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3ACTOCYBAHHS CTATUCTUYHUX METOAIB AHAJI3Y BAPIALIN
KOHLEEHTPALIIA BAXXKMX METAJ1IB Y MOBEPXHEBUX BOAAX

3abpyaHeHHs BOQHMX €KOCUCTEM BaXKKMMU MeTaJlaMM € OAHIEl0 3
KJIOYOBUX EKONOriYHUX npob6neM, OCKiNbKM Ui eneMeHTM MawTb
TOKCUYHUM BNJIUB Ha BOAHI OPraHi3aMu Ta MOXXYTb HaKOMuW4YyBaTUCS B
Xap4yoBUX JNaHUKOrax, HeraTMBHO BMJIUBAaOYMU HA 3[0POB’A JIIOAUHM.
MeTol npeacraBneHunx pgocnigxeHb 6yB aHanis BMiCTy BaXKKMX MeTaniB
(Mn, Cr, Cu, Cd, Pb Ta Zn) y Boami piuku CTup 3a ponomMoroio
6aratopaKTOpHMX CTaTUCTUYHUX METOAIB ANA iaeHTUPiIKaLii MOXXNUBUX
AXepen 3abpyaHeHHA Ta BM3HA4YeHHA MiHAMBOCTI iX KOHLEHTpaUiW.
Piuka CTup 3a3Hae aHTPONOreHHe HaBaHTAXXEHHSA, BKJIOYAKUM AiNAHKY
piukm B 30HIi BnAuMBy PiBHEHCbKOI aTOMHOI eNeKTpPOoCTaHLUii.
HocnipykeHHsa npoBoAuNM 3a BMICTOM Ba)XKuUX MmeTtanis y Boai p. Ctup
nporaroM 2023 p. [laHi nNpo KOHUEHTPaLild BaXKUX MeTaniB
OTPMMYBaZIu Ha MiAcTaBi aHaNiTUYHOro CTaHAAPTM30BAaHOro MeToAy
ONTUYHOI eMiCiuHOI cneKTpocKonii 3 IHAYKTMBHO 3B'SAI3aHOK MJ1a3MOK.
CTaTMCTMYHMI aHani3 Bapiauin BMICTY Ba)XXKMX MeTaniB y BOAi PiuYKK
CTup BUABUB KOJIMBAaHHA KOHLEHTPaUii eneMeHTiB, 30KkpeMa Mn, Zn Ta
Cu, wWo BKa3sye Ha BMJIMB 30BHilIHIX YMHHMUKIB i 3MiHYy mKepen
3abpyaHeHHa npotaroM poKy. Hawnbinbw crabinbHuMn 6ynm
KoHueHTpauii Cd, wo cBiguMTbL Npo noctinHe mKepeno 3abpyAHEHHS.
KopensuinHmin aHanis nokasaB cepefHi0 NO3MTUBHY Kopensauilo MiX
Mn, Pb i Zn, a Takox Mix Cu, Cd i Cr, wo BKa3ye Ha cninbHi pepena ix
HaaXxomXeHHsA. AHani3 roNoBHUX KOMNOHEHTIB NiATBEPAMUB Li BUCHOBKM,
BMOKPEeMMBLUM ABi rpynu MeTaniB 3 NoAiGHMMU XapaKTepUCTUKaMMU.
Ce30HHi KONIMBAHHA KOHLEHTPaUii noKasanu, wo Mn i Zn 6ynu suwmmmn
3umMoro, a Cu — HaBecHi Ta BRiTKy.

MpencrtaBneHe AocnimKeHHsA Ba)KnuBe ANA PO3YMiHHA mKepen
HaAXOAXKEHHS Ta NOBeAiHKU BAaXXKUX MeTasliB y BOAHUX €KOCUCTEMaX,
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WO € aKTyanbHOKW npo6nemMolo ANA OXOPOHU AOBKINAA Ta 340pPOB'A
HaceJiIeHHA.

Knw4oBi cnoBa: BakKi MeTanu; noBepxHeBi BOAW; OMTUYHA
eMicilHa cneKTpocKonif; KopenAuiMHMWA aHani3; aHani3 ro/sIoBHUX
KOMIOHEHTIB.

Bctyn. Bucokun piseHb Baxkux metanis (BM) y Boai Moxe MaTu
Cepno3Hi Hacnigknm pans MicueBux 6iOLEHO3IB Ta HaceneHHs, skKe
BWUKOPMCTOBYE BOAY PiYKM AN NUTHMX Ta nobyToBmx noTpeb. BigcyTHicTb
cucteMaTuyHol iHdopMaLil NPo KOHUEeHTpauil BaXkKiB MeTanis y Boai p.
Ctmp MoXe ycknagHwBaTM po3pobKy edeKTMBHUX 3axopiB  nns
3HMXKEHHS piBHSA TX 3abpyaHeHHs. Y ubOMy AOCHIAXEHHI BMKOPUCTAHO
MeToau KopensauinHoro aHanidy [1] Ta aHanisy rofioBHUX KOMMOHEHTIB
(Principal Component Analysis, PCA) [2]. PCA € cTaTUCTUUYHUM MeTOaO0M,
KU BUKOPUCTOBYETbCSA [OJ1A 3HMIKEHHS PO3MIPHOCTI [AHMX LUIAXOM
NepeTBOPEHHS OPUriHaNbHUX 3MiHHUX Y HOBMW Habip 3MiHHUX, SKi
Ha3MBaKTbCSA roJIoBHUMKU KoMnoHeHTamu (Principal Component, PCi). Li
KOMMOHEHTU € NiHIMHUMN  KOMOiIHALiAMW  BUXIOHUX  3MIHHUX i
NpeacTaBnsAlTb OCHOBHI HanpsaMu Bapiauil gaHux. Metog PCA BBaXkae
PCi HanpsaMKu, siKi NOSICHIOWTb Hambinblwy 4YacTUHY Bapiauil B JaHWX.
Mepwwuin ronosHu kKomnoHeHT (PC1) € HanpaAMOM, WO MOACHIOE
HaWbinblWy Aucnepcilo AaHWX, APYrMiA ronoBHUM KomnoHeHT (PC2) -
Hanbinbwy Aucnepciio, WO 3anuwuiaca nicns BpaxyBaHHS NepLuoro
KOMMOHEHTa, i Tak gani. BaxxnnuBoto 0cobnuBICTIO € Te, WO Lii KOMNOHEHTH
€ OPTOrOHaNbHUMK, TOOTO BOHM HE KOPentoTb MiX coboto Ta A03BONSE
OocniguTn Bapiauil KOHUEHTpauin, BU3HAYUTM CTYNiHb 3B'A3KYy MiX
KOHUEHTpauisMmM MeTaniB Ta iAeHTUiKyBaTM MOXKIUBI piKepena Ix
HagxomkeHHs. Lle cnpuaTtuMme 6inbw TOYHOMY BM3HAYEHHIO OCHOBHMX
dakKTopiB, WO BNAMBAOTbL Ha Bapiauil KoHueHTpauin BM Tta po3pobui
edbeKTUBHMX 3axofiB AN MOKpalleHHa skocTi Bogu B piyui Ctump.
AKTyanbHiCTb  UbOro  [OCHIAXKEHHS CnpsAMOBaHa HAa  BUSBNIEHHS
3aKoHOMipHOCTeN ¢OpMyBaHHS KOHUeHTpauin BM y npupogHmx Bopax
Ona po3pobkn ePpeKTUBHUX CTpaTerin ynpaBniHHA BOOHUMU pecypcamu.
HocnigpkeHHa cnpsiMOBaHe HAa BWPIWEHHS aKTyaslbHUX HAYyKOBMX
3aBOaHb, 30KpeMa BCTAHOBJIEHHS B3aEMO3B'SA3KIB MiXX KOHLEHTpaLiaMu
BAa)>XKMX MeTaniB y BoAi Ta igeHTudiKauilo mxepen 3abpyaHeHHS.
MpaKTUYHiI 3aBoaHHA OOCNIOXEHHS BK/OYAOTh BM3HAYEHHS OCHOBHMX
dakTopiB, Wo 06yMOBNIOOTL Bapialil BMICTY Ba)XKUX MeTaniB y pivyKoBin
BOA,.
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AHanis ocrtaHHix pocnimkeHb i ny6nikauin. BigoMi cyuvacHi
OOCNIOXKEHHA NPUCBAYEHO BMBYEHHIO Bapiali BMICTY BaXKKUX MeTaniB y
BOOHMX O0O0'€eKTax 3a [OONOMOrow CTAaTUCTUYHUX MeToAdiB. 30KpeMa,
OUiHIOITbCA piBHI 3abpyaHeHHA BaXXKuMmu Metanamu [3], aHanisyoTbea
MPOCTOPOBUI PO3MOAIN BaXXKUX MeTanis [4], NpoBoAATbCA BU3HAYEHHS
mxepen 3abpyoHeHHs Baxkumu Metanamu [5]. Cepen BiTUM3HAHMX
OOCNIOHWUKIB 3aC/yroBy€ Ha yBary MaTeMaTu4yHe MOAE/NOBaHHSA NepeHocy
3abpyaHeHb Ba)XKuMx MeTaniBe [6-12]. He3Bakalum Ha HasBHI
DOCNIOXKEHHS, NpucBsAYeHi 3abpyoHEHHK BOAHUX O06'EKTIB BaXXKUMMU
MeTaslaMu, 3aN1LLATbCA HEBUPILLEHMMMU KiNbKa KKOYOBUX acMeKTIB, Lo
noTpebyoTb [eTanbHIWoro BUBYEHHSA. BigcyTHICTb KOMMAEKCHOro
aHani3y Ce30HHUX KONMBAHb KOHUEHTPaUin BaXKMX MeTaniB MoXe
CTBOPIOBATU MPOrasnHy B PO3YMiHHI OMHAMIKK 1X po3noginy NpoTsroM
poKy. TakoX, HeOCTaTHbO BUBYEHO BMJIMB Pi3HUX OrKepesn 3abpyaHeHHs
Ha KOHLEHTpaLil BaXXKMx MeTaniB y BoAi pi4ykn. Xo4a 3aranbHOBIAOMO, LLO
NPOMUCNOBI BUKUAM Ta CiNbCbKOrocnofgapcbKa AiANIbHICTb € OCHOBHUMMU
[XXepenaMu HaOxoOXXeHHS BaXXKMX MeTaniB [0 NOBEPXHEBUX BOA,
OeTaNbHMMN aHani3 IXHbOro BHECKY 3a/IMWAETbCA HEMNOBHUM. ICHYE
notpeba B OiNblW [eTanbHOMY BUBYEHHI KOpensuin MiXK pi3HUMMU
BAaXXKMMW MeTanamMu Ona BUSABNEHHS CNiNbHUX OXepes Ta MexaHi3MiB 1X
HaOXOOXKEHHs y BOAHI ekocucteMu. KpiM Toro, BigoOMi OoCNigXKeHHSN
4acTO He BPAaxOBYKTb MOXJIMBI KOMMNAEKCHI BNAMBU GaKTOPIB, WO MOXe
NPU3BOAUTN [0 HETOYHOCTEeM Yy MPOrHO3ax Ta OUiHKAX €eKOoJoriyHoro
CTaHy BOOOMM.

MeTta i 3aBaaHHA pocnipkeHHa. [locnig)XeHHs cnpsiMOBaHe Ha
NnpoBefeHHS KOMMJIEKCHOr0 aHanidy Ce30HHMX 3MiH KOHUEeHTpauin
Ba)XKUX MeTaniB, BUABJIEHHS OCHOBHUX [XKepen X HaAXOOXKEHHS Ta
BWU3HAYEHHS KOpensuinHuX 3B'a3KiB MiXK BMICTOM Ba)XKuMx meTanie. byno
3aCTOCOBAHO MOEAHAHHA KopensuinHoro aHanisy T1a PCA pns
BWU3HAYEHHS Bapialin BMIiCTy BaXKKMX MeTaniB Ta IX 3B'A3KiB Mix coboto, B
YyMOBaXx Pi3HUX CE30HHUX 3MiH AN OUiHKM CTaHYy NOBEPXHEBUX BOA PiUKM
Ctup.

MeTa gocnigxeHHAa — aHani3 BMicTy Baxkux Metanis (Mn, Cr, Cu,
Cd, Pb ta Zn) y Bogi piuku Ctup 3a gonomoroto KopensuiiHoro ta PCA
MeToniB Ansa igeHTMdikauil MOXNMBMX axepen 3abpyoHeHHs Ta
BWU3HAYEHHS MIHAMBOCTI X KOHUeHTpauin. [Ons p[ocsirHeHHs MeTu
NPOBOAMNOCH BU3HAYEHHS KOHLEHTPALiM AOCNIAXYBAaHMX MeTaniB y BOAi
PiYKN 3 BUMKOPUCTAHHAM MeToAy ONTMYHOI eMiCiMHOI cneKTpockonii, a
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TAaKOX aHani3 npoCcTOpPOBOI MIHAMBOCTI BUSABJIEHUMX MOKAa3HMUKIB.
MeToposioriyHe 3Ha4yYeHHSA [OOCHIOXEHHA TMOoNArac B MOEAHAHHI
CTAaTUCTUYHUX METOoAIB ANa 06pobkn Habopy PaKTUUHUX JAaHUX NPO BMICT
BM y noBepxHeBux Boaax.

[Ona pocarHeHHa MeTu 6ynun nocTaBfieHi 3aBAaHHS, WO BKAYanu
OUiHKY piBHA 3abpygHeHHs pivykoBoi BoauM BM 3 ypaxyBaHHaM
QHTPONOreHHOro HaBAHTAXXEHHS, 30KpeMa B 30Hi BnNAuBYy PiBHEHCbKOT
atoMHoi  enektpoctaHuil (PAEC). Takox 3aBAaHHA  BKJOYanu
npoBefeHHs ineHTUdiKauil OCHOBHUX mxepen 3abpyaHeHHs piykm BM Ta
OOCNiOXKEHHA Ce30HHOI MIHAMBOCTI X KOHUeHTpauin. BignoeigHo
3aBAaHb, Oynu BMBYEHI [WHAMIYHI 3MiHM KOHUeHTpauin BM Ta
npoeBefeHUM aHania ¢&akTopiB, AKi  CNPUAKOTb HaKoMu4yeHH abo
3MeHWweHH BMicTy BM y neBHi ce3oHwn. Peanizauis umx 3aBAaHb
nepepnbavyana HWU3KY MPOMIXKHMX eTaniB BMKOHAHHS [OCNIAXEHHS,
BKJIlOYAtouM Bigbip npob BOoAW, NMPOBeAEHHS aHaNITUYHMX LOCAHIAXEeHb
MEeToOO0M CrneKTpockonil, 06pobKy OTpMMaHUX [aHUX 3a [ONOMOror
CYYaCHMX CTAaTUCTUYHUX MeToAiB, 30KPEMAa PO3PaxyHOK CepefpHix
3Ha4eHb, CTAHOAPTHMX BiaxuneHb, KoedilieHTIB  Kopensuil Ta
Bi3yani3zauito pe3ynbTariB.

HaykoBi nigxogn Ta MeTogMKa LbOro AOCAIAXEHHS MOXYTb OyTn
NOLIMPEHI | Ha iHWI piYKWN.

06’eKkT pocnimkeHHA. [pouecn ce30HHMX 3MiH KOHUeHTpauin BM
(Mn, Cr, Cu, Cd, Pb, Zn) y noBepxHeBux Bogaax piuku CTup Ha ginaHui
BNAMBY CKmAiB 3annwkosux sog PAEC.

Mpeamet pocnimxeHHs. Bapiauii koHueHTpauin BM (Mn, Cr, Cu, Cd,
Pb, Zn) y Boai piuku CTup, 1X B3aEMO3B'A3KK, AxKepena 3abpyaHeHHs Ta
Ce30HHa  MIHAMBICTb. YBara  aKUEHTYETbCA HA  BUKOPMUCTAHHI
CTAaTUCTUYHUX METOAiIB, TaKUX SK KopenauinHum ananiz ta PCA, pns
ineHTMdiKauil 0CHOBHMX &aKTOpiB BMAMBY Ta BU3HAYEHHA [XKepen
3abpyaHeHHs.

MeTtoau i MeToaMKN NpoBeaeHHsA AocnimKeHHs. Binbip npob Boau
npoBoaMnu Ha pinaHui piykn Ctmp nicns BogHoro ckuay PiBHeHCbKoOI
aTOMHOI efleKTpUYHoI cTaHuil (puc. 1).
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© micue BigGopy npo6 nokauis: 51.315923, 25.870466

Puc. 1. CxeMaTuuHe 306pa)eHHs QiNSAHKM KOHTposto pivykn Ctup

CTaTUCTUYHWUI aHani3 BKAOYaB 064YMCNEHHs cepefHix 3HayeHb (M),
cTaHgapTHuUx BiaxuneHb (SD) Ta pianasoHy (min-max) gna KoXHoro 3
metanis. KopenauinHmn aHania T1a PCA npoBogunu BignoBigHoO
pekoMeHAauin [14]. TepMiHN «CUNBHUIN», «MOMIPHUIN» | «CNabKuii», WO
3aCTOCOBYHOTbHCS [0 PAKTOPHUX HaBaHTaXEeHb, CTOCYKTbCA 3Ha4eHb
HaBaHTaXkeHHa > 75%, 75-50% i 50-30% signoeigHo. KopenauinHunn
aHani3 BUWKOPUCTOBYBABCS [J19 BU3HAYEHHS CTYyNeHs 3B'A3KY MiX
KOHUEeHTpauismMum pisHux Metanis. Cuay niHiMHOro 3B'AAI3KYy MiXK OBOMa
3MiHHMMU BCTaHOBNOBANN 3a KoedilieHToM Kopensauii MipcoHa (r) [15], 3
HacTynHoto rpagauieto: B aiana3oHi 0,1 < r < 0,1 — 3B8'930K MiXXK 3MiHHUMMU
ay»e cnabkum abo BigcyTHin; ry pianasoHi Big 0,3 po 0,5 abo Big -0,3 o
-0,5 - cepegHs no3uMTMBHa abo HeraTMBHA Kopensuia BiANOBIAHO; I Y
pianasoHi Big 0,5 po 0,7 abo Big -0,5 o -0,7 — cunbHa No3nTMBHa abo
HeraTMBHa Kopensuia BignoBigHo; r y AaianasoHi Big 0,7 po 1,0 abo Big -
0,7 po -1,0 — cunbHa no3nTuBHa abo HeraTMBHa Kopenauis BiANOBIAHO.
Ons cTtatnctnyHoi obpobku, KopensauinHoro aHanizy ta PCA 6yno
3acTocoBaHe nporpaMHe 3abesneyeHHa JASP (Version 0.14.3).

Ons OLepXaHHSA iHbopMauil npo KOHUeHTpauil BM
BUKOPMCTOBYBANIN aHaNiTUYHI 3BiTM aTtecToBaHol nabopatopii ¢inii «BIll
“PiBHeHcbka AEC”», wo 6ynm cdopMoBaHi Ha niacTaBi npoBeneHux
BUMipOBaHb METOAO0M ONTMYHOI €MiCiMHOI cneKTpocKonil 3 iHOYKTUBHO
3B'A3aHO0 nnasmolo (puc. 2) 3a ctaHaapTusoBaHow MeToaukow [13].
Mpouenypa BMMiptoBaHb nepenbavyana BUKOPUCTAHHA aHANITUYHUX NiHIN
(HM): Zn (213,857), Cd (226,502), Pb (220,353), Cu (324,754), Mn
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(257,610), Cr (267,716). Mpwu nigrotosui 3paskis Boau Ana aHanisy, soay
dinbTpyBanu yepes MembpaHHi ¢pinbTpm 3 nopamu giametpom 0,45 MKM
ANS BUAANEHHS YaCTUHOK 3aBUCTUX PEYOBWH.

Puc. 2. AtoMHo-eMicinHum cnektpoMetp ICAP 7400 Duo
(a - npunag, 6 — cucteMa nNpoBONiAroTOBKM)

Pesynbtatu pocnimkeHHsa. CTup — piyka Ha MiBHIYHOMY 3axopgi
YKpaiHu, npoTikae B Mexax JlbBiBCbKOI, BonnHcbKol, PiBHEHCbKOT
obnacten, Bnapae B p. MNpun'ate. [JoBXMHA piukN CTaHOBUTb 494 KM;
nnowa 6acenHy - 13100 km? BuUTpaTa BOAM B rMpAi B cepefHbOMY 3a
pik cTaHoBUTb 49,5 M3/c. Y BepxHiit Teuii piuka By3bKa (Big 2-3 M go 10-
20 M), y cepelHin i HWXKHIN — po3wupoeTbca po 30-50 M [16]. 3a
TUNONOriEld noBepxHeBux BoA, pP. CTUp € HM3MHHOW, nilWaHo-
CYFTMHUCTOL, Y XKMUBJIEHHI K0T 6epyTb y4acTb BaMHAKM Ta MepresibHo-
KpenpgaHi BigknageHHsa [17]. Pycno p. Ctup Ha ginaHui Bogosabopy PAEC
nomipHo 3BmBUCTE, 3aBwupwKku 40-60 M, rnmbuHow B MexeHb 0,8-
2,0M, 3 HeBUCOKMMW, npubnusHo 1-3 M OGeperamn. Butpatn Bogm
piukn CTmp nig 4ac cnocTtepeXeHb Ha FiQpoOsIOriYHOMY MOCTY B 30Hi
BogokopucTtyBaHHa PAEC 3MiHoBanuch y gianasoHi Big 10 go 63 M%/c, 3a
cepenHix nokasHukie 27 + 18 m3/c [18].

HocnigxeHHa KoHueHTpauin BM y Bogi piukn CTup nokasano pisHi
Aiana3oHun A8 KOXHOro 3 aHanizoBaHux Metanis (tabnuus).
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Tabnuuga

CTaTUCTMYHI NapaMeTpn KOHLEeHTpaLin BaXXKnx MeTanis y Boai
piuku Ctup (2023 p.)

EnemeHT | min* Mkr/gm® | max, mkr/gm® | M, mkr/gm® | SD, Mkr/gm®
Zn 2,11 6,55 3,61 1,13
Cd 1,00 1,10 1,02 0,02
Pb 1,00 1,40 1,10 0,05
Cu 5,25 11,50 5,55 1,72
Mn 1,00 12,25 4,11 2,75
Cr 1,00 2,01 1,10 0,25
MpuMiTKa: * — HWXKHSA MeXa BMMIiploBaHHSA 3a Metoaukow [13] 6e3 nonepeaHboro

KOHUeHTpyBaHHs cknagae (mkr/gm®): Zn (1,0), Cd (1,0), Pb (1,0), Cu (0,5), Mn (1,0),
Cr (1,0).

KoHueHTpauis Zn BapitoBanacs Big 2,11 mkr/gmM® oo 6,55 Mkr/gM3, 3
cepenHiM 3HaveHHAM M = 3,61 Mkr/am® i cTaHAapTHUM BiaxuneHHaMm SD
= 1,13 Mkr/gm3. Cepep Oocnig)KyBaHMX MeTanis, Le BKa3ye Ha BiAHOCHO
3HaYHi KonMBaHHA BMicTy Zn y Bogi piukn. KoHueHTpauis Cd mana
HanWMeHLWi Bapiauil cepen yCix AOCNIOXKEHMX MeTaniB Ta 3HaxoAunacb B
pianasoHi Big 1,00 mkr/am® go 1,10 mkr/gm3, M = 1,02 mkr/gm® Ta SD =
0,02 Mkr/gm3. Takui Manuii gianasoH CBiAYWUTb NPO CTabiNbHUI piBEHb
Cd y Bogi piukn. KoHueHTpauis Pb konueanacsa sig 1,00 mkr/gM® po
1,40 mkr/am3, i3 M = 1,10 mkr/gm® Ta SD = 0,05 Mkr/am3, wo BKasye Ha
gewo 6inbwi KonuBaHHA nopiBHAHO 3 Cd, ane Bce X Taku, cepen pewwTu
OOCNigXKyBaHUX MeTaniB BOHM Oynu He3HaudHi. KoHueHTpauia Cu mana
3HaYHO LWMPWKWIK p[iana3oH KOHUeHTpauin - Big 5,25 Mkr/gM® po
11,50 mkr/am3, i3 M = 5,55 mkr/am3 Ta SD = 1,72 mkr/am3. Lle Bkasye Ha
3Ha4yHi KonuBaHHa BMicTy Cu y BoAi pivykn. KoHueHTpauis Mn Mana we
Binbwnii giana3oH KonusaHb — Big 1,00 mkr/am® go 12,25 mkr/gmd, 3
M = 4,11 mr/gM® 1a SD = 2,75 Mkr/gM3. Takui WNPOKMA Aiana3oH
CBiAYUTb NPO 3HAYHY MIHNUBICTb KOHUEHTpauil Mn. OTXe, KOHUEeHTpauis
Cr BapitoBanacs Big 1,00 mkr/gm® go 2,01 mkr/gM3, M = 1,10 mkr/am?3 Ta
SD = 0,25 mkr/gM3. Lle BKa3sye Ha BiAHOCHO cTabiNbHUK, ane BCe X
3MiHHUIM piBeHb Cr y BoAi piykn. TakKMM YMHOM, OOCNIOKEHHS BUABUINO,
o KoHueHTpauii BM y Bogi piukun CTnup MoXKyTb 3Ha4yHO BapitoBaTUCA
3aJIeXKHO Bif MeTasny, 30KpeMa HaWMoMITHILWI KOJIMBAHHS Oynn BUABMEHI
ana Mn, Zn ta Cu, a KONMBaHHSA y BiQHOCHO BY3bKOMY Aiiana3oHi gna Cd.

3a pe3ynbTaTamu NPOBEAEHOr0 KOPENSALUiMHOro aHanisy, no3nTUBHa
KOpensuia Mixx KOHUeHTpauiaMu y sogi piykn CTup BigMiyaeTbcs Mixk: Mn
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i3 Pb 1a Zn; Cu i3 Cd Tta Cr; Pb i3 Zn ta Cr; Cr Ta Cd (puc. 3). MNesHotw
Mipoto, Lie BKa3ye Ha Te, WO IXHiM BMICT MAE NOAIOHI XapaKTepUCTUKMU
3MiH i MOXKe MaTu Te caMe AXKepeno.

Cu
Koedimient
. Ilipcona
r
0,4
Zn | 035 0,2
T ‘ 0

[
Pb | 1033 -029 021 -0.2

|
cr| 1020 | 034 20,12 0,27 I-Oﬁ

cd | L0221 0,39

0,11 0,06 0,30 ‘

Mn Cu Zn Pb Cr

Puc. 3. KopensauinHa maTtpuus lNipcoHa ansa 3MiH KoHueHTpauin BM y Bopi
piukn Ctup

KoediuieHTn Kopensauil r Ha PpiBHIi cepedHbol TICHOTM 3B'A3KYy
cnocTepiratoTbCs oS KOHUeHTpauin Mn 3 Pb i Zn Ta ctaHoBnsatb 0,33 i
0,35 BignoBigHo, WO BKA3ye Ha Te, wo Mn, Pb, Zn MoXXyTb MaTh ogHakoBy
noBeniHKY Y BOOHOMY 06'€KTI, WO 06yMoBNtOOTL Npouecn GopMyBaHHS 1X
KoHueHTpauii [19]. AwnanoriyHo, KoediluieHTM Kopensauii r Ha PpiBHi
cepenHbol TicHoTM 3B'A3Ky Cu 3 Cd i Cr ctaHoenate 0,39 i 0,34
BiANOBIQHO, WO TaKoX BKa3sye Ha Te, wo Cu, Cd, Cr MoXxyTb MaTu
OLHAKOBY NoBefiHKY. HeraTvBHa Kopensuis Ha piBHI cepeaHbol TICHOTK
3s'a3ky (r Big -0,5 mo -0,7) Cu 3 Mn Ta Zn cBiguMTbL npo Te, WO
dopMyBaHHS KoHUeHTpauil Cu MoXke BYyTV NOB'A3aHE 3 IHWNM OXKEPESIOM,
BiOMiIHHUM Big, mXXepena noxogXeHHsa Mn i Zn.

Pesynbtat PCA pgna BM y Bogai piukm CTup nokasaHi Ha puc. 4.
OTpvMaHi HaBaHTa)XeHHS Ha roNoBHI KOMMNOHeHTU ansa BM, ceigunTb, wWwo
ABa OCHOBHi KomnoHeHTM (PC1, PC2) MoxyTb noacHuTM 65,9%
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iHbopMaLil, AKy HecyTb 3arafibHi 3MiHHi. KoMnoHeHT PC1 MoXKe nosicHUTK
41,5% 3aranbHuX 3MiHHKX, @ KOMNOHeHT PC2 Moxe noacHUTn 24,4%.
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Puc. 4. T'padik HaBaHTaXKeHHSA FONOBHUX KOMMOHEHTIB 3a pe3ynbTatamn PCA
Ons KoHueHTpauin BM y Bogi piukn Ctup

Po3nogin ¢aKTOpHMX HaBaHTaXXeHb MiXK KOHLUEHTPAUIE Ba)XXKuX
MeTaniB y BoOAi piYkn BuABNAE ABa GaKTOPW, WO BM3HAYaKTb 3MiHU
KOHueHTpauin BM (puc. 5). BHecok doaktopy 1 6Ginbwe 50%
cnocTepiraetbca gna Cd i Mn T1a Big 20 no 50% ona Zn i Cr. BHecok
dakTopy 2 6inbwe 50% cnoctepiraetecs gnsa Cu, Zn, Cr i Pb. OTpuMaHi
3HAYEeHHSa HaBaHTaXXeHHsA ang ronosHUX kKomnoHeHTiB Cr, Cd Cu Ha PC1
(baktop 1) crtaHoenate 89%, 90% Tta 35% BignoBigHO. 3HA4YeHHs
HaBaHTaXXeHHA O roJIOBHUX KOMMNOHeHTIB Mn, Zn, Pb Ha PC2 (pakTop
2) crtaHoBnATb 83%, 74%, 73% signosigHo (puc.6). TakMM 4KHOM,
rofioBHU koMnoHeHT PC1 Mae cunbHe NO3NTUBHE HaBaHTaXeHHS Ha Cr i
Cd noMipHe HaBaHTa>keHHs Ha Cu (puc. 4, 6).
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Puc. 6. BHecok ¢akTopiB Ha ronosHi komnoHeHTn PC1, PC2 ona KoHUeHTpauin

BMy Bogi piuku Ctup

06roBopeHHA OTPMMaHUX pe3ynbTaTiB. Bigomo, WO OCHOBHUMMU
CNibHUMK JyKepenamm HagxogkeHHs BM y Boay piuykm € npoMucnosi

CKMOM Ta CiNbCbKe rocnogapcTeo

[20]. 3a pe3ynbTaTaMu Hawworo

pocnigxeHHs, BM MoxyTb 6yTn noginedi Ha asi rpynu: 1) Cu, Cd, Cr; 2)
Mn, Pb, Zn. lMpu uboMy MoOXKHa po3rnagatn gudbepeHuiauito 3a Wwnsaxamm
HAAXOAXXEHHS HA OCHOBI IX MOBEAIHKMW, 30KpeMa rigpoxiMiYyHUX npoueciB
Ta cneundivyHmMx pkepen 3abpyaHeHHsa. Baxkki metanm Cu, Cd, Cr, wo
BigokpemneHi y PC1 (puc. 4) MoXyTb MaTu pi3Hi Oyxepena 3abpynHeHHS,
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ane 4acTto BOHW MOTPanAsiOTb Yy HABKOJIMWIHE CepefoBuLLe 4epes
NPOMUCINOBI CKUAM | CiNbCbKOroCcnoAapcbKy AisNbHICTb. BaXkki MeTanu
Mn, Pb, Zn, wo BigokpemneHi y PC2 (puc. 4) nepeBaxHo nNoTpannaioTb Yy
NoBepXHeBi BOAM TaKOX u4epe3 npomucnosi ckuau. Pesynbtatn PCA
wono AundepeHuiauil rpyn MeTaniB cniBnagarTb 3 MNO3UTUBHUMMU
Kopensauismmu BM, BussneHumn 3a koediuieHtammn [ipcoHa (puc. 3).
MNoegHytoum pesynbTatM KopensuinHoro aHanizy ta PCA, oTpuMaHi B
OOCNigXKyBaHiN Mogeni MoXHa NPUNyCTUTU NPO HAsSIBHICTb ABOX OXKepen
HaAXOOXKEHHS BiANOBIOHUX rpyn MeTanis.

BussneHi HaBaHTaxkeHHs PCA onsa BaXKux MeTaniB y BOAI PivKku
Ctup 3a nopamu poky (puc. 4) 0O03BONAKTb OLIHUTU CE30HHY MiHNMBICTb
KOHueHTpauil BM. Bucoki KoHueHTpauil Mn, Zn cnocTepiraioTbca B
3MMOBMIN Mepiod, WO BWAOHO MO CUHIX TOYKaX, SIKIi CKOHUEHTPOBaHiI
61vKYe 00 npaBoi CTOPOHU rpadika BigHOCHO BekTopiB Mn, Zn (puc. 3).
B3anuMKy, Konu TeMnepaTypa BOAM 3HAYHO 3HMIKYETbCH, MOXKe
BiabyBaTnca 3HUXKEHHS BOOO00OMIHY Ta KOHUEHTpauUis PeyYoBMH MoXKe
30inblWwyBaTMCA Yepe3 MeHLWY aKTUBHICTb PIYKOBOro CTOKY, LLO MOXe
npu3BectTM [0 36inblleHHA KOHUeHTpauil Ageskux MeTaniB. TaKox
MOXJIMBE HaKonu4yeHHa Mn, Zn y noBepxHeBi BOAI, OCKiNIbKM B3UMKY
MeHlle onafiB i 3MuBy 3abpyaHioBadvie 3 rpyHty [21]. Bwucoki
KoHueHTpauil Cu cnocTepiraloTbCsl y BECHAHWW Ta NiTHIN nepiogn, LWo
BWOHO MO MNoOMapaH4yeBMX | BNAKUTHUX TOYKAX, AKI CKOHLEHTPOBaHi
6nvKYe [0 NiBoi YacTUHM rpadika BiaHocHo BekTopy Cu (puc. 4). Bucoki
KOHueHTpauil Cu HaBeCHi Ta BRITKY MOXyTb 6yTn o06ymoBneHi
AKTUBI3ALIE CiNbCbKOroCcnogapCbKMx pobiT, BMKOPUCTAHHAM MigHUX
necTMumaie Ta [ob6puB, SAKIi nNoTpannsioTb Yy BOAHI CUCTEMM 4epes
noesepxHeBun cTik [22]. KpiM Toro, nigsuuieHa TemnepaTtypa BOAW, LIO
npuMTaMaHHa ANns NiTHLOro nepiogy Moxke 36inblyBaTM po34mnHHICTL Cu
Ta cnpuaTtu Ginbwin 11 Mobinisauil 3 goHHUX BiaknageHwb [23]. Ons
KoHueHTpauii Cr, Pb Ta Cd He BnactuBi 3HauHi Bapiauii (tabn. 1), ogHak
nesike 36inbweHHA KoHueHTpauil Cr Ta Pb BigMivatoTbcs Bocenn, a Cd
BecHot. OciHHe 36inbweHHs KoHueHTpauil Cr Tta Pb Moxe 6ytu
NoB’'si3aHe 3 PO3KNaAaHHAM OPraHivyHOl PEYOBUHU, KA MOXKE BUBINIbHATU
ui Metanu y soay [24]. Kpim Toro, iHTEHCMBHI A0LLi LbOro Ce30HYy MOXYTb
3MUBATK 3 NOBEPXHi 3eMNi 3abpyaHeHHs, SKi MIiCTATb Pi3Hi eneMeHTn, B
ToMy umcni BM [25]. BecHolo, nicns TaHeHHA CHiry Ta nboay, y Bogy
MOXYTb MOTPANAATM HaKONUYeHi 3a 3uMy 3abpyaHeHHs, Bkntodatoun Cd,
AKWUA BMBINbHAETLCA BHAC/IAOK MOBepxHeBoro cToky [26]. Binbw ToOro,
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BECHOK aKTMBI3ylTbCA T[PYHTOBI MNpPOLECH, SAKi  MOXYTb CNpUATU
mMo6inisauii Cd y sogy [27].

TaknMm 4ynHOM, pe3ynbTaTU [OOCNIOXKEHHS BUSBUAKM cneundiky
HagxooeHHs BM y Boay piukm Ctup. PCA 0o3BonuB po3ginntu Metanu
Ha AOBi rpynu 3anexHo Bif A)epen i ocobnmBocTen IXHbOro po3noainy.
Ho nepwoi rpynu yeinwnum Cu, Cd ta Cr, sKi MoXyTb 6yTK noB'A3aHi 3
KOMOIHOBaHWM BNANBOM NMPOMUCIOBUX BUKUAIB i CiNbCbKOroCcnoaapCbKmx
npouecie, ToAai Ak Ao apyroi — Mn, Pb Ta Zn, wo xapaktepusykoTbcs
NepeBa>XHO MNPOMMUCIOBUM MOXOOKEeHHSAM. Ce30HHWIN XapaKTep 3MiHu
KOHLEHTpaLin TaKoX NpoaeMOHCTPYBAB Pi3Hi Mogeni NoBeAiHKM MeTaniB:
B3MMKY 3POCTaHHS KOHUeHTpauin Mn i Zn 6yno 3yMOBAEHO MOXJIMBUM
3MEHLWeHHsAM BOA00OMiHY, a BECHAHO-NITHIN nepiog BiA3HAYMBCS
36iNblUEHHAM Cu, L0 MOXXHa noe’'a3aTu 3 aKTuBi3aLito
CinbCbKOrocnoaapcbkmnx pobiT Ha GOHI 3MiH rigponoriYyHnX Ta akTUBI3auil
rigpobionoriyHnx npoueciB. MNoegHaHHA KopenauinHoro aHanisy ta PCA
NigTBEPANNO iCHYBAHHA pi3HUX OyKepen 3abpyaHeHHs NS BUAINEHMX
rpyn MeTaniB Ta Hagano UislicHe PO3yMiHHS IX CE30HHOT AMHAMIKK Y BOAI
piukn Ctump.

BucHoBkKu. Pe3synbtatm pocnigkeHHa Bapiauin BMicty BM y Bogi
piukn CTMp noKasanuM KOJIMBAHHA  KOHUEHTpAauiM  [OCNiOgXKEeHMX
eneMeHTIB. KoHueHTpauil Mn, Zn ta Cu BusiBUANCb Hanbinbw MiHAMBUMMN,
L0 BKA3YE Ha 3HAYHWUW BMJIMB 30BHIWHIX YAHHUKIB Ta MOXJIMBY 3MiHY
nxepen 3abpyAHEHHS NpoTAroM poKy. HanmcTabinbHiwi KoHueHTpauil
cnoctepiranuca pns Cd, wWwo cBigYMTL NpPO MOCTiIMHE [XXepeno
HagXxoo)KeHHs abo cTabinbHi yMoBM POPMYBAHHS MOro KOHLEHTPaUiN.
KopenauinHmin aHania nokasaB CepeaHi MO3UTUBHY KOPensuilo Mix
KOHUeHTpauismm Mn, Pb i Zn, a Takox Mix Cu, Cd i Cr, wo cBigumTbh nNpo
CXOXICTb Y AXepenax HaoXOOXXEeHHS UMX MeTaniB Ao pivyku. HeratueHa
kKopensuia Mixk Cu i3 Zn Ta Mn BKasye Ha MOXUBICTb Pi3HUX OrKepen
3abpyaHeHHa pns  uux Metanie. PCA nigTBepamB Ui  BUCHOBKMW,
BUOKPEMUBLUWM ABi rpynu MeTaniB, WO MalTb CXOXi XapaKTepPUCTUKMU
BMicTy. [locnigXeHHs Ce30HHOI MIHNMBOCTI NOKAa3anu, WO KOHUeHTpauil
Mn i Zn 6ynu BuwmMMM B 3MMOBUIK nepioAd, WO Moxe 6yTn obymoBneHo
3MEeHLWeHHSAM BOA00OMiHY Ta 36iNbLUEHHSAM KOHLUEHTpaLil pe4oBMH Yepes
MEHLWY aKTUBHICTb PIiYKOBOro CTOKy. Bucoki KoHueHTpauii Cu
cnocTepiranucs HaBeCcHI Ta BAITKY, WO MoXxe 6yTM noe'sA3aHO 3
BUKOPUCTAHHAM MigHUNX nectuuymaise  Ta nobpus nig, yac
CinbCbKOrocnogapCcbKmnx poo6iT. HeBenuki Ce30HHi Bapiauil
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cnoctepiranucsa gnsa Cr i Pb BoceHn, a Takox ans Cd HaBecHi, Wwo Moxe
OyTV NOB'SAI3aHO 3 PO3KNAAAHHAM OPraHiYHOT Pe4YOBUHWN Ta NOBEPXHEBUM
CTOKOM.
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