Y binopyci fie Haymaro/;xeHa Mepeka MOHITOPHHTY TIOBEPXHEBUX BOJ.
PerynsapHi criocTepexxeHHs BeyThes HAa 153 BoAgHMX 06’eKTax B baceifHax
piuok 3axiznHoi /[Binu, Himany, 3axigHoro byry, /lxinpa ta ITpun’saTi. Kpim
TOTr'0, CIIOCTEPEXXEHHAMU 0XOIUIEHO 35 TPAaHCKOPAOHHUX JITHOK BOJOTOKIB,
pO3TallOBaHUX B palioHaX IIepeTHHY Jep:KaBHOT0 KopoHy. Ha okpemux Boz-
HUX 06’€KTax BeZeThCs pajial[iiHUi MOHITOPHHT.

Ocob6nuBicTio mig3eMHUX BoJ Biopyci, 06yMOBJIEHOIO re0XiMiYHUMU
TpoliecamMy B3a€MO/Iil BOAM i TTOPif, 110 MiCTATHCA B Hill, € MiIBUIIEHUI BMiCT
3ajisa i Mapranuto. Ha Teputopii binopyci npucyTHicTb 3ai3a B Mij3eMHUX
BOZIaX BiZI3HAYAETHCA IPAKTUYHO MTOBCIOAHO, 110 BUMAarae creliajbHoi 00-
pPOGKY BOAM Nepe/ BUKOPUCTAHHAM Ha rOCHOAAPChKO-TIUTHI TOTpebu. Bitb-
e 70 % apTe3iaHCbKUX CBEPAJIOBUH Ha TepuTopii binopyci matoTh Bozy 3
BMiCTOM 3aJti3a, 1o nepeuiye pieHb [JIK (0,3 mr/am?®), a B 3oHi [Tomices
YJacTKa IIUX CBepAJoBUH fgocarae 90-95 %. Ilopsaz i3 3a1izoM B MiZ[I3eMHUX
BOJIaX BifiaHavyaeThCs MiZiBUIeHUH BMicT Mapraumio (IJK 0,1 mr/am?3), B
OKpeMUX BHUITaIKax 60py, ¢Topy Ta AeAKUX iHIUX KOMIIOHEHTIB.

[Tpupozanuii reoximiunnii GoH mizzeMHux Boz binopyci icToTHO nopye-
HUM BHACTIZIOK aHTPOIIOTEHHOT'0 3a0pyAHEHHS MiI3EMHUX BOJ, 0COGINBO B
pailioHaX iHTEeHCHUBHOTO arpOIPOMHUCIOBOTO BUPpOOHUIITBA. JiNnAHKaMuU iH-
TEHCHUBHOTO 3a6pyJHEHHS MiZI3eMHUX BOJ, 110 3aJIATal0Th He ITTHO0KO, € TBa-
PUHHUIBKI GepMU i [oJIA 3pOLIeHHA TBAPUHHUIBKUMY CTOKaMU. 3a6pya-
HEHHA BUPAXXa€EThCA TYT y 3pOCTaHHI BMICTY Y BO/i HITPaTiB, aMOHil0, XJIOpU-
JiB Ta iHIITMX KOMIIOHEHTIB.

Y Bisiopyci OCHOBHUY 0OCAT CTiYHUX BOJ, CKUIAEThCA B piuku. O6cAr CTiv-
HUX BOJZl CTAHOBUTD 6in3bK0 990 MyTH M? (3 ypaxyBaHHSIM OIOBUX BOA). Y Ta-
JIy3€Bili CTPYKTYpi BOJOBIIBE/IeHHS HaMOLIbIA KTbKICTh CTIYHUX BOJ, SIK ITpa-
BWIO, TIPUTIAZIAa€ Ha KUTIOBO-KOMyHaIbHe rocrnogapctso (6:1u3bko 60 %),
MMPOMUCJIOBICTB i CTbChbKE TOCITOIapCTBO — BiZIMOBiAHO 16 1 24 %. 3i cTiyHUMU
BOZIaMU B PiYKM IOPOKY CKU/IAETHCS OPraHivHUX pedoBuH (3a BIIK;), azoTy
aMoHilfHoTO, a30Ty HiTpuTHOTO, docdopy pocdaTHoro 7930, 5390, 200 i
1120 T BigmoBiZHO.

Jly>ke ToCTpO cTOiTh MpobsieMa 3ab6pyIHEHHS PiYOK OiIOT€eHHUMU Pedvo-
BUHaAMU i 3aXUCTYy iX Big eBTpodikarii. Cepe/HbOPiUHI KOHIIEHTpaIllil a30Ty
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aMoOHiWHOTO, 1110 TTepeBUIyIoTh [/IK, BifzHaYat0ThCs y BOAI GiTBIIOCTI pidok
Binmopyci i cBig4aTh Mpo 3a6pyHEHHSA PiYKOBUX BOJ, SKe IO Pi3HOMY BUpa-
JKEHe U1 KOXKHOTO BOJHOTO 00’€KTa SIK IO POKAaX, TaK i 10 OPeOoJIy IMOIINPEH-
Hs 3a0pyAHIOBaIbHOI peuoBUHU. CepeZIHbOPIUHI KOHIIEHTpAllii HiTpaTiB ¥ BOAi
pivok Binopyci He nepeBuinyoTh I/IK. HaitbisbIn cepiio3Ha CUTYyallis CIio-
cTepiraethbes mogo gocdopy pocdaTHOrO, CEpeIHBOPIYHUIN BMICT AKOTO Y
BO/ 11ijioro psAAy pivok nepesutiye I[/1K.

PazianiiiH1i1 MOHITOPHHT TOBEPXHEBUX BOJ, IPOBOAUTHCA Ha 6 piukax bio-
Ppyci, 110 TPOTiKal0Th Ha TEPUTOPIAX, 3a0pyAHEHNX BHACTIOK aBapii Ha YopHO-
6wibcbkitt AEC: [uinpi, [pur’sti, Coxi, ImyTi, Beciau, Hmxuboi Bparunky, a
TaKOX Ha 03epi /IpicBATH, fAKe € CTAaBKOM-OXOIoKyBaueM IraamiHcbkoi AEC.

Konuentparii nesito-137 Ta cTpoH11i10-90 y BOZi KOHTPOJIbOBAHUX PidOK,
3a BUHATKOM piuku HrxHboi Bparnuku, ik IpaBuiIo, 3HaYHO HUKYI 3a Tiri-
€HiYHi HOpMaTUBY, epeAbaydeHi PecyOIikaHChKUMU ZOMYCTUMUMMY PiBHA-
MY 111 TUTHOT Boam (PZIY-99 ans nesiro-137 — 10 Bk/aAM3, A1 CTPOHITiTO-
90 — 0,37 Bx/am?).

Y Bozi piuku HxHa BparuHka, Bogo36ip K01 4acTKOBO PO3TaIIOBAHMI
Ha TepuTOopii 30HU BiuykeHHA YopHOOMIbCchKOi AEC, criocTepiraerbces Oibii
BUCOKHUY BMICT paZlioHYKJIi/liB IOPiBHAHO 3 iHIIMMU KOHTPOJIbOBAaHUMHU Pid-
KaMmu. Bucokuii BMicT cTpoHIIi0-90 ITifi 9ac MaBOAKIB CIIOCTEPIraeThCs ¥ BOAAX
MaJIuX pivyoK, BoZ0360PH IKUX IIOBHICTIO a60 YaCTKOBO MepebyBaroTh y 30Hi
BiguyxeHHs YopHOOMWIBCHKOI AEC.

PagiarfiiiHa oO6CTaHOBKa Ha CEPEJHIX i MaJUX pidyKax, pO3TAIlllIOBAHUX
mo3a 30HOM Biguy:keHHsa YopHobunbcbkoi AEC, 3amuinaeTbes cTabiTbHO.
CepesHBOPIUHI KOHIIEHTPATIil CTPOHIIIF0-90 MaIOTh TEH/IEHIIIO 10 3HKEHHS.
3061IbIlIEeHHA KOHIIEHTPAIIil I[bOTr0o eJleMeHTa 6e3I0cepeIHbO MOB’A3aH0 3 BOJ-
HIiCTIO POKY i 3SMUBOM eJIeMeHTa 3 TAJIMMU i ZIOIIIOBUMU BOZAMU 3 BOZ0360py,
SIKWH IIOMITHO IIOCHJIIOETHCS IIi/] 9ac IIaBO/KiB.

1.2.3.7.6. BazanwvHuii cman npupodHux 800 Pecnybaixu Kazaxcmat

Cepez kpaiH €BpoasziaTcbKoro KOHTHUHEHTY KazaxcTaH BXOAUTD /10 CKIazy
Haibinb BogogedinuTHUX. 3a ZaHuMu KoMiTeTy 3 BogHUX pecypciB MiHic-
TepPCTBA CLUIBCHKOTO TOCIIOAAPCTBA, IIMTOMA BOZ03abe3edeHiCTh CTAaHOBUTh
37 tuc. M Ha 1 kM2 i 6,0 Tuc. M3 Ha 1 mroauHy B pik. Ha mizcTsi indopmariitiHo-
AQHAJIITUYHOTO OIVIAZY, MAroToBIeHOro y TpaBHi 2009 p. IPOBiAHMMU eKcIiep-
Tamu KpaiH LlenTpanbHoi A3ii B pamkax Memopangymy CARNet-PEIILIA (Pe-
rioHanbHOTO EKosoriuHoro LenTpy LleHTpanbHoi A3ii), uiie 56,5 kM3 BOAHMX
pecypciB popMyeThCs Ha TepUTOPil pecybiku, a iHmwui obear 3 100,5 kv
HaXOUTh i3 cycigHix gepxkas (Y3bekucrany, Kurtato, Kupruscrany, Pocii).

Y KaszaxcTaHi ckianacs cuTyallisi, KOJu 34aTHICTh BOAHUX €KOCUCTEM 10
CaMOBIZITHOBJIEHHS B IeCATKY pas3iB BiZicTa€ NOPiBHAHO 3 POCTOM aHTPOIIOTeH-
HOI'0O HaBaHTaKeHHS.

Hecnpusatnusi kiiMaTU4Hi 3MiHN, HAPOCTAaHHSA TPAHCTPAHUYHOI'O BIUIU-
BY, HepallioHaJbHE BUKOPUCTAHHS BOAHUX PECYPCiB, iHTEHCUBHE 3DOCTAHHSA
BIUIMBY TeXHOT'€HHUX CKHUAIB, 3aCTOCYBaHHA 3aCTapiIMX T€XHOJIOTINM IIpU-
3BEJIN JI0 3HAUHUX MTPOOJIEM Y BOZOTOCIOAAPCHKOMY CeKTOpi kpainu. CyKyT-
HiCTh BIUIMBY ITMX Ta iHITUX HETaTUBHUX YMHHUKIB CIPUYMUHSE MaCIITaOHi
COLIia/IbHO-EKOJIOTiUHi IIPOo6IeMU.



112

PucyHok 1.37.

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

Oco06MBY poJib Y CTAHOBJIEHHI Ta PO3BUTKY BOJHOTO TOCIIOZAPCTBA B
KasaxcTaHi Bigirpae gisIbHICTh TaKUX JepKaBHUX OPTaHiB, K 6acceiiHOBI
iHCIeKIIii, KoOMiTeT 3 BOAHUX pecypciB MiHicTepcTBa CiIbCHKOTO rocnozap-
cTBa, MiHicTepcTBa OXOPOHU HAaBKOJNMIITHBOTO cepesioBuilia, MiHicTepcTBa
eHepreTUKY Ta MiHepaJIbHUX PeCcypCiB i 6araTo iHIIMX BiJOMCTB.

Bozny cTpykTypy KazaxcTany yMOBHO yTBOPIOIOTH Apasno-Cupzap iHch-
kuii, banxam-Anakonbebkuit, IpTucbkuit, lmmumcebkuit (Ecinbebkuit), YKahnk-
Kacmitickuii (Ypano-Kacmitickuii), Hypa-Capucycbkuii, Tobos-TypraiicbKuii
i Illy-Tamacbkuit piukoBi 6aceiinu (puc. 1.37).

3a ganumu PI'TI “KasruzpomeT” B X0/[i MOHITOPHHTY 3a CTAHOM ITOBEPX-
HeBUX BOZ B KiHIli 2008 p. Ha TepuTopii pecmy6IiKu criocTepiranacs mepe-
Bara BOZHUX O0’€KTIB, IO BiTHOCATHCS 10 TPETHOTO KJIacy 3a0pyIHEHH —
“momipHo 3abpyaHeHa”, se I3B BapitoeThbes Big 1,01 o 2,5. JJo OCHOBHUX
BOZHUX 00’€KTIB AaHOTO KJIacy BigHOCATH piuku: Tuxa, Bpekca, Ynbbu, Iimy-
6ouanka, KpacHosipka, Jlepkyn, To6ou, Torusak, Ak-bymnak, Capu-Bynak,
Kumu Anmatu, Tekec, Hypa, Koprac, Iy, Tanac, Akcy, Acca, bagam, Cupzaap’s
(KuswnopauHcebka); o3epa: [llankap, baikar, YibkeH ATMaTH; BOZOCXOBUIIA:
TacoTkesnb i Kammaraii. 3 o6¢cTexxeHUX BOAHUX 06’eKTiB y 2008 p. Z0 “urcTtux”
BigHeceHi piuku — Eprtuc, Byktupma, Yaran, O6a, [llapoHoBka, Kirau, Ypau,
Ecuib, BerTubynak, bepkapa, Byrynb, o3epa — Koma, Bypa6ati, YibkeH Illa-
6axTy, [llopTaH i BogocxoBuia — CepriiBcbke, CamapKaH/cbKe, B’ssuecias-
cbke. HazzBuyaiiHo 3abpyHeHUMY BUABUINCA Boau piuku Kapa-Kenrip, ge
iHJeKC 3a06pyHEeHHS TTepeBUIIUB 10 YMOBHUX OJMHUIIL. BeTukuli inTepec y

lpporpadiuna mepexa Pecnybnikn Kasaxcran
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¢daxiBIIiB, 1Mo 3aliMalOThCSA MUTAHHIMU MOHITOPUHTY Ta OXOPOHU BOAHOTO
cepeZoBHINa 3 METOIO IIOANbIIOr0 IIPOrHO3YBaHHA CTaHY BOZHUX €KOCUCTEM,
BUKJIMKAa€E aHasi3 IMHAMIKU 3MiHU iHZeKCy 3a0pyIHEeHHS BOAM.

1.2.3.7.7. 3azanvHuil cmaH npupooHUX 800
Pecnybnaixu Tadmcukucmat

XapakTepHOIO 0COOIUBICTIO TOBEPXHEBUX PIUKOBUX BOJ Pecry6itiku Ta-
MOKUKWCTAH € MiZIBUIIeHa MyTHICTh, 0COGJIMBO y BECHSIHUM Ta OCIiHHIH mmepio-
Y, IO TIOB’sI3aHO 3 ITOBIHHIO i IOIOBUMM ITaBOAKAMMU.

JlaHi 110/10 KaJIaMyTHOCTI i, B IiJIOMY, II0/I0 TiIPOXiMiYHOT'O PeXUMY Pi-
YOK KpaiHU BUAAIOTHCA TiZIpoMeTeocyk00t0 Pecirybmiku Ta/pKUKUCTaH OKpe-
Moto cepieto “ITlopivHi 7aHi PO AKICTH MOBEpXHEBUX BoJ Pecmy6itiku Tamku-
KHCTaH”, 110 € YaCTUHOO Aep:KaBHoro BogHoro Kazactpy. MiHepasizaitis
(3a ck1aloM po3YNHEHUX cosiell) € B Ta/pKUKUCTaHi OCHOBHUM TTOKa3HUKOM
TIPUAATHOCTI BoAu st uTTA (puc. 1.38).

YUHHUMU B KpaiHi HOpMaTUBaMU MPUWHATI Taki rpazallii mpuaaTHOCTi
TTIOBEPXHEBUX BOJ /I TUTTS 3a MiHepari3alfi€eo:

* 0-600 mr/am® — mobpa mUTHA BOJa;

* 600-1000 mr/amM3 — 3a/j0BiIbHA IUTHA BOJA;

* 1-1, 5 r/am® — gomycTyUMa ISl MUTTSA BOAA;

* 1,5-2,5 r/am® — gomycTuMa s MUTTS BoZia 3a HeoOXiZHOCTI;

* 2,5-4,0 r/AM3 — fomycTUMAa AJI TTUTTS B KPaHHbOMY BUIIA/IKY;

* OinbIne 4 r/AM3 — He TIpUAATHA AJIA TUTTS BOJA.

YMOBHI MO3HAYEHHA

Pikun
Piku, Wwo nepecnxaioTb
BopocxoBuiya Ta o3epa

MACIUTAB
Km0 10 50 100 km

laporpadiuna vactuHa Tagxukuctany (MMIBP PT, Oywanbe, 2010)
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Hopwmu sikoCTi Bogu, BXKUBAHOI /IJISA IIEHTPATi30BAHOTO BOIOTIOCTAaYaHHS,
pernaMeHnTyroTbcA JlepxxaBHuM cranzapToM (I'OCT 2874-83 — Boza nuTtHa)
Ta [IpaBUIaMu OXOPOHH ITOBEPXHEBUX BOJ BiZ 3abpyAHeHHs. BiAMOBiZAHO
[10 BUIIIEBUKJIAIEHUX YMOB, OLTBINICTh PidoK Ta/pKUKUCTaHy BOJIOJIIOTD XO-
POILIMMY MUTHUMU AKOCTSMU IIPOTATOM YChOT'O POKY. Y MeXeHHUU Iepiof,
MIUTHI AKOCTI BOAY JIeAKUX PiYOK MOTipIIyIOThCA Y 3B’A3KY 3 MiIBUIEHHAM
MiHepasizartii.

Amnai3 Ta y3arasbHeHHA GaKTUYHUX JAHUX CaHeIliZIeMioMOTiYHUX CTaH-
11ii1 TOKa3aB, 1o AKICTh BOJU B /KepesiaxX BOJOTIOCTadYaHHA (pKepesia, CBep-
JIOBUHH, KOJIOZISI31, BOZOTOHU, BiIKpUTi BoZoKWMHM) B Ta/pKUKHCTaHI tepebyBae
B MeXKax:

* 3a BOJHEBUM MOKAa3HUKOM — Bif 6 10 8,5;

* 3a XJIOpUIaMaMU Y BCiX /pKepenax — Bizx 2,2 1o 170 Mr/am?3, y TOMy 4UCTi
V BOJOTIPOBIiHIM Mepeski — Big 6 70 170 Mr/am3, B kpuHuili — Biz 2,2 70
20 mr/am? iy cBepayioBuHax Biz 17 10 150 Mr/am?® (To6TO B MeXkax HOPMU);

* 3a cyrbdaTamMu y BOAOIPOBIAHIN BoAi — B Mexxax HOpMU — Bizg 1,3 1o
378 mr/am3;

* 3a TBEPAiCTIO BOAU /KEpebHi BOAU He MePeBUIIYIOTh JIOMYCTUMi HOPMU,
a BOZIOIIPOBI/IHI TepebyBalOTh B MeXaxX HOPMU Biz 4,1 70 7,2 MT eKB/AMS.

CTpyKTypa BHYTPIIlIHBOT'O BOZOCIIOKUBAHHS B peCITyOilli iCTOTHO TpaHC-
dbopmyBasiaca B ocTaHHi poku: moHaz 97 % ob6cAriB BoAu, B CEpeHHOMY,
BUTpaAvaloThCs Ha TIOTPebU 3pOITyBaHOTo 3eMIepobCcTBa, 6/u3bko 1 % — Ha
moTpebr MPOMUCIOBOCTI, 6;13bKO 0,43 % — Ha TOCIOAaPChKO-TIUTHI TOTpebH,
0,65 % — Ha IOTpPebU CLTbCHKOTOCIIOAAPCHKOT0 BOAOTIOCTaYaHHA. [HIII 3K BO-
JIOCITO}KUBAJIbHI CEKTOPY €EKOHOMIKH i cepa MOCIYT B CYKYITHOCTi BUKOPUCTO-
BYIOTB 6/113bK0 0,2 % CyMapHOI'O BHYTPIIIIHbOT'O BOZOCIIOKUBAHHSI.

CinbcbKoTocoZiapchke BUPOOHUIITBO, B TOMY YKCJIi 3aCHOBaHe Ha 3po-
IITyBaHOMY 3eMJIEPOOCTBI, ITOCiIae MPOBiZiHE Miclle B EKOHOMIIli Kpainu. ITio-
IIIi 3pOIITYBaHUX 3eMeJib IepeBuIyoTh 0,74 MiaH ra (7400 kM?).

Y nimoMy, BoAHi pecypcu Ta/DKUKHCTAHY OILiHIOIOTHCA K YUCTI i AyKe
yucTi. TeHAeHI[i} iCTOTHOTO MOTipIIeHH IKOCTi BOAHUX PECYPCIB 32 OCTaHHE
JNECATUIITTSA He BiZI3HaYeHO, OibIlle TOTO, 0OCATH CKUAAHHSA 3a0pyAHIOBAb-
HUX PEYOBUH Y IPUPOAHI BOAHI 06’€KTH 3MEHIIUINCA MaiKe B TPU pa3H.

Ha 1eit yac OCHOBHUMU /yKepeiaMu 3abpyAHEeHHS € CKUAN MiHepasizo-
BaHUX KOJIEKTOPHO-IPEHAKHUX BOJ TA HEOUUINEHUX CTIYHUX BOJ B PiUKH, a
TaKOXK HEYTTOPSZIKOBAaHA YTUJIi3allisl MTOOYTOBUX BiIXO/IB y CLIbCHKUX Haceste-
HUX ITYHKTaX, PO3TalIOBaHUX 10613y BOZ036ipHIX HaceliHiB.

1.2.3.7.8. 3azanvHuil cmaxH npupooHux
800 Kupezuswvkoi Pecny6aiku

MakcuMasnbHi MOKasHUKY Bozo3abopy (13,93 km3/pik) i BUKopucTaHHA
Bozu (10,05 km/rox) B Kupruscrani 6ynu gocsarayti B 1988 p. [IpoTe B 10-
JaJbIili POKU 06CATH BOZ03abopy 3MeHIuancs 7o 7,5-10 km® /pik, a BUKO-
PHCTaHHSA MiZI3EMHUX BOJ TAaKOXK cKopoTwiocs 3 1,0 o 0,2-0,3 kM3 Ha pik (Ha
2013 p.).

CTpyKTypa BHYTpIIIHbOT'O BoZOCIIOXKMUBaHHA B Kupruscrasi (puc. 1.39)
ZIOCUTh cTabibHa — 6M3bK0 90 % 00CATIB BOAU B CEPEIHBOMY IOPIYHO
BUTPAYa€ETHCA Ha TOTPebH 3poIIyBaHoro 3emiepobcrBa, 6;13bKo 6 % — Ha
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BopgonocTtauaHHa 3%

[Mpomuncnosictb 6% ™~ X _— [HwWi noTpebn 1%

B Kuprusekin Pecny6niui

~—_ 3powyBaHHA 90%

moTpebu MPOMUCIOBOCTI, MeHIile 3 % — Ha KOMYHaJIbHO-TOOYTOBI IIOTpe6H,
BKJIFOYAIOYY MUTHE BOAOIIOCTAYaHHSA MiChKOTI'O i CLIbChKOT'O HaceeHHsI. JIico-
Be, pubHe rocroZlapcTBO, EHEPreTUKA, HIII BOJOCIIOXUBATbHI CEKTOPH KO-
HOMIKH i cdepa OCIYT B CYKYITHOCTi BUKOPUCTOBYIOTH MeHIe 1 % cymapHo-
r'o BHYTPIITHBOTO BOAOCIOXKUBaHHA. CiTbChKOTOCITOZapChKe BUPOOHUIITBO,
B TOMY YMCJIi 3aCHOBaHe Ha 3pOIyBaHOMY 3eMIepOOCTBI, 3aiiMae IpOoBiHe
mictie. [nomi 3polryBaHuX 3eMeJib CTaHOBAATH 1,02 MJIH Ta.

SIKicTh MUTHOI BOAY B MiChKUX pallOHAX 3aJIUNIAETHCA HE3MIHHOIO TIPO-
TATOM 6araThOX POKiB. Y CiIbCHKUX paiioHax sIKiCTb BOAOIIPOBiAHOI BO/U TI0-
ripmtacs yepes miiBUileHe BUKOPUCTAHHS TOBEPXHEBUX BO/I, B IKOCTI ITUT-
HOI BOJU.

[ToynHarouM 3 paZAHCHKUX YaciB, yepe3 HecTady iHBECTHI[il CTaH BOJO-
OYKCHUX CITIOPY/ MOTiPINUBCA 0 Hebe3MeYHOro piBHsA i 6ibIlIa YacTHHA BOJO-
MIPOBiZIHOI BOZM B3araJii He IPOXOAUTh HisgKoi 06po6Ku. [TnTHA Boja 3 BIACHUX
KPUHUIIb 3a3BUYail He Ae3iHdiKyeThes, i i1 AKICTD B I[/IOMY He AyKe 3a/0-
BiIbHA (Tabi. 1.24).

Yepes 3aKpUTTS 6araTh0X BETUKUX TPOMUCIOBUX MiATPUEMCTB TiC/IsA
posmnazgy PaasHcbkoro Coro3y o6¢sAr BoAU, BUKOPHUCTOBYBAHOI B TPOMUCIIO-
BOCTi, 3HAYHO CKOPOTUBCsA. HallBaXX/IMBIIIMMU Taiy3siMU IPOMUCIOBOCTI
Ha Ilei yac € TipHu40706yBHa MPOMUCIOBICTE (30J10TO i ByTi/LIA) i eHepre-

Ta6bnuua 1.24. CraH ueHTPani3OBAHMX gXepern BOAONOCTAYAHHS i AKICTb MUTHOT BOAM

MocTayaHHs MocTayaHHs
IngukaTop nig3eMHUMU BOJaMK NoBepXHeBUMH BOAAMU
KinbKicTb [Kepen LeHTpanizoBaHUX BOA03a0ipHIUX CTaHLIN 1207 93
% [pKepen BOAM, Lo He BifMnoBi4alTh CAHITApHUM 3,6 18,2
Hopmawm i npasunam
% [pKepes BoaM, WO He BifMnoBiAalTh CaHITapHUM HOp- 1,5 3,2
Mam 4Yepe3 HecTady 30H CaHITapHOi OXOPOHU
KinbKicTb 3paskiB, NepeBipeHnx Ha HafBHICTb CaHITaPHUX 31953 275
Ta XiMiYHNX iHANKATOPIB
% 3pasKi., LU0 He BiANOBIAAOTb FirieHiYHUM HOpMaMm 0,2 11,1
KinbKicTb 3pa3kiB, NepeBipeHunx Ha NpUCYTHICTb 2860 163

MiKp06ionorivHMX iHLMKaTopis
% 3paskKiB, LU0 He BiAnoBiAAOTb FiriEHIYHUM CTaHAapTam 6,2 17,1
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THKa. [HIIIi BaykIWBi ranysi — 11e 6yiBHUIITBO, Xap4yoBa i TEKCTUIbHA ITPO-
MUCJIOBIiCTb.

Y uimoMy BozHi pecypcu KupruscraHy OIiHIOIOThCA K YUCTI i [y?Ke YUCTi.
TeHzeHIIii iCTOTHOTO MOTiPIIIEHHS TKOCTI BOAHUX PECYPCiB 32 OCTAaHHE /IeCATH-
JIITTA He criocTepiraerbes. [IpoTe BiZiIsHaUalOThCA MTePioANYHI ITepeBUllleHHA
HOPMAaTHUBiB 3a0pyZHEHHS BOA B 6aceliHax p. Uy i miBeHHUX perioHax KpaiHu,
B OCHOBHOMY ITOOJTM3Y BEJTUKUX HACETEHUX IyHKTiB. OCHOBHUMH /IXKEPeIaMU
3a0pyAHEHHS BOJ € CLTBCHKOTOCIIOAAPChKi, MEHIIIO0 MipOI0 — IIPOMHUCIIOBI
MiZTIPUEMCTBA, MYHIIliTaJbHi CCTEeMU KaHasi3allii Ta moOyTOBi BiXo/u Ha-
cenenHs. [ToTeHiliHy He6Ge3IIeKY /s IPUPOJHUX BOAHUX 00’€KTIB i yMOB KUT-
Te3abe3meueHHs HaceaeHHs MPEeICTABIAIOTh BilBav i XBOCTOCXOBHUIIA TipHU-
40006YBHOI MPOMUCIOBOCTI, pO3TalllOBaHi B KOHycax BUHOCY i B 3amiaBax
pivoK, ie 36epiraroThCs PaAiOaKTUBHI BiZIXOAH i COJIi BAXKKUX METAJIB.

IcToTHUM GaKTOPOM, 1[0 HETATUBHO BIUIUBAE Ha SIKiCTh BOAHUX PECYPCIB,
€ HEeBIOPSZIKOBaHa rOCIolapCchKa JisJIbHICTD ¥ BOJJOOXOPOHHUX 30HAX i CMy-
rax MOBEPXHEBUX BOJHUX 00’€KTIB, a TAKOXK HE3aJ0BIIbHUI CTaH 30H CaHi-
TapHOi OXOPOHU POZIOBUII] TiZI3EMHUX BO/I.

1.2.3.7.9. BazanwvHuii cman npupooHux 800 Pociiicbkoi Pedepauii

[TOKa3HUK SKOCTi TUTHOI BOJY TO3BOJISIE BU3HAYUTH PU3UK HETATUBHO-
r'o BIUIMBY HesIKiCHOI MU THOI BOAM HA 3ZI0POB’sA JIFOJVHH, a TAKOXK XapaKTepHu-
3y€ piBeHb BiATOBIIHOCTI MUTHOI BOAU CaHiTAPHUM BHMOT'aM.

Y BozHi 06’ekTH Pociticbkoi @ezepartii ckugaeTbest 45,5 kM® B pik CTiYHUX
BOZ, 3 AKKUX 17,3 kM3, (32,2 %) mizuisaramoTs ounieHH:o. [Tonaz 72 % cTiyHUX
BOJI, IO MiIJIATAI0Th OYUIEHHIO, CKUJAIOThCS Y BOAHI 00’€KTH HEZOCTATHHO
ounieHnuMH, 17 % — 3abpyaHeHUMU 6e3 ouunieHHs i uire 11 % — ouwuiie-
HUMU /IO BCTAaHOBJIEHUX HOPMATHUBiB. Pa30M 3i CTIYHUMU BOJJaMU y IIOBEPXHE-
Bi BogiHi 06’exTH Pocilicbkoi @efeparliii mopivHO HaZAXOAUTH O;1M3bKO 11 MJTH T
3a0pyAHIOBAIIbHUX PedoBUH. OCHOBHUMU /IXKepeiaMu 3a0pyAHEHUX CTIYHUX
BO/I, € TiATIPUEMCTBA XXUTI0BO-KOMYHAIBHOTO TOCTIOZIAPCTBA, IIPOMUCIOBOCTI
Ta arpoIPOMHMCIOBOTO KOMIUIEKCY, Ha YaCTKY KX Ipumnajae moHaz 90 % 3a-
raJIbHOTO 00CATY CKUZAAaHHsA 3a6pyAHEHUX CTIYHUX BoZ (Tabu. 1.25).

YacTka 3abpyZJHEHUX CTIYHUX BOZI, CKUHYTUX O€3 OunIIieHHs, B POCilichbKiit
®epeparii y 3aranpHOMy 06cs3i CTOKIB cTaHOBMIIA B 2012 p. 6,78 %.

Ta6bnuua 1.25. HaaxomkeHHs 306pyaHIOBANBHMX PEYOBMH 3i CTIHHUMM BOAAMM Y BOLOMMM

Pociicekoi Pepepauii (Poccrar, 2013)

Pik

e 1990 2000 2005 2010 2011 2012

06’em ckuay CTiYHMX BOA, MAP. KM3 75,2 55,6 50,9 49,2 48,1 455
Cynbdaris, MiH T 52,9 2,7 2,2 1,9 1,9 2,0
3aranbHoro asoty, Tuc. T 151,8 41,3 34,5 36,4 34,2 32,0
JKupis Ta macen, Tuc. T 48,5 15,2 8,1 41 3,4 29
CBuHUKO, T 1448 34,9 14,8 9,0 6,4 6,2
PryTi, T 13,9 0,2 0,1 0,02 0,01 0,01
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Ob6cAar ckuzaHHA 3a6pyJHEHUX CTIYHUX BOZ MiATIPUEMCTBAMU XKUTIOBO-
KOMYHaJIbHOT'O TOCIIO/IapCTBA CTAHOBUTH NoHAaZ 60 % 3arajabHOTO 0OCATY
CKUJaHHA 3a0pyAHEeHUX CTiYHUX BoZ y Pociiichkitt Pezeparii. [IpuunHaMu
LIbOT'0 € 3HAYHUN 3HOC OUUCHUX CIIOPYZ, 3aCTOCYBaHHA 3aCTapiiuX TEXHOJIO-
rifi OUMINEeHHA CTIYHUX BOJ, IPUHOM 00’€KTaMU KUTI0BO-KOMYHATbHOTO
roCIoZapcTBa 3a6pyJHEHUX CTOKIB IPOMUCIOBUX MiATIPUEMCTB.

Ha vacTKy mpomMHucIoBOCTi pumnazae 25 % 3arajabHOTO 00CATY CKU/aH-
Hs 3a6pyAHEHUX CTIYHUX BoZA. OCHOBHUMU [yKepeiaMy 3a0pyAHEHH BOAHUX
00’€KTIB € MiZATIPUEMCTBA, IO 3/iHCHIOIOTD IIEMI0JI03HO-TIallepOBe, XiMiuHe,
MeTaIyprilfite BUpOOHUIITBA, moJtirpadiuny AisIbHICTh, BAPOOHUIITBO KOKCY,
HadTOIPOAYKTIB, BUAOOYTOK METATIEBUX PY/I, & TAKOX IiTIPUEMCTBA BYTLIb-
HOIi TPOMMCJIOBOCTI.

Bucokuil CTyIiHb BIUIUBY Ha BOAHI 00’€KTU Haja€ pPo30cepeKeHn i
(zndy3itinuit) CTiK i3 CLIbCBKOTOCIOAAPCHKUX TA CETUTEOHUX TEPUTOPIl,
IJION, 3aWHATHUX BiZIBaJlaMU i BiIXoZaMM MIPOMMCIOBOT'0 BUPOOHUIITBA, A
TaKOX TPaHCKOPAOHHI 3a6pyaHeHHA. ChopMOBaHUI piBeHb aHTPOIIOT€HHO-
ro 3a0pyZHEHH € OJHI€I0 3 OCHOBHUX IIPUYHH, 110 BUKJIUKAIOTh JerPaiallito
PidOK, BOZOCXOBUIL, 03€PHUX CUCTEM, HarpoMa/XKeHHsA B IOHHUX BiJKJIa/eH-
HSX, BOAHIN POCIMHHOCTI i BOAHUX OpraHizMax 3abpyZHIOBaIbHUX PEYOBUH,
Yy TOMY YMCJIi TOKCUYHUX, i TOTipIIeHH IKOCTi BO/| MIOBEPXHEBUX BOAHUX
00’€KTIB, 11J0 BUKOPUCTOBYIOThCA B IKOCTI PKEPEJI IUTHOTO Ta FOCIIOaPChKO-
TOGYTOBOTO BO/IOTIOCTAYAHHS i € CEpeJOBUIIEM iCHYBaHHs BOAHUX 6iosoriy-
HUX pecypciB.

[1po sKiCTb BOAU, BUKOPUCTOBYBAHOI Ha MUTHI Ta rOCIOAapChKO-M06GYTOBI
noTpebu, MOXKHA CYZIUTH 33 JAHUMU MOHITOPUHTY BOAHUX cucTeM (Tabi. 1.26).

BinbiicTh BoZOTOCIIOAAPChKUX AIAHOK Ha TepuTopii Pociiicbkoi ®ene-
parlii XapaKTepU3yIThCS BUCOKUM CTYIIEHEM 3a6pyJHEHHS BOAHUX 00’EKTIB
i HU3bKOIO fIKiCTIO BoAM. HalibiIbIll HATIpy)KeHa eKOJIOTiYHa CUTYyallis CKJia-
nacs B 6acetinax pivok Bosra, 06, Eniceit, Amyp, [liBHiuHa /[BiHa i [Teyopa,
3abpyJHEeHi TaKOX MOBepXHeBi BoAu bOaceliHiB piuok JloH, Kybaus, Tepek i
pivyok 6aceiiny BanTiliCbKOTO MOPS.

Y tabs. 1.27 mokasaHo o6CcAT CKUAAHHSA 3a6pyJHEHUX CTIYHUX BOJ y 6a-
cefHaX OKpPeMUX MOPIB i pidoK.

[Tonpu MOMiTHY OCTaHHIMU pOKaMU ITO3UTUBHY TeH/EHIil0 3MeHIIIeHHs
AHTPOTIOTEHHOTO HaBAHTAXKEHHS Ha OKPeMi BOJHI 06’'€KTU, aZleKBATHOTO

XQpaKTEPUCTUKA AKOCTi BOAM, LLIO BUKOPUCTOBYETHCA AIK MATHA TA HA FOCNOAAPCHKO-
nobyTosi noTpebu 3a aaHMmmn moHiTopurry (Minnpupoan PP, 2013)

Pik
Moka3Huk, %
2010 2011 2012
HacTtka npo6, Lo He BiAnoBifatoTb ririeHIYHUM NMOKa3HMKaM 10,45 10,02 10,04
y TOMY Yuci:
3a Mikpo6ionoriYHMMI NOKa3HMKaMu 6,47 5,68 5,50
3a pagionoriyHNMm noKasHNKamm 4,62 2,97 4,38

3a napas3uTonoriYHNMm NoKasHNKaMum 0,09 0,12 0,12
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Tabnuusa 1.27. O6'em cknay 306pyaHEHMX CTIYHMX BOA 30 OACEMHAMM OKPEMMX MOPIB TA PIK
mnpa m3 (Poccrar, 2013)

baceiHn mopis i pik FiK

1990 2000 2005 2010 2011 2012

Pazom 27,8 20,3 17,7 16,5 16,0 15,7

baceliH banTiiicbkoro mops 2,7 2,2 2,0 2,0 1,9 1,8

y TOMy 4ucni p. Hesa 1,6 0,5 0,4 0,4 0,3 0,3

baceliH HYopHoro mops 0,4 0,3 0,2 0,2 0,2 0,2

baceitH A30BCbKOro mops 3,9 2,0 1,6 1,6 1,6 1,6
Y TOMYy 4uchni 6acenHn pik:

[oH 0,9 0,8 0,7 0,7 0,6 0,6

KybaHb 1,7 0,6 0,5 0,5 0,5 0,5

baceitH Kacnincbkoro mops 11,8 9,2 8,0 7,3 7,1 7,0

y TOMy Ymucni 6aceitH p. Bonra 11,1 8,3 7,3 6,4 6,2 6,2

baceit Kapcbkoro mops 6,2 4,2 3,8 3,3 3,2 3,0
y TOMy Hucni 6aceiHn pik:

EHicent 3.1 1,4 1,2 0,9 0,9 0,9

06 2,8 2,6 2,4 2.8 2,2 2,1

baceliH binoro mops 11 09 0,8 0,7 0,7 0,7

MTOJITIIIIEHHST TKOCTi TOBEPXHEBUX BO/ He BibyBaeThcsa. OCHOBHUMU TIPU-
YUHAMU €: Bi/ICYTHICTh Ha 6araThoX MiZITPUEMCTBAX HEOOXITHUX OUUCHUX
CIIOPYZ; CKUAHHA HEOUUII[EeHUX 3JTMBOBUX CTOKIB 3 TEPUTOPIN BETUKUX MICT,
MIPOMUCJIOBUX i CIThCHKOTOCITOAAPCHKUX MiZATIPUEMCTB; BETUKI 00CATH Ha-
KOMMMYEHUX 3a0pyIHIOBATbHUX PEYOBUH B IOHHUX BiZIKJIaZIEHHSX, 10 € JKe-
peslaMu BTOPUHHOTO 3a6pyAHEHHS TOBEPXHEBUX BO/,.

3a excllepTHUMU OlLliHKaMH, B IiiyioMy 1o Pociticbkiii ezeparnii yactka
3a3abpyHeHUX BOZ He MepeBulnye 5-6 % 3arajbHOI BEJIMYUHY iX BUKOPHC-
TaHHS /I TUTHOTO BOZOIIOCTAYaHHsA HaceneHHsA. 3abpyauents 2483 AiITHOK
(38 % 3arasbHOI KiIBKOCTI) TIOB’A3aHe 3 JiSIbHICTIO IIPOMUCIOBUX MiJIIPHU-
eMcTB, 967 ginanok (15 %) — i3 cizbchKoTrocnoAapchKoio JislIbHICTIO,
863 ginaaku (14 %) — 3 KOMyHaJIbHUM rocrogapcTBoM, 410 ginssHok (6 %) —
B pe3y/bTaTi MiATATYBaHHA HEKOHAULIMHUX IPUPOAHUX BOJ IIPU MTOPYIIEHHI
peXxkuMy ix ekciutyatariii, 733 ginaHok (11 %) o6yMOBJIeHO AisIbHICTIO IPO-
MMCJIIOBUX, KOMYHAJIbHUX i CLTbCHKOTOCIIOAAPChKUX 06’€KTIB (3a0pyAHEHHS
MiZI3eMHUX BoZ “3Mirrane”), a ayist 1000 ginsgHok (16 %) mxepesio 3a6pyaAHEHHS
MiZI3eMHUX BOJ He BCTaHOBJIeHO. OCHOBHUMH 3a0pyAHIOBaYaMH IiI3EMHUX
BOJI, € CITOJTyKH a30Ty (HITpaTH, HITPUTH, aMiak abo aMOHiii — Ha 2939 AiIgHKax),
HadTompoayKTH (Ha 1812 ginankax), cynbdaTu i xopugu (Bu3Ha4YeHi Ha
889 minaHkax), Baxkki MeTaau (Migb, IMHK, CBUHEIlb, KaZMili, KOOAJIbT, HiKeJlb,
pPTyTb abo cypma — Ha 479 fpinaHkax), deHonu (Ha 407 giiAHKAX).

st 4745 (73 %) OinAHOK iHTEHCUBHICTh 3a0pyAHEHHS MiA3EMHUX BOJ,
cta"HoBuTh 1-10 I'IK, Ha 1221 (19 %) mingHi 3MiHIOETBCSI B Mexkax 10—
100 TZIK, Ha 490 (8 %) minsukax nepesutye 100 [IK. 3rigHo 3 HopMaTUBamMu
CanulliH 2.1.4.1074-01, Hag3BUYaliHO Hebe3MeYHUII CTYMiHb 3a0pyAHEHHs
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mizzeMHuX Bo, (1-i1 Kac Hebe3meku 3a6pyAHIOBaTbHUX PEYOBUH) BUABIEHO
i 253 pissiHok (4 % 3aranbHOI KUTBKOCTI 3a6pyHEHUX AUITHOK), BUCOKO-
Hebesmeunuit (2-i knac) — aus 1141 (18 %) ainanku, Hebesneunuit (3-i
ki1ac) — s 2628 (40 %) i momipHO Hebe3neunui (4- kirac) — s 1081
(17 %) minauku.

3 METO¥O MiZIBUIEHHS TKOCTi BOAU Y BOAHUX 00’€KTaX, BiIHOBIEHHS BOJ-
HHUX €KOCHCTEM Ta PEKpeaIifHOro MOTeHIiay BOAHUX 00’€KTIB MOTPiOHO
BUPIIIWTH TaKi 3aBJaHHI:

— CKOpOYEHHS aHTPOIOTEHHOTO BILTUBY Ha BOAHI 00’€KTH Ta iX Bom036ipHi

TepUTOpii;

— 3amobiraHHA Aerpajallii Majux pivok;
— OXOpoHa i 3anobiraHHs 3ab6pyAHEHHIO MiJ3eMHUX BOJHUX 00’ €KTIB.

OCHOBHUM HaIpsMOM MiIBUIIEHHA PallioHAJIbHOCTI BOZOKOPUCTYBAHHSA
€ eKOHOMiUHe CTUMYJIIOBaHHA CKOPOYEHHA IIUTOMOI'O BOZOCIIOKMUBAaHHA, He-
MIPOAYKTUBHUX BTPAT BO/Y Ta BIIPOBA/PKEHHS BOZ030epEKHUX TEXHOJIOTIH.

Tizpobiosnoriyni ciocTepexeHHs epeAbavaroTh BUBYEHHI OCHOBHUX
€KOJIOTIYHUX CITUTBHOT: GiTOIUIaHKTOHY, 300IUIAHKTOHY, IepUQITOHY i 3000€eH-
Tocy. KoxkHy 3 ITUX eKOJIOTiYHUX CIIBHOT CIIOCTEPIraloTh 3a psIoM ITlapaMe-
TpiB. IlepBUHHI criocTepeKeHH: J03BOJAIOTh PO3paxyBaTH CllellialbHi y3a-
rajbHeHi riipo6iosoriyHi iHAEKCH, 32 3HAYEHHAM SAKUX MOXKHA JaTH OIiHKY
SIKOCTI BOZ 3a mecTubasbHOO IIKaJI00: Bif I ki1acy (ayxe 4ucTi Bogu) A0
VI knacy (ay»xe 6pyaHi Boau).

BrutuB 3a6pyZHEHHS Ha BOJHI 00'€KTU MOKHA BUPA3UTH TAKOX yepe3
KaTeropii eKoJIOTiYHUX rpaaliiii, B AKUX MOXXYTh epebyBaTH eKOCUCTEMH.
[Tpu 11bOMY 3i 3pOCTaHHAM HaBaHTaKeHHS 3a0pyZAHEHH Ha BOJHE CEpeOBU-
IIe CIIOCTePIiraeThes MOCIiJOBHA 3MiHa CTaHY BOJHUX €KOCUCTEM.

3asie)XHO Bifl HAaBaHTa)XeHHA Ha BOAHE CepeZloBUIlle PO3Pi3HAIOTH TakKi
TIOCTiZIOBHI TpaZiallii CTaHy eKOCUCTEM:

—  eKoJIOTiYHe 6/1aroToIyddst;

— QaHTPOIIOTeHHi eKOJIOTiYHa Halpyra;

— QaHTPOIIOTeHHUH eKOJIOTiUHUM perpec;
— aHTpoIoreHHUH MeTabomiuHMi perpec.

3acTocyBaHHSA TAKOTO MOABIAHOTO MiZXOAY A0 OI[iHKU SIKOCTi €KOCHC-
TeM — 4yepe3 KaTeropii eKoJoTiYHUX rpaialiili i 3a MKaIoko SKOCTi BOJ — A€
MOXKJTMBICTh HaWOLIBI 06’€KTUBHO i BcebiuHO OXapaKTepU3yBaTH CTaH J0-
CITiIXYBAHUX CUCTEM.

Y 2012 p. Taka ouiHka Oysa 3pobiseHa Ha 93 BogHMX 06’ekTax Pociticbkoi
Depepartii Ha 188 cTBopax y mectu rifporpadivHux paiioHax: KapeabcbkoMy,
Banriiicbkomy, Kacmiiicbkomy, CxigHo-Cubipcbkomy, Kapcbkomy i Tuxooxe-
aHcbkoMmy (Tabi. 1.28).

3a pe3ynbraTaMy AOCTiKEHHA BOZHUX 00’eKTiB OyIu BUABIEH] Hal-
6inbin 3a6pyaHeHi Bogoimu. EkocrcTeMu 1IUX BOJOUM BiIYyBalOTh CHIbHUM
HeraTUBHUI BIUTUB 3a0pyJHEHHS i TepebyBalOTh Y CTaHi €KOJIOTiYHOIO pe-
rpecy. Y po3mIsTHyTOMY POITi BOZHI 00’€KTH 3a SIKICTIO EKOCHCTEM Y BiZICOTKO-
BOMY BiJHOILIEHHI PO3MOAIEH] TAKUM YUHOM. Y CTaHi eKOJIOTiYHOro 6J1aro-
mostyydsi mepebyBatoTh ekocucTeMu 32 % 06CTEKEHUX BOAHUX 00 €KTIB, y
CTaHi aHTPOIOT'e€HHOT'0 €KOJIOTIYHOTO Ta MeTaboIiyHOTO perpecy — 28 %, a
B IIPOMI>XKHOMY CTaHi, TOGTO B CTaHi aHTPOTIOTEHHOI €KOJIOTiYHOI HATIPYTH i
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Ta6bnuusa 1.28. TengeHuii smiHu ctaHy ekocucTem BoaHux 06 exTis y Pociricokmit @epepauii
(Minnpupoan PO, 2013)

KinbKicTb BoHMX 00’€KTiB

Exonoriynuii cTan
2007 p. 2008p. 2009p. 2010p. 2011p. 2012p.

ExkonoriyHe 6naronosnyyys 18 20 21 24 30 32
AHTpONOreHHa eKonorivyHa Hanpyra 74 65 44 36 38 40
3 eNIeMEeHTaMu eKOMOriYHOro perpecy

ExonoriyHmit Ta MeTabosniyHuii perpec 8 25 35 30 32 28
Pasom 100 100 100 100 100 100

3 eJIeMeHTaMU eKOJIOTi9Horo perpecy, — 40% MpiCHOBOJAHUX €KOCHUCTEM BOJ-
HUX 00’€KTiB. TAKUM YUHOM, BUHO, IO KiIBKiCTh 6IarOMOydHUX 00 €KTIB
CXWJIbHA JIWIIIE 10 HE3HAYHUX KOJMBAaHb, B TOU Yac fK CHiBBiHOIIEHHA Kib-
KOCTi 06’€KTiB B aHTPOTIOTEHHI# Hampy3i i 06’€KTiB y cTaHi €eKOJIOTiYHOro Ta
MeTaboJIiTHOTO perpecy 3MiHHUIOCA HAa KOPUCTh NEPIINX, [TepeBePIIUBIIN
KOHKYPEHTiB Maiike B IiBTOpa pasy. Po3moia cnocTepexyBaHUX BOAHUX
00’€KTiB 3a €KOJIOTiYHUM CTAaHOM 3a OCTaHHi CiM POKiB IpeACTaBIECHO B
Tabs. 1.28 (y BiicoTKax Bifi CTIOCTEPEKYBAHOI KiIBKOCTI BOAHUX 00’€KTIB 3a
KOXXeH piK, skuii 6epeThbes 3a 100 %).

3a pe3ynbraTaMy MOHITOPHHI'Y MOXKHA II06QYUTH, IO MTOJIIMIIIeHHS €KO-
JIOTIYHOT'O CTaHy € OCHOBHOIO TeHZEHIIi€l0, AKa CIIOCTEPIraeThCs MPOTATOM
OCTaHHIX KiTBKOX POKiB, X0ua i TPOXH CIOBIIbHUJIA CBill TeMII. BizbyBaeTbcst
1€ 32 paXyHOK 3HIKEHHS KiTbKOCTi 06’€KTiB, 110 IIepebyBaroTh ¥ CTaHi eKo-
JIOTIYHOTO Ta MeTabOIiYHOTO perpecy, IPoTe TAKOXK BiZI3HAYAETHCS 3POCTaH-
HS KJIBKOCTi 00’€KTIB y CTaHi aHTPOTIOT€HHOI HATIPYTH.

1.2.3.7.10. 3azansHuii cman npupodHux 600 Pecnybaixu Mondosa

JlHicTpoBChKa Boza rapHoi AKoCTi: 6e3 3amaxy, IpreMHA Ha CMak, Ma€
HeBeJIUKY MiHepaJi3auito. Ha Bcili goBxwuHi piuku [lHicTep (puc. 1.40) Boza
ii mpuzaTHA AJiA IUTTA, 3pOIIEeHHA, IPOMUCIOBOIO BUKOPUCTAHHA.

OpHak exocucreMu /lHicTpa B ocTaHHi 70 POKiB IiAfanuca CUIBHOMY
BIUTMBY Pe3y/IbTaTiB JIIOACHKOI AiAMBHOCTI, IO Pi3KO 3HU3WJIO iX 3AaTHICTh A0
siKkicHoTo Bozio3abesneuenHs. Tak, 6eperu JIHicTpa mizganvcs o0BaJoByBaH-
HIO /IJI 3aXKCTY CUTbTOCIYTiZb Bifl 3a7TUTTA B ITePioZ MaBOAKIB, a oiuHa 6ysia
po3opana. ¥ 1950-x pokax Ha JlaicTpi 6yna mobygoana Jfybocapceka TEC,
IO MepepBasIa Xifl OCETPOBUX Ta iHIIKUX pUb M0 MicIb HepecTy. HapernrTi, B
1980-x pokax B YkpaiHi, Ha KopZoHi 3 Mo/ZI0BOIO, 6YJI0 CIIOPY/XKEHO BEJTH-
ye3HUH 'ipOeHePTOKOMILIEKC 3 BOZOCXOBHINEM i [BOMA I'pebIIIMH, IO J0-
KOPiHHO 3MiHWIU TIPOJIOTiYHNM i TeMIlepaTypHUM peKUMHU PiuKH i SHU3WIN
ii 37aTHICTh 0 CAMOOYUIIIEHHSI.

[Tpobema nIpaBUIHPHOTO BUKOPUCTAHHSA | OXOPOHU BOAHUX PECYpPCiB Ta
IIOIIYKY HOBUX /KepeJl BaKJIUBa AJiA rycToHaceseHoi MongoBu.

I1pyT, nputok JlyHaro — Apyra 3a BeIMYAHOIO pika MosZioBy, O IIPOTiKae
Y3IOBXK 3aXiTHOT'0 KOPJOHY KpaiHu, He HACTUIbKK 6araToBogHa, K JIHicTep, 6epe
CBili mo4YaTok B YKpaiHchbkux Kaprnarax. 3a cBoiM peXXHMMOM, TUIIOM I1aBOJKiB
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[TpyT Texx Mano BigpisHaeThbes Big JuicTpa. Boga B p.IIpyT cxoxka 3a sKicTiO 3
IHiCTpOBCHhKOI0. [ToHM3351 060X PiuoK Ha TepuUTOPii KpaiHu BU3HAHI BOAHO-00-
JIOTHUMH YTiAAAMU MiXKHAPOZAHOTO 3HAYeHHsI (pamMcapcehbKi yrizzst), xoda U mia-
pamcs B 1960-1970-x pokax 00BaJIOBYyBaHHIO, a 3aIUIABU — OCYIIEHHIO 3 METOIO
BUKOPUCTAHHS /I iIHTEHCUBHOTO TIOJIMBHOTO 3eMJIEpOOCTBA.

BuyTpinrHi piuku Mosij0BU 32 PEXUMOM [yKe BiZIpi3HAIOThCA Bif JIHi-
crpa ilIpyra. Bci BOHM ManoBO/HI, BAITKY CUJIBHO MililOTh, a iHOZ1 ITOBHIC-
TIO IlepecuxaTh, BOLY MalOTh JOCUTh MiHepasli3oBaHy, YacOM HEeIIpUZaTHY
JJ1 IUTTA.

Jpi6Hi piuky MoJ/IZIOBY YaCTO BUCUXAIOTh BIIITKY, YOMY CIIPUSE CTBOPEH-
HA Ha HUX YUCJIEHHUX CTaBKiB, AKi MOPYUIyIOTh IPUPOAHUY IIJIMH BOAHU, i
PO30PIOBAHHA HAaBKOJIMIIHIX 3€MeJIb IPaKTUYHO ZI0 YPi3y BOAH, 1[0 BUKJIUKAE
3MUB I'PYHTY, 3aMyJIeHHS i opraHiuHe 3a6pyaHeHHA. YacTi HiYHI CKUAY Bia-
XOZIiB BUHHOTO BUPDOOHUIITBA B MaJi piuku. ¥ 1950-60-x pokax ix MeaHIpu
Gy/iu BUTIPSIMJIEH], & BOZIOOXOPOHHI 30HU — 3pyiiHOBaHi. Beyneped BuMoram
3aKOHOZIAaBCTBA He BiZ[HOBJIEHI I1i 30HM ¥ 3apa3, KOJIM 3eMJIi IPUBAaTU30BaHi.
Kpim TOro, oCKiTbKY CiTbChKOTOCIIOAAPCHKI YTiAAA B IIJIOMY IO KpaiHi 3a-
H“MaroTh Oinbiie 76 % TepuTOPii, BTpaTH BOJIOTH Bij BUTapOBYBAHHA HaJ-
3BHUYAHO BeJINKi, a IOCyXU IIOBTOPIOIOTHCA 3 YaCTOTOIO OJVH pa3 Ha KilbKa
POKiB. ¥ TakuxX BUNaJIKaX, K PaBUJIO, pruba, Ka BUPOILYETHCA B PYCIOBUX
CTaBKax r'MHe Bifi HecTadi BOJH i 3aMOpiB.

Benvke 3HaueHHA MaOTh y MOJZOBI I'PYHTOBI Ta apTe3iaHChKi BOZAU.
Bcboro Tam HasmiuyeTbes 6;113bko 2200 mxepen 3 106pOio MUTHO BOZO0.
[Tif3emMHi BOAM yTBOPIOIOTH KijibKa TOPU30HTIB, 1[0 BiJHOCATHCA [0 PI3HUX
reoJIOTiYHUX MmapiB. /[7a BoZomocTavaHHs Ta YaCTKOBOTO 3POIIEeHHA Hal-
6inbllle BUKOPUCTOBYIOTHCS BOJAY KPEHIOBUX i ITaJIeOTeHOBUX BiZIKJIa/IeHb.
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€ 6inbure 7000 apTe3iaHCHKUX CBEPAJIOBUH. [IpoTe iX BOAM He CKPi3b BUCOKOI
SIKOCTi, 9aCOM MiCTATb 6araTo coyiei i Tpy BUKOPUCTAHHI Ha 3pOIIEeHHS MO-
KyTh BUKJIMKATH 3aCOJI€HHS I'PYHTY. Y IIbOMY BUIIaJIKy BOHA IPUATHA Ti/lb-
KU 27151 BOZ0ToiB. Y 2009 p. 0 MOTINIIEHNX CUCTEM BOJOIIOCTAYAHHA MaIn
nmoctyt 55 % HacenenHsa: 1958 000 ocib i3 3arasbHOI KiTbKOCTI HaceJIeHHA B
3560000, 6e3 ITpuaHicTpoB’s, y ToMy uucii 93 % (1,4 mtH) Micbkoro i 27 %
cinbepkoro (558 tuc.). Ha meil yac B pe3y/ibTaTi IOCTYIIOBOTO BIPOBA/XKEHHS
[Tpotokony EEK OOH 3 npobyieM BOAM Ta 3[0pOB’sl CUTYyallisl IOCTYIIOBO
nosinmyerbed. Lle muTaHHA, M0 BXOAUTH B IpioputeTy Llineil TucA40mITTA
OOH, € ofHUM 3 r'OJIOBHUX NPIOPUTETIB MOJIZIABCHKOTO YPSLY.

Haii6mxdi 10 3eMHOI TOBEPXHi I'PYHTOBI BOAY 3a/IATAI0Th B YETBEPTUH-
HUX Bigknazax. i Bogu ayxe pisHOMaHITHI 3a CBO€IO AKiCcTIO. Bomy oTpumy-
IOTB i3 IAaXTHUX KOJIO/A3iB, AKX B MoszoBi HapaxoByeThcesa 101 862, i mupo-
KO BUKOPHCTOBYIOTH ¥ TOOYTi. K BUAHO 3 JaHuX Tabu1. 1.29 mpo cTaH 06’eKTiB
BO/IOKOPUCTYBAHHS, 3 IKiCTIO i[3eMHUX BOZ iCHYIOTh BeJIKKi Tpobsiemu. [To-
nepie, IpUOIU3HO B YBEPTi palOHIB KpaiHU B ITiI3eMHUX BOJAX ITi/IBUIIIEHO
BMicT ¢pTOpY, 110 BUKJIMKAE 3aXBOopIoBaHH:A 3y6iB. KpiM Toro, B 6:113bk0 80%
BCiX KOJIOZIA3iB BoZla HENPUAATHA AJIS MIUTTSA B CUIY HITPATHOTO i HITPUTHOTO
3a0pyAHEHH, TIOB’SI3aHOTO i3 TPOCOYYBAHHAM OPraHiYHUX PEYOBUH 3 He3a-
XUIIEHUX BUTPIOHUX SIM TyaJsIeTiB i XJIiBiB y MiZiI3eMHi BOJOHOCHI IIapu.

[IpunoBepxHEBi I'PyHTOBI BoAM 3ansaraioTh Ha mubuHi 10-30 M. Yepes
mopiBHAHO MaJti onagu (Tabs. 1.30) ix BiAHOBIEHHS BiOyBa€eThCA HEAOCTAT-
HBOIO Mipoto. [TTn6oKui map cTaHOBUTH 6iu3bK0 70 % pecypciB I'PyHTOBUX
BOZ. BoHu 3asaraooTh Ha ubuHi 50 M B miBHiYHINM yacTuHi kpainu, 100—
200 m — y neHTpabHi i Biz 200 g0 2000 M — Ha niBaHi kpainu. IIpupozane
BiZIHOBJIEHHS 1IHOTO IIapy oOMeskeHe, i HOro BUKOPUCTAHHs BUMarae g6ati-
JIUBOTO MiAXoAy. Y JeAKUX 30HaX akBacpepy BxKe BUABIAIOTHCA O3HAKU BU-
CHa)KEHHA.

Ockinbku i IHicTep, i [IpyT € TpaHCKOPZOHHUMU piuKaMH, I0A0 060X iX
6aceliHiB 3 cyciZiHiMU KpaiHaMu — YKpaiHOO Ta PyMyHi€l0 — yKIaIeHO MiK-
HapO/Hi yroau.

CraH 06'exTis BogokopuctysaHHa Mongosw (Bropo cratuctukn Mongosu, 2013)

B3sTo npo6 Mpo6u, wo B3sTo npo6 Mpobu, wo
Tuns o6’exTis @YHKLio- Ha BiANOBIAHICTb HE BANOBIAAOTb  HA BiANOBIAHICTb  HE BiANOBIAATb
HYHOTb, LUT. XiMiYHUM XiMiYHUM Mikpo6ionoriynum  mikpo6ionoriuum
HOpMaMm HOpMam HOpMam HOpMam

LleHTpanizoBaHi
nia3emHi pKepena 2182 1575 1127 1497 164
LleHTpanisoBaHi
MOBEPXHEBI Xepena 8 126 38 81 17
MicbKi BOAOroHM
3 NiA3EMHUX IKepen 43 2409 1077 3197 337
MicbKi BogoroHu
3 MOBEPXEBUX [KEpes 32 1826 151 2183 17
CinbCbKi BOJOrOHK 745 2635 1569 4150 580
Konopssi 101862 5633 4652 6542 2577
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Ta6nuusa 1.30. PivHa kinbkicts onanis y Monposi, mm (Bropo cratmnctikn Mongosu, 2013)

Pik
Perion gepxasu
2010 2011 2012
MiBHiY 960 439 552
LleHTp 734 428 522
MMiBoeHb 699 371 595

Taxk, y 2012 p. MosizoBa i Ykpaina mignucany MiXKypsgoBuii 6ace iHOBUI
ZIoToBip mozo JlHicTpa, AKUi OXOIUTIOE TPAKTUYHO BCi aclieKTH iHTerpoBaHOro
ympaBiiHHA Horo 6aceitHoM. Ha »xanb, cTaHOM Ha BepeceHb 2014 p. 1ieii fo0-
KyMeHT He HabpaB YMHHOCTI, OCKiIbKU He paTudikoBanuii Ykpainoro. [1o
6aceitny I1pyra i lyHaro gie yroga 2010 p., mpoTe ii piBeHb AKiCTb i KOMILTEK-
CHICTh MOCTyMaTheA [IHICTPOBCHKOMY ZIOTOBOPY, Y TOMY YHCJIi i TOMY, 1[0
cTopoHamu € uiite MosizioBa i PymyHis, a Ykpaina He 6Gysa 3ampoiiieHa 7o
yuacrti B HboMy. OOuBa 0roBOpHU Tepei6adaroTh CTBOPEHHA MIXKHAPOAHUX
6aceliHOBUX KoMiciii. Kpim Toro, MosizoBa € cTopoHOt0 ['esibCiHChKOI KOHBEH-
1ii mozo TpanckopaouHuX Bog EEK OOH Ta JlyHalichKOi KOHBEHIIii, OCKi/lb-
KU 1 HaneXuThb 6u3bko 500 M 6epera JlyHaro i BETUKUU TPAaHCKOPAOHHUMN
nputok /lyHaro — [IpyT. Ha 1ieii vac MoszoBa mignucasna Yrogy rpo acouialiito
3 €BporneticbkuM COI030M i mpuifHsIa Ha cebe 3000B’s13aHHA 3 BIIPOBA/KEHHS
Boguoi pamkoBoi gupexktusu €C (BPI). Y 2013 porii HabyB YnHHOCTI 3aKOH
PO BOJY, 3acHOBaHU Ha BP/.

TakuM 9MHOM, pedopMy Y BOJOTOCIIOAAPCHKOMY KOMILTEKC Ie He 3a-
BepiueHo. Ockinbky MoJjiZioBa CUIBHO 3aJI€XUTh BiZl CTaHY TPaHCKOPAOHHUX
PIiYOK, CJTiJ 3aBEPIIUTH MOZEpHi3allilo BOAHUX BiIHOCHH 3 cycizamu 1o 6a-
celiHax. [TpoTe B JaHWH Yac ¥zile po3poOka 6acefHOBUX IUIaHIB yIIPaBIiHHA
BOZHUMU pecypcaMu, sKi MOBUHHI 6yTH 3aTBEP)KeHi B HAaOIKYi 1Ba POKU
3 [IepCHeKTHUBOIO IeperIAny yepe3 6 poKiB micad IpUUHATTA.

OCHOBHI IMOKa3HUKYU BUKOPUCTAHHSA MPicHOI Bogu (MTH M3 /pik) mpea-
craByeHi B Tabi. 1.31. ToloBHUMU [pKepeaMu picHOI Boau € piuku JlHicTep
ipyT (Tabs. 1.32). BukopucTaHHs BOAM /IS ipyrallii OCTaHHIM YacoOM 3Hay-
HO 3MeHIuIocsA. [Ipo61eMoro € JOCTYIIHICTb BOJAY Ha TEPUTOPIAX, BiIA/IEeHIX
Biz ii /pxepes1, 0cOGIMBO B CiTbCHKilN MiciieBOCTi. [Ipu 1[bOMY HaUOIMKIUM
4vacoM y370BXk /lxicTpa i [IpyTa mouHyTh AisiTK 11 MOTYXHUX 3pOIIYBATbHUX
CUCTeM, CIIOPY/PKYBAHUX ¥ paMKaX aMepHUKaHChKO1 TPOTpaMH TeXHIYHOI J0-
nomoru Compact. KpiMm Toro, porHo3yeTbcsa BUKJINKaHe 3MiHOIO KJIiMaTy
MTOCTYTIOBE 3HIKEHHS CTOKY BEJIMKUX PivOK, mpubiusHo Ha 20 % 3a HACTyTI-
Hi 20-25 pokiB.

Crizi 3a3HAaYUTH, 1[0 3aBASKYU BBEJIEHHIO O0JIiKY Ta CyTTEBI IJIaTH 32 KO-
PUCTYyBaHHA BOAHMMMU pecypcaMU BAAJIOCA JOCATHYTH iX iCTOTHOI eKOHOMII.
I[TpoTe B IbOMY IUTaHHi € 11ie 6e3J1id pe3epBiB. Tak, He BCi apTe3iaHChKi CBEPA-
JIOBUHM BpaxoBaHi. CTPYKTYpPH, BiANOBiZaIbHI 32 BOAOIIOCTAYaHHA, MaJoe-
¢dexTHUBHI i BUMaraioTh pepopMyBaHHS.
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Ta6nuua 1.31.

Moka3Huk

3abip BoAM, pasom
B Tomy yucni

Fnaea 1 ¢ Bopga s 6iocdhepi Ta XMTTi nioamHm

OCHOBHI NOKA3HUKM BUKOPUCTAHHA MpicHOT Boam mnn M3 B pik (Bropo cratuctmkm
Mongosu, 2013)

Pik

2005 2006 2007 2008 2009 2010 2011 2012
852 854 885 861 865 851 847 850

3 Mif3eMHUX [DKepen 136 136 129 127 129 130 130 129

CnoxuBaxHs BOAM

Btpatn npu
TPAHCNOPTYBaHHI

Ckup 3a6pyaHeHoi

CKIf HOpMaTUBHO
BOAU

785 787 809 794 795 785 758 786

67 67 76 67 70 66 62 64
BOAN 9 7 10 14 10 8 8 9

4yucToi
124 119 119 115 116 119 115 113

Ta6nuua 1.32.

Bonosabip 3 6aceitnie pivok Ouictep ta Mpyty 2012 p., man m3 B pik
(Bropo cratmctkn Mongosu, 2013)

baceiHu pivok 3abip, pasom Bknioyarouu nig3emti soau
[nictep 814,9 107,8
Mpyt 24,2 12,5
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