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Ana umTupoBaHusa

Manamapuyk B. A., Tokapes U. B., bawkosa A. A. u dp. PopMUpOBaHNE XMMUYECKOIO U U30TOMHOIO COCTaBa Mno-
BEPXHOCTHbIX U NOA3EMHbIX BO B YC/I0BMAX Aerpagaluy MHOMofleTHeEMep3/biX MOpo U BO34ENCTBMA aHTPOMOreH-
HbIX aKTOpPOB Ha NpuMepe cennTebHol 30Hbl Canexapaa // ApKTUKa: 3K0MI0TUA U SKOHOMKKA. — 2026. — T. 16,
N2 2. — C. ?7—?. — DOI: 10.25283/2223-4594-2026-2-7-7.

UccnedosaHue ocobeHHocmell OpMUpPOBAHUS XUMUYECKO20 U U30MONHO20 COCMABA N0BEPXHOCMHBIX U N00-
3eMHbIx 800 8 Canexapde N0 COBPEMEHHbIM U UCMOPUYECKUM OAHHbIM N0380/1UM0 OUEHUMb BIUSHUE NPUPOOHbIX
(Oe2padauus MHO20/1eMHEMEP3/biX NOPOD) U MEXHOLEHHbIX (PAKmMopos HA ux kayecmso. Ommeyaemcs HeKOmMo-
poe y/ydluieHue Kayecmea peyHsix 800 8cedcmaue MoOepHU3AaUUU KaHAMU3AUUOHHbIX 04UCMHbIX COOpYHeHul
8 20pode. O0HAKo nod3eMHble 800bI meppumopuu 00 CUX NOP UCNbIMbIBAKM CUbHOE AHMPON02EHHOE B/USIHUE.
OmmausaHue mep3bix Nnopo0 3a nocnedHue 50 nem npusesno K popMupo8aHur 8000HOCHO20 MAaUKA 8 OMJO-
weHusix IV meppacs! u Muzpayuu u3 omaoxeHull makux snemeHmos, kak Mn, Fe, AL, Ni, Pb.

KntoueBble cnoga: NoBepxXHOCMHele U noosemHsbie 800bI KpuoJsiumo30Hsl, MGKPOKOMNOHEHMbI, MUKPO3JIEMEHM b, cmabusns-

Hele uzomonsl, Canexap0, 3anadHas Cubupes.

BBepeHue

HaHHble GTN-P (Global Terrestrial Network for
Permafrost) cBMOeTENbCTBYIOT O MOBCEMECTHOM MO-
BbILLEHWUW TeMmrepaTypbl MHOrofleTHeMeP3/bIX MOpoA
(MMIM) [1], 4To NPMBOAUT K YBENNYEHWIO MOLLHOCTM Ce-
30HHO-Tanoro cnos (CTC), oTcTynaHuio Kposav MM
n GOpPMUPOBaHMIO HAAMEP3/0THbIX TaiuKoB [2—4].
3T npouecchl U3MeHAIT BOAHLIN CTOK Mep3/0THbIX
naHawadToB, cnocobCTBYA YBENMYEHUID PecypCcoB

© MNanamapuyk B.A., Tokapes W.B., bawkosa A.A., Jlebenesa J1. C.,
YexuHa E.T1., 2026

28

NoA3eMHbIX BOf, Y/yYLIeHWo MX CBA3M C atMocdep-
HbIMW 1 NMOBEPXHOCTHbIMW BOAAMU U YBEIMYEHWIO Bpe-
MEHW B3auMOLEeNCTBUA MOA3EMHbIX BO C FOPHbIMU
nopogamu [4].

Oerpagauva MMl Ha ceepe 3anagHoin Cubu-
pu, oTMeyaemada ¢ 1970-x rofos, xapakTepusyetca
YyCTONYMBLIM  MOBbIleHMeM TemnepaTypbl  (0,03—
0,06°C/rof) v onyckaHueM KpoB/AW Mep3JiblX MOpPOA
[3]. 2T npouecchl OKa3blBAOT C/IOXKHOE BAMAHME Ha
rMAPOXUMUYECKUIA PEUM NPUPOAHBIX BOL: MOAenu-
poBaHVe MoKa3biBaeT MOTeHUMaNbHOe YBeInYeHue
KoHueHTpauuin metannos (Co, Cu, Fe, Mn) npu ua-
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Puc. 1. Tepputopus uccneposaHmii u Mecta ot6opa npo6 Boabl. CoctaBnieHo aBTopaMu Mo AaHHbIM [19]
Fig. 1. Study Area and Water Sampling Locations. Compiled by the authors based on data from [19]

CTUYHOM MPOTaMBaHWUN U POCT CTOKA HEOPraHWYeCcKmnx
KOMMOHeHTOB B Kapckoe mMope fo 59% npwv nosiHoM
Jerpagauuy mep3notbl [5]. [dpyrue uccnepnosaHuA
YKa3bIBalOT Ha TO, YTO TaAHWe Mep3Jblx Nopoa 34ecb
CNoCco6CTBYET YMEHbLUEHWIO BbIHOCA OpraHU4ecKoro
yrnepoga, P, Si u Fe, ysennuenmnio Ca**, SO,*, Sr*’, Ba,
Mo 1 U 1 cnabo BanAeT Ha MUrpaumio NO,-, B, Li, K%,
Rb, Cs, Mg, Zn, As, Sb, Cs 1 Rb [6].

WccnepoBanne TpaHchopmaLmm U30TOMHOrO CocCTa-
Ba BoA npu TasHuM MMIT TpebyeT KOMMIeKCHOro noa-
Xofla C aHanM3oM [AeirTepueBoro sKcuecca d ., w30-
TOMHOro Macc-6anaHca v AONOSIHUTENbHLIX TPACCepoB
[7]. TasHWMe NOAUrOHANBHO-HUNbHBIX NbAoB, GOpMU-
pYIOLUMXCA 3UMHUMM ocagKamu [8], MoxeT obneryatb
M30TOMHbIA cocTaB BofA [9], Torga Kak npomep3aHuve
BOAOHOCHBIX FOPU30HTOB B MPOLLIOM NPUBOANIIO K €ro
yTarkenernuio [10]. CoBMecTHOE BAMAHWE OTTauBaHUA
Mep3/10Tbl U UCMapeHus ¢ 6ONIOT yBeNMYMBAET Bapua-
TUBHOCTb M30TOMHbIX XapaKkTepucTuk Bog [7].

[ToMUMO KIMMaTU4eCKUX U3MEHEeHU Ha reoXMMMUIo
BOJ CYLECTBEHHO BAMAIOT TeXHOreHHble paKkTopbl [11;
12]. B apKTu4ecKux ropodax aHTPOMOreHHoe BO34eW-
CTBME MPVBOAMUT K 3aCOJIEHNIO MOYB, POCTY MUHEpanu-
3aumn BoA, 3arpA3HEHUI0 TAXENbIMU MeTaniamMu U 06-
pa3oBaHuio Kpuonaros [13; 14]. B ypbaHU3npoBaHHbIX
pavoHax C JIMBHEBOW KaHaaM3auuen W30TOMHbIA cur-
Ha/l peKk MOMKeT ObICTPO MEHATLCA NOC/e UHTEHCUBHDBIX
0CaJIKOB M3-3a MX MMHOBEHHOrO nonajaHuA B BOO4OTO-
K1 [15]. CToYHble BOAbI YACTO BbI3bIBAKOT yTAMKENEHMe
M30TOMHOro COCTaBa NpUPOAHbIX Bog [16].

B wuccnepoBaHMm paccMmatpuBaeTcs  cenuTebHas
30Ha Canexappna, roe 3a nocnefgHue 50 net 3adpukcu-
pPOBaHO OMyCKaHWe KPOBM MHOrofeTHEMepP3/biX MOo-
poa 8o 8—10 M Npu OKONOHYeBbIX TeMnepatypax [17].
LUenb HacToswei paboTbl — BbiABMEHNE TeHOEeHLUMi
M3MEHEHUA XMMUYECKOro U MU30TOMHOIro CocTaBa BOJ
Canexapza Ha OCHOBe OpUrMHAJIbHBIX AaHHbIX MOMEBbIX
uccnepoBaHuii 2023—2025 rT., a TaK*Ke aHannsa GoH-
noBbix MaTepuanoB 2002 n 1954—1983 rr. c oueHKow
BKMaaa ferpagaumm MMM u TexHoreHHbIX GaKTOpoB.

MeToabl nccnegoBaHum

MoneBbiMK paboTtammn 2023—2025 rr. onpoboBaHbI
peyHble, 03epHble U NoA3EMHblE BOAbI HA TEpPUTOPUN
Canexapga. [ToBepxHOCTHble BOAbl OXapaKTepu30BaHbl
npu perynApHoM onpo6oBaHun pek BacberaH, MMpe-
obparkeHKka M pyyba HanenHbiit. EAMHWMYHO OTOGpaHbI
pern O6b, Monyi 1 pyybn BpycHUYHBIN 1 CBALLEHHbIN,
a TakKe o3epa Jlebarkbe, besbviMAaHHOe 1 MonogerkHoe
(puc. 1). MoBepxHOCTHbIE BOAbI OMpoboBasuCb Mpe-
MMYLLECTBEHHO B TEMbIA Nepuoj roga pas B ABe-Tpu
Henenw.

'vpporeonornyecknummn ckBarkmHamn (FTC — 6 ckBa-
HUH rybuHoi 10—25 M) BCKpbITbl MOA3eMHble BOAbI
ANIOBUNANIbHBIX  OTNIOMEHUI BbicoKkon mnonmbl  (IFC-2),
| Teppacbl (F'C-9, I'C-6), 03epHO-annoBUANBHBLIX OTNO-
wenun Il Teppacsl (TC-1, F'C-7) n annoBranbHo-3CTyap-
HbIx oTnoxeHun IV Teppacsl (MC-12). Bogosmelatowmmum
nopofamu CiyaT MefIKo- U CpefHe3epHUCTbIE MeCKM
1 cynecn. MoLHOCTb ropu3oHTOB cocTasnsaeT 1—4,5 m,
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YPOBHW MOA3EMHbIX BOJ 3a/1eratoT Ha riybuHax 1—>5 M.
3a UCKMoYeHEM CKBaruHbl ['C-2, BCKpbIBLUEN TavK
noa pexon [lonyin, ocTanbHble CKBarKWHbI OPEHUPYIOT
HaZMep3noTHble BoAbl. OT60p Mpob NoA3eMHbIX Bof
NPOBOAMNCA KPYrnOroAMYHO C WHTepBasioM 2—4 He-
[enu; atMochepHble 0CafKN OTOUPANNCH SMN30ANYECKN.

Mpobbl, oTobpaHHble Ao utona 2024 r., uccneagoBa-
Hbl B nabopaTopum [ocynapCTBEHHOr0 aBTOHOMHOIMO
yupegenna Amano-HeHeLKoro aBTOHOMHOrO OKpyra
(AHAO) «HayuHbIN LeHTp n3yveHna ApKTUKKU» (Haabim)
MeToAaMu GpOTOMETPUU, FPABUMETPUM U TUTPOMETPUM,
a oTobpaHHble ¢ OKTAbpA 2024 r. — B nabopartopuu
000 «IroUNHTepCepBuc» (Canexapa) noTeHUMOMe-
TpryeckuM, GayopuMETPUYECKUM, POTOMETPUYECKUM,
rPaBUMETPUYECKUM U MOHHO-XpOMaTorpaduyecknum
mMeToAamu. NoHHbIM cocTaB BoA 03ep m3y4ancA B Pe-
cypcHoM ueHTpe CaHKT-MeTepbyprcoro rocyaapcTeeH-
Horo yHuBepcuteTa (CM6IY) Ha *UMOKOCTHOM XpomaTo-
rpade Shimadzu. MVKPOKOMMOHEHTHBIN COCTaB Mpob
M3y4YeH B aHa/IMTUYeCKoM LeHTpe VHCTUTyTa npobnem
TOYHOWM MexaHuku u ynpasnenna PAH (YepHoronoBka)
Macc-cnektpanbHbiM  (ICP-MS) 1 aToMHO-3MUCCUMOH-
HboiM (ICP-AES) meTogamu € WMHOYKTMBHO CBA3AHHOMN
nnasmoii. M3oTonHbiii coctas (6'80, 62H) nsmepeH Ha
nasepHom cnektpomeTpe Picarro L2130-i (HayuHbin
napk Crery). LeitepueBblii 3Kcuecc d_ paccuuTaH
Kak 6%2H - 86'%0 [18].

Bcero otobpaHo 127 npob Ans uccnenoBaHUA Ma-
KPOKOMIMOHEHTHOro cocTaBa, 161 — ana onpenenexHua
cofepHaHuA MMKPOKOMIMOHEHTOB 1 74 — OnA usyye-
HUA CTabusbHbIX M3oTonos (6'80, &2H). [uHaMuka xu-
MMYECKOro CocTaBa BoOJ oueHeHa no GoHAOBbIM AaH-
HbiM Canexapackoro oTpaga MNonyncko KOMMNIEKCHON
reosioropasBefo4HoN aKkcneamumm 3a 1954—1983 rr.:
26 nNpob NoA3eMHbIX BOA U MMApPOreosiornyeckoi CbeMm-
Ku 3a 2002 r., 55 npob noBepxHOCTHbIX BoA [19].

exc

[pupo0OHble u aHMponozeHHbie ycoBuUA GOPMUPOBAHUS
n003eMH020 U N0BEePXHOCMHO20 CMOKOB

[na Tepputopun nccnepoBanuna B panoHe Canexap-
na (pacrnonoxkeH Ha ceBepe 3anafgHo-CUOUPCKON HK3-
MEHHOCTU B HUMKHEM TedeHnn Obu) XapaKkTepeH pesko
KOHTUHEHTasIbHBIA TN KAumaTta. CpefHerofoBadA TeM-
nepatypa Bo3fyxa 3a nocnegHue 50 fneT cocTtaBnfeT
-5,7°C, a cpefHerofoBoe KOIMYECTBO OCAAKOB PaBHO
455 MM '. MOLUHbIN CHEMHbI MOKPOB CO CpefHel Tos-
LMHOM 43 CM AeprKuTCA C OKTABPA Mo Maki-UtoHb.

OcafoyHbli Yexosl TeppuTopuM CIIOMEH MIMOLLEH-
YeTBEPTUYHBLIMA OT/IOKEHUAMU peYHbIX Teppac, 3ae-
ralowyMmn € pa3mbiBOM Ha MeJioBbIx nopogax. B mMuHe-
pasiorMyeckomM CocTaBe OT/IOMHEHWN 0TMeYeHbI NoJieBble
LUNaThbl, UIbMEHUT, NIEKOKCEH, pyTun, cdheH, amobunbonbl,
LMPKOH, anatuT, TypManuH u rugpocogsl [19].

Ha Tepputopun wuccnepoBanua passutbl MMI
CNOWHOro Tuna MolHocTbto oT 10—20 pmo 150—
200 ™M npw OByx-, Tpex-, YeTblpex-, a MHOrAA U NATU-

cnoviHoM cTpoeHnn. CKBO3Hble Ta/IMKWM pasBuTbl Mo
pycnamm O6u u lMonys, HECKBO3Hble TalMKU NpUypo-
YeHbl K pyciam Masbix pek u o3epaM. Orkono 30% u3-
y4aeMoW nnowann xapakTepusyeTcA Temnepatypamu
nopop ot -0,5°C go 1,5°C [19].

basucom 3po3um aBnaeTca O6b (puc. 1). Cpean Ma-
NbIX BOLOTOKOB BblOeNAOTCA: peka BacberaH, peka
MpeobparkeHKa ¢ 3ab0104eHHO AoNMHON U pyyeit Ha-
NefHbl, B CpeIHEM TEYEHWU KOTOporo HabnonatTcA
BblCA4YMBaHWA MOA3EMHbIX BOf, a 3uUMoW dopmupyeT-
CA HaneAb MoWHOCTbIO Ao 1 M. [1nA Bcex BOJOTOKOB
XapaKTepeH PeuM C BblpaXeHHbIM BeCeHHe-eTHUM
MoJIOBOABEM, YCTOMUMBOW 3UMHEN MEeEHbI0 U Npeob-
NafaowmM aTMoCchepHbIM MUTAHNEM.

B rugporeonornyeckoM oTHoweHun Canexaph pac-
nosnoMeH B npefenax HuxHeobckoro 6acceiHa cToka
noasemMHbix BoAd. B rugporeonornyeckom CTpoeHun
paloHa y4acTBYIOT ABa KOMMIEKCa: 30LeH-4eTBepThy-
HbIi BOAOHOCHBIN KommieKc (npecHble HCO,-Ca-Mg
BOAbI) M KPUOreHHbIN BOAOYMOPHBIN Komnnekc [19].
MuTaHve nof3eMHbIX BOA MPOMCXOAMT 3a cHeT UHOWUb-
TpauuM OCAAKOB W MepeTeKaHVA W3 BbllLenexalymx
BOLOHOCHbIX FOPU30OHTOB, pa3rpy3ka — B AOJ/INHbI PEK.

lopoackana uHbpacTpyktypa Canexapfa npegn-
CTaBfeHa npenMyLecTBEHHO 2—9-3TamHbiMM  34a-
HUAMW C YAaCTUYHO LIEHTPa/IM30BaHHbIMA KOMMYHM-
Kaumamun. o 2020 r. oTMevyanmcb cOpOChl CTOYHbIX
BOA B PEYHYI0 CeTb, OAHAKO COBPEMEHHbIE OYWCTHbIE
COOpYKEHNA 06ecrneynBaloT HOPMATMBHOE KAyecTBO
OUMLLEHHBIX CTOKOB, CbpacbiBaeMblx B pery Bacbe-
raH 2. lonosHuTeNibHbIM GAaKTOPOM BO3LENCTBUSA ABNSA-
nacb [OeATe/IbHOCTb CEeNbCKOXO3ANCTBEHHOM CTaHLUMK
(1932—2007 rr.).

Pe3ynbTaTtbl U UX 06cyKaeHue
CospemeHHbIl xumudecKutl cocmas
nod3emMHbIX U N0BePXHOCMHbIX 800

AtmMocdepHble ocagku B AMano-HeHeuKoM aBTOHOM-
HoM oKpyre umetoT Ca-Na KaTMOHHbIA COCTaB C MUHe-
panusaumen go 20 mr/n [20]. MNpesanupoBanne Na*
B WX MOHHOM COCTaBe CBA3aHO C MOCTYM/ieHneM Mop-
CKux aspo3onen c Kapckoro mopsa [21]. doxpaeBble
0cajiku B aBrycte-ceHtabpe 2024 r. numenn Na-Ca Ka-
TUOHHBIA cocTaB. MuHepanM3auma cHera M3MeHAnachb
oT 18 Mr/n B Havane 3uMbl A0 53 Mr/n K MapTy npu
npeo6nagaHnn Mg-Ca B KAaTMOHHOM COCTaBe v fdonei
Na* n K* 0o 19%-3KB. B oTAenbHbiIXx npobax 3adpuKcu-
posaHo npucytcteue NH,* = 0,6—0,7 Mr/n.

MpupofHble BOAbI TEPPUTOPWMU MPEUMYLLECTBEHHO
HenTpasnbHble U CNABOKNUCbIe 32 UCKIIIOYEHNEM 03ep-
HbIX BOJ, WMEILWMX LWENOYHYI0 W CUMIbHOLLENOYHYIO
peakumio (Tabn. 1). MoBepxHOCTHble BOAbI OTHOCATCA
K yIbTpanpecHbIM 1 NpecHbIM, MOA3eMHble — K yNbTpa-
MPeCcHbIM, NPeCHbIM 1 C11aboco10HOBaTEIM. B KaTOHHOM
cocTase BofA nNpeobnaaatoT noHbl Mg?* (28—29%-3KB.)
n Ca?* (45—50%-3KB.). Hanbonee LUMPOKO B peyHbIX

! OnucaHue MaccuMBa [aHHbIX MECSYHbIX CyMM OCafKoOB Ha
ctaHumax Poccun. — URL:  http://meteo.ru/data/158-total-
precipitation#onucaHne-mMaccnBa-AaHHbIX.
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2 CnpaBKa O COBPEMEHHOM COCTOSIHMM MOA3EMHbIX BOZ, U onac-
HbIX 3K30reHHbIX reosIorMYecknx NpoLeccos siMano-Hexewkoro
aBTOHOMHOrO oKkpyra 3a 2022 r.
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a

BOAax BapbupyloT cogepanna Na* (6—42%-3kB.), no-
BMAMMOMY, B CBA3W C BapuaLMAMKN BKNaAa NoA3eMHOro
nutaHna. MakcumasnbHble KoHueHTpaumm Na* oTmeuve-
Hbl B peke BacberaH u B BepxoBbe py4bA bpyCHUYHBIN.
Cpeav no3eMHbIX BOA, MOBbILWEHHbIE coaeprkaHna Na*
06Hapy*eHbl B BoJAxX CKBarMHbl C-9 (23—41%-3kB.)
1 BbICAYMBAHMAX Ha CKMIOHe pyybA HanedHbl (63%-
3KB.) BO BpeMA cHeroTasHuA (07.06.2024). KoHueH-
Tpauum K* BapbupyloT oT 3—4%-3KB. B MeXeHb [0
8—9%-3KB. B nosoBoAbe. [1nA pernoHa KoHLLeHTpaLmm
aMMOHUA B NMOBEPXHOCTHbIX BoAax (0,4—0,6 mr/n) npe-
BbILIAIOT PbI6OX03ANCTBEHHbIE HOPMATVMBbI >, 10 HaLLUM
AaHHbIM, cogepanmne NH,* = 4—21%-3KB. OcobeHHo
BbICOKME 3HaYeHWA 3adUKCMPOBaHbI B NIEBOM MPUTO-
Ke pekru lMpeobpareHKka. Mpesbiwenusa MOK no NH4*
TaKMe OTMe4yeHbl B MOA3eMHbIX Bodax CKBaruH [C-2
nrC-7 (cm. Tabn. 1).

WccnepoBaHHble BOAbl XapaKTepu3yloTcA ruMapo-
KapboHaTHbIM aHMOHHLIM COCTABOM (CpefHee conep-
wanme HCO,” 88%-3KB.) Npu CriefyloWmMx Bapualmax

> CnpaBOYHMK MO NMPUMEHEHMIO PperMoHabHbIX 3HAaYeHWI coaep-
XaHWS KOHTPONMPYEMbIX KOMMOHEHTOB Ha pervoHasbHbIX Mo-
JIUTOHAX 3KONOMMYECKOr0 MOHUTOPUHIA NPU OLLEHKE COCTOSIHUS
M YPOBHS 3arpsi3HEHUS OKPYXalolei cpedbl Ha TeppuUTOpUM
SAHAO. — TiomeHb, 2020. — 16 c.; MNpuka3s MuHucTepcTBa cenb-
cKkoro xo3sictea PO «06 yTBepXAeHMM HOPMATUBOB KavecTsa
BO/bl BOAHbIX 06bEKTOB pbl6OX035CTBEHHOTO 3Ha4YeHus. B Tom
yncne HOpMaTMBOB AOMYCTUMbIX KOHLEHTPaLMiA BpeaHbiX Be-
LeCTB B BOAAX BOAHbIX 0OGBEKTOB PblGOX03AMCTBEHHOMO 3Ha-
yeHus» (c n3meHeHnsMu Ha 10 mapta 2020 r.) ot 13 pekabps
2016 r.N2 552;. MpenenbHo gonyctumble koHueHTpauun (MOK)
XUMUYECKUX BELLECTB B BOAE BOAHbIX 0O6bEKTOB XO35MCTBEHHO-
MUTBLEBOTO U KYNbTYPHO-ObITOBOrO BOAONONb30BaHUS. [MrneHn-
yeckune HopMmatuebl H 2.1.5.1315-03. — M., 2003. — 154 c.

6

Puc. 2. AHTponoreHHoe BO3AeiCcTBME Ha NeBbli NPUTOK peku NpeobpaXkeHKa: CTOK C OYMCTHBIX COOPY)KEHMI (a) U TEXHOTeHHas
Hanepb (6) (B. A. Manamapuyk, 13 ceHTa6ps 2023 r. u 28 MapTta 2024 r. COOTBETCTBEHHO)

Fig. 2. Man-made impact on the left feeder of the Preobrazhenka River: (a) runoff from treatment facilities and (6) man-made ice.
(V. A. Palamarchuk, September 13,2023 and March 28, 2024 correspondently)

KoHueHTpaumii: SO,* = 1—22%-3kB. 1 Cl = 1—14%-
3KB. AHann3 Boa GOHOBOro py4bA 1 BbIABW AHOMAMIO
SO,”, xapaKTepHyl0 AnA 30H MPOCafoK Mpu fgerpafa-
unm MMM [22], 4To yKa3biBaeT Ha BO3MOMHbIN ecTe-
CTBEHHbIN UCTOYHUK CynbdaTos. B To e BpemAa BoAbl
neBoro nputoka lNpeobparkeHKN LEeMOHCTPUPYIOT Mo-
BbILLEHHbIE OTHOCWUTENIbHO APYruX OnpoboBaHHbIX BOA
KoHueHTpauun SO4%, CI, NHs* 1 dpeHonos — Mapkep
B/IMAHWA X03AWCTBEHHO-6bITOBbLIX CTOKOB. B X0ae none-
BbIX paboT 3apUKCMPOBaHbI TOUYKM COPOCA CTOUHBIX BOA
C OYUCTHBIX COOPYMKEHWUI B MPUTOK (puC. 2a), @ B 3UM-
HUIA Nepuon — 0bpa3oBaHue Haneam HelToBaToro oT-
TEHKa OT 3aMep3LUMX CTOKOB (puc. 26).

Conepranua PO,* npesbiwatot MAKpx (0,2 mr/n)
B BoJax BacberaHa v MpeobparkeHKw, a TakHKe B pyybe
BpycHuuHom, pocturaa 0,6—1,0 mr/n. Cpeamn nopsem-
HbIX BOJ HeKOTOpoe noBbileHne dpocdaToB Habnoga-
eTcA B BoAgax cKBaruHbl 'C-12 (0,2—1,8 mr/n). MNoBbl-
LieHHble KoHueHTpauun PO,* B peuHbiX W MOA3EeMHbIX
Bogax HuHeobcKoro b6acceiiHa onucaHbl B [20]. KoH-
ueHTpauum NO,™ u NOS‘ B cpefHeMm coctasnsaT 0,026
n 0,280 Mr/n cooTBeTCTBEHHO. B BOoJe M3 CKBaXKMHbI
I'C-9 obHapyeHbl cogepanna NO, 36,7 ™mr/n
(25%-3KB.), 4YTO CBA3aHO C [EATE/IbHOCTbIO CEeNIbCKO-
XO3ANCTBEHHOM OMbITHOW CTaHuun B 1932—2007 rT.
Mo gaHHbIM [23], NOYBbI HA 3TOM Y4YaCTKe HaCbILLEHbI
JocTynHbiMK coeuHeruammn P, K N go rnybuH 1,6—
2,0 M. Mo HaluMM JaHHbIM, 06HapYHMBAETCA MUrpaLua
OTLe/bHbIX 230THbIX COAVHEHW B TPYHTOBbIE BOAbI 10
rnyomH 5—11 M.

MoBbllWeEHHbIE  KOHUEHTpauun  HedbTenpoOyKToB
1 $eHosoB, NpeBbilalowme HopMaTuBbl (cM. Tabn. 1),
CBUOETeNbCTBYIOT O TeXHOreHHOM 3arpaA3HeHuu. [po-
CTPaHCTBEHHOE pacnpefenieHne X MakCMMyMOB YeTKO
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Ta6nuua 1. OcpegHeHHbI XMMUYECKUIA COCTaB NMOBEPXHOCTHBIX U MOA3EMHbIX
BojA Ha Tepputopuu Canexapp B 2023—2025 rr., Mr/n

[~ Table 1. Average chemical composition of surface and groundwater
g in the city of Salekhard in 2023—2025, mg/I
(-]
E $| 2 2
7} S5 £ E}
a 2 = °
; BRI | wfa) B El2|B
c T o | ® | § T S O | O = a =
oT6bopa S| ® > | x W] o (@] | g C| 3
l=l 4 npo6bl S = S @ 2| %= 5 ,":_’ < 35
S R 3
g. = | <]
=
nOBerHOCTHbIe BOAbl
Pera BacberaH,
1 |cpenHee 69| 75 | 30|46 | 06 | 05| 366 | 41 26 |001| 02 (03| 60 | 0,02 (003| O
TeyeHune
Peka BacberaH,
2 |BepxHee 6,8 | 59 25 (46 | 0505 | 367 | 29 36 [001( 02 (02| 58 | 0,02 |0,03]|0,01
TeyeHune
Peka
3 |Mpecbparena,| o | o2 | 55 | 58 | 04 |06 | 420 | 27 | 19 [001] 02 |03] 63 | 002 |004]| 0
BepxHee
TeyeHue
JleBbin
4 | NpUTOK pexu 65112 |37 |59 |12 |11 474 | 95 83 | 001| 03 |03| 8 | 0,03 |0,08 (0,01
MpeobparkeHKa
Pyuei
5 . 70121977 (79 (10|05 (1080|135 | 55 |002| 03 |01]|170| 0,02 [003| O
HanenHbin
6 [PV leal a6 | 23|49 ] 0106|190 44 | 33 |001] 03 |04 47 | 002 [004] O
bpycHWYHbIN
BpemeHHbIn
7 |BOOOTOK 741200 91 (8826|071 (3180|239 | 50 [007| 15 |01|468 | 4,2 |[0,08 |0,05
B oBpare
8 |Pyueni 1 69272130192 |0,11|0,30 (12,60 | 510 | 1,46 0 [020(0,1| 26 — — —
g |03¢epo 103]183 | 34 |58 |29 | 01 |664 (127 |51 | — [14]01|16]| — | — | —
Jebarbe
10 |93¢PO 91|57 [14|15]06|01]261]| 06| 06| —|11]0]38] — | —=]—
MonognexHoe
[Moa3eMHble Bofbl
11 [FC-1 6,6 | 945 |235|11,8| 19 | 1,3 |4344| 373|122 (001| 03 [0,1| 616 | 1,63 | 0,08|0,12
12 [TC-2 6,7 | 54,7 [215(188 | 55 | 2,0 |366,5| 204 | 21,4 | 0,02 | 0,3 |0,2| 503 | 0,35 | 0,09 | 0,04
13 (Irc-9 661|104 | 36 |11,0| 45 | 01 | 541 | 130 | 54 (004 (245(0,1|127 | 0,08 | 0,03|0,02
14 [FC-12 6,6 | 260 |170|749| 35 | 04 |141,3| 20,7 | 20 [003| 03 {05219 | 0,05 |0,03| O
15 |FC-7 6,7 1297317231198 | 2,8 | 2,2 |938,7|291,0(178,7| 0,01 | 0,3 | 0,1|1803| 0,15 | 0,08 | 0,02
16 [FC-6 701135 |111,3 23|09 [ 01 (1020 34 78 [002( 071 (0171|108 | 0,41 |002| O
ATMocdepHble ocaaku
17 |CHer B oKkTA6pe | 70 | 1,3 |10 | 01| 02 | 04 | 134 | 03 | 04 |003| 05 |01| 18 | 0,07 | 0,04 | 0,01
18 |CHer B MapTe 62| 1,7 10109 |06 | 04 |455 | 05 14 (002 09 (01| 53 [ 006 ([004| O

MpuMeyanus: 1. MNpoyepk — HeT AaHHbIX, 2. MonyH1pHbIM WpMPTOM BblgeneHbl npesbiweHna MAK.
Notes: 1. Dash — no data available. 2. The excess of the maximum permissible concentration is highlighted in bold.
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DopmMuposaHue xumMuyecko2o U U30MonNHO20 cOCMAasa NOBEPXHOCMHbIX U N0A3eMHbIX 800 8 yC08UsX 0e2padayuu
MHOo20/1emHeMep3/bix Nopod U 8030elicmaus AHMPON02eHHbIX Gakmopos Ha npumepe ceaumebHol 30Hel Canexapoa

@1

@2 O3 @4 @5 A6 AT A8

Puc. 3. CooTHOLWIEHUS OCHOBHbIX MOHOB B MPUPOAHBbIX BoAax Ha Tepputopumn Canexapa B pasHbie roabl: 1 — noBepXHOCTHbIE BOAbI
2023-2025 rr.,, 2 — nopsemMHbie BoAbl (MB) B 03epHo-annioBUanbHbIX oTnoxeHusax 2023—2025 rr., 3 — B B annioBUanbHbIX
otnoxeHusix 2023—2025 rr., 4 — B B anntoBManbHO-3CTyapHbIX oT10XKeHUax 2024—2025 rr., 5 — MNB ckBaxuHbl FC-7 2024—-2025 rr.,
6 — noBepxHocTHble Boabl 2002 r., 7 — B B annoBUanbHbix oTnoxeHusax 1954—1987r., 8 — B B 03epHO-aniloBUANbHBIX OT/IOKEHUSX
1954—-1987 rr. CoctaBnieHO aBTOpaMM C UCMONb30BaHUEM AaHHbIX [19]

Fig. 3. The ratios of main ions in natural waters in the Salekhard region in different years: 1 — surface water 2023—-2025, 2 —
groundwater (GW) in lacustrine-alluvial sediments 2023—-2025, 3 — GW in alluvial sediments 2023—-2025, 4 — GW in alluvial-
estuarine sediments 2024—-2025, 5 — GW from GS-7 well 2024-2025, 6 — surface water 2002, 7 — GW in alluvial sediments 1954—

1987, 8 — GW in lacustrine-alluvial sediments 1954—1987. Compiled by the authors using data from [19]

NpUYpOYEHO K 30HaM ropoACKOM M MPOMbILLIEHHON 3a-
CTPOIKK (cMm. puc. 1).

M3yyeHbl noasurKHble GOPMbl MUKPOKOMMOHEHTOB
B aTMoCdepHbIX 0CafKax, NMOBEPXHOCTHbIX U MOA3EM-
HbIX Bogax B parioHe Canexapfa (Tabn. 2). CHerkHbli
noKpoB oboratleH Mn, Fe, Zn n Pb BcheacTeue BANAHUA
aBToTpaHcnopTa [24]. MoBepxHOCTHblIe BOAblI pernoHa
XapaKTepu3yTCcA MOBbIWEHHBIMU  KOHLIEHTpaUMAMU
Mn = 0,2 mr/n n Fe = 2,5 ™Mr/n, npesbillaloWmMm pbl-
60x03AMCTBEHHbIE HOpMaTuMBbl. [InA NMpUpomHbIX BOJ
AHAO xapaKTepHbl BbICOKME KOHLEHTpauuu OpraHu-
YecKoro BellecTBa ryMycOBOro psafda, obnagarwoulero
BbICOKMM MOTEHLMANIOM HAaKOMIEHUA MapraHua u xe-
ne3a [20]. TakrKe B BOOOTOKaX OTMEYeEHbI MPeBbILLIEHUSA
NAOKpx Al n V, a B ycTbAX pek 3adUKCMPOBaHbI MOBbI-
weHua cofeprkanma Ni n Pb. MaKcuManbHble KOHLEeH-
Tpaum MUKPOKOMIMOHEHTOB OTMEYeHbl BO BPEMEHHOM
BOJOTOKe, NPVMHUMAlOLLLEM FOPOACKON CTOK. B noasem-
HbIX BOAAX OTHOCWUTENIbHO MMIMEHNYECKMX HOPMATVBOB
noMumo npesbiwennii MNAK Al, Mn 1 Fe oTMe4yeHb! Bbl-
cokue KoHueHTpauum Ni v Pb, a B ckBaruHe NC-7 — Br
(cm. Ta6bn. 2).

JluHaMUKa XxuMu4yecKoz2o0 cocmasa
npupodHbix 800 8 Canexapde

3a nocnegHue 20 neT peyHble BoAbl B IETHUI Nepuos,
B paiioHe Canexapaa ctanm 6onee NpecHbIMU, UX MUHE-
panu3auma noHmsunack B 1,5 pasa 3a cyeT ymeHblue-
HWA KOHLLEeHTpaLUuii OCHOBHbIX MOHOB B 2—14 pas, npu
3TOM 3aMeTHO U3MEHWIOCb COOTHOLUEHWE MeAY KOM-
MOHEHTaMWU XMMU4YecKoro coctasa (puc. 3). B 2002 r.
B KATMOHHOM COCTaBe peyHblX Bof npesanvposan Mg
(45%-3KB.), B 2023—2025 rr. — Ca?* (45%-3KB.). 3Ha-
YNTENbHO YMEeHbLIMAOCH BNnAHKe noHos CI-u SO,* Ha
QHMOHHBIN cocTaB Bod. CHU3UANCL KOHUEHTpauum NH,*
B peyHblx BoAax B cpeaHeM ¢ 9 o 0,6 mr/n. TpeHg Ha
CHUeHne KoHueHTpaumin NH,*, CI- un 5042‘, BEPOATHO,
06YyCNOBNIEH PEKOHCTPYKLMEN OUYMCTHBIX COOPYHEHN %,

ConocTtaBneHne pAaHHblx 2002 . M COBPEMEHHbIX
M3MEpPEeHNn MMKPOKOMMOHEHTHOIMO CocTaBa Tpebyet
OCTOPOMKHOCTU BBWAY HEWAEHTUYHOCTM MeToauK, [lo
HEMHOIOYMC/IEHHBIM AaHHBIM MOMKHO MPeAnoIOKUTb

4 B Canexappe 3aBepwunu pabotsl no o6HoBneHuto KOC. — URL:
https://yamal-media.ru/news/44945.
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Ta6nuua 2. OcpegHeHHbII MUKPOKOMIMOHEHTHBIW COCTaB NPUPOAHbIX BoA B paiioHe Canexapaa
Table 2. Average micro-component composition of natural waters in the Salekhard area

-]

) (]

z | g | % )

) = I v = a e A

s g | o | S| 2| 2| F| 5| ~| ]| ~]w]| 8|85

5 2| 8| 3| 3| F|§ 8|S |o|g|o|lo|o]|e|Er

a g o u 9 = S = = = = = = = 5 &g

3 m o ] ag o = =
=% 1a U

= (=

[}

\5 MKr/n

E. B 18 13 11 15 2 25 30 104 17 55 153 13 2 30

Al 82 123 49 16 63 | 2386 | 254 60 617 | 409 | 1771 | 348 75 16
Si 3781 | 6197 | 6125 | 7249 | 6164 | 5847 | 8005 | 8593 [10739 | 3965 | 9224 | 7274 | 153 | 284
P 195 | 176 | 244 84 244 | 177 69 83 33 38 201 75 23 29
S 1104 | 747 | 1001 | 4341 | 185 | 9502 |12333 | 6532 [12194 | 7016 |74799 | 1267 | 476 | 457

Ti 3 3 2 1 1 32 8 3 9 7 18 8 2 <0,7
v 1 1 1 8 3 1 2 3 13 5 0 0
Cr <0,7 0 0 0 0 2 1 1 2 2 5 1 <0,7 | <0,7

Mn 111 103 | 317 | 361 | 290 | 1069 | 2574 | 4023 | 1467 | 236 | 4489 | 823 15 11
Fe | 2218 | 1641 | 3237 | 1596 | 5221 | 3494 | 11641 | 8336 | 974 | 1050 | 27421 | 5075 | 363 13

Co 0 1 1 0 2 7 17 9 9 9 17 8 0 <0,
Ni 2 2 2 1 2 5 13 19 25 18 23 24 1 1
Cu 2 1 1 1 0 34 5 3 8 12 63 5 4
Zn 6 3 4 2 3 61 34 171 28 36 89 12 15 9
As 2 1 3 1 5 3 1 1 7 1 1 0
Br 42 12 11 27 10 60 58 75 78 24 335 33 <20 | <20
Sr 73 31 49 108 25 283 | 359 241 89 140 | 1320 | 48 7 10
Ba 17 15 15 19 11 81 142 41 30 88 439 22 11 5
Pb 1 0 0 0 0 13 16 10 8 52 4 0
Li 2 1 1 3 1 2 95 19 14 1 8 3 0 0
Hr/n

Be 25 18 11 4 11 58 42 6 91 50 400 80 8 <5
Rb | 1359 | 443 | 530 | 618 | 248 | 2987 | 1382 | 1116 | 1209 | 2029 | 4606 | 938 | 347 | 346
Y 484 | 474 | 216 91 146 | 1360 | 1333 | 264 | 2034 | 2814 |11735| 2128 | 141 10
Zr 229 | 217 | 154 98 180 | 367 | 414 137 142 185 | 503 46 28 12

Nb <5 5 4 3 3 6 13 5 3 4 3 3 <5 <5
Mo 159 26 38 56 23 407 | 1201 | 2856 | 349 835 | 1333 | 2104 | 42 22
Cd 21 19 29 6 6 65 38 25 83 79 313 40 70 18

Sn <20 16 25 10 10 27 19 83 21 55 140 10 45 86
Sb 66 39 42 36 31 257 | 179 | 1163 | 115 148 136 176 | 114 71

Cs 6 6 3 1 1 67 51 40 24 18 276 28 12 2
W <4 4 ©) 7 8 1773 | 207 | 253 15 61 93 63 15 10
Tl 2 2 1 1 1 16 4 2 9 19 27 6 8 1
Bi 985 23 6 7 3 13 20 36 49 97 81 9 41 15

Th 58 49 22 11 29 113 | 142 28 129 | 169 | 1904 | 219 7 <1
u 92 13 © 34 3 665 | 1310 | 1011 | 257 | 134 | 1461 | 248 14 3
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DopMUpPOBaHUE XUMUYECKO20 U U30MONHO20 COCMABA N0BePXHOCMHbIX U N0O3eMHbIX 800 8 ycogusx deepadayuu
MHO20/1emHeMep3/bix Nopod u 8030elicmeus aHMPoNo2eHHbIX paKkmopos Ha npumepe cenumebHoli 30Hbl Canexapda

yBeNnyeHve KoHueHTpauui Fe, Mn 60

n Sr B 2—6 pa3 u yMmeHblueHue
KoHLUeHTpaumn Cu n Zn B 2—5 pas.
O6bAcHeHWe HabnogaeMblXx TeH-
OeHUU MMeeT KOMIMJIEeKCHbIN Xa-
paktep. lNpeanonoxutensHo pocT
KoHUeHTpaumin Fe, Mn, Sr morkeT
6blTb CBA3AH C WX eCTeCTBEeHHbIM
MOCTYNIEHNEM MpU  OTTaMBaHWUM
Mep3/blX  TOPDAHUKOB,  LUMPOKO
pacnpocTpaHeHHbIX B BoAoc6opax
peK pervoHa v oboralleHHbIX pA-
[1OM MUKPOKOMIMOHEHTOB COMaCcHO
[25]. CHuReHne KoHueHTpaumn Cu
n Zn, Hanbonee xapaKTepHbIX O/s

-100

-120

8*H, %o

-140

TEXHOTEHHbIX WCTOYHMKOB 3arpss-
HeHus [26], BepoATHO, 06bACHAET-
CA YMeHblUeHWEeM aHTPOMNOreHHoN
Harpy3ku Ha Bogocbopsl,

Moa3eMHble  BOAbI  KOMMJIEK-
ca  a/IIOBUASIBHBIX  OT/IOMKEHMIA
XapaxTepu3ytoTca CTabubHbIM

HCO,-Mg-Ca coctaBoM (cM. puc. 3).
B 1954—1987 rr. MuHepanu-
3aUMA  NOA3EMHbIX BOA Kojeba-
nace B npefenax 50—534 wmr/n,
B 2023—2025 rr. oHa coctaBuna
68—605 w™mr/n. danHble 2002 r.
Nno coAep*KaHU MUKPO3IEMEHTOB
(Cu — 32 ™Mkr/n, Zn — 86 MKr/n,
Mn — 2,6 mr/n, Ba —10 MKr/n, Mo — 1 mKr/n, N —
1 mrr/n, Co — 1 MKrr/n, V. — 2 Mrr/n, Cr — 1 MKr/n)
CyLWeCTBEHHO OTMYalTCcA OT wu3MepeHun 2023—
2025 rr., KOrga KOHUEHTpauuuv MHOIMX 3/1eMEeHTOB
BO3poC/n (CM. Tabn. 2). Bce coBpeMeHHble CKBArKUHBbI
HaxoAATCcA B npefenax ropoackon yeptol (FC-2, FC-6,
C-9), uTo 0bycnoBuNo OBHapy*KeHNe 3HAUUTENIbHOTO
B/IMAHWA QHTPOMNoreHHoro ¢axkTopa.

BoOOHOCHbBIM  KOMMNIEKC — 03epHO-aIoBUASBHbBIX
OT/IOMEHUIN OxapaKTepu3oBaH cfabo (ofgHa CKBa-
unHa npobypeHa B 1983—1987 rr., BTOpas, [C-
1, — B 2023 r.). Bogbl OTHOCATCA K ruaporapbo-
HaTHOMY,  pere  cynbdaTHO-rMapoKapboHaTHOMY
MarHMeBO-Ka/ilbLIMEBOMY TWUMy C MUHepann3aumnen
100—610 Mr/n 1 noBblleHHbIM cofeprkaHnem Fe
(11—17 mr/n). MMKpOKOMMNOHEHTHbIN cocTaB B 2002 T.
OXapaKTepu3oBaH NATbI0 3nemMeHTaMun (Cu — 60 MKr/n,
Zn — 150 MKr/n, Mn — 422 mkr/n, Al — 370 MKr/n,
Ba — 10 wmwr/n). CoBpeMeHHble JaHHble GUKCMpYHOT
POCT KOHLEHTPaLMA MWKPOKOMIMOHEHTOB B CKBaXKUHE
IC-1 (tabn. 2), 4To 06YCNOBIEHO AHTPOMOreHHbIM BO3-
[eNCTBMEM U He OTparKaeT pernoHasbHbIX NPUPOLHBIX
TpEeHO0B.

Ob6HapyeHue Bog B cKkBarkuHe C-12 Ha rnybuHe
8 M B 2024 r. (npoTmB nx otcytcTemA B 2002 r. [19])
cBUAETeNnbCTBYeT 0 GOPMMPOBAHMM HAAMEP3/OTHO-
ro BOOOHOCHOIO ropmM3oHTa n3-3a gerpagaumm MMI
[17]. YpaneHHoe pacnonosKeHue CKBarKMHbl MWHU-
MU3MpyeT TeXHOreHHoe BAMAHWE, MO3BOJIAA paccMa-
TpuBaTb ee Kak ¢oHoByto. Boabl oTHocATcA K HCO,”

data from [27]

-16
3'%0,%0

-14 -12 -10 -8

Puc. 4. CootHoweHusa 62H-5'20 B npupoaHbix Boaax B Canexapae: 1 — nogsemHble BOAbI,
2 — noBepxHOCTHble BOAbl, 3 — poxAb (aBryct 2024 r.), 4 — noaseMHble Boabl 2021 r.
[27],5 — o3epa (2023 r.), 6 — o3epa 2021 r. [27], KpacHas nuHUA — mobanbHas MHUS
MeTeopHbIx Boa, ([JIMB), uepHas nuuua — JIJIMB B Canexapp, B 1996—2000 r., 3anuBKoi
nokasaHa 061acTb U30TOMHOrO cocTaBa aTMocdepHbIX ocaakosB Canexapaa. CoctaBneHo
aBTOpaMM C UCMOJIb30BaHWEM AaHHbIX [27]

Fig.4. 52H-5'%0 ratios in natural waters in Salekhard: 1 — groundwater, 2 — surface water,
3 — rain (August 2024), 4 — groundwater in 2021 [27], 5 — lakes (2023), 6 — lakes
in 2021 [27], black line —GMWL (global meteoric water line) , red line — LMWL(local
meteoric water line) in Salekhard in 1996—2000, inset shows the area of isotopic
composition of atmospheric precipitation in Salekhard. Compiled by the authors using

Mg-Ca Tuny c muHepanusauvenn 180—240 wmr/n.
MoBblweHHble cofeprkanua Fe, Mn, Al, Pb, Ni n PO4*-
(cM. Tabn. 1, 2), BepoATHO, UMeIOT NPUPOAHOE NpPounC-
XoraeHue [19; 25].

Hamnbonbluaa aHTponoreHHaa TpaHchopMaLma XUMU-
YECKOro cocTaBa MoA3eMHbIX BOJ, BblIAB/IEHA B HOMHOM
Yyactu ropofa B cKBarkuHe ['C-7, npobypeHHoli y 34a-
HMA C NOBPEXAEHHBIMU KOMMYHUKauMAMU. CKBaXKUHON
BCKpbITbI CflaboconoHoBaTble BOfbl HCO,-Mg-Ca co-
cTaBa ¢ MuHepanu3aumeit 1,5—2,0 r/n n NoBbILLEHHbIM
cogeprarnem NH,* (cm. Tab6n. 1). CogeprkaHnsa MHOMUX
MUKPOKOMIMOHEHTOB Ha 3TOM y4aCTKe B HECKOJIbKO pas3
NOBbILLEHbl OTHOCUTESIbHO BOA M3 APYrMX CKBaXUH (CM.
Tabn. 2). Temnepatypa nogsemHbix Boa pasHa —0,2°C,
YTO, BEPOATHO, YKa3biBAeT Ha 06paA30BaHME TEXHOIEH-
HOro KpMonara, KaKk 3To onucaHo B [14].

CmabusibHbie uzomonbl Kucsiopoda u sBodopoda
8 Npupo0dHbIx sodax 8 palioHe Canexapda

[nA XapaKTepuCTMKM M30TOMHOro CocTaBa aTMOC-
depHbix Bog 6bM npuBneyveHsl AaHHble GNIP MATATS
no ctaHumm B Canexapge °.B 1996—2000 rr. 3Have-
Hus §6'80 B aTMocdepHbIx 0cajKkax BapbupoBanu OT
-7,6%0 0o -30,2%0 n 6°H ot —-65,9%0 o -236,8%o.
CpenHue MHOroneTHVEe copepHanua coctasnsanm (Yo):
8'®0 = -17,4+5,4; 6°H = -136,2+42,5, d__= 3,6+4,1.
YpaBHeHWe IOKaNbHOW NMHUM MeTeopHbIX Bog (J/I/TMB)

5 International Atomic Energy Agency. — Available at: https://
nucleus.iaea.org/wiser/explore.
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Mpo6nembl pernoHoB

Ta6bnuua 3. CoctaB ctabunbHbix nsotonos (20, 2H,
d_ ) npupopHbix Bog Canexappa B 2024 r.

exc

Table 3. Stable isotopic signature (6’20, 6°H, d_ ) of
natural waters in the city of Salekhard, 2024

MecTto oT60pa [Dara ot6opa | 6'°0, %o | 6°H, %o | d_
07.06.2024 -20,4 -150,5 | 13
19.06.2024 -19,4 -142,7 | 12
Pexa Bacberan, BepxHee 16.07.2024 -16,9 -1251 | 11
SIS 06.08.2024 -14,7 -106,8 | 11
28.08.2024 -16,3 -119,2 | 11
18.09.2024 —15,5 -113,7 | 10
16.07.2024 -17,1 -1269 | 10
P BRI, raTHEs 06.08.2024 -15,2 -110,5 | 11
WSl 28.08.2024 =187 -119,3 | 7
18.09,2024 -16,7 -121,7 | 12
07.06.2024 -19,4 -143,7 | 11
19.06.2024 -18,3 -136,7 | 10
Pexa MpeoBparienia, 16.07.2024 -17,0 -1248 | 12
BeépxHee Teqenve 06.08.2024 -16,2 -118,7 | 11
28.08.2024 -16,4 -1185 | 13
18.09.2024 -16,0 -116,3 | 12
07.06.2024 -19,7 -1454 | 13
19.06.2024 -16,7 -1273 | 7
Pexa MpeobpameHKa, 16.07.2024 -16,2 -1209 | 8
NEBbIA MPUTOK 06082024 | -156 | -1161 | 9
28.08.2024 -15,1 -1136 | 7
18.09.2024 -15,0 -1110 | 9
07.06.2024 -20,3 -151,2 | 11
19.06.2024 -18,1 -134,8 | 10
Pyueli HanegHeii, cpegree | 1607.2024 -16,7 -1235 | 10
RIS 09.08.2024 -14,7 -112,8 | 5
28.08.2024 -16,8 -122,5 | 12
17.09.2024 -16,7 -122,2 | 11
Pyueit CBALEHHBIN, UCTOK 28.08.2024 -16,8 -121,9 13
Pyuel CBALLCHHLI, 28.08.2024 -17,4 -1264 | 13
CREALICCHIE CHE 28.08.2024 =17:5 -127,3 | 13
fg::fmi“”*e””"'“' WAHHEE | 28082024 | -173 | -1256 | 13
Pyyeii CBALLEHHBIN, YCTbe 28.08.2024 -16,4 -121,6 10
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6°H = 7,960 + 1,2, R = 0,99. OTo-
OpaHHble B aBrycte U ceHTAbpe
2024 r. goraeBble 0CagkN UMenn
CpefHuii U30TOmMHbIA cocTaB (%o):
680 =-11,2;6?H=-82,4,d _=73.

Peunble Bogbl B parioHe Ca-

nexapga WMeKT CpedHun  U30-
TonHbIA coctaB 60 = -16,8%o,
6°H = -123,6%o, d,. = 10,3%o,
a nopa3emMHble 680 = -16,7%o,
6°H = -123,0%so, d, = 10,8%o,

YTO yKasblBaeT Ha obLiMe ycnoBuA
bopMMpOBaHMA M TECHYH ruapas-
NMYecKyto cBsA3b (puc. 4, Tabn. 3).
MpakTnyeckn BO BCEX C/ly4vanx
BOIbl, OTHOCALWMECA K onpoboBa-
Huto 2023—2024 rr., TAroTeloT
K rnobasbHOiN JIMHUM METEOpPHbIX
Bog (FJIMB), a He JIJIMB, paccun-
TaHHOM MO [aHHbIM HabnogeHui
1996—2000 rr. O6HapyKeHHbIN
3ddeKT MOoXKeT yKasbiBaTb Ha W3-
MeHeHus ycioBuii GopMr1poBaHKA
BO34ylWHbIX Macc B pavioHe Ca-
nexapAa B YC/0BUAX MOTeNsieHnA
KnMMara.

B neTtHuii ce3oH Habnopaetca
3aKOHOMEpHOEe yTAMKesleHne U3o-
TOMHOMO COCTaBa peyHbIX BoA (CM.
Tabn. 3). B Hayane uioHA B nepuog
CHeroTaaHua uKcupyeTca Hanbo-
nee o6neryeHHbIi curHasn, Torga
KaK K aBrycty C yCTQHOBJIEHNEM
MeeHu cocTaB cTabunmsnpyeTtca
B bosiee TAMeENIOM AnanasoHe.

Bcnepncteme  aHTPOMOreHHoOro
BO31encTeus, YCTaHOBJ/IEHHOI O
Bbllle MpU aHanM3e XMMUYECKOro
COCTaBa, OTAeSIbHy Ccrneundury
LeMOHCTpupyeT peKka [lpeobpa-
YKeHKa. XoTa O71A ee BepxHero Te-
YeHUs U NIeBOro MpPUTOKa npocse-
HUBAETCA YBEMYEHUE 3HayeHui
5'80 B MereHb (cM. Tabn. 3), 06-
aA ce30HHaA AMHAMKKa MU30ToM-
HOro cocTaBa BblpareHa crabee
Mo CPaBHEHWIO C APYrUMK BOAO-
TOKaMW Ha TeppuTopuM uccneno-
BaHUA. BvAHME KOMMyHasIbHbIX
CTOKOB Ha W30TOMHbIA COCTaB BOJ
NeBOro MpUTOKA MOMET NposB-
NATBCA B UX «YTAMENEHUN» U pe3-
Kux n3meHenunsx d__ (cm. Tabn. 3)
NpU CMEeLIEeHUN peyHbIX Y CTOYHbBIX
BoAd. CTouHble BOAbl, 0COHEHHO
npoweawme 3Tanbl  MUCNApeHnn
1 B3aUMOMENCTBMA B KaHam3aum-
OHHbIX CUCTeMax, 4Yacto oboratie-
Hbl TAMKeNbIMK n3otonamm [16].
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OKoHuaHue mabn. 3

MecTto oT60pa Data ot6opa | 6'°0, %o | 6?H, %o | d__
Peka O6b, HUHHee TeveHne | 28.08.2024 -14,6 -111,1 6
f:::H'J:”y H, HuHee 09.082024 | -146 |-1116 | 5

12.04.2024 -17,8 -130,1 12
07.05.2024 -18,1 -135,5 9
rc-1 07.06.2024 — 177 -130,8 11
19.06.2024 -17,6 -129,5 12
17.09.2024 -15,7 -116,1 9
12.04.2024 -16,0 -120,5 8
07.05.2024 -15,9 -118,2 9
07.06.2024 =159 -117,8 10
19.06.2024 -15,9 -117,9 10
rc-2
16.07.2024 -15,9 -117,6 S
09.08.2024 =579 -117,4 10
28.08.2024 -15,9 -117,2 10
18.09.2024 -15,8 -117,1 9
10.07.2024 -14,8 -105,9 13
17.07.2024 -14,9 -106,2 14
rc-12 05.08.2024 -15,0 -106,3 14
04.09.2024 -14,9 -106,6 13
17.09.2024 -15,2 -107,0 14
04.09.2024 -20,5 -150,9 13
rc-9
18.09.2024 -21,9 -163,0 13

[OnAa pyybA CBALEHHOro XapakTepHO HeO4HOPOAHOEe pacnpefenieHve
M30TOMHOro CoCTaBa Mo JjIMHE BOLOTOKA — Haubonee TAMKesble Nokasa-
Tenu 3aduKC1poBaHbl B BEpXOBbe M yCTbe (Mo Bo3aeicTBueM Bog O6wm),
a B CpeaHeM TeYeHUn NMPOUCXOANT ObIervyeHre CocTaBa 3a CHeT NpUTOKOB
(cMm. Tabn. 3).

BnvAHve ncnapeHna Ha M30TOMHBIA COCTaB MOBEPXHOCTHBIX BOAOTOKOB
XOpOLLUO 3aMeTHO B Bofax KpyrHbix pek O6b v Monyit 1 o3ep (cM. puc. 3).
O3epHble BOAbl MMEKOT CaMblli TAMENbIA M30TOMHbIA COCTAB U3 BCEX OMpO-
6oBaHHbIx BOA (%o) 6'°0 = 10,9, 6°’H = -96,2,d_ = -8,2.

Hanuuve rugpasnunyeckoli cBA3W € NoApYCoBbIM TasmkoM O6u [27] 06-
yCnaBnMBaeT Hambonee CTabunbHbI M30TOMHbIN COCTAB MOA3EMHbIX BOZ
/NMOBUASbHBIX OT/IOMEHWUI BbICOKOM MOMMBI, BCKPbITbIX CKBaKuHow C-2
(cM. Tabn. 3). HeckonibKo o6/eryeHHbIi U30TOMHbIA COCTaB 3TUX BOJ OT-
HOCUTENbHO BOA MOAPYC/IOBOTO TajMKa MOMET OOBACHATbCA [OMOJSHM-
TeNbHON UHOUNBbTPALIMEN TaslbiX CHErOBbIX BOL B palioHe BbICOKOW MOMMBbI.
MoapycnoBbii TaNWK NUTAETCA B OCHOBHOM 3a cyeT GunbTpaumm peyHon
BOZbl, U30TOMHbI COCTaB KOTOPOIA yKe cbanaHCMpoBaH 3a CHET CMELLEHUA
pa3HbIX KOMMOHEHTOB, BK/IOYAA CHErOBOE MNUTaHWe.

MNop3emHble BOAbl  03epHO-an-
NOBUASIbHBIX  OTNOMEHUA  (CKBa-
uHa ['C-1) xapaktepusylTca 06-
JIer4YeHHbIM M30TOMHbIM COCTAaBOM
(cM. Tabn. 3), 4To CBUAETENLCTBY-
eT 0 npeobnafiaHnn B UX MUTAHUK
0cafKoB 3uMHero nepuoga. O6pa-
30BaHWe nefAAaHON MpobKM B CTBO-
Nle CKBaMKMHbI (MI0fb-CEHTAOPb) 3a
cyeT 3amep3aHuA M30TOMHO TAMe-
NbIX IETHWUX 0CAAKOB U ee mocnemy-
lollee TasHMe Bbi3BasIM KpaTKOBpe-
MeHHOe VTAMeNeHne WU30TOMHOro
CcUrHana B Touke otbopa (+2%o Mo
880, +13,5%o0 no &2H).

CaMbii  Nerkuii M30TOMHbIN  CO-
CTaB UMMeT MoA3eMHble BOoAbl a-
JIIOBUASIbHBIX  OT/IOMKEHWIN, BCKpPbI-
Thle ckBarkmHol C-9 Ha onbITHOM
none (cM. Tabn. 3), oH 6AM30K
K M30TOMHOMY COCTaBYy 3MMHUX aT-
MochepHbIX 0Ca[KOB, 4TO CBA3a-
HO C 3PdEKTUBHBLIM MOr/IOLLEHNEM
CHeroTanblXx BoA NatlHewn.

Haunbonee TaXenblii U30TOMHbLIN
COCTaB B COYETAHUN C BbICOKUM
[eNTepmeBbIM 3KCLECCOM  3aduK-
CMPOBaH B HaJAMEp3/0THbIX BoAax
aNoBUANBbHO-3CTYapHbIX OTNIOMe-
HUM Ha IV Teppace U3 CKBarKMHbI
FC-12 (cm. Tabn. 3). CouyeTaHue
oboralleHna  TAMKeNbIMU  U30TO-
namMmm Un BbICOKOrO AeNTEpPUEBOro
3Kcuecca, BepoATHO, cdopMupo-
Ba/IOCb B pe3y/ibTaTe KoMbUHaLMu
HecKo/ibKux npouecco. Oboratle-
HWe TAMEeNIbIMX M30TOMaMu MOrso
Npou3onTM B pe3ynbTaTe npoTawu-
BaHMA Mep3/bIX NOPof, A TaKMHKe 3a
cyeT BO3pacTaloWero BAUAHWA O0-
YKOEBbIX 0CAAKOB MPU YBENYEHUN
30HbI a3pauuu, B TO BPEMA KakK Bbl-
COKMI [enTepueBbll KCLEeCC MO-
YKEeT CcoXpaHATbcA OGnarofapAa Mu-
HUMAasIbHOMY BJ/IMAHWIO MCNApeHuA.
CneposatenbHo, gerpagauma MMI
He ABNAETCA HemnocpeaCcTBEHHOW
NPUYNHON YTAMKENEeHNA N30TOMHOIo
COCTaBa, HO OMoOCpefoBaHHO BMA-
eT Ha Hero. CoxpaHeHVe BbICOKOro
JeliTepMeBoro 3Kcuecca yKasbiBa-
eT Ha OrpaHU4YeHHyl posb umcna-
peHuA 1, BEPOATHO, BKAAA 3UMHUX
0CaJJKOB B MUTAHWE MOA3EMHbIX
BOJ [aKe B yC/IOBUAX UX oboraule-
HWUA TAMKENbIMU N30TOMAMMN.

OTpenbHo  cnefyeT  OTMETUTb
C/IOMKHOCTb OLIEHKM MPAMOro B/W-
AHWA TEXHOreHHbIX GAKTOpPOB Ha
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M30TOMHbIN COCTaB BoOA. M30TonHaA curHatypa Kom-
MyYHa/IbHbIX CTOKOB He 06/1afjaeT YHUKabHbIMU TeXHO-
reHHbIMY MapKepaMun 1 MOMET HaX0AUTbCA B Npeaenax
[manasoHa NpupoLHOM N30TOMHON BapuabenbHOCTL.

3aknovyeHue

dopMMpOBaHME XUMWYECKOIO W W30TOMHOrO CO-
CTaBa NpupoAHbiX Bopd Ha Tepputopum Canexappa
NpouCXoauT MOf BAMAHWEM [BYX OCHOBHbIX (aKTo-
poB — perpajauuM MHOrofieTHEMEP3/bIX OT/0Me-
HWI 1 BbICOKOW aHTPOMOreHHOW Harpy3Kn Ha BOAHbIE
06beKTbl. VIx Bo3geicTBME MO-pa3HOMY OTparaeTcA
Ha coCTaBe peyHblX W FPYHTOBbLIX BOA. 3a mociegHue
20 neT CywecTBEHHO Y/yYLWMIOCh KA4YeCTBO PeyHbIX
BOZL — B HECKOJIbKO pa3 MOHU3UINCb KOHLIEeHTpaLun
Cl, SO, v NH,*, 4To Mbl CBA3bIBAEM C YMEHbLLEHNEM
TEXHOreHHOW Harpy3Kku 3a CYeT PEKOHCTPYKLMKM KaHa-
NN3ALMOHHBIX OYUCTHBIX COOPYKEHUI. BnmsaHue 6biTo-
BbIX CTOKOB Ha XMMUYECKUIA 1 U30TOMHbINA COCTAB PEKU
MpeobpareHKka [0 CWUX MOp CyWeCTBeHHO. YcuiuBa-
eTCA aHTPOMOreHHOe B/IMAHME Ha MoA3eMHble BOAbI
ropoga. [leATenbHOCTb CEbCKOX03ANCTBEHHONM OMbIT-
HOWM cTaHumm B 1937—2002 rr. npvBesa K BbICOKUM
COLEpHaHNAM B MOA3EMHbIX BOAAX aASIIOBUASbHBIX
oTNnoXeHunn noHos Na un NOS‘. B torkHOM yacTu ropoaa
HeoHOKpaTHble MPOPbIBbl BBITOBLIX KOMMYHUKaLUI
non *KWibiM 34aHVMEM, BEPOATHO, NpuBenn K dbopmu-
pOBaHUIO Kpuonara, copeprkaiiero cnaboconoHoBa-
Tble BoAbl € Temnepatypow -0,2°C.

OTcrynanue kposnn MMTI B oTnorkeHuAx IV Teppachl
3a nocnegnve 50 neT nNpueeno K GopMUpPOBAHMIO BOO-
HOCHOro ropusoHTa. OboratleHue TAXKeNbIMA M30Tona-
MW MPY COXPaHEHWW BLICOKOTO d_ B BOAax 3TOro ropu-
30HTa CBMAETeNIbCTBYET O KOMIMIEKCHOM BO34EeNCTBUM
perpagaummn MMIT n yBenuyeHun [0ONEBOro BKAaAa
[OMIEBbIX 0CAAKOB MPY MUHUMAJIBHOM BAMAHUM MCna-
peHuA. MoBbllWeHHble KoHUeHTpauun Fe, Mn, Al, Pb, Ni
n PO,* 3mecb MOryT yKasbiBaTb Ha WX MUrpaumio npu
oTTaMBaHUM Mep3/ibIX NOPOL.

Pa3srpaHuyeHne WCTOYHWMKOB MOCTYMAEHUA XUMUYe-
CKMX 3/IEMEHTOB B MpUPOAHblE BOAbl perMoHa Tpebyet
OanbHenWwnx AetanbHbIX UccnegoBaHuii. MNoBbllLeHHble
KoHUeHTpauun moHos NH,*, CI, 5042‘ n NO,_ moryTt
CNYUTb MHOMKATOpaMW TEXHOMEHHOro BfIMAHWA, CBA-
3aHHOMO C FOPOACKUMU CTOKAMU U CENbCKOXO3ANCTBEH-
HbIM 3arpsA3HeHneM. BoicBoborkaeHue Fe, Mn, Al, Pb, Ni,
PO43‘ — npu gerpagauum MMI1, BepoATHO, ABnAeTCA
OQHVM U3 NOTEeHUMAbHbIX NMPUPOAHBIX MPOLLECCOB, BW-
ALWMX Ha GOPMUPOBAHME XMMUYECKOrO COCTaBa Mpu-
pOJHbIX BOJ pernoHa.

M30ToMHbIM COCTaB MpUPOAHbLIX BOA OTparKaeT KOM-
NMeKCHOe BO3QENCTBUE KIUMATUYECKMX W aHTpOro-
reHHblx ¢paxkTopos. Jerpagauus MMI1 onocpeioBaHHO
B/IMAET Ha M30TOMHbINA CUrHas, co3haBasn yCcioBua AnA
YCUNIEHHOW MHPUABbTPALIUM TIETHUX OCAAKOB C TAMKENBIM
M30TOMHbIM COCTaBOM B HaJMep3/10THble BOAbl. AHTpO-
MoreHHaA Harpyska MnpofB/AeTCA B HapylleHWn ecTe-
CTBEHHOM CE30HHOM AMHAMMKM M30TOMHOr0 COoCTaBa
MasibiX BOJOTOKOB, OAHAKO MPAMOE B/UAHME CTOYHbIX
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BOJ 3aTPYAHEHO [/1A OLEHKM U3-3a OTCYTCTBUA YHWU-
KaJIbHbIX TEXHOMeHHbIX M30TOMHbIX MApKEPOB.

®duHaHcupoBaHUue

NccnepoBaHme BbINOIHEHO B paMKax rocydapCcTBeH-
HOro 3ajaHusa MuHWCTEpCTBa Hayku U Bbiclero 06-
pasoBaHuA PO (FWRZ-2026-0016, NK3 TiomHL, CO
PAH) n HNOKTP (N2 126020516689-6, M3 CO PAH).
JlabopaTopHble aHanM3bl XMMUYECKOro COoCTaBa BOJ
BbinosiHeHbl FAY AHAO «Hay4yHbIn LeHTp u3yyenna Ap-
KTUKM». VI30TonHbI cocTaB onpefeneH B PL, PAMU Ha-
y4Horo napka Creéry (npoexkt N2 125021702335-5).

BbnarogapHocTb
ABTopbl npusHaTenbHbl A. H. LenHy n A. T1. TuH36yp-
ry 3a NMoMmoLLb B NPOBELEHUM MOMIEBBIX PaboT.

Jiuteparypa/References

1. Biskaborn B. K. et al. Permafrost is warming at a
global scale. Nature communications, 2019, vol. 10,
no. 1, p. 264. DOI: 10.1038/s41467-018-08240-4.

2. Lebedeva L. S. et al. Suprapermafrost subaerial ta-
liks, central Yakutia, Shestakovka River basin. Earth’s
Cryosphere, 2019, vol. 23, no. 1, pp. 35—44. DOI:
10.21782/EC2541-9994-2019-1(35-44).

3. Vasiliev A. A. et al. Permafrost degradation: Results
of the long-term geocryological monitoring in the
western sector of Russian Arctic. Cryosphere of the
Earth, 2020, vol. 24, no. 2, pp. 15—30. DOI: 10.21782/
EC2541-9994-2020-2(14-26).

4. Jin H., Huang Y., Bense V. F., Ma Q., Marchenko S. S,
Shepelev V. V,, Hu Y, Liang S., Spektor V. V., Jin X. et al. Per-
mafrost Degradation and Its Hydrogeological Impacts.
Water, 2022, 14, 372. DOI: 10.3390/w14030372.

5. Frey K. E., Siegel D. I, Smith L. C. Geochemis-
try of west Siberian streams and their poten-
tial response to permafrost degradation. Water
Resour. Res., 2007, 43. Available at: https://doi.
org/10.1029/2006WR004902.

6. Pokrovsky O. S. et al. Impact of permafrost thaw
and climate warming on riverine export fluxes of car-
bon. nutrients and metals in Western Siberia. Water,
2020, vol. 12, no. 6, p. 1817. Available at: https://doi.
org/10.3390/w12061817.

7. Ala-Aho P. et al. Permafrost and lakes control river
isotope composition across a boreal Arctic transect
in the Western Siberian lowlands. Environmental Re-
search Letters, 2018, vol. 13, no. 3, p. 034028. DOI:
10.1088/1748-9326/aaa4fe.

8. bydaHuesa H. A., Bacunbuyk H. K. CooTHoleHue
nsoTonHbix napametpoB 6?H-6'°0 B no3gHenneicTo-
LIeHOBbIX W FOJIOLLEHOBBIX MOBTOPHO-KUIbHBIX NbAax //
ApKTMKa U AHTapKTMKa. — 2021. — N2 3. — C. 19—
43. — DOI: 10.7256/2453-8922.2021.3.36636.
Budantseva N. A, Vasilchuk Yu. K. The Ratio of Isoto-
pic Parameters 6?H-6"80 in Late Pleistocene and Ho-
locene Ice Wedges. Arctic and Antarctic, 2021, no. 3,
pp. 19—43. DOI: 10.7256/2453-8922.2021.3.36636.
(In Russian).

ApKTHKa: 3KONOrMaA n 3SKOHOMMKa, T. 16, N2 2, 2026



DopMUpPOBaHUE XUMUYECKO20 U U30MONHO20 COCMABA N0BePXHOCMHbIX U N0O3eMHbIX 800 8 ycogusx deepadayuu
MHO20/1emHeMep3/bix Nopod u 8030elicmeus aHMPoNo2eHHbIX paKkmopos Ha npumepe cenumebHoli 30Hbl Canexapda

9. Jlenoryposa O. E., MsaHosa W. C., lebipses A. H. Vc-
nosb30BaHWe CTabUbHBIX M30TOMOB BOAOPOAA, KMC-
nopoga v yrnepoga Mpu MHTepripeTauuu YCioBui
bOpMMPOBaHMA MOBEPXHOCTHBIX BOAHBIX OOHEKTOB
AMano-HeHeukoro aBToHOMHOro okpyra // M3B. Tom-
CKOrO  MOAUTexH. YH-Ta. WHXMHUPWMHI  reopecyp-
coB. — 2023. — T. 334, N2 6. — C. 7—19. — DOI:
10.18799/24131830/2023/6/4038.

Lepokurova O. E., Ivanova I. S., Pyryaev A. N. Stable
isotopes of hydrogen, oxygen and carbon when in-
terpreting formation conditions of surface water
bodies of Yamal-Nenets Autonomous Area. Bull. of
the Tomsk Polytechnic University. Geo Assets En-
gineering, 2023, vol. 334, no. 6, pp. 7—19. DOI:
10.18799/24131830/2023/6/4038. (In Russian).

10. Tokarev I., Poturay V., Yakovlev E. Estimation of the
thermal water formation at the Kuldur site (Amur re-
gion, Russia) according to water isotope composition
(°H,'80). Environmental Earth Sciences, 2024, vol. 83,
no. 4, p. 126. Available at: https://doi.org/10.1007/
s12665-024-11422-7.

11. Booth D. B., Roy A. H., Smith B., Capps K. A. Global
perspectives on the urban stream syndrome. Freshwa-
ter Science, 2016, vol. 35, no. 1, pp. 412—420. Avail-
able at: https://doi.org/10.1086/684940.

12. Typnes W. B., Makocko A. A, Manvizun W. T.
JKonorvyeckne  npobneMbl  ApPKTUYECKOW  30Hbl
Poccun  Ha  npumepe  fiMano-HeHeuroro  aBToO-
HOMHOIO OKpyra // ApPKTUKa: 3KOOMMA W 3KOHOMM-
Ka. — 2024. — T. 14, N2 3. — C. 370—383. — DOI:
10.25283/2223-4594-2024-3-370-383.

Gurlev I. V., Makosko A. A., Malygin I. G. Ecological prob-
lems of the Russian Arctic Zone on the example of
the Yamal-Nenets Autonomous Area. Arctic: Ecology
and Economy, 2024, vol. 14, no. 3, pp. 370—383. DOI:
10.25283/2223-4594-2024-3-370-383. (In Russian).
13. bazosa M. M., Kowegoli []. B. OueHKka coBpeMeH-
HOrO COCTOAHMA KadvecTBa BoA Hopunbckoro mnpo-
MbILLSIEHHOr0 panoHa // ApKTUKa: 3KOMOMMA U 3KOHO-
MMKa. — 2017. — N2 3 (27). — C. 49—60. — DOI:
10.25283/2223-4594-2017-3-49-60.

Bazova M. M., Koshevoi D. V. The assessment of the
current state of water quality in the Norilsk industrial
region. The Arctic: Ecology and Economy, 2017, no. 3
(27), pp. 49—60. DOI: 10.25283/2223-4594-2017-3-
49-60. (In Russian).

14. lMasnosa H. A., [aH3aHosa M. B. ['eo3xonoruye-
CKasA obCTaHoBKa Ha ypb6aHU3MpOBaHHOW TeppUTOpUK
LlentpanbHoii Arytum // Sronorua ypbaHusup. Tep-
putopuin. — 2018. — N2 1. — C. 71—76. — DOI:
10.24411/1816-1863-2018-11071.

Pavlova N. A., Danzanova M. V. Geoecological situation
in urbanized areas of Central Yakutia. Ekologiya ur-
banizirovannykh territorii [Ecology of Urbanized Areas],
2018, no. 1, pp. 71—76. DOI: 10.24411/1816-1863-
2018-11071. (In Russian).

15. Bacunbuyk 10. K., bydanyesa H. A. 3mMeH4MBOCTb
M30TOMHO-KNCIOPOAHOro cocTaBa pekn fly3bl B mpe-
denax ropoga Mockebl B 2019—2021 rr. nog BauA-

HMEM CHeroTasHWA U CW/bHLIX Joxaen // Boa. pecyp-
cbl. — 2024. — T. 51, N2 2. — C. 170—178. — DOl
10.31857/50321059624020033.

Vasilchuk Yu. K., Budantseva N. A. Variability of the
Oxygen Isotope Composition of the Yauza River
within Moscow City in 2019—2021 under the Influ-
ence of Snowmelt and Heavy Rains. Water Resources,
2024, vol. 51, no. 2, pp. 170—178. DOI: 10.31857/
S0321059624020033. (In Russian).

16. McCance W. et al. Combining environmental
isotopes with Contaminants of Emerging Concern
(CECs) to characterise wastewater derived impacts on
groundwater quality. Water Research, 2020, vol. 182,
p. 116036. Available at: https://doi.org/10.1016/j.
watres.2020.116036.

17. Demidov N. E. et al. Conception and first results of
the Russian National System of Background Perma-
frost Monitoring. Adv. Polar Sci., 2025, vol. 36, no. 1,
pp. 51—60. DOI: 10.12429/j.advps.2024.0036.

18. Dansgaard W. Stable isotopes in precipitation. Tel-
lus, 1964, vol. 16, iss. 4, pp. 436—468.

19. WHM»eHepHO-reonornyeckme yciaoBuA [LOSMHHbBIX
obnacrtein Kpuonuto3zoHol AHAO u ux TpaHcdopma-
uMA nop Bo3aencTeneM TexHoreHesa / Mon pen. npod.
O. H. IpasHoBa. — EkatepuHbypr: U3pg-so VITY,
2014. — 198 c.

Engineering-Geological Conditions of Valley Areas in
the Yamal-Nenets Autonomous District Permafrost
Zone and Their Transformation Under Technogenic
Impact. Ed. by Prof. O. N. Gryaznov. Yekaterinburg,
UGGU Publishing House, 2014, 198 p. (In Russian).

20. beweHues B. A., MisaHos fO. K., beweHuyesa O. I". IKko-
norva noa3emMHbix Boa Amano-HeHeukoro aBTOHOM-
Horo oxpyra / VH-T reonorum u reoxumum YpO PAH. —
ExkaTepuHbypr, 2005. — 165 c.

Beshentsev V. A., Ivanov Yu. K., Beshentseva O. G. Ecol-
ogy of Groundwater in the Yamal-Nenets Autonomous
Area. Institute of Geology and Geochemistry, Ural
Branch of the Russian Academy of Sciences. Yekater-
inburg, 2005, 165 p. (In Russian).

21. KyueHoauli K. M., TpybuHa J1. K. KoMnneKcHbIn MOHU-
TOPUHI aTMochepHbIX aspo3oneit Cnéupu // UHTepak-
cno Neo-Cnbumpb. — 2005. — T. 5. — C. 9—18.
Kutsenogiy K. P, Trubina L. K. Comprehensive monitor-
ing of atmospheric aerosols in Siberia. Interekspo Geo-
Sibir [Interexpo Geo-Siberia], 2005, vol. 5, pp. 9—18.
(In Russian).

22. Condamosa E. A. u dp. OcobeHHOCTM dopMMpoBa-
HUA XMMUYECKOrO COCTaBa MOBEPXHOCTHBIX BOL apKTU-
YecKux TeppuTopuii 3anaaHon Cubwupu // eoxumma. —
2022. — T. 67, N0 11. — C. 1142—1156. — DOl
10.31857/S0016752522100090.

Soldatova E. A. et al. Features of the Chemical Compo-
sition Formation of Surface Waters in the Arctic Terri-
tories of Western Siberia. Geochemistry International,
2022, vol. 67, no. 11, pp. 1142—1156. DOI: 10.31857/
S0016752522100090. (In Russian).

23. Nizamutdinov T, Suleymanov A., Morgun E., Yak-
konen K., Abakumov E. Soils and olericultural prac-

39



-
(]
=
(]
s
=
[}
a
4
£
(7}
B
©
]
-3
=

Mpo6nembl pernoHoB

tices in circumpolar region of Russia at present and
in the past. Frontiers in Sustainable Food Systems,
2022, vol. 6, p. 1032058. Available at: https://doi.
org/10.3389/fsufs.2022.1032058.

24. MeukuH A. C., WuHKkapyk E. B., KpacHenko A. C. SKo-
NOTUYECKUA MOHWUTOPUHI CHEXHOro MOKPOBa rOpo-
na HagbiM // Hayy. BecTH. AAMano-HeHeu. aBTOHOM.
oKpyra. — 2022. — N2 4 (117). — C. 52—73. — DOI:
10.26110/ARCTIC.2022.117.4.003.

Pechkin A. S., Shinkaruk E. V., Krasnenko A. S. Ecologi-
cal monitoring of snow cover in Nadym city. Nauch-
nyi vestnik Yamalo-Nenetskogo avtonomnogo okruga
[Scientific Bulletin of Yamal-Nenets Autonomous Area],
2022, no. 4 (117), pp. 52—73. DOI: 10.26110/ARC-
TIC.2022.117.4.003. (In Russian).

25. Stepanova V. M., Pokrovsky O. S., Viers J., Mironyche-
va-Tokareva N. P, Kosykh N. P, Vishnyakova E. K. Ma-
jor and trace elements in peat profiles in Western Si-
beria: Impact of the landscape context, latitude and
permafrost coverage. Appl. Geochem., 2015, vol. 53,
pp. 53—70. Available at: https://doi.org/10.1016/j.
apgeochem.2014.12.004.

26. Xaeesa 3. W., CaHmaHosa C. C. XuMu4eckuin co-
CTaB CTOYHbIX BOA OYMUCTHBIX COOPYMKEHWIA U CHUMKE-
HUEe MOABUMKHOCTU TAMKENbIX MeTajyloB B pe3ynbTa-
Te W3BEeCTKOBaHWA W0BbIX 0cafkoB // Boga: xumuma
n akonornsa. — 2018. — N2 7—9. — C. 69—74.
Khazheeva Z. I., Sanzhanova S. S. Chemical Composi-
tion of Wastewater from Treatment Facilities and
Reduction of Heavy Metal Mobility as a Result of
Lime Treatment of Sludge Sediments. Water: Chem-
istry and Ecology, 2018, no. 7—9, pp. 69—74. (In
Russian).

27. Tokapes W. B., Ncaros B. A., Vicakosa T. H. cnonb-
30BaHME M30TOMHbIX METOLOB AJIA OLEHKWU YCI0BWiA
$opMMpoBaHMA pecypCcoB 1 3anacoB NoA3eMHbIX Bof //
Pa3Beaka n oxpaHa Hegp. — 2024. — N2 1. — C. 74—
82. — DOI: 10.53085/0034-026X_2024_1_74.
Tokarev I. V., Isakov V. A., Isakova T. N. Use of isotopic
methods for assessing the conditions of formation of
groundwater resources and reserves. Razvedka i okhra-
na nedr, 2024, no. 1, pp. 74—=82. DOI: 10.53085/0034-
026X_2024_1_74. (In Russian).

Undpopmayun 06 asmopax

Manamapuyk BaneHmuHa AHamosbesHa, MNAALLMIA HAYYHbIA COTPYAHUK, MHCTUTYT Kprocdepbl 3emamn TioMeH-
CKOro Hay4Horo ueHTpa Cubupckoro otaenenna PAH (625026, Poccus, TioMeHb, yni. ManbiruHa, . 86); acnmpaHT,
NHcTuTyT reoskonorum um. E. M. Cepreesa PAH (107045, Poccus, MockBa, YnaHckuii nep., 4. 13, ctp. 2), e-mail:

palamarchuk97 @inbox.ru.

ToKrapes WNzopb Bnadumuposuy, [LOKTOP reosioro-MUHEPASIOrMYEeCKUX HayK, MIaBHbIA CneuuanicT, npobiaeMHan
naboparopws riaybuHHoi MeTareosiornu, CaHKT-IMeTepbyprcKuil ropHbIi YHUBEPCUTET MMMepaTpuubl EKkaTepuHsbl |1
(199106, Poccua, CaHkT-MNeTepbypr, BacunbeBckuii ocTpoB, 21-a nuHus, 4. 2), e-mail: tokarevigor@gmail.com.

bawkKosa AHHa AneKcaHOpOBHA, HAY4HbI COTPYAHMK, [ ocyaapcTBeHHOe aBTOHOMHOe yypexaeHne AHAO «Ha-
VYHBIN LLeHTp U3y4eHus ApKTuKM» (629008, Poccua, Canexapg, yn. Pecnybnuky, 4. 20); acnupanT, MHCTUTYT Kpuroc-
depbl 3eMn TiOMeHCKoro Hay4Horo ueHTpa Cubupckoro otaenenus PAH (625026, Poccus, TiomeHb, yia. Manbiru-

Ha, 4. 86), e-mail: aabashkova®@yanao.ru.

Jlebedesa Jliodmuna CepzeesHa, KaHAMAAT reorpaduyeckrx Hayk, BeOylUM Hay4YHbIM COTPYAHWK, VHCTUTYT
Mep3noToBeaeHus um. M. N. MenbHrkoBa Cnbmpcrkoro otaeneHus PAH (677010, Poccua, ARyTcK, Mep3noTHas yi.,

4. 36), e-mail: lyudmilaslebedeva@gmail.com.

YerkuHa Enuzasema [lasnosHa, acnvpaHT, CaHKT-MeTepbyprckuii rocynapcTBeHHbI yHuBepcuteT (199155,
Poccun, CaHkT-MNeTepbypr, YHUBepcuteTcKas Hab., a. 7-9), e-mail: e.p.chezhina@spbu.ru.

40

ApKTHKa: 3KONOrMaA n 3SKOHOMMKa, T. 16, N2 2, 2026



DopMUpPOBaHUE XUMUYECKO20 U U30MONHO20 COCMABA N0BePXHOCMHbIX U N0O3eMHbIX 800 8 ycogusx deepadayuu
MHO20/1emHeMep3/bix Nopod u 8030elicmeus aHMPoNo2eHHbIX paKkmopos Ha npumepe cenumebHoli 30Hbl Canexapda

FORMATION OF THE CHEMICAL AND ISOTOPIC COMPOSITION
OF SURFACE AND GROUNDWATER UNDER CONDITIONS

OF PERMAFROST DEGRADATION AND MAN-MADE IMPACT

IN TERMS OF THE SALEKHARD URBAN AREA

Palamarchuk, V. A."?, Tokarev, l. V. 3, Bashkova, A. A.*', Lebedeva, L. S.5, Chezhina, E. P.

' Earth Cryosphere Institute, Tyumen Scientific Centre of the Russian Academy of Sciences (Tyumen, Russian Federation)
2 Sergeev Institute of Environmental Geoscience of the Russian Academy of Sciences (Moscow, Russian Federation)

3 Empress Catherine Il Saint Petersburg Mining University (Saint Petersburg, Russian Federation)

4 Arctic Research Centre of the Yamal-Nenets Autonomous Area (Salekhard, Russian Federation)

5 Melnikov Permafrost Institute, Siberian Branch of the Russian Academy of Sciences (Yakutsk, Russian Federation)

6 Saint Petersburg State University (Saint Petersburg, Russian Federation)

The article was received on July 5, 2025

For citing

Palamarchuk V. A., Tokarev I. V., Bashkova A. A., Lebedeva L. S., Chezhina E. P. Formation of the chemical and
isotopic composition of surface and groundwater under conditions of permafrost degradation and man-made
impact in terms of the Salekhard urban area. Arctic: Ecology and Economy, 2026, vol. 16, no. 2, pp. 2. DOI:
10.25283/2223-4594-2026-2-7-7 (In Russian).

Abstract

A study of the chemical and isotopic composition of surface and groundwater in Salekhard using modern and his-
torical data allowed the authors to assess the impact of natural (permafrost degradation) and man-made factors
on their quality. Some improvement in river water quality has been noted due to the modernization of the city’s
wastewater treatment facilities. However, groundwater in the area is still under significant man-made impact.
Thawing of permafrost over the past 50 years has led to the formation of water-bearing taliks in the fourth-ter-
race sediments and the migration of elements including Mn, Fe, Al, Ni and Pb from the sediments.
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