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HccnenoBanuch M3MEHEHHMsS] KadyecTBa BOJbI peKkd Boxuu mmoja BIMSHUEM TOPHOJOOBIBAIOMICH
MPOMBIIIIIICHHOCTH. B Oacceline peku Boxuu pacmosnokeHo Tpu OOJBIIMX METHO-MOJUOACHOBBIX H
30JI0TO-MIOJIMMETAIINYECKUX MECTOPOKIAEHUS, [1BA JCUCTBYIOUIMX M TPU PEKYJIbTUBUPOBAHHBIX
xBocToxpaHwiHina. CTOYHBIE BOJbI TOPHO-OOOTATUTEIBHBIX KOMOMHATOB, a TaKKe MPOTOYHBIC
BOJIbI XBOCTOXPAHWIMIL MONAAaloT B peKy Boxuu, 3arpsi3Hsas €€ BOJbl BBICOKMM KOJHWYECTBOM
MOJNHMOIEHa, MapraHiia, >keje3a, MeIu, IMHKA, XpoMa U T.I. MHOTOJETHHE THAPOXHUMHYECKHE
HCCIeA0BaHMs MMOKA3alM, YTO 32 CEMb JIET KaYe€CTBO BOJbI B CPEAHUX U HIDKHUX CTOKAX PEKH PE3KO
YXYAIMWIOCh. M3-3a BBICOKOTO COJAEPMKAHUS TSXKEJBIX METAJUIOB, BOJBI B 3TOW YaCTU PEKU CTaju
HEMPUTOJHBIMU U TOKCUYHBIMHU JIJIs1 OPOILICHHUSL.

Kniouesvie cnosa: TsKelbie METaLIbI, TOPHOI0OBIBAIOINAS TIPOMBIIIIIICHHOCTh, CTOUHBIC BOJIBI,
OpOILICHHE.

BBEJEHHUE

['opHOmoOBIBatOIIas  TTPOMBIIIUIEHHOCTh ~ SIBIIIETCSI  OJHUM U3 OCHOBHBIX
CEKTOPOB HJKOHOMUKHM ApMEHHHU, a TakXe OJHUM M3 KIHYEBBIX HCTOYHUKOB
3arpsA3HEHHs]  OKpyxkatomed cpensl [1].  ApmeHust  sBIseTcss  KPYIHBIM
MIPOU3BOIUTENIEM MOJUOIEHA U MEH, YTO BEJIET K 3arps3HEHUI0 €€ MOBEPXHOCTHBIX
¥ TIOA3EMHBIX BOJ, TMOYBHI M BO3AyXa M30BITKOM TSKENIBIX METAUIOB. TONBKO Ha
Tepputopuu OacceiiHa peku Boxuwm, miomanps kotoporo 1240,5 kM [2], HaxomITCS
IBa KPYNHEHIIMX TOPHOMOOBIBAIOUIMX KOMOMHATa: 3aHre3ypCcKUil  MeaHO-
MosnO1eHOBRIN U KanaHnckuil ropHo-o6oratutenbHbiil. KOMOMHATHI AKCILTYaTUPYIOT
megHo-monuonenosble  (Kamxapan, Kaman) u  30J10TO-MOJMMETANIMYECKHUE
(IMaymsin) mectopoxaenus CroHukckoro peruona (puc. 1) [3].

Kamxapanckoe MenHO-MOJIMOIEHOBOE MECTOPOXKIECHUE pACIOJIOKEHO Ha
mpaBoM Oepery peku Boxuu, Hemanexo ot ropoga Kamkapan. U3 3Toif yactu pexku
3aHre3ypckuii MeIHO-MOJIHOIEHOBBIA KOMOMHAT €KEroJHO OTOHupaeT okojio 65,3
MIIH. M° BOJIBI JUTS MPOMBIIUICHHBIX HYX/ [3]. Hibke MO TEUCHHIO PEKM HAXOIATCS
PEKYJIbTUBUPOBaHHbIE XBocTOXpaHwiuia lapasazam, [Ixpyt u Boxuu (puc. 1). 13-
3a OOWJIBHBIX OCAJKOB U OTCYTCTBHSI MPUPOJOOXPAHHBIX MEp, CO BPEMEHEM ATH
PEKYJIbTUBUPOBAHHBIE  XBOCTOXPAHWIMIA MECTaMU  pa3pylIWIMCh, Ha  HX
MOBEPXHOCTH MOSBWINCH KAHABBI ¥ TPEIIUHBI. B pe3ynbprare, 3aXOpOHEHHbIE
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WHJIyCTPUAJIbHBIE XBOCTHI BBIBOJSTCS Ha TOBEPXHOCTh W BMECTE€ C OCAJKaAMHU
pEeTyJIsIpHO ToNaaatoT B pexky Boxuw [3].

Buus no Teuenuto pexu Boxuu, Ha ee neBoMm Oepery, BOM3u ropoaa Kamaw,
HaxoniaTcs MmectopoxiaeHus Kaman wu IllaymsH, KOTOpbIE O3KCILUTyaTUPYHOTCA
KananckuM ropHo-o6oratutenbHbiM komMOuHATOM (puc. 1). KoMOuHAT HcCmoyb3yeT
3aKpBITYI0 BOJHYKO CHCTEMY, a IPOMBIIUIEHHBIE CTOYHBIE BOJbl PYIHOTO
BBIIIEIAYMBAHNS TPAHCIIOPTUPYET B XBOCTOXPAHMIINILE [ eranyml, pacrnoioxKEeHHOE B
yuienbe peku ['eranymi, mpaBoro nputoka peku Boxuu [3]. HecmoTpst Ha Hanmume
3aKpBITOTO  BOJHOTO IWKia, KamaHnckuii KOMOWMHAT 4YacTh  HEOUYHUIIEHHBIX
MPOMBINUICHHBIX CTOYHBIX BOJ (exeromHo okoso 200 TeIC. M3) M3 IIaXThl
[ITayMstHCKOTO MECTOPOXKICHUS NepeHanpaBsieT B peky HopareHuk, geBbiil IPUTOK
peku Boxum [3].

W nakoHel, B HU30Bbe pekr Boxuu, HaXOAUTCS OJHO M3 CaMbIX OOJIBIIMX B
MHUpPE XBOCTOXPAHWJIMII - XBOCTOXpaHuiuile ApupaHuk (puc. 1), 00beM KOTOPOro
coctaBisieT 310 miun. M° [4]. Clofa 1o TpyOaM MepeHanpaBiIsiOTCs POMBIILICHHbIE
CTOYHBIE BOJBI 3aHTE€3ypCKOro MEIHO-MOJIMOIEHOBOTO KoMOuHaTa. ExeromHo B
XBOCTOXPAHHIIMILE COPACBIBAIOTCS 14 MIIH. TOHH OTXOJOB, CMEIIAHHBIX ¢ 40 MiTH. M°
BoAbl [4]. M3-3a perynsipHbIX yT€4eK WU aBapuil TpyOOIpPOBOJA, MPOMBIIIICHHBIC
CTOYHBIE BOJbl HEMOCPEACTBEHHO MOMANAalOT B peKy Boxum u mnpuseraromme
TEPPUTOPHUH, 3aTPSI3HAS PEKY U CENBCKOXO3IIICTBEHHBIE 3EMJIU.

YcnoeHble 0603HaYeHusa

Peku
P> Myukrel 0T60pa npob
HacenexHbie nyHKTbl
Il VecTopoxaenna
[EEE] XsocToxpanunuwa MacwTab 1-200,000

Puc. 1. Kapra-cxema Oaccelina pexku Boxum.

B pesynbrate perynspHbIx cOPOCOB MPOMBIIUICHHBIX CTOYHBIX BOJ B PEKY
Boxun m ee TPUTOKH, BOABI OTUX PEK HWHTEHCHUBHO 3arps3HSIOTCS OONBIIAM
KOJMYECTBOM TSDKEJIbIX METAJJIOB, B YACTHOCTH, MEJIM, MOJUOIECHA, [IMHKA, JKeJe3a,
XpoMa, Mapraiua 1 T.4. BoJbl ¢ BBICOKHM COAEPKAHUEM METAJUIOB HEMPUTOJIHBI U
OMacHbl IS HWCIHOJIb30BAaHUA B XO3SMCTBEHHOW JESATENBHOCTU (OpOILEHHUE,
pBIOOBOACTBO, pekpeatiusi). B cBsI3u ¢ 3TUM 11eJ1bI0 JaHHOW paboThI ABJISIIACH OLIEHKA
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HN3MCHCHUS Kau€CTBa BOJbI PCKHU Boxuu u IMPUIOAHOCTHU €C HUCIIOJIb30BAHUA IJIA
opomcHUs KaK CICACTBHUC ACATCIIbHOCTH FOpHOILO6BIB&IOIHCI>i IMPOMBINIJICHHOCTH.

JKCIHEPUMEHTAJIBHASA YACTD

OT160p mpoO, UX KOHCEPBUPOBAHHE M U3MEPEHHE MapaMEeTPOB IMPOBOIAMINCH
cornacHo ISO u EPA crangapTtam [5], u3Mepsioch KOJTUYECTBO TSIKEIBIX METAJUIOB,
MUHEpalIu3aluus, JJIEKTPOIPOBOJUMOCTh M COJAEpPKAHUE TJABHBIX  HOHOB.
['unpoxumuueckue uccienoBanus npoBoauauck B nepuona ¢ 2007 r. mo 2015 r. B 5
MOHHUTOPUHTOBBIX MTyHKTaX HAOIIOACHUI, KOTOpble HaxoaaTcsa Ha pexe Boxuu: Ne 91
B 1,7 xm BbIlIe T. Kamxapan, Ne 92 B 1,8 km Huke r. Kamxapan, Ne 93 B 6,8 kM Bblliie
r. Kaman, Ne 321 B yepre ropoaa Kaman, Bonu3u Kananckoro asponopra, Ne 94 B 0,8
KM HIke ropoaa KamaH, mocie majieHus NPUTOKOB ApiBaHuk, HopameHuk u
['eranym (kapTa-cxeMa pacroyioxKeHus IyHKTOB 0TOOpa Mpo0 mpuBeeHa Ha puc. 1).
Bcero 6su10 oT0o6pano 377 npo6 Boasl. B maGopaTopun npoObl GUIBTPOBATUCEH S-
Pak 0,45Mxm mMemOpaHHBIME QriIbTpaMu auameTpom 47mm, Mapku Merck Millipore,
U KOHCEPBUPOBAINCH pacTBOpOoM 1% a30THOM KHUCHOTHL. JiI1 JOCTOBEPHOCTH
KauecTBa aHallM3a W HUCKIIOYEHMS] BIMSHHUS COCTaBa (UIbTpa Ha COJEp)KaHHE
METaJUIOB B MPOOE BOJbI, MPEABAPUTEIIBHO ObLI MPOBEJIEH PsIi KOHTPOJIbHBIX TECTOB.

B ¢unbrpoBannbix mnpobax Boasl MCII (c woHM3aumeld B HHIYKTUBHO-
CBA3aHHOM ILIa3M€) MAacC-CIIEKTPOMETPHUYECKUM METOJIOM B PacCTBOPEHHOM BHJIE
u3mepsuinch Metamuiel As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se, V, Zn [6]. Jns
aHaIM30B  ObUIM  MCHOJIb30BaHbl  JICMOHW3UPOBAHHAsT BOoJa C  YACJIbHOU
JIEKTPOIPOBOAUMOCTEI0 18,2 Meraom-cM ©, asotHas kuciota (mapku CORCO
CHEMICAL CORP., US) nBoifHOW TUCTUIISIIMN U PACTBOP UHAMUS C KOHIICHTpalUen
10 mr/n (mapku Perkin Elmer US) B kauecTBe BHYyTpEeHHEro craHjapta. Bce
UCIIOJIb3yeMble CTaHJapTHBIE pacTBOpbl MeTaiwioB Obutu Mapku Fisher ChemAlert,
US. Hnsa UCIT macc-CrieKTpOMETpHUYECKOTO aHallh3a B KAYECTBE Ta3a-HOCHUTENS ObLI
ucnoas3oBaH 99,998% apron («YPAJITEXT A3y, PO).

PE3VJIBTATBI U UX OBCYXKJIEHHUE
ITo pe3ynbraTaM MHOTOJIETHETO THAPOXUMHUYECKOTO MOHUTOPHUHTA OLICHUBAJIACH
JTMHAMHKa W3MEHEHUN COJACp)KaHUS METaIoB B BojJie peku Boxuu. B tabmuue 1
IPUBENICHBI PE3YJIbTaThl HMCCIEIOBAHUN COAECPXKAHUS METAJJIOB B Boje peku. [lo
IOJIYYEHHBIM JAHHBIM, COJAEPKAHUE TSKEIBIX METAJUIOB B BOAE PEKU MOXKHO
PaHKUPOBAThH CICIYIONIUM 00pa30M B MOPSJIKE BO3PACTAHUS:

Mo<Mn<Fe<Cu<Zn<Cr<Co<Ni<Se<V<As<Cd<Phb.

N3 nepeurcieHHbIX METAJLUIOB B BOJE CPEHUX U HUKHUX CTOKOB peku Boxuwn
B BBICOKHMX KOJIMUYECTBAX COJAEPKATCA MOJUOJEH, MapraHel, >Xejlie30 W Mejb.
HccnenoBanusi mMoKa3bIBalOT, YTO MOCE COPOCOB B PEKY MHAYCTPUATIBHBIX CTOYHBIX
BOJ 3aHT€3ypCKOro KoMOMHAaTa, 00pa3yrIIMXCs BCIEACTBUE aTMOC(HEPHBIX OCATKOB
U3 OTKPBITOIO Kapbepa, B BOJIE CPEIHUX CTOKOB pEKH 10 6 pa3 MOJHUMAaETCA
KOHIIEHTpalsi MoiubaeHa, 10 4 pa3 — MapraHiia U MeIu, a TakKe B MallbIX
KOJIMYECTBaX KOHLEHTPAIMU APYTUX HMCCIEIYyeMbIX METaIoB. B HMKHUX CTOKax
peku, BOMM3M ropoaa Kaman, nocne manenus nputokoB Hopamenuk, ['eranym u
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ApIBaHUK, KOTOpBIE cCOJEepKaT B ceOe WHAYCTpHAIbHBIC OTXOAbl KamaHckoro
KOMOMHATa, a Takke QUIBTPOBAHHBIE W MPOTOYHBIE BOJBI APIBAHUKCKOIO
XBOCTOXPAHWIIUILA, B BOJIe peku Boxuu pe3ko Bo3pacTaer cojepkaHrue MOJIubIeHa u
mapraniia (~ B 110 pa3), meau u mmuHka (~ B 65-68 paz), kaamus u kobdaneta (~ B 45
pa3), xpoma u cBuHIa (~ B 21 pa3), ceneHa, xene3a U BaHaaus (B 8,8-9,7 paza), a
TaK)K€ B MaJIbIX KOJMYECTBAX BO3PACTACT COJIEPKAHUE HUKEIIS U MbIlbsika (B 2,6-3,7
pasa).

[To maHHBIM TUAPOXUMUYECKUX UCCIETOBAHUM, 32 TIOCIEIHUE CEMb JIET B PEKE
Boxun mocreneHHO yBEeNTWYMBAETCS COJACp)KaHWE MOJMOJEeHA, MapraHiia, Meaw,
MBIIIbSIKA, CBHHIIA, XPOMa, KOTOPHIC HAKATUTMBAIOTCS B WJIE PEKU 110 BCeMy CTOKY. [1o
cpaBaenuo ¢ 2007-2008 rr., B 2015r. B BOjA€ CpelNHUX M HUKHHUX CTOKOB PEKHU
cojiep>kaHre MojiuoOaeHa BwIpocio B 3,4 pasa, cojaepkaHue Maprania — 2,3 pasa,
Menu — 2,1 paza u nunka — 1,3 pa3sa.

B nannoit pabote mna peku Boxuu ObLT onpesienieH ypoBeHb 3arpsi3HEHHOCTH
BOABl U €€ TMPUTOJHOCTh K HCIIOJIb30BAHUIO B CEIILCKOM XO3sicTBE. PesynbTaTh
OIICHKH MpUBEJEHBI B Ta0muIe 1 u 2.

Taobauya 1. Conepxanue TSHKEIBIX MeTaUTOB B peke Boxum, 2007-2015 rr.

Meramnei,mr/n | TIJIK Howmep nyHkTa HaOmoaeHus
PAO 1 Nor Ne 92 Ne 93 Ne 321 Ne 94
MKT/TT
As 100 0,75-1,20 1,42-1,50 1,85-2,37 1,09-1,39 1,38-1,98
Cd 10 0,03-0,11 0,14-0,27 0,13-0,16 0,79-1,07 1,04-1,34
Co 90 0,06-0,11 0,19-0,24 0,13-0,25 2,65-3,48 1,72-2,74
Cr 100 0,46-1,32 0,69-1,47 0,55-1,97 0,73-10,01 1,38-3,77
Cu 200 3,01-4,12 10,03-14,97 5,50-14,10 124,43-195,45 ﬁ]é]g%i_
Fe 5000 40-60 80-170 80-230 220-350 190-320
Mn 200 | 343595 | 15862096 | 77231434 | 1483436473 | A=
Mo 10 4,50-12,02 35,70-70,30 | 31,55-76,52 14,56-24,61 %%
Ni 200 0,77-1,52 0,92-2,09 0,91-1,60 1,15-2,82 1,94-2,79
Pb 5000 0,06-0,25 0,27-0,44 0,29-0,32 0,33-1,14 0,31-0,92
Se 20 0,33-2,72 3,65-5,50 1,23-2,54 1,12-3,19 1,10-1,96
V 100 0,27-0,48 0,82-1,00 1,14-1,34 0,79-1,06 1,24-2,57
Zn 2000 2,25-6,09 | 453-10,13 | 2,47-498 | 8525-154,41 | 95,98-108,63
Taoéauya 2. JIonyCTUMOCTh UCIIOJIB30BaHUS BOABI peKU Boxuu
JUIS OPOIIEHUS 110 TUAPOXUMHUYECKUM MOKA3ATEIISIM
Howmep Ilokazarenu
[yHiTa Hnoexc 6ooonponuyaemocmu [udpoxapto- *SARadj
HaOJIIOJEeHUS Hamol, M2/1
Ne 91 0e3 orpaHu4YeHui YMEPEHHO OrpaHUYEHHOE yroTpeOIeHne
No 92 0e3 orpaHUYCHUI YMEPEHHO OTpaHUYEHHOE YIOTpeOIeHNE
Ne 93 0e3 orpaHu4YeHui YMEPEHHO OrpaHUYEHHOE yroTpeOIeHne
No 321 HE JIOIYCTUMO JIJIsI OPOIICHUS YMEPEHHO OTpaHUYEHHOE YIOTpeOIeHNE
Ne 94 HE JIONYCTUMO J|JIsl OPOLICHHUS YMEPEHHO OrpaHUYEHHOE yroTpeOIeHne

* COOTHOIICHHE J0JIU aJACOPOMPOBAHHOTO HATPUS U AIEKTPOIIPOBOTHOCTH
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Jlnsg TmarenbHOM W TMOJHOW OUEHKHA MPUEMIIEMOCTH HWCHOJIb30BAHUS BOJbI
pEeKU B MppUTraiuu, Obula MpoBeJeHa KiIacCU(UKAIUS M0 MEXKIYHAPOIHBIM HOpMaM
KauectBa opomaemMo  Boael, TpuHATBIX DAO  (IlpomoBoibCTBEHHAss U
cenbckoxo3siicTBeHHas opranuzanuss OOH) [7]. st 3Toro Takxke Onpeaessuiich
nons aacopoupoBanHoro Hatpus (SAR), HatpueBwlii puck (Na%) u HHIEKC
BOJOIPOHHUIIAEMOCTH.

CornacHo pe3ynbTaTaM IPOBEAECHHOM OLEHKH, W3-3a BBICOKOTO COJACPKAHUS
HEKOTOPBIX TSDKEIBIX METAJJIOB, B YaCTHOCTH, MOJIMOJIEHA W MapraHila B IyHKTaX
HaOmoaeHuit Ne 321 u Ne 94, Boga B HIDKHHX CTOKAaX pekd Boxun He COOTBETCTBYET
npuHATHIM cTanaaptam @AQO 15 opoienus. Takas Boga MOXKET ObITh TOKCUYHA TSI
MOYBbl M  CEIbCKOXO3AMCTBEHHBIX YTrOAMM MW HYXIACTCSI B  JAJIbHEUIINX
TOKCHUKOJIOTUYECKUX UCCIICIOBAHUSX JJIsI BBISIBICHUSI YPOBHS €€ TOKCUYHOCTH [8].

[To Oo1leHOYHBIM JJaHHBIM MHAEKCA BOJOIPOHUIIAEMOCTH, BOJIbI peku Boxuu B
BEPXHUX U CPEJHUX CTOKAX IMOJHOCTHIO AOMYCTHMBI JJII MCIOJIB30BAHUS B IENAX
opomieHus. Ho B HMKHHX CTOKax, M3-3a BBICOKOW MHUHEpalIM3alliH, BOAA PEKU HE
npurogHa s opoimieHus. [lo OlleHKE COOTHOIIEHUS JOJIM aJACOPOUPOBAHHOIO
HaTpusg M daeKTponpoBoauMocTH (SARg.y) (Tabm. 2), BOABI PEKH  MOXKHO
UCIIOJIb30BaTh C OTPAaHUYECHHBIM YIOTPEOJEHUEM, M3-3a CPABHUTEIBHO BBICOKOTO
conepxkaHusi cynbpaTtoB U Hatpusa. CorjacHO TPOBEICHHON OIIEHKE, BOJBI PEKU
Boxun no conepxaHuio ruipokapOOHATOB TAK)KE PEKOMEHIYETCS UCIIOIb30BaTh IS
OpOIIEHUSI YMEPEHHO, 0e3 3JI0ynoTpeOIeHUN, MOCKOJIbKY H30BITOUHOE KOJIMYECTBO
BOJIbI MPUBEET K YCKOPEHUIO MTPOIIECCOB 3aCOJICHUSI TIOYUBHI.

SAKJTIOYEHUE

Takum o0Opazom, u3-3a nedareiabHoCTH 3aHresypckoro u KamaHckoro ropho-
00OraTUTENIbHBIX ~KOMOWMHATOB BOAbI pEekM Boxuum 3arpsi3HEHbl  BBICOKUM
coJiep)kaHueM MoJuOJeHa, MapraHia, Meau, IMHKa, JKeie3a U BaHaaus. Benencteue
MPOJOHKUTEFHOTO 3arpsi3HEHHUS] HUKHUX CTOKOB PEKM B BOJE KOHIIEHTPALUU
monuOnaeHa (B 50 pa3) m mapranua (B 1,2 pasza) mpesbicunu IIJAK DPAO nns
opocutenbHOU Boabl. OlieHKa KayecTBa BOABI IO OPOCUTEIHHBIM THIPOXHUMHYECKUM
nokas3aTeNsiM TIoKa3ana, 4TO HIDKHHE CTOKM BOJBI peku Boxuum He mpuemiemsl U
TOKCHYHBI JIJIs1 OPOIICHHS.
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Abstract — The changes in water quality of the Voghji River (Republic of Armenia) under
the influence of mining industry facilities were studied. Three large copper-molybdenum
and gold-polymetallic deposits, as well as two operating and three reclaimed tailing dumps
are located in the Voghji River basin. Wastewater of the mining and refining facilities
together with lotic water of tailings falls into the Voghji River, contaminating it with high
levels of molybdenum, manganese, iron, copper, zinc, chromium, etc. The long-term
hydrochemical study revealed that the water quality of the middle and lower streams of the
river had been continuously contaminated within seven years. Due to the high levels of

heavy metals, the water in this part of the river might be unsuitable and toxic for irrigation
use.

Keywords: heavy metals, mining industry, wastewater, irrigation.
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