«BnusiHne kNUMaTU4eCKMX U3MEHEHUN Ha Ka4eCcTBO NMOBEPXHOCTHbLIX BOAHbIX pecypcoB»

«Boda cmoum ocobHsikoM e ucmopuu Haweu nnaHemsl. Hem 3eMHO20 8ewjecmea — MuHepaJsia, 20pHOU NMOPOoOokblI,
JKueo20 mesia, Komopoe eé 6bI He 3akKroYasno. Bcé 3eMHoe cyujecmeo ero MPOHUKHYMO U 0X8a4Y€HO».

Akademuk B.A. BepHadckuli

M'apoxumuyeckon MHCTUTYT PocrmgpomeTta (MXW http://www.ghi.aaanet.ru ) asnsaetcs
ronoBHelM B P® yuypexgeHmem no npobnemam mccregoBaHus kayecTBa NOBEPXHOCTHBIX BOA
cywn. MIHCTUTYT ocyllecTBnseT Hay4dHO-MeTOAMYEeCcKoe PyKOBOACTBO CETbH HabrnogeHun 3a
3arpsi3HeHMEM MOBEPXHOCTHbIX BOA4 B pamkax [ocygapcTBeHHOW cnyxbbl HabnwoaeHun 3a
COCTOSIHMEM MPUPOAHON cpefbl; PYHKLMU MEeTOOUNYECKOro LeHTpa no obpaboTke ceTeBown
rmopoxnmmyeckon nHpopmaumm; 6asoson opraHmsaumm PocrugpomeTa no ctaHgapTu3aumm un
MeTponormm B 06racTM METOAOB W TEXHUYECKUX CPEeACTB MNONyyeHuss uHdopmauum o
XUMUYECKOM COCTaBE U 3arpA3HEHUN NOBEPXHOCTHbIX BOA CYLUMN.

Ha Bonpocbl O6OronneteHs O BAUAHUM U3MEHEHUA KNMMaTa Ha Ka4vecTBO
NOBEpPXHOCTHbIX BOAHbIX pecypcoB otBevaeT A.M.HukaHopoB — gupektop NXU, aoktop
reosioro-MMHepanorM4eckux Hayk, YneH-koppecnoHgeHt PAH.

A.M. HukaHopos

1. YBaxaembin AHaTonun MakcumoBuY, cnacubo, 4YTO cornacusnMcb OTBETUTb Ha Hawwu Bonpocbl. CambiM
rMaBHbIM W BaXHbIM AJisl YefloBeKa BELEeCTBOM B OKpYXalwlleM Hac MaTepuarbHOM Mupe siBnseTcs
npupogHasa Boaa. Boga, B ee XXMgKkom u TBepAOM COCTOSHUAX, NOKPbIBaeT Novtu 75 % noBepxHocTn 3emnu.
Y10 Takoe npupogHblie Boabl? KakoB XuMnieckun coctaB Boabl?

Booa — yHuMBepcanbHbii pacTBOpPUTENb OFPOMHOIO KONMYECTBA MUHeparnbHbIX M OpraHMYecKMX BeLLECTB.
bnarogaps 3Tomy CBOMCTBY XMMWYECKUI COCTaB NPUPOAHbIX BOA Ype3BblHaiHO pasHoobpaseH.

MpupoaHble BOAbI — 3TO CHOXHEWWasi XMMU4Yeckas cucTema, COoAepXallas B CBOEM COCTaBe KOMINEKC
pPacTBOPEHHbIX ra3oB, MWHeparbHbIX W OpraHMYEeCcKUX BELLECTB, COCTOSIHME KOTOPOW 3aBUCUT Kak OT YCINOBWIA
OKpY>KatloLlen cpebl, Tak U OT AUHAMUKN NPOLIECCOB, NPOTEKALWNX B BOOHOM 00bekTe M Ha BogocbopHol nnowiaam
©accelHoB.

3HayeHne BOAbl ONS XXM3HU 4YerioBeka TPyOHO MepeoLeHuTb, HET Gomnee LeHHOro M rMnaBHOrO pecypca B
XO35IMCTBEHHOW AeaTenbHocTU. OgHako pasHble BUAbl XO3SWCTBEHHOW OEATENbHOCTM NPEabsBAOT onpeaeneHHble
TpeboBaHuMs K Ka4yecTBy BOAbl, KOTOPOE OnpefenseTcs B NepBy0 ovYepeab ee XMMUYECKMM COCTaBoM. Tak, Hanpumep,
ONs NMTbEBOro BOAOCHAOXEHMS OrpaHUYMBaoLLMM (hakToOpoM SIBNSIETCA MUHEpanusaunsi Bodbl, KOTOpas He LOMMKHA
npe.biwaTb 1 r/n (rpamMm Ha nuTp). Ona Mcnonb3oBaHUS B MPOMbILLIIEHHOCTU BBOASITCA OrpaHUYEHMsT MO KECTKOCTU
BOAbl, kOTOpas dopMupyeTCca CoAEepXaHUEM [OBYXBaNEHTHbIX KaTMOHOB KamnbUUS, MarHus w Xenesa, Ans
NPPUrauMOHHbIX LieNnen BaXkHbl MUHepanu3aums Boabl U cogep)XaHne B HEW MOHOB HaTpusl, kak Haumboree onacHoro
MaKpOKOMIMOHEHTa BOA ANs pacTEHUN.

2. PacckaxuTe, noxanymncra, 0 XMMU4YeCKOM COCTaBe NMPUPOOHbIX BOA.

XuMunyeckuii coctaB NMpUPOAHLIX BOA, BKIOYaOWMX aTMocdepHble 0Cafku, NMOBEPXHOCTHble U MoA3eMHble
BOAbl, XapakTepusyeTcs LUMPOKUM pa3HooGpasneM, 4YTO CBS3aHO C pasHoobpasveM uUsuko-reorpaduyeckix,
reosiorM4eckmx 1 rmaporiorMyecknx ycroBuii B BoagHbIX 6acceliHax.

Mpeobnagatowyto porib B hOPMMPOBaHNM MOBEPXHOCTHBLIX BOA UrpaloT oM3nKo-reorpadmyeckme ycroBusi u
Guonoruyeckne npoLecchl, NpoTekallime B BoAHbIX akocucTemax. CylecTBEeHHY poflb MpU 3TOM UrpaeT Knumar.
NMEHHO KnumaTudeckue yCrioBusi onpeaensioT rMapoXMMUIEcKyo 30HaNbHOCTb MOBEPXHOCTHBIX BOA, MHTEHCUBHOCTb
BUONOrMYecKknx NPoLIECCOB, YNCNEHHOCTb, BUOMacCy 1 BUOOBOWM cocTas GMOLEHO30B B BOAHLIX 9KOCUCTEMAX.

3. B nocnegHue pecATuneTus crana OWYyTMMOW pPONib aHTPOMOreHHoro cpakropa B M3MEHEHWMU, 3a4acTylo
HeraTMBHOM, cocTaBa NpupoaHbIx BoA. Kak oH meHseTca?

B XXI Beke umctasd npecHasd Boga CTaHOBWUTCS Haubonee ueHHbIM M AeduuuTHbIM pecypcom. ocTtynneHue
OONbLUOrO KOMMYECTBA, YacTO YyXXEpPOAHbIX MPMPOAE XUMWYECKUX BELLECTB, YBENMYMBAET Harpy3kM Ha BOAHble
3KOCUCTEMbI, pa3pyllaeT eCTEeCTBEHHble MPOLECChl CaMOOYMLLEHUS, a, CrefoBaTeribHO, M CaMu SKOCUCTEMbI:
yMeHbLUaeTCsl BUAOBOE pa3Hoobpasve rmapobuoueHo30B, ucyesaloT BuAbl OPraHU3MoB, CNOCOOHbIE XWUTb NULb B
YNCTbIX BOAAX, AOMMHUPYOLLME MO3ULMM B BOAHbIX COOOLLECTBaxX 3axBaTbiBalOT OPraHu3mbl, NPUCMOCOGIEHHbIE K
NOBbILLEHHOMY 3arpsA3HEHWI0 BOAHbIX 0GBHEKTOB.

4. OTmevawLwmecss B nocriegHue OecATUNEeTUS KIMMmaTuyeckMe U3MEHEeHUsl, MHOrMe y4yeHble CBA3bIBalOT C
BO3pacTalolWen aHTPONoreHHon peAtenbHOCTbl. Knumatuueckaa cuctema 3emMnuM O4vYeHb CIIOXHa, U eé
paszbanaHcMpoBKa MOXET Fpo3nTb O4YeHb CepPbE3HLIMM MOCNEnCTBUAMMU, UYTO MOXET OTPa3sUTbCA U Ha
COCTOSIHUM U KavyecTBe BOAHbLIX pecypcoB. PacckaxuTte, noXxanymcra, O BO3MOXHbIX MNOCNeACTBUAX
M3MEeHEeHUA KnumaTa Ans NnpupoaHbIX BoA.
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OueHnTb MOTeHuManbHble NOCneacTBus  rnobarnbHOro
M3MEHEHNs KIMMaTa Ha COCTOSIHUSI MPUMPOAHbBIX BOA OYE€Hb
CnoxHo. Bo-nepBbIX, eWE He S[CeH MexaHU3M MPUYUHHO-
CNeACTBEHHbIX CBA3EW KMMMaTUYECKUX W3MEHEHWN, BO-BTOPbIX,
NU3MEHEHNs, BbI3bIBAEMblE AHTPOMOreHHbIM  KIMMaTU4YeCcKUMm
haKkTOpOM, HakNagblBalOTCA KaK Ha €eCTEeCTBEHHble Bapuauuu
abnoTn4eckMx n BUOTUYECKMX NapamMeTpoB BOAHLIX IKOCUCTEM,
Tak M Ha HeraTuBHbIE MPOLIECCHI, BbI3BaHHbIE NPAMbIM BUSHUEM
yenoBeka Ha COCTOsIHME BOAHbIX OOBLEKTOB. YXe cenyac Ha
ceBepe Hallew CTpaHbl, Ha psife BOAHbIX OOBLEKTOB, BKIMOYasi
Napoxckoe o03epo, HabnwgalTcsa NPU3HaKM aHTPOMOreHHOro
aBTpodupoBaHmna  (*¥). [lloBblleHMe TemnepaTypbl  BOAbI
aKTUBMU3MPYET 3TOT MPOLIECC, YTO MOXET MPUBECTN K U3MEHEHUIO
TPOMYECKOro cTaTyca BOAHbLIX 3KOCUCTEM CEBEpa.

Poct TemnepaTypbl Boabl 6ygeT cnocobCTBOBaTh pas3MHOXEHMIO BakTepuanbHONM MUKPOMopbl, BO3MOXHbIE
MyTaLMM MOryT Bbl3BaTb MOSIBMEHME HOBbIX LWITaMMOB 6GakTtepui, B TOM uucre n 6onesHeTBopHbix. Mocneacteuns
ancbanaHca BOAHbLIX 3KOCMCTEM, Npoucxoasuiero B rnobansHom macwtabe, MoryT 6biTb O4eHb Cepbé3Hble. Takke
Kak pasbanaHCMpoBKa KMMMaTUYECKOW CUCTEMbl 3EMIIN rPO3UT YBENIMYEHMEM MOro4HO-KNMMATUYECKMX aHOManum,
paszbanaHcupoBka BOAHbLIX 3KOCUCTEM MOXET MPUBECTU K aHOMarbHO LWMPOKUM MHTepBanam M3MEHEHUs CTPYKTYpbl
rmapobuoLLeHO30B BO BCel Tpodhmyeckon Lienu, B 0COBEHHOCTN X YNCNIEHHOCTU N Bomacchl.

5. B Poccuum, koTopas pacnonaraet 6onee 20 % MMpoOBbIX 3anacoB NpecHbIX BoA, pacnpeaerieHMe BOoAHbIX
pecypcoB Ha TeppuTopuuM cTpaHbl KpahHe HepaBHoMepHo: 90 % BoAHOro cToka NPUXOAUTCS Ha GaccenHbl
CeBepHoro JlegoButoro u Tuxoro okeaHOB, Ha 6accewHbl Kacnuickoro u A30BCKOro Mopen, rge
cocpefoToyeHa OCHOBHas 4YacTb HaceneHusi cTpaHbl, NUWwb okono 8 %. Kak uamMeHeHuMe knumaTa MOXeT
NMOBJIMATbL HAa CTOK U Ka4eCTBO BOAHbIX pecypcoB?

B ©OaccenHe p. HoH, no pgaHHbim .M. Jlypbe u B.[O. lNMaHoBa, B HacTosiliee BpeMs Npu CpaBHUTESNBHO
HeOOMbLLIOM M3MEHEHUWN KNMMATUYECKUX YCIOBUIA, HO NPU aKTUBHOM UCMOMb30BaHNM BOOHbLIX PECYPCOB, NPOAOIKaeT
NPOUCXOAUTb YMEHbLUeHVE obbema BOLHOMO CTOKa.

PesynbTaTbl aHannsa MHOroneTHUX KonebaHui roqoBoro U CE30HHOIO CTOKa PeK nokasanu, YTo Ha obLMpPHON
Tepputopun Poccum B nocnegHune 20-25 neT Habnopgaetca yBenUMYEHUE MEXEHHOro CTOKa, OCOGEHHO B 3MMHION
MexeHb. (MexeHb - rnpodormkumeribHoe Ce30HHOe CMOsiHUe HU3KUX YyposHel 800bl 8 peke, 0b6ycrioerieHHoe
ocrabneHueM rMoeepxHOCMHO20 cmokKa U repexodoM PeKuU, 8 OCHOBHOM, Ha epyHmoeoe numanue). MacwTtabbl 3Tux
NM3MEHEeHUN He NMEIOT aHanoroB B XX ctoneTuu.

[ns pek toro-sanagHoro permoHa esponenckon Tepputopun Poccumn (ETP) n npumbikatowen K Hemy 4vactu
6accenHa Bonrn B 1980-1990 rr. nponcxogunmn n3aMeHeHus B reHesunce ux nutanus. Ecnv go stopow nonosuHel 1970-
X rOOOB MUTaAHWE 3TUX peKk ObiNno MpeMMyLleCTBEHHO CHEroBoe, TO B KOHUE XX B. OHO XapaKTepusyeTcs Kak
CMeLUaHHOe WM CMellaHHoe ¢ npeobnagaHueMm rpyHToBoro. CHWXEHWE LONM CHEroBOro MUTaHWs U yBenuMyeHue
FPYHTOBOIO MOXET NPUBECTU K MOBLILLIEHNIO MUHEpanu3auum NoBepXHOCTHbIX BOA toro-3anaga ETP.

M3meHeHune knumMmaTuyeckmx ycnosum B Poccun, Kak U Ha BCel nnaHeTe, oTMeYyaeTcs noBcemecTHo. Ha nepuopg
0o 2100 r. nporHo3npyeTcH noBblleHe TeMnepaTtypbl Bo3gyxa Ha 1,3-5,8 °C no pasnuyuHbIM cueHapusM U3MeHeHust
KnMMaTa, KOTopbIX B HacTosilee BpeMs nmeetca bonee AByx AecATKOB. [NoBbIlLeHNEe TemnepaTypbl Bo3ayxa byaet
COMpoBOXAATbCs M3MEHEHUSIMU KONMUYECTBa W, B OCODEHHOCTU, pexMMa BbiNageHUA aTMOCKEpPHbIX OCaaKOB U
ncnapeHus. Konvyectso atMocdepHbIX 0CaKoB SABMSETCH OMeHb BaXHbIM DakTOpoM, (POPMUPYIOLLIMM KONTUYECTBO U
KayecTBO NMUTBEBON BOAbI, 3anackl Brnaru B novsax. MimewoTcsa gaHHbie 0 TOM, YTO B TedeHne 20-ro Beka KOnm4ecTBo
ocagkoB yBenuuunocb oT 5 go 20 % Hapg Gonbluen 4acTblo CPeAHUX M BbICOKMX LUMPOT KOHTUHEHTOB CeBepHOro
nonywapus. Ha nepBbii B3rnsh, 9TO MOXHO CUYMTATbh MOJIOXUTENbHBIM CReaCcTBUMEM MNOTenneHusi, ecnu Obl
BbiNageHne 0CafKoB pacnpenensanocb OTHOCUTENbHO PaBHOMEPHO BO BPEMEHM M npocTpaHcTBe. OgHaKo 3TOro He
npovcxoaut. Mbl aBngemcsa ceugeTensamu gBfneHui, Koraa B OTAEMNbHbIX perMoHax 3emnin 3a KOPOTKUA MPOMEXYTOK
BPEMEHN BbINagaloT OOUNbHbIE OCafkW, MPUBOASALLME K HABOAHEHWUSIM, Ha [OPYrNX TEPPUTOPUSX, HanpoTuB, B
OTCYTCTBUM OOXAEN PEMMCTPUPYHOTCS 3acyxu. nobanbHoe noTenneHne no HEKOTOPbIM CLEHaPUSIM, MOXET MPUBECTU
K TOMy, YTO MpU MNOBbILEHNUN WUHTEHCUBHOCTU aTMOCKEpHbIX O0CaakoB OyoeT CHMXaTbCA MX MOBTOPSIEMOCTb, T.€.
yBENUUYNTCSH BEPOATHOCTb HABOAHEHUI U 3aCyX.

KpyroBopoT BOAbl MMeeT [Be BaXKHble COCTaBMsOLME — 3EMHYI0 U aTMOCdepHyto. 3eMHast YacTb BKNOYaeT
BCE MOTOKM (BTEKAIOLLNE N BbITEKAIOLLIME) 1 3anachkl BOAbI B €€ pasfnMyHbIX COCTOSHUSAX Ha KOHTMHEHTax MU B OKeaHax.
ATMOCepHasi cocTaBnsilowasa npeacraenseT cobor nepeHoc BOAbl, rMaBHbIM 0Opa3oM B napoobpasHom Buae.
[MoTeps BoAbI (OTTOK) C MOBEPXHOCTM 3eMNn Yepes ncnapeHue 1 TpaHCnMpaumio MOXEeT pacCMaTpuBaTbCs Kak NPUTOK
BOAbl B aTMOC(EpHYH BeTBb KpyroBopoTa (FMAPOSIOrMYecKoro Lukna) v, HaobopoT, OTTOK Bogbl U3 aTtmocdepsbl
nocpeacTBOM pasHbiX (OPM OCadKOB MOXET paccmaTpuBaTbCA Kak ee MpUTOK K 3eMHOW BeTBM UMKNa.
CnepoBatenbHO, Boda 4BrSIeTCS OMNpPeAerneHHbIM CBA3YOLWMM 3BEHOM MeXAdy pPasfvMyHbIMU  KOMMOHEHTaMu
KNMMaTU4eCKON CUCTEMBI.

YuntblBag TOT PakT, YTO XMMWYECKU COCTaB aTMOCKEPHbIX OCAAKOB U MOBEPXHOCTHbIX BOA CYLLECTBEHHO
oTnuyaeTca (aTMocdepHble ocagku coaepXat Bonee HU3KMe KOHLEHTpauum MuHepanbHbIX CONen, UMEIT KUCTble
3HaveHus pH n ap.), 1aMeHeHne NHTEHCUBHOCTU U NOBTOPSEMOCTU BbiNafgeHUsa atMocdepHbIX 0CafKoB, HECOMHEHHO,
noerneyeT 3a cobow 1 AanbHenwee N3MEHEeHNe Kak rmaporiornyeckoro, Tak U rmapoxXMMmUYeCcKoro peXxnmoB pek.



6. Ha ocHoBe ponronepuogHbIX pe3ynbTaTtoB HabnwoaeHun  yyeHbiMu  CeBepo-KaBkasckoro
TeppuTopuanbLHOro ynpasneHus no M'mapomeTteoponormm 1 MOHUTOPUHTY okpyxarowen cpeabl (M.M. Jlypbe,
B.0. MNaHoB) npoBeaeHbl UccneaoBaHUS MO U3MEHEHUS FTMOPOSIOrMYeCcKOro pexuma BOAHbIX OOBHLEKTOB B
6acceiiHe p. [IoOH B YyCIIOBUSAX aHTPOMOreHHOro uaMeHeHus knumarta. OTMeueHbl CyLeCTBEeHHble N3MEHeHUs
BHYTPMrogoBOro pacnpegeneHusi BOAHOro CTOKa, pe3Koe CoKpaleHue BeCeHHero CToka M yBenuyeHue
3UMHero ctoka. [pokoMMeHTUpYITe, NoXanyucTa, 3Tu pe3ynbTaTthbl.

M3MeHeHMs1 COOTHOLLEHMSI UCTOYHUKOB MUTaHUS PEK MOXET B AalNbHEnWeM OTpasuTbCs M Ha XMMUYECKOM
COCTaBe peyHbIX BOA 1 MPMBECTU K YBEMNMYEHNIO MUHEpanu3aunum Boabl B 6accenHe

Cnepnyet 06paTUTh BHUMaHUE Ha N3MEHEHME NPOAOIIKUTENBHOCTN NegoBoro nepuoaa B 6accenHe p. [oH. Tak,
¢ 1961 roga npoAo/MKMTENBbHOCTL 1€40BOM0 Nepuoaa cokpatunack Ha 16-20 gHen.

YBennyeHme npogormknTeNbHOCTM nepuoda OTKPbITOrO pycra v NporpeBaemMocTy BOAbl B CBSA3U C BbICOKMMMU
TemrnepaTypamMu Bo3gyxa B NETHUA nepuvog B NOcredHue roabl SIBUNOCb OQHOW M3 NMpuYMH BGYPHOro «LBETEHMS»
CMHe3erneHbIX Bogopocne Ha LUumnsiHckom — BogoxpaHunvie, Bbi3BaBLIEM  CepbE3Hble  Mpobnembl  C
BogocHabxeHueM r. BonrogoHcka.

[porHo3 arpoknMmaTU4eckux pecypcoB M aganTtaumm CerbCKOro XO3sMCTBa K YCIOBUSM M3MEHEHUSA KrvmaTa
Ha tore Poccun, BbINOMHEHHbIX BcepoccuMinckuM HayyHO-UCCrefoBaTeENbCKMM MHCTUTYTOM CEMNbCKOXO3SMCTBEHHOM
mMeTeoponorun no Tpem cueHapuaMm, GFDL, CCC u naneoknMmaTuMyeckoMy, nokasan, 4To cpegHerogosas
Temnepatypa Bosayxa k 2030 r. Ha tore Poccum nosbicutcs Ha 4,0-5,4 °C. 3To MOXeT NpUBECTU K CepbEe3HbIM
nocneacTBusaM Ans  BOAHBIX  3KOCUCTEM  3TOrO  perMoHa, o0cobeHHO Ans  BogoxpaHunvw,. B ycnoBusax
YyBEMMYNBAIOLLErOCa UCNApPEHNsT C BOAHOM NOBEPXHOCTUN BOAOXPAHMIMLL U K HAMEeYarLwencs TeHAEHUMN YMEHbLUEHNS
BECEHHEro CTOKa, @ 3HaYUT U CHUXEHMSI YPOBHEW BOAbl M MOBLILEHWIO MPOrpeBaeMoCcT! BOAHbBIX Macc, MOryT
yCUnNnBaTbCs MPOAYKLMOHHbLIE MPOLECChl, aKTUBHO pa3BMBATbCA MPOLIECCHl aHTPOMOreHHOro 3BTPOdMpPOBaHMS,
MacwTabbl «LUBETEHUSA» CUHE3eNeHbIX BOAOPOCMEN N CaMO3arpsi3HEHUS] BOOOEMOB TOKCUYHLIMW MPOAYKTAMU KX
mMeTabonuama. HapyuweHne paBHOBecusi B CUCTEME BOAA - OOHHbLIE OTMIOXKEHUSI MOXET MPUMBOOUTL K BTOPUYHOMY
3arpsi3HEHNIO BOAHbIX OO bEKTOB.

YBenuueHne reTHen TemnepaTypbl BO3dyxa, YCyryonsiollee 3acylnmMBble YCIOBUS B HOXKHbIX 006nacTsx
CTpaHbl, yBENUUMT BOJOMNOTPeONeHne Ha OpPOLIEHME CENbCKOXO3ANCTBEHHBLIX KYNbTyp M ObITOBblE HYXAbl, YTO
YXYOLWWUT ycrnoBusi pas3baBneHusi CTOYHbIX BOO U MOXET MPUBECTM K YBENMUYEHMIO KOHLIEHTpaLUK 3arpsi3HSIOLLNX
BELLECTB B PEYHbIX BOAAX.
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