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Bopoembl-oxiiaguTe M NMPH TEIVIOBBIX MW ATOMHBIX 3JIEKTPOCTAHLMSAX
NPEJCTABJIAT c000H NMPUPOIHO-TEXHOTeHHbIE CHCTEMbI, O3TOMY B NpOrpamMmme
MOHUTOPHUHIA HEOOXO0AMM Y4eT BJIMSHHMS JIJE€MEHTOB TEXHOJOTHYeCKHMX IHUKJIOB
I'POC na 3xocucremy BooeMa, B TOM 4YHCJe — TEIJIOBOI0 cOpoca OXJIasKAaromen
BOAbI. 3a1aUM HACTOSIIIIET0 HCCJIeJOBAHNSA — pa3padoTka, peaJu3auus NPorpaMMbl
MOHUTOpHUHIra Boaoema-oxjaaurenass bepesosckoii I'PIC-1 (BI'PIC-1) no
XHMHUYECKMM M OHOJOrMYEeCKHM IMOKA3aTesiM KadecTBa BOJAbl M BbIsIBJIEHHE
3aKoHOMepHocTell GOopMHPOBAHMS TEPMHUYECKOT0 M THAPOXMMHYECKOI0 PeKuMa
npu padore B yCJOBHSX IOCJeI0BATEJbHOr0 noBbimieHuss momuoctu I'PIC (B

1996 1., 2015 r.). HMccienoBanue KadecTBa oOXJaxkaawumied BoAbl BOJA0EMA-



oxaaauressas BI'PIC-1 npoBoam/jioch B HATYPHBIX YCJOBHUSIX NMYTEM OTOOpa M
AHAJTUTHYECKOI0 KOHTPOJIA MPo0d BOALI BO0EMA B COOTBETCTBMHU C NPUHIMIAMM
KOMILJIEKCHOCTH, CHCTEMATHYHOCTH HAOJIIOAEeHHMI, COIJIACOBAHHOCTH CPOKOB HMX
NPOBeJeHUsI € XaAPaKTePHbIMHM TrHUApoJorudeckumu  ¢pazamu. OOpadoTka
MOJYYEHHOI0 MACCHBA [aHHBIX MOHMTOPMHIA MeETOAAMH MAaTEMaTHYeCKOM
CTATHCTHKH Ja€éT BO3MOKHOCTh BBISIBUTH OCHOBHbI¢ (PaKTOpPbI, BJMSAIOIIHME HA
Ka4ecTBO BOJbI BoAoéma. IlosryyeHHbIe B X0/1¢ MOHUTOPUHIA JAHHbIE 110 KAa4eCTBY
BOAbl M MX MaTeMaTH4ecKass o0padoTKa 3a JJIMTeJIbHbIH BpPeMEHHOW HHTEPBAJI
€0312¢T Hay4YHY0 0a3y JJisl POrHO3a KOJOIMYECKOr0 COCTOSIHHSI BOJOEMA, 4YTO
SIBJIAETCH HeO0OXOAMMBIM i1 o0ecleYeHUus] JKOHOMHYECKH 3(PPeKTHBHOIO
NMPOM3BOJACTBA 3HEPruy M 0e30IACHOCTH BOJAONOJIb30BaHUA. U3 mpeaiosKeHHbIX
aBTOPAaMHM YaCTHYHO PpPeAJU30BaHbl PEKOMEHJAUUHM [0 MPeI0TBPAILIECHHUIO
Pa3BUTHS NPOLECCOB IBTPOGUPOBAHUS BOAOEMA-OXJIAJUTEINA: COOPYKEHHE
AaMObI, OTCeKaIoIIeil 0CHOBHOM MaccuB TOp(a, NpoBeeHNne 0YNCTKH 0eperos pekx,

(¢opMupyOIIUX BOJ0EM-0OXJIAAUTEb.

Knouegvie cnosa: Bomoem-oxmagutenb [POC, MOHUTOPUHI, MPOTHO3
HKOJIOTMYECKOTO COCTOSHUS, THIPOXUMHYECKHE, THAPOOHOIIOTUYECKHE MOKA3aTelH
KauyecTBa BOJBI, MAaTeMAaTHYECKUN aHaIu3 pe3yJIbTaTOB aHATUTHYECKOTO KOHTPOJIS

BOJBI, BOOOMCIMOPATHUBHBIC MEPOITPHUATHSA.

Hanuuue BOOHBIX pecypcoB TEPPUTOPHM SBIISIFOTCS OJHUM M3 pEHIaArONIUX
(bakTOpoB NpU IUIAHUPOBAHUU U Pa3MEIEHUH MPEANPUATUN MPOMBIIUIEHHOCTH, B TOM
yuciie dHepreTuku. lIoBblMIeHHe TeMmepaTypbl B BOJOEME-OXJIAAUTENE aTOMHOW HIIU

TEIUIOBOM 3JIEKTPOCTAHIMK MPHUBOJIUT K YXYAIICHUIO XapaKTEPUCTHK KadyecTBa BOJbI,



YTO BJIEYEeT 3a COOOI SKOHOMHYECKHE IMOTEpU IMPU NPOU3BOACTBe 3Hepruu. [lpu
CYILIECTBYIOIIUX CIOCO0aX MOJArOTOBKH JI0KA BOJAOXPAHUJIMINA BO3HUKAIOT CEPhE3HbBIE
npo0sieMbl B BOJOTOKAaX HIKHEro Obeda, MPOUCXOIUT 3BTPOPHUPOBAHUE, YXYALICHUE
cCaHUTapHO-OaKTepHoJornueckor obcraHoBku. [logoOHas cuTyauus HaOnrodaeTcs Ha
BoJloeMax-oxJyiaautessix EBponerickoit yactu Poccun, Jansnero Bocroka, Ykpaunsl. B
peruoHax CuOupu OCHOBHAsI 4YacTh TEPPUTOPHM 3aHITa TAaCKHBIMU MacCUBaMH, a
CEJbCKOXO35MCTBEHHBIE YTO/bsl MPEUMYIIECTBEHHO COCPEIOTOUYEHbI B MOWMAX pPEK M
IIPU COOPY>KEHUU BOJOXPAHMIIUIN 3aTOILISIOTCA OOBIYHO IMOJHOCTHIO. B cBS3u ¢ 3TUM
3a4acTyIO MO/l JIO’KE BOJJOEMOB OTBOJAT 3a005i04eHHbIE TOp(hsHbIE MOiMBbI pek. TakoBa
cutyauuss Ha Cypryrckon, I'ycunoosepckoii, Xapanopcko#, Ha3aposckoii,
bepe3oBCKO# TEMIOBBIX 3JIEKTPOCTAHIUAX.

Bonoem-oxnaaurens bepe3oBckoit I'POC-1 co3nan 3aperyiampoBaHHEM CTOKa
pexu bepem B paiioHe BmaaeHus B Hee pek basplp u Kajmar B 10ro-BoCTOYHON 4acTH
Ky3nenkoro Anaray Ha Tepputopun EHnceiicko-UylnbIMCKOW KOTJIOBUHBI. 3aM0OJHEHUE
BoJl0OeMa Hayaioch B 1986 r., perynmpoBaHue CTOKa — CE30HHOE, YPOBEHb BOJBI B
BOJIOXpaHWIHILE peryaupyeTcss cOpocoM B HIDKHHUNA Obed uepe3 peky bepermr.
BonooOMeH B BOJOXpaHUIIHINE B MATOBOJAHBIE TO/BI MPOUCXOAUT BCETO OJMH pa3 B TOJI.
Takue ycrmoBusi BOJOOOMEHA — HauXy/IINE U3 BCEX JACUCTBYIOIIMX B CTPaHE BOAOEMOB-
OXJIAJIUTENIEH TETUIOBBIX JJIEKTpOCTaHIUi. Elle Ha cTamuu mMpOoeKTHPOBaHUS BOJIOEMa-
oxymamutensi BI'POC-1 Oputn  moOmymieHsl MPOCYETHI, KOTOPBIE CIOCOOCTBOBAIH
BO3HUKHOBEHUIO CHUTYAITUW DKOJIOTHYECKOTO PUCKA ISl SKOCHCTEMBI Bojoema. Tak, B
paiioHe BepxHero Obeda BoJoeMa pacroioKeHbl MHOTHE UCTOYHHUKY 3arpsi3HeHus. Tak,
B p. KagaT nmoctynatoT CTOKM KOMMYHAJIBHBIX OYHCTHBIX coopykeHuil r. [llapemoso, a
TeppUTOPHUsT MEXaypeubs pek bepemr m basplp 3ansTa 305m00TBaiaMu. OCOOCHHOCTH

MOpP(OMETPUYECKOTO  CTPOEHHUS JIOkKa — HaJU4YMe MEJIKOBOJHOM  OOLIMpPHOI



3atropdoBaHHON 30HBI (00BeM 3arorieHHOTO Topda cocramsier 30.7 MiIH M3).
Hebonpimne rayOuHbl co3ganu OJaronpusTHbIE YCIOBHSI JJi CYIIECTBOBAaHUSA H
coxpaHeHuss OwodoHma  “mBeTreHus”’ B BomoeMe. Takue  (akTophl, Kak
MPEUMYIIECTBEHHOE  BETPOBOE  HAMpaBlICHUE,  €CTECTBEHHOE  TEUEHUE U
HUPKYJISIUOHHBIN MOTOK OXJIaKJIAIOUIe BOJABI, MPUBOJWIM K CKOIUICHHIO B pailoHe
npaBoOepexbs, TAe HaxoauTcs Bomo3zabop I['POC, 3arps3HeHHi, MOCTYMAOIMIMX C
pekamMu.JTo crmocoOcTByeT 3BTpodupoBaHui0 Bogoema [l], uto BiedeT 3a coboit
SKOHOMMYECKUN YyIIep0 TEXHUYECKOMY BOJOCHAOKEHUIO TEIUIOBBIX AJEKTPOCTAHIIUNA U
CO3/a€T CHUTYallMI0 SKOJOTMYECKOr0 pHCKa MJsl 3[0pOBBSl HAaCeleHUs, T'yOUTeIbHO
JEICTBYS Ha BOJIHBIE coolmiecTna [2].

[Tocne 3amonHeHus BOJOE€Ma aKBAaTOPHS MOKPHUIACH BCILIBIBIIUMU TOP(MSIHBIMU
octpoBamu. [lonmajanue mnaBatouiero Topda B Trajleped IIEIeBOro BoJ03abopa
TpeOOBaIO TOMOTHUTENBHBIX 3aTPAT Ha OYUCTKY BOAOBOAOB. CKOIJICHHE 3aTOHYBIIETO
Topha crocoOCTBOBANO AOMOIHUTEIBHOMY BBIHOCY B MOABOSIIMKM KaHAal MEITKHX
bpakmuit  Topda. OnHu, OecCHpemsITCTBEHHO TMPEOoJoNieBas PEUIETKH, WHTEHCUBHO
3a0MBany BpallaOUIUecs] CEeTKH, a TMPeAyCMOTPEHHBbIE CIOCOOBl OUYMCTKU OBLIN
HeaexTuBHbL. [losTomy s obecnieuenus: HagexxHoi padbotel ['POC Obuto mpUHATO
pelleHrne O COOPYKEHHH TamMObl, OTCEKAIOIIel 3amaaHblii, Haubosee 3aTopOBaHHBII
Y4aCTOK BOJIOXPAHMIIUIIA.

3ajaun HACTOSIIETO UCCIICTOBAHMS:

pa3paboTka W peanu3aiusi NpOorpaMMbl MOHUTOPHHTA KauyecTBa BOIBI IS
BbISIBJIEHUST (PAKTOPOB (POPMUPOBAHUS THAPOXUMHUYECKOrO, THIPOOHMOIOTHYECKOTO
pekruMa BOJOEMa M ONTHMH3AIMA KAa4eCTBa BOJBI, MCIIOIB3YEMOH B IPOM3BOJICTBE
SHEpPTuu;

COCTAaBJICHUE ITPOIrHO3a DKOJIOI'MYCCKOr0 COCTOSHUA DKOCUCTEMBI BOIOCMA,



BBIpa0OTKAa  HAYYHO-OOOCHOBAaHHBIX  IPAKTHYECKUX  PEKOMEHIANUH  TI0
palrOHATILHOMY BOJIOTIOJIb30BaHUIO.

[IporpamMma  MOHHTOpHMHTAa  BKJIIOYala  HHBEHTApU3AlMI0  HCTOYHHKOB
NOCTYIUICHUSI 3arps3HCHUH B  BOJOEM, HX KadeCTBEHHBIX M KOJIUYECTBEHHBIX
XapaKTEPUCTHK.

KadecTBo OXJakmaromieil BOAbI 3aBHCUT OT OOJBIIOTO YHCIA YIPABISEMBIX U
HEYNPAaBISIEMbIX (PaKTOPOB: Teorpaduyeckoro MoJIOKEHHs, THIPOMETEOPOIOTHUECKUX
yCIOBHIA, MOP(HOMETPHH BOJOEMA, KAYECTBEHHOTO U KOJHMYECTBEHHOTO COCTaBa BOJIbI
peuHoro croka. [lony4yeHHbIC JaHHBIC MO Ka4eCTBY BOJBI U UX 00pabOTKa METOJaMH
MaTeMaTHYECKOW CTATUCTUKUA [3] TO3BOJSIOT OICHHUTH BIHMSHHUE MPHPOTHBIX H
AHTPOIIOTEHHBIX (DAKTOPOB HA (POPMHUPOBAHUE KAUYECTBA BOJIBI.

AHalu3 JIMTEpaTypHBIX HCTOYHUKOB M TPOBEACHHBIC TUAPOOHOIOTHYCCKHE
WCCJIEIOBaHMsI B HAYaJIbHBII MEPHO/J] CYIIECTBOBAHUS BOJAOEMA MO3BOJIMIN 3aKIIIOUUTH,
YTO TaKOW KPUTEPHUH, Kak 00Ilas YHUCICHHOCTh OAaKTEPHOIUIAHKTOHA, HE MOXET OBITh
MPUMEHEH N7 OIIEHKH KadecTBa BOJHOM Cpeabl BOJIOEMAa-OXJAIAUTENs, TaK Kak MpU
9TOM HaOJIOJaeTcs HECOOTBETCTBHE MEXKIY OICHKOM IO THUAPOOHOIOTHYECKUM
nmokasarensiM U ee (aKTUYECKUM COCTOssHHEeM. Ha BHYTpEeHHHX TOBEPXHOCTSIX
TEIUIO0OMEHHUKOB B CHUCTEMaX OXJIXJICHUS Pa3BUBAIOTCS COOOIIECTBa OaKTepui,
MOATOMY  XapakTep  paclpeleNieHus,  YHCICHHOCTh  OaKTEepUOIIAaHKTOHA B
OUPKYIAMMUOHHOM IIOTOKE Ha BOJOCMC 3aBHCHT B pema}omeﬁ CTCIICHU OT pPEKHUMa
pabOTHI TETUIOBOM CTAHITUH.

[TporpaMMa MOHHTOPHHTA Ka4eCcTBa BOBI BKITOUAIA ONPE/ICIICHHE:

TEMIIEpaTypsbl, [IBETHOCTH, MPpOo3padHocTH, pH;



COJIep>KaHusl PACTBOPEHHBIX I'a30B U OPraHUYECKHX BEIECTB, MUHEpAIU3alllH,
KOHIIEHTPAllUU OUOTEHHBIX 3JIEMEHTOB, ()EHOJOB, HEPTENPOMYKTOB, CHHTETHUECKUX
oBepXxHOCTHO-aKTUBHBIX BemecTB (CITAB), HOHOB kene3a, TSKEIbIX METAJLIOB,;

onoxumudeckoro motpednenust kucinopona (BIIKs), BumoBoro cocraBa u
YHUCIIEHHOCTH buTOIIaHKTOHA u OaKTepUOIIaHKTOHA, MPOAYKIIMOHHO-
JNECTPYKIIMOHHBIE XapaKTEPUCTUKU, KOJIM-UHIEKC, BUJOBON COCTaB BbICIIEH BOJHOMN
pPacTUTEIHHOCTU. B TOHHBIX OTIOXKEHHUSIX KOHTPOJIHUPOBAIOCH COAECpPKAHNE OMOTEHHBIX
3JIEMEHTOB U TSDKEJIBIX METaJIIOB.

Opranuzanus HaTYpHbIX HaOMIOJEHWH Ha BojoeMe Obula TpoBeJcHa B
COOTBETCTBUU c PEKOMEHIALUSIMHU I'ockomrugpomera: KOMIIUJIEKCHOCTb,
CUCTEeMATUYHOCTh  HAONIOACHMN,  COTJIACOBAHHOCTH  CPOKOB  TIPOBEACHHUS  C
TUApoONIOTHYecKuMU dazaMu, OmpeiesieHne moka3aTeseld KauecTBa BOAbl CTaHIapTHBIMU
metonukamu. [Iponenypa orGopa mpoO Boabl obecriedyrBalia BBIOJHEHUE YCIOBHIMA
JIOCTaTOYHOCTH U PEMPE3eHTATUBHOCTH PE3yAbTAaTOB KOHTpOis. CMeliaHHbIe MPOObI
BOJIbI, YCpEHEHHBIC BO BpeMEHH, OTOMpanu 6atoMeTpoM MouaHoBa, MPOOLI TOHHBIX
OTNOXKEeHUN — mHouepmareneM llerepcena. B 3umuuil nmepuoa npoOsl OTOMPATHCH U3-
MOJI0 JIbJa, B Havale eBpasis, Mpu HauOOIbIIIeH TOMIINHE JThA.

B Becennwuii neproa mpoObl OTOMPATUCH B KOHIIE Masi — Havalle UIOHS, B Havale
BECEHHETO HAIlOJIHEHUs BojoeMa. B JeTHHWid mepuoa TpoObl BOABI OTOMPAHCH
HECKOJIBKO pa3, B TOM 4YHCIIC B MEPHOJ MaKCUMAIBHOTO TOJbeMa BOJbI. B oceHHMit
nepuoj — nepes JIeA0CTaBOM IpHU Haubosee HU3KOM YpOBHE BOJibl. PaccTaHOBKa TOUEK
orOopa mnpo0d MpoBOIMIACH C YUYETOM LHUPKYJIALMOHHOTO TIOTOKa Ha BoOjAOeMe-
oxnaaurene. KonrponsHble Touku 1, 2 m 3 (puc.l) paccraBieHBI B JIEBOOCpEXKbE,
cepenrHe W TpaBoOepexbe, B palioHe YycTheB pek baseip, bepems, Kanar

COOTBETCTBCHHO.



B Touke 4 KOHTPOIHMPYIOTCS XapaKTEPUCTUKH BOJBI B p allOHE YCThsl COPOCHOTO
KaHaja, a B TOYKe 5 — B paiioHE OCHOBHOTO TOP(SIHOTO MECTOPOXKICHHs. 3aMephbl B
TOYKE 6 XapakTepu3ylOT KauecTBO BOJbl B TJIyOOKOBOJHOHN IIEHTPAJIbHON YacTu
BOJIOEMa, 37IeCh MMPOMCXOAUT YCpEIHEHHE KauecTBa BOJbI, ocTynatomniei u3 pex Kanar,
bepemb, basbip. B Touke 7 KOHTpodHpyeTcs KauyecTBO BOABI B palloOHE BOJ03a00pHOTO
KaHaja TeIUIOBOM »sJeKkTpocTaHiuu. Touka 8 XapakTepu3yeT KayecTBO BOJBI B
NPUILIOTUHHON YacTH BOJOXPAHMUIIUINA, 3/1eCh MPOUCXOAUT AaKKyMYJSALHUS BCEX
3arpsi3HEHMH, KaK alZIOXTOHHOTO, TaK U aBTOXTOHHOTO IIPOUCXO0XKICHUSI.

[IpoGel Boabl OTOMpad B CTEKISHHBIE W TMOJHATUIICHOBBIE OYTBLIH, MPOOBI
JIOHHBIX OTJIOXEHHH — B CTEKJISHHbIE O0aHKU ¢ MOJIMATUICHOBBIMU Kpbimikamu (I'OCT
17.1.5. 04-81). Ananus, XpaHeHHE W KOHCEpBAIMs P00 BOABI U JOHHBIX OTIOXKEHUI
npoBoAnIUCEH B cooTBeTcTBUU ¢ TpeboBanusmu (I'OCT 17.1.5. 04-81). Takum obpazom,
KOHTPOJIb KaueCTBa BOJbI TTO3BOJIMI OLEHUTh KaK Ka4eCTBEHHO, TaK M KOJIUYECTBEHHO
MOCTYIJIEHUE 3arps3HAIOIMIMX BeHIeCTB B BoJgoeM. I[lodydeHHBIH CTaTUCTHYECKHIA
MacCHB JAaHHBIX IO T[IOKa3aTeisM KadecTBa BOJBI TIO3BOJISIET OICHUTH CTaHH
HBTPO(GUPOBAHUS BOJOEMA, YCTAHOBUTH 3aKOHOMEPHOCTH MPOIIECCOB CAMOOYHIIICHUSI.

B Bomoeme-oxnaautesne TeMrepaTypHbI pekuM (GopMmupyeTcs Mo JeHCTBUEM
MPOIIECCOB HCHApeHHus, TEIIooOMeHa C aTMocdepoil, MmepeHoca TeIuia TeueHHUeEM,
TypOyJeHTHBIM mepeMermuBanreM. COpoc OXJIOXAAroImIeld BOJBI  MPUBOJUT K
00pa3oBaHWIO B BOJOEME YYACTKOB aKBAaTOPHUH C Pa3IMYHBIM TEMIIEPATypHBIM
pexxumom. C BBeneHWeM B CTpoi mepBoro sHeprodnoka BI'POC-1 ecrecTBeHHBINM
TEPMHUCCKANA PEKUM BOJI0OeMa OBLI HapyIIeH TEIJIOBBIMU BBIOpPOCAMH Ha TUIOIIATH
OKOJIO TIOJIOBMHBI aKBaTOPUHM Bojxoema. PaboTa BTOpOro 5SHEproOioKa yBEIWYHIIA
TEIUIOBYIO HAarpy3Ky Ha BOJO€M, TeMIlepaTypa BOJbI B JIETHHUE NEPUOAbI MpeBbIIIaIa

€CTECTBCHHBIC MMOKa3aTeu. BBeeHne B cTpoit TpeThero 3Heprodaoka Havaaoch B 2015



I., €ro BIMSHUE HA TEPMUUYECKUI PEKUM BOJOEMA IIPEJCTOUT YCTaHOBUTH. [1oBbIIIEHHE
TeMIIepaTypbl BOJbl CIIPOBOLUPOBAIO TEPMHUUYECKOE 3BTPO(YUPOBAHUE HKOCHCUTEMBI
BOJIOEMa-OXJIaauTens. BnusHue Ttemmeparypbl Boabl B Touke 4 (cOpoCHOW KaHan)
BUJHO Ha JIMHUM MHOTOJETHErO0 TpEeHJa TEeMIIepaTyp B IE€pBble JeCiATh JET
CylLlecTBOBaHMs BojgoeMa (puc. 2). MakcuManbHbI pa3Max JIMHUM TpeHJa
HaOJro1aeTcst B yCThe COPOCHOro KaHana. JIMHUM TpeH10B, 0TOOpaXaroluX U3MEHEHHUE
TEMIIepaTypbl B YCTbSIX PEK M LEHTPAJbHON YacTH BOJOEMA-OXJIQAUTENs MIECHTHYHBI,
YTO MOXXHO OOBSCHUTH DPAaBHOM yJIAJIEHHOCTBIO MX OT HCTOYHUKA BO3MYILEHUS —
cOpocHOro kaHajna. B NpUIUIOTMHHONW YacTM OH MMHHMAJIEH, YTO MpPEJCTaBISAETCA
BIIOJIHE 3aKOHOMEPHBIM.

B Bogoewmbl-oxsaguTenu  cOpacklBaeTcsi  OONBLIOE  KOJIMYECTBO — TeIla,
IPECTaBIAIOIIEro co00M 3HAUMTENBHYIO YacTb 3HEPrUU HCKONAEMOI'o TOILIMBA,
UAYIIEro Ha BBIPAOOTKY dyeKTpodHepruu. [loBbllIeHue Temmeparypbl BOJBI,
OXJIAKJAIOUIEH TOBEPXHOCTH HAarpeBa TEIUIOArperaToB CTaHLMM, NPOMCXOAUT, Kak
npaBuio, Ha 10-12°C. B OTKpbITOM BOJZOCOPOCHOM KaHajie MPOMCXOIUT
HE3HAYUTENIbHOE CHU)XEHHE TEeMIepaTypbl, OCHOBHAas OTJaya Tella IPOUCXOAHUT B
BOJIOEME, I'Ie OHA OXJIAXKIAeTCs 32 CUET UCIIApPEHUSI.

BogoeMmbl-oxyaguTenu MpU  TEIUIOBBIX AJIEKTPOCTAHILUSAX PACIOIOXKEHBl B
pa3INyuHbIX (PU3UKO-TeorpaUUecKux YCIOBUSAX, HO HOPMATHUBBI, MPUHATHIE JUIS BCEX
BOJIOEMOB-OXJIaAUTeNeH, “00BbeIUHSAIOT” BOJOEMBl Pa3HOTO TPO(UYECKOTO YPOBHS,
JaHamadTHO-Teorpauueckoro MoJI0KEeHUsI M XO3SHCTBEHHOrO0 Ha3zHaueHus. B »Tux
HOpMaTHBaXxX MPeyCMaTPUBAETCS HEAOMYCTUMOCTD IIPEBBIIIEHUS TEMIIEPATYPHI BOABI B
BojloeMe B 3uMHee Bpems Ha 5°C, a B jerHee Ha 3°C Bblllle €CTECTBEHHOM

MaKCHMAaJIbHOM TemIepatypsl [4].



OTr TemmepaTypsl B 3HAYHMTEIBHOW MeEpe 3aBHUCUT KHCIOPOJIHBIH PEKHUM
BOJIOEMA, ONPEICIIIOMNNA HWHTEHCUBHOCTh IPOIECCOB caMoOo4HIneHus. OCHOBHBIMHU
HUCTOYHUKAMU MOCTYIUICHHS KUCIOPO/ia B BOJIY SABISIOTCS MPOIECCH aOCOPOLIMU €ro U3
atMocepsl W MPOIYLHIHPOBAHHE B pe3yibTare (OTOCUHTCTHUCCKON JCATCIbHOCTH
ruapoONoOHTOB. B JeTHHe mepwoisl TpH padoTe JBYX SHEProOJOKOB CTaHIIUU
MPOMCXOIUT MHTCHCHUBHOE IPOAYIMPOBAHHWE OPTaHMYECKOIO BEIIeCTBa, (POTOCHHTE3
obecreunBaeT HACBIIMICHHE KHCIOPOJOM IMOBEPXHOCTHOTO cios Boawl g0 150-230%.
[Tporiecchl OMOXMMHYECKOTO OKHCICHHS OPraHMYECKUX BEIIECTB €CTECTBEHHOTO H
AHTPOIIOTEHHOTO0 MPOUCXOXKIACHHUS PE3KO CHIKAIOT KOHIIGHTPAIMIO KHCIOPO/a,
NEQUIIUT KUCIOpOJa TIPUBOIUT K TOSBICHUIO CEPOBOJOPOJA U  CYJIb(HJIOB,
YCTaHOBJICHHIO BOCCTAHOBHUTEIBHOTO XapaKTepa Cpe/Ibl.

COpoc Tema CrocoOCTBOBANI CHIKCHHIO YPOBHSI KHUCIOPOJHOTO HACBIIICHUS
BOJIBI; TPU BEPTUKAIBHOW CTpaTU(UKAIMKU KUCIOPOJa B MEPHOJbI JIETHEH CTarHaIuu
CYIIIECTBOBAIIA YCIIOBUSL JUIS SBTPOPHUPOBAHUS. YXYALUIEHHUE KUCIOPOJHOTO peXHMa
BOJIOEMA-OXJIAJUTENsl TPUBENO K COKPAIICHHUIO YHUCIEHHOCTH CTaJa pHIO, 3aMeHe
[IEHHBIX MPOMBICIOBBIX MOPOJ Ha COpPHBIE, a TaKKe BO3HHKHOBEHHUIO Mapa3uTapHbBIX
3a0oneBanuil uxtuodayHsl. Bo3melicTBe MHOTOYHCIEHHBIX M MOIIHBIX MCTOYHHKOB
AHTPONOTEHHOTO XUMHUYECKOT0, OMOJIOTHYECKOTO U TEIUIOBOTO 3arpsi3HEHUS B YCIOBHSIX
3apeTyJIIMPOBAHHOTO CTOKa CIT0COOCTBOBAIIO 3HAYUTEIIBHOMY VITTUHEHUEO
MEPBOHAYAILHOTO TIepro1a GOPMUPOBAHHS KHCIIOPOJTHOTO PeKUMA BOJIOEMA.

JlaHHBIE MOHHUTOPWHTA TIOKAa3bIBAIOT, YTO OOpa3ylolmuecs B BOJOEME U
MOCTYMAIOIIMNEe TI0 TPUPOJHOMY W aHTPOIIOTCHHOMY KaHajlaM OpTraHHYeCKHe H
OWOTeHHBIC BEIIeCTBA pPa3HOOOpa3HBI 10 TPUPOJE U CBOWCTBaM. BbICOKHE
KOHIICHTPAIIMU STUX BEIIECTB YKA3bIBAJIM HA 3HAYMTEIBHOE 3arpsi3HCHHUE OBITOBBIMH

CTOYHBIMH BOJaMH, IMPOMBINIJICHHBIMHA c6pocaMH. VBenuuenue KOHLOCHTpAIUN 3TUX
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BEIIECTB HAOJIOANIOCh M B IMEPUOJbl OTMHUpAHHUS BOIHBIX OpPraHU3MOB B KOHIIE
BeretanoHHoro nepuoga. Ha 15-it rox u nocneayroumii nepuos GyHKIIMOHUPOBAHUS
Bogoema-oxyaaurenass BI'POC-1 mporecchl 3BTpodUpoBaHus, BO3HUKIINE B HAYAJIbHBIN
NIEPUOJl U YCUIIEHHBIE BKJIAJJOM TEPMHUUYECKOW COCTABJISIOLIEH, CTAIM ONPEACISIOINMHU
B (h)OpMHUPOBAHUM KaueCTBa BOJIBI.

Hakomuienue Guomacchl BoJIOpocCiiel U ee pas3iioKeHHE B KOHIIE BETeTallMOHHOTO
Nepuoia Ha OrPAaHMYEHHOW YacTH aKBAaTOPUU BOJIOEMA MPUBOJUT K HAKOIUICHHUIO
OMOreHHBIX BEIECTB. JTO, B CBOIO oOuepeab, CHMWkaeT pH BomgHOW cpeapl, 4TO
CIIOCOOCTBYET YBEIMUYEHUIO PACTBOPUMOCTH U TOJABMKHOCTH HMOHOB TSKEJBIX
METAJIJIOB, UX AecOpOLMU U3 OHHBIX OTJIOKEHHH BOJOEMa-OXJaJMUTENs, Mepexoqa B
BOJly TOKCUYHBIX COJIEH TSKEJIbIX METAIOB. M3 JOHHBIX OTJIOKEHUU YBEIMUYMBACTCS
noctymieHue Qochopa B BOAHYIO Cpely, BCJIEACTBUE YEro YCKOPSIETCS MPOIECC
sBTpodukammu. B netHumit mepuox 2001 r. Ha OONBIIMHCTBE KOHTPOJBHBIX TOUEK
BojJioeMa HaOII0JaNIOCh yBENWYEHHE KOHIIEHTpaluu xjopoduiuia “a” mo craguu
“rUnepBeTeHns” U3-3a Pa3BUTHs HaHoOakTepuid [1].

C HayanoMm SKCIUTyaTallid TEepPBOTO, a BCIEJ 32 HUM BTOPOTrO SHEProOJoKa
BI'POC-1 temnoBoit cOpoc M3MEHHUIT TeMIIEpPaTypy BOABI HA TIIOMIAIU OoJiee MOIOBUHBI
aKBaTOPHH BojoeMa [5], koTopasi paBHOMEPHO CHHXKAJIACh OT YCThsl COPOCHOTO KaHAaJIa.
Tak, B 3umMHuUE mepuox 1992 r. Temmeparypa Bojbsl mogHuManack jno 4°C. Jluauu
TPEHOB, OTOOPAKAIOIINX MHOTOJIETHUE U3MEHEHHS TEMITEPaTyphl B YCThsIX peK baswip,
bepemm wu 1eHTpanpbHOW YacTH BoJoeMa UIACHTHYHBIL. B  pailoHe Bogo3adopa
HaONIOZAIOCh  YMEHBINIEHWE pa3Maxa BapbUPOBAaHHWS HA JIMHUUM TpeHAa, B
MPUIUIOTUHHON YacTH OH MUHUMAJIEH.

[Ton nmelicTBueM cOpoca Teria Ha BOAOEME B 3UMHHUE MEPUOJIbI 00pa30BbIBAETCS

He3amep3aromas ToJbHbA. B anomansHO Temibie 3umbl (1989, 1996 r1r.) 3epkano
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YUCTOM BOJBI PACIPOCTPAHIIOCh OT yCThs p. Kamar g0 NpUIIOTMHHOM 4YacTH, C
yaalieHueM oT OeperoBoit quHuu Oojee yeM Ha 500 M. B cypoBbie 3uMHHE TIEPHUOIBI
pa3Mepbl MOJBIHBY COKPAIIATUCh OT YCThsl cOpOCHOro KaHaia 1o Boaoszabopa I'POC.
TennoBoit cOpoc HM3MEHWUJI TEPMHYECKHUH pEXUM Ha OOJIbIIed 4YacTH aKBaTOPUHU
BOJIOEMA, UCKJIIOYEHHEM SIBUJICS PailoH OCHOBHOro TopdsHuKa (Touka 5). TonmimHa
apaa pocturana 1.4-1.7 m. LlenTpanbHas YacTh BOJOEMa MOKpPHIBAJIAch JbJIOM
tonuHon 10-20 cM; Temneparypa BOIbl B MPUJOHHOM TOPU30HTE LIEHTPAIBLHON YacTH
Bozoema cocrasiisiia 4°C, B HIokHeM Obede — okoo 2°C.

Benenue B ctpoit Broporo sueprotnoka I'POC u coBmectHas paboTta OBYX
9HEproOJOKOB YBEIUYWIIA HArpy3Ky Ha BOJIOEM, YTO B HTOTE MPHUBEIO K M3MEHEHHIO
TEMIIEPATyPHOI'O PEXXUMa BO BCEX YACTAX aKBATOPHUHU.

Kak mnokazanm pe3ynbTarbl MOHUTOPUHIA KadecTBa BOJbI, OPraHUYECKHE
BEIIIECTBA, MMOCTYMAIOUINE U3 3aTOTUIEHHOTO Topda U MOBBIIIEHHAS TeMIrepaTypa BOJIbI
BOJIOEMA-OXJIAJIUTENsA, SBISIOTCA OJHOW U3 TJIABHBIX MPUYHMH SBTPOGUPOBAHUS
BOJIOEMA, YTO BIIEUET 32 COOOI IKOHOMUYECKHH yIIepO TEXHUYECKOMY BOJJOCHA0KEHHUIO
TEIJI03JIEKTPOCTAHIUH.

Kucnoponnsliii pe’xuM B NPUIIOTUHHONW YacTH BOJAOEMa OMpENEeNscs, C OJHOMN
CTOPOHBI, MOCTYIUICHHEM KHCIIOpO/a B pe3yibTaTe (POTOCMHTETUYECKON NesITeNbHOCTH
(UTOIUTAHKTOHA, a C JPYrol — 3HAYMTEIBHBIM PACXOJOBAHHEM KHCIOpoJa Ha
pa3ioKeHNE OPraHUYECKOTO BEIIECTBA, HAKATIIMBAIOIIETOCS B 9TOM YacCTU aKBATOPHH.
B pesynbrare paspaboTaHHbIX aBTOpamMu U BHeApeHHBIX [upekumeir I'POC
PEKOMEHJIAIUN 10 OYMCTKE OEperoBOMl JIMHUH, BO3BEICHUIO JaMObI, OTIETSIOIICH
OCHOBHOW TOpP(MAHHWK, HAOMIOAAIOCh 3HAYUTENLHOE YBEIMYCHHUE COJEPIKAHHS
KHCJIOpOoJia B Bojae B mepuoxa mocie 1991 r., 4ro CBUIETENHCTBYET 00 YIydIICHUU

9KOJIOTHYSCKOU CUTyallMd Ha BOAOEMEC-OXJIaAUTCIIC.
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Tspkenple MeTalipl MOTYT MUTPUPOBAaTh W HAKalUIMBaThCsl B KOMIIOHEHTaX
BOJHBIX 9SKOCHUCTEM: BOJI€, [JOHHBIX OTJIO)KEHHUSAX, BOJHOW PACTUTENBHOCTH,
ruapoOuonTax [6]. CopepkaHHe TSKENBIX METAUIOB B JIOHHBIX OTJIOXKEHUAX U
Makpo@HTax CIY>KUT BaKHBIM I[IOKa3aTejeM 3arpsi3HEHUs SKOCHUCTEMBI BOJIOEMA.
Pe3ynbrathl onpeneneHus MO3BOJIWIM ClIelaTh 3aKI0YCHHE: PAaCIpeleIeHUE TAKENIbIX
METAJIJIOB B IOHHBIX OTJIOKEHUSX CYIIECTBEHHO HEOJHOPOIHO. B paiioHe ycTheB pek u
npaBoOepex bsi HAOMIOAIOTCS 3HAYUTENBHO OOJNbIINE KOHIIEHTPAIIUM METAJUIOB, YEM B
HEHTPaJbHOW TIIyOOKOBOJHON 4YacTH, W CYIIECTBEHHO OTIMYAlOTCA OT (DOHOBBIX.
AHanu3 Tabn. 1 cBUIETENbCTBYET O MUHUMAJIBHOM 3arpsi3HEHUU B ycThe p. bepex, B
paifone Bojo03a0opa, MPUILIOTMHHON dYacTu. MakcuManbHbIEe 3arpsi3HEHHUS JOHHBIX
OTJIOKEHUH TSHKETBIMUA METaJlJIaMH PErHCTpUpyeTcsl B paiione yctbs p. Kagar.

Bnusinue 3arpssHenus, BHocumoro p. Kamat B BojgoeM, HariasaHO
WITIOCTPUPYET KApTHHY PACIHPOCTPAHEHHUS MHUKPOOMOJIOTMUYECKOTO  3arpsi3HEHUs
akBaropuu Bojoema ¢ 1986 mo 1988 rr. (tabm. 2). MukpoOuonornueckoe 3arpsizHeHue
B aBrycte 1986 r. 6bU10 JOKAIM30BaHO TOJBKO B paiioHe ycThs p. Kanat, B 1987 r. oHO
paclpoCTpaHWIOCh Ha BEPXHIOIO 4YacTb BojoeMa, ¢ 1988 r. no mocnenHed narel
HaOmronenuit B 2015 1. Bcs akBaropusi BOJOeMa-oxjajauTens Obla MOJBEp)KEHa
MHUKPOOHOJIOTHYECKOMY 3apPAKEHHIO.

OTnoxeHns: Ha BHYTPEHHUX CTEHKax KoHAeHcaTopoB bepesosckoit ['POC-1 B
3HAYUTENIbHBIX KOJIMYECTBAX CTalM OOHApPYKUBATHCS IOCIE JECITH JIET SKCIUTyaTalluu
TeIUioarperatoB. bbplUIo MpOBEIEHO KauyeCTBEHHOE U KOJIMYECTBEHHOE OIpesesieHue
OTJIOXKEHUH, 00pa30BaBIIMXCS HA 00pa3iax TpyOOK KOHJIEHCATOPOB, YCTAHOBJICHHBIX Ha
sHeprooyiokax. [Ipu mpoxoxaeHnu pacxomaHoro oobema 7 X 10° M4 oxmanaroreii
BOJIBI Yepe3 OJMH KOHJEHCATOp Ha MOBEPXHOCTH HarpeBa 0Opa30BBIBAIUCH PHIXJIbIC,

CCPO-3CJICHOI0  1IBE€TAa, cnabo CLIEIJICHHBIE C METANIMYECKOM IMOBEPXHOCTHIO
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oTyiokeHus1. Oprannyeckast 4acTb 3TUX OTJIOKEHUH coctaBisuia 41.5 %, MuHepanpHas —
58.5 %. MuHepanbHas 4acTh OTJIOKEHUN COCTOsUIa U3 cojiel kKanmbius u Maraus (75.0
%), xenesa (12.8 %) u kpemuus (7.1%).

OmnpeneneHre OPraHUYECKOM YacTW MPOBOAMIOCH IIyTeM MPOKaIUBAHUS
HaBECKU OTJIOKEHUH B MydenpHoi meun npu Temreparype 400°C 1o moCTOSHHOU
Mmacchl. CozepikaHrue OpraHu4ecKoro BEUIECTBa OMPENEIIIOCh MO MOTEPE MACChl MPH
MpOKaTuBaHUU. MUHEpaIbHYIO YacTh OTJIOXKEHUM, TIOTYYSHHYIO MOCIe MPOKATUBaHMUS,
pacTBOPSUIM B KOHILIEHTPUPOBAHHOW COJSTHOW KucinoTte. PacTtBop ¢unbrpoBanu uepes
bunbTp ¢ cuHeH JEeHTOM, B (QUIbTpaTe OIpenesuld Halu4dhe HOHOB JKenes3a
KOJIOPUMETPUYECKMM METOAOM C opTo-(heHaHTpoianHoM. CymMmapHOe cojepKaHHe
Kamplusi W MarHuss B QUiIbTpaTe ONpEAeNsId KOMIUIEKCOHOMETPHUYECKU IO
CTaHAapTHOU MeTonuke. [y ompeseneHus colep KaHus KPeMHHUS OCaJloK Ha (UIbTpe
nepeHocwd B (apdoposbie Turiu, npokanuBaiu npu 900°C 1o MOCTOSHHOTO Beca.
KonunuectBo kpemuus B Bume SiO, ompemensii rpaBuMmerpudeckd. KoshduimeHTs!
3alUIaMIIeHUs, pAaCCUUTAaHHBIE I BXOJHOTO U BBIXOJHOTO cedeHui, coctaBuinu 13.0
r/M° 1t 154.0 r/M* COOTBETCTBEHHO.

OO6cnenoBanue TEMIOOOMEHHOTO OOOPYAOBaHUS B JIETHUH INEpPHUOJ MOKa3ajo,
4TO YacTUllbl Top(a, BOBIEKAaEMbIe B O0OPOT OXJIAXKAAIOIIEH BOJIBI, MOTYT CIIYXXHTb
CcBO€0Opa3HBIM a0pa3MBHBIM MaTEPHATIOM, CIIOCOOHBIM YIAJISTh PHIXJIbIC OTIOKEHHS Ha
BHYTPEHHUX ITOBEPXHOCTSAX KOHJCHCATOPHBIX TPYyOOK. [l momaBieHWs MaccoBOTO
Pa3BUTHSI CHHE-3€JICHBIX BOJIOPOCJIECH MPAKTHKYETCS BHECEHHE B BOJY BOJOEMOB-
OXJIAJIUTENIE CEPHOKHUCION MEIU, YTO SIBISETCS HEMPUEMIIEMBIM, ITOCKOJIBKY OHU
OITaCHBI JIJIS TUAPOOHOHTOB. [IpUMEHEeHHE aTbIUIIUI0B BO3MOXHO JIMIIb B HEOOIBIINX
3aMKHYTBIX BOJJOEMaX TEXHUYECKOTO M JCKOPATHBHOTO Ha3Ha4YeHus [7].

BbIBO/IbI
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1. OrcyrcTBHE JOJKHOM MOATOTOBKM JIOXKA IIPU 3alOJIHEHUM BOJOEMa-
oxyaautenst bepe3oBckoit ['POC-1 mpuBeno K 3aTOIUIEHHIO MacCHUBOB JAPEBECHO-
KYCTapHUKOBOH pacTUTEIILHOCTH, TOP(SIHUKOB.

2. IloBplieHHast TemmepaTypa cOpPOCHOIl BOJBI CIIOCOOCTBOBaJla TOMY, YTO
MIPOLIECCHl PA3JIOKEHUSI PACTUTEIBHBIX OCTATKOB M IOYB INPOTEKAJd HWHTEHCHUBHEE, C
OOJBIIMMU 3aTpaTaMU PACTBOPEHHOTO B BOJE KHUCIOPOJA, YTO CO3Jal0 CHUTYalHIO
9KOJIOTHYECKOT0 pUCKa JUIsl THAPOOUOHTOB, B TOM YHCIIE U UXTHO(AYHBI.

3. Masbie 00beMbI BOJIOEMOB-0XJIQJAUTENICH 110 CPAaBHEHUIO C BOJIOXPaHIIUIIAMH
I'SC u BBICOKMI YpOBEHb aHTPOIOIE€HHOTO 3arpsi3HEHUs] MUTAKOLIMX BOJIOEMBI PEK B
KJIMMATUYECKUX YCIOBUSX TyMHUJIHOM 30HBI YK€ B IE€PBOHAYAIbHBIA IEPHOJ
CYILIECTBOBAHMS CO3JAIOT YCJIOBUS [ 3BTPOPUPOBaHUSA. ITO MTPUBOIUT K
3HAUYUTEJIbHBIM Y3KOHOMUYECKUM 3aTpaTaM IIpH BOAOIOJIb30BAHUH.
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Tadoauua 1. OTHOCUTENBHBIE CONEPKAHUS TAKEIBIX METALJIOB B JIOHHBIX OTJIOKEHUSIX

BOJIOEMA, MKT/T, M TTIOKa3aTeib 3arps3HeHus, uoiabs 2001 .

Touku )

or6opa Zn Cu Mn Pb Fe Co Ni Cr I3
1 1.39 0.16 3.00 3.00 0.34 1.00 1.00 1.00 10.89
2 0.48 0.07 2.76 1.00 0.29 1.00 1.20 2.00 8.50
3 1.67 0.40 9.20 6.00 1.00 2.00 1.15 2.00 23.42
4 2.14 0.17 2.17 1.00 0.21 1.00 1.00 1.00 8.69
5 2.47 2.46 2.14 1.00 0.05 1.00 0.50 1.00 10.62
6 1.00 0.16 6.39 1.00 0.07 1.00 1.20 2.00 12.82
7 2.22 0.13 1.89 1.00 0.20 1.00 0.90 1.00 8.34
8 2.21 0.07 0.46 2.00 0.15 1.00 1.50 1.00 8.39

Tadauua 2. Komu-unaeke B mpodax BOAI BOJ0EMa-OXIaUTEIs

Touxu otOopa Agryct 1986 T. Asryct 1987 1. Asryct 1988 T.
Ycerbe p. bepex Mernee 10 350 Bonee 2400
Ycerbe p. basbip 50 1600 To xe
VYeree p. Kagar Bonee 2400 Bonee 2400 ”
LenrpanbHas 4acTb Menee 10 180 ”?
IIpunnoTuHHas YyacTb 540 1600 )
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IMoapucyHouynble MOAMUCH
Puc. 1. Cxema pacmoyioxxeHusi Todek orbopa mpod u m3zobpaxenue Landsat-8
BogoeMa-oxiaaaureist BI'POC-1
Puc. 2. Ce3oHHble KoJIeOaHUS U MHOTOJIETHHM TpeHJ TEeMIIepaTypbl B YCTbE
copocHoro kanaina (T. 4)
Puc. 3. Ce3onsHble kojeOaHUsI W MHOTOJIETHUM TpeHJ CoOJepKaHus

PaCcTBOPECHHOI'O KUCJIOpOaa B HpHHJ’IOTHHHOﬁ YacTH BoJOEMa

oTceKalouan
TopdbAHUK

p. batep
89° 03’

Puc. 1
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