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OneHka 3K0JI0rn4ecKoro CoOCTOSHUS INOBEPXHOCTHBIX BO/ Ka3anu

AM. Hlaxupszsnos'”, JI.U. [lemposa’, O.A. Copunckas’

'Munucmepcemeo skonoauu u npupoouwix pecypcos Pecnybnuxu Tamapeman, Kazans, Poccust
’Kasanckui pedepanvviii ynusepcumem, Kaszanw, Poccus

3yvenne BIMsHHS TEXHOT€HE3a HAa COCTOSTHUE TOBEPXHOCTHBIX BOJ Ha ypOAHN3UPOBAHHBIX TEPPUTOPHSIX SBIISIETCS
OZIHOH 13 HanboJIee aKTyaIbHbBIX YKOJIOT0-COLMAIBHbIX 3a/1a4. Hi3Koe kauecTBO BOJ IOBEPXHOCTHOU THIpochepsl pe-
CTaBIISICT YIPO3Y 30POBEIO TOPOJCKOTO HACEIICHHUS ¥ CHIDKACT OJIarONPUSATHOCTH OKpYKatoren cpesl. /st 00paboTkn
W aHaJIM3a THAPOXMMHUYCSCKHX TI0Ka3aTeneil HoBepXHOCTHBIX BogoeMoB Ka3zanu 3a nepuox Hadmonenuit 2014-2020 rr.
HCIIOJIE30BaHbl OOMICIPUHATHIE CTAaTUCTHYECKHE TOKa3aTelId U METOIbl MHOTOMEpHOI craructuku. [loctpoenue ru-
JPOXUMHYECKUX MOJIeIel OCYyIEeCTBISUIOCH C IIOMOIIBIO IIporpaMmHoro makera «ArcGisMapy». Kitacrepusiii ananms
IIPOBOMIICS Pa3/eJIbHO JUl KaKA0ro TUAPOIOTHYECKOr0 CE30HA € BbIAEICHUEM 6 Pyl FUIPOXUMUYECKUX KOMIIO-
HEHTOB OTHOCHUTEJBHO IIPEAEIbHO JOIYCTUMBIX IOKa3aTenael. BbIsaBieHO, YTO MUHMMYM TEXHOICHHOW HArpy3Ku Ha
MIOBEPXHOCTHBIE BOJBI TOPOJia IPUXOIUTCS Ha BeceHHUU nepuon. Ha ocHOBe aHau3a MOJIy4YEeHHBIX PE3yIbTaToB IIPO-
BEJICHA DKOJIOI0-THPOIOrnYecKas OLleHKa COCTOSIHUS IOBEPXHOCTHBIX BOJI U PaiiOHUPOBAHUE T'OPOCKON TEPPUTOPUH.
Tloka3zano, uto BogHbIe 00beKTH Ka3aHu OTHOCSATCS K HEOIAronpHATHEIM BOJHBIM 00bEKTaM.
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BBenenue

B cBs31 ¢ pocTOM ropoioB U KOHILIEHTpALMEW HACEJIeHUs
Ha OTHOCHUTENIFHO HeOOMBIIION TEpPUTOPHH B TIOCIIETHEE BPEMS
MPUOOPENN aKTyalbHOCTh THAPOIOTHYECKHE U THAPOTEONIO-
THYECKHE HCCIICIOBAHMS, CBSI3aHHBIC C H3yYCHHUEM M OLICHKOU
TEXHOTCHHbIX (DAKTOPOB U3MEHEHHs COCTaBa THApPOChepb
Ha TPOMBIIUICHHO-YPOaHU3UPOBAHHBIX TEPPUTOPHUSIX U HC-
ClIeIoBaHHEM TpaHC(hOPMAIIUH TPUPOTHOM THAPOOOOTIOUKH B
MPUPOITHO-TEXHOTEHHYTO 1 TexHOoreHHyto (CyHrarysmH, 2010;
Cynrarymnng, Xa3ues, 2009). [IpoMbInuieHHAS U TPAHCTIOPT-
Has aesrenbHOCTh (Hukutua u ap., 2011), cOpoc ropoackux
ctounbix Box (ILlarumynmun, 2011) TpuBOAST K 3arpsi3HEHUIO
yp6o3xocuctems! B 1enom. Opraamzanus OObeTUHEHHBIX
Harmit uetko momuepkuBaet 3anaqy: «k 2030 roqy ymydmmTs
KaueCTBO BOJIBI 32 CUET YMEHBIICHHUS 3aTPSI3HEHUS, yCTpaHe-
HUSI COPOCOB M CBEJCHUS K MHHUMYMY BBIOPOCOB OITACHBIX
XUMHKATOB M MaTepUAIIOB, COKPAIICHUS BIBOE JIOJIM He0Opabo-
TAHHBIX CTOYHBIX BOJ] M 3HAYUTEIIFHOTO YBEIHUCHNS 00BEMOB
PELUPKYIAIIN U 0€30IaCHOTO TOBTOPHOTO UCIIOIB30BAHNS BO
Bcem mupe» (United Nation, 2017). M3yueHne XUMHYECKOTO
COCTaBa TOBEPXHOCTHBIX BOJ| MO3BOJISICT OICHUTH BIMSHUE
YeJIOBEYECKOH JIeITEIFHOCTH Ha TIOBEPXHOCTHYIO THAPOCheEpy
(Konaparwsesa 20138; Macios u ap., 2015).

Topon Kazanp pacmosioxeH Ha JieBoOepexbe p. Bonra
(KyiiOpimeBckoe BomoxpaHuinnmie). B rpannmax ropona
BBIJICJISIFOTCSL 2 30HBI 10 rurnicomeTpun penbeda. [lepsas
reomopdoorndeckas 30Ha MpeAcTaBiIsieT co00il Teppa-
CHPOBAHHYIO aKKyMYISTHUBHYIO BOJHHCTYIO PaBHHHY C
a0CcoNIOTHRIMU OTMeTKamMu 53—130 M, KoTOpasi 3aHHUMaeT
001IBIITYI0 YaCTh TEPPUTOPHUHN TOpoJia Ha obepekse Bonrw,
Kazanku u B mpenenax o3epHBIX KOTIOBUH. MHUHUMAaIbHBIC
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abCcomoTHBIE OTMETKH (53—56 M) IPHypOUYCHBI K ype3aM peK
Bonra n Kazanka (puc. 1). Bropas 30Ha xapakrepusyercs
abcomoTHRIME OTMeTKaMu 10 180-196 M u mpexacraBneHa
BCXOJIMJICHHOH TTaTO00Pa3HOM HPO3MOHHO-IEHYIAIIOHHON
HU3KOW paBHUHOH C TYCTOH CEThIO OBParoB M Oajok.

[Tmommans Kazaunu cocrasiser 614,16 kM2, U3 KOTOPBIX
72,25 xm? (8,5 %) HPUXOAWUTCS HA MOBEPXHOCTHBIC BOIO-
eMBI (peKw, o3epa, 6omora). Pexa Kazanka (J1€BbIi IPUTOK P.
Bomnra) umeer nputoku: Conmonka, Cyxas Pexa, Kunnepxa,
Hoxca. K kpynHefieMy noBepXHOCTHOMY BOJOEMY OTHOCHUT-
cst cucteMa o3ep KabaH, KoTopast COCTOUT U3 TPeX KOTIOBHUH:
Hwxanit Kaban, Cpennnit Kaban u Bepxuwmii Kaban. B Ha-
crosmee BpeMs 6onee 80 % BomocHabxkenus 1. Kazaus ocy-
IIECTBISIETCS. U3 TIOBEPXHOCTHOTO MCTOYHMKA — Boimkckoro
BOI03a00pa Ha Oepery KyHOBIeBCKOTO BOIOXPAHMITHIIIA.

B rogosom nukiie konedaHust ypoBHS TOBEPXHOCTHBIX BO,
THJPABIMYECKU CBI3aHHbIX ¢ KyOBIIIeBCKUM BOIOXPAHIIIH-
IIeM, BBIIEIISIETCS TPH IIEPHO/IA, KOTOPBIE CBA3aHbI C BECEHHUM
HAIlOJHEHHEM, JIETHE-OCEHHUM OTHOCUTEIBHO CTAOMIIBHBIM
MOJIOKEHNEM 1 OCEHHEe-3UMHEH CpadO0TKOI BOZOXpaHUIIUIIIA.
CpenHsisi IPOIOIKUTENBHOCTD 3TAIla BECEHHETO HATIOTHEHUS
—66—72 cyTok (B cpemnem ¢ 10 anpens nio 15 mronst). Cpenasist
WHTEHCUBHOCTB POCTa YPOBHSA B IIEPHOA HATTOHEeHNA — 16—19
CM/CYT., CpeIHee TOBBIIICHNE K KOHIy niepruoaa —4,9-5,6 M.
Jiis meprona netHe-oceHHel cradbmm3ariy KyiOpmeBcKoro
BOJIOXPAHMJININA, MTPOJOIDKUTENBHOCTRIO 123 cyTok (¢ 15
UIOHS 10 15 HOAOPS), XapakTepHO HE3HAYUTEILHOE H3MEHE-
HHe ypoBHsL. K KoHIly eprosia ypoBeHb OOBITHO TOHMKAETCS
B cpennem Ha 0,6 M, B oTaensHbIe ronsl Ha 1,3—1,8 m. Tlpu
OCEHHEe-3UMHEH CpabOTKe YpOBEHb IMOHIDKACTCS HA 4-5 M,
pexe 10 6,8 M 3a 176177 cyrok. [onoBas ammmuTyna u3me-
HeHus ypoBHs KyHObIIIeBCKOro BOZOXPaHUIINIIA B CPETHEM
COCTAaBJIISIET OKOJIO 6 M.

3arpsi3HEHUs], IOCTYTAIOIINE B TIOBEPXHOCTHBIE BOJTHBIE
0OBEKTHI, CBSI3aHbI C PA3HBIMHU IIPHPOIHBIMH TPUINHAMU JITIST
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Puc. 1. Pervegp copooa Kazanu

OTIpEJIeNICHHBIX THAPOJIOrMYECKUX IMKIOB. Tak, B mepuos
JIeJ0CTaBa 3a 3arpsI3HEHUS] TIOBEPXHOCTHBIX BOJ IIPEHMYIIIe-
CTBEHHO OTBEYAIOT MOJ3EMHBIC BOJIbI, B BECEHHEE IOJIOBO-
JIb€ — 9TO TBEpIble aTMOC(EpHBIEC 0CATKH, HAKATUITMBAIOIINE
3arpsI3HUTEIN 33 3UMHHIE MECSIbI; B JICTHE-OCCHHUH MTEpHO]
— 3arpsi3HEHUS], CBS3aHHbIC C JIOXK/ICBBIMU BOJIAMH, TIOTIaj1a-
IOIIMMH B BOJIOCOOPHBIN OacCeiiH, M, YaCTUYHO, Pa3rpy3ka
MO/I3eMHBIX BojI. Kpome Toro, Ha MpOMBIIICHHO-YpOaHHU3H-
POBaHHBIX TEPPUTOPHUSIX BAYKHBIM (DAaKTOPOM SIBIISICTCSI aHTPO-
TIOr€HHAst ¥ TEXHOTEHHAs1 ISSITENIbHOCTh B TEYEHHE BCETO Toj1a.

Llenb pabOTHI — XapaKTEPUCTUKA COCTOSHHS TOBEPXHOCT-
HbIX BoJ I. Kasansb 3a nepuoz ¢ 2014 mo 2020 rr. ¢ ucnosns3o-
BaHUEM METOJI0B KOMIUIEKCHOTO OIIEHOYHOTO PaliOHUPOBAHUS
BOJIHBIX 9KOCHCTEM, MHOTOMEPHOTO CTaTUCTUYECKOTO MOjIe-
nuposanus U ' MIC-TexHonoruu.

XapaKTepncTnKa 00beKTa U METO/bI

Hccjaea0BaHusA

ABTOpaMH M3 T€OJIOTMYECKUX OTYETOB M apXHWBHBIX Ma-
TepuasioB coOpaHbl pe3ynbrarsl 450 3UMHUX (JienocTas), 239
BeCEHHUX U 849 JIeTHEe-0CEHHUX CEPUI XUMUUECKUX aHAIN30B
MIOBEPXHOCTHBIX BOJ (BOJIOXpaHUIIMILE, PEKH, 03epa, 00J0-
Ta), BHIIOJIHEHHBIX B nepuox ¢ 2014 o 2020 rr. AHamu3bl
BBITIOJTHSUIMCH 110 CTaH/IAPTHBIM METO/IMKAM B paMKax Ipo-
rpaMMbl MOHUTOPHHTA, OCYIECTBIISIEMOro MUHHCTEPCTBOM
9KOJIOTHHU U MPHUPOIHBIX pecypcoB PecnyOnuku Tarapcran.
AHaIu3upoBaIKCh JaHHBIe 10 TspKeabM MetautaM (Cd,
Pb, Co, Cu, Ni, Cr, Zn, Mn), dheHonaM, HEPTCIPOTYKTaM,
COJIEP)KAHHIO PACTBOPEHHOTO KUCJIOPOJa, OMXPOMATHOM
oxucisiemoctr (XI1K), HeopraHn4eckiM COeTMHEHUSIM a30Ta
(MOHBI aMMOHUSI, HUTPAT-UOH, HUTPUT-HOH), (ocdar-nony,
XJIOpHZAM, Cylib(aram, B3BEIICHHBIM BEIIECTBAM.

CrarucTnyeckast 00paboTka aHaIMTHYECKUX JIAHHBIX TIPO-
BoAMIIack ¢ nomotisto mporpamm MS Excel u STATISTICA.
[Tpu 0OpadoTKe pe3yabTaToB THAPOXMMHUYECKAX aHAIN30B HC-
TIOJIE30BAJIUCH METOIbI 0a30BOI M MHOTOMEPHOW CTaTHCTHKH.
JlarHbie ObUTH Pa30UTHI HAa TPU 0a3bl COMTACHO TUAPOTpady,
XapakTepHoMy Jutst pek TarapcTana, TUIpaBInYeCKH CBsI3aH-
HBIX ¢ KyHOBIIIEBCKUM BOJIOXPaHMIIUILEM OOJIBIIYIO YacTh
roja: JIe0CTaB — 3UMHsIsl cpabOTKa, TOJIOBOJIbE U MABOIOK
— BECCHHEE HaIOJHEHHE, JIETHE-OCCHHSISI MeXKEHb — CTa0MIIb-
HBI ypOBEHb. B craTHcTHYecKHX pacyerax y4acTBOBaJU
TOJILKO T€ TIOKa3aTeu, KOTopble coaepkanu He oonee 20 %
nmponyckoB B 0a3e maHHbIX. [lepen pacueramu mpou3Bo-
JIMJIOCH BOCCT@HOBJICHHE TPOIYCKOB B JIAHHBIX: CPEAHUMH,
€CJIM KOMITOHEHT 00si3aTelIeH JUIs COCTaBa BOJIbI, U HYJISIMH,
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€CIIM KOMIIOHEHT SBIsUICS 3arpsisHuTeneM. Ilo kputepusm
OTCYTCTBUS MPEBBIIICHUH MPEIENbHO JOMYCTUMBIX KOHIICH-
tpauii (ITJIK) ocymiecTBisicss BEIOOp HaYaIbHBIX TOUYCK
TPYTIIUPOBKU TaHHBIX.

KnacrtepHblif aHann3 OTHOCUTCA K METOIaM MHOTOMEPHOI
CTaTHCTHUKH U BBIJEISIET HA OCHOBE MHO)KECTBA MIEPEMEHHbIX
KOMIIOHEHTOB THAPOXUMHYECKOTO aHalIH3a KJIacchl (KiacTte-
pBI) MapaMeTpoB, KOTOphIe 0O0JIee CXOHBI MO CPABHEHHIO C
o0beKkTaMH, BXOISIMMHU B Jpyrue kiaccel. Kiactepusanus
JTAaHHBIX POBOJIJIACE B TpU dTana. Ha mepBom »Tare naHHbIE
PaHXUPOBAJIM OTHOCUTENIFHO Ha4aIbHON TOUKHU IO EBKIN0-
BBIM PAaCCTOSHUSAM M MPOU3BOIIIN TPYIIIUPOBKY C YCIOBHEM
¢dopmupoBanust 10 40 KI1acCOB; BBIYKMCISUIMCH CPSIHUE 3HA-
YeHHs TMOKa3aTeNell 3arpsA3HeHus Ui Kaxkaoro kiacca. Ha
BTOPOM 3Tarle MPUMEHSIICS arJIOMEPaTUBHbIN HepapXHUUeCKHH
TMOZIXOJT Kaccu(HUKaIMi METOJIOM JIAJIbHETO cocena (C rpyr-
MUPOBKON He OoJiee 7 KIIACCOB), a TaKkKe ObUIM OIpeeNeHbBI
o01Ire KauyeCTBEHHBIE XapaKTEePUCTUKU YJICHOB Ka)J0Tro
kiacca o otHomenuto K [1JIK; cHoBa BEIUMCIISAINCH CpeHre
3HA4YEHUS TMoKa3aTelel 3arps3HeHHs U KakJoro Kiacca.
[Iporiece knacTepu3aIiy BOCIPOM3BOAMICS HECKOIBKO pa3 Ui
0oOHapy»KeHHs1 yCTOWYMBBIX TPy IaHHBIX. Ha TpeThem atarne
MIPOBOJIMJIM MOCTPOCHHE TpauKa €BKINIOBBIX PACCTOSHUI
OT BBIOPAHHOM HaYaIbHOM TOUKH JI0 KaXI0T0 U3 MOIYyYEHHBIX
KiaccoB. Takum 00pa3om, OOJIBIIIOE YHCIIO PACCMATPUBAEMBIX
rapaMeTpoB KadecTBa BOJbI ObLIO BBEIPAKEHO Yepe3 MEHbIIIee
YHCIIO €eMKHX XapaKTePUCTHK, yA0OHOE AJIs BU3YaJbHOTO
BOCTIPHUATHSI TPOCTPAHCTBEHHON MOJIENN pacTIpeeIeHuUs 10-
KazaTenel KauecTBa MOBEPXHOCTHBIX Boa KazaHu.

Jl1st mocTpoeHus: KapT-MoJeNeld IPOCTPAaHCTBEHHON U3-
MEHYHBOCTHU TOKa3aTelNell kauecTBa MOBEPXHOCTHBIX BOA I
Kazanp npumeHsicst mporpaMMHbIi makeT «ArcGisMapy,
KOTOPBIN MPEAOCTaBIsACT MUPOKUI BBIOOP PAa3IHUHBIX Me-
TOJIOB UHTEPIIOJIALIUH JaHHBIX.

Pe3y.]'ll)TaTbI HCCJICeA0BAHUA U UX 06cy>1<)1e}me

B cBsi3u ¢ HU3KOHM CIIOCOOHOCTBIO K CAMOOUYMIIEHUIO,
MTOBEPXHOCTHBIE BOJBI TOABEPIKEHBI CYIIECTBEHHOMY aH-
TPOIIOI€HHOMY M TEXHOI€HHOMY Bo3neicTButo. Hanpumep,
npesbimenus [1JIK B moBepxHocTHBIX Bogax Kaszanu 3a
uccienoBanubiii nepuon (2014-2020 rr.) dukcupyrotes mo
XIIK u denonam.

3nauenus XIIK B He3arpsA3HEHHBIX BOJOEMax CO-
crasnsger 2-10 mrO,/nam’, B cnaboszarpsasnennsix — 10-30
MFOZ/J:[M3, B CHJIBHO3ArpsI3HEHHBIX — OT 60 MI‘OZ/}IM3 U BBIIIE
(I'urnennveckre TpeGOBaHMS K OXpaHE TOBEPXHOCTHBIX BOI!
CanlluH 2.1.5.980-00). IIpocTpaHCcTBEHHOE pacnpeneieHre
XITK noBepXHOCTHBIX BOX VIS 3-X THAPOIOTMYECKHX IIUKIIOB
npencraeieHo Ha pucynke 2. Cpennue 3HaueHust XIIK Ha
BCeH HccenyeMol TEpPpUTOPUN YBEJIMYMBAECTCS OT 3UMHETO
(26,6 MrO,/nv’) k netHe-ocennemy nepuogam (39 mr O,/nv’).
Iosimennsie (6onee 60 MrO, /nam’) snauenns XIIK 3aduk-
cupoBaHsl B 03epe Bepxunit Kaban B 3umanii nepruoa. Crout
OTMETHUTb, YTO 03€pPO HE COSTUHEHO MPOoTOKamMu co CpenHuM
n Hwxuanm KabGaHoMm B M301MPOBAaHO OT MPOMBIIUIEHHOTO
TEeXHOTeHHOTo Bo3aencTBUs. [IpoTuBopeuns moxasarenei
XIIK «rexHoreHHsx o3ep» — Hmwxunit u Cpennnii Kaban, rie
3HAYEHUs] MEHBIIIE [0 CPaBHEHUIO ¢ 03epoM Bepxuuii KabaH,
CBUJICTENILCTBYIOT O TOJIOKHUTEIBHOM PE3yabTare MpHUpoIo-
OXpaHHBIX MeponpusaTHi Ha Oeperax osepa B 2010 r., xorna
ObLIa OCYIIIECTBIICHA BEIPYOKa 3HAUUTEIILHOM [TOJIOCHI BBICIIICH

HAYUHO-TEXHVHECKUV XKYPHAN

www.geors.ru [ EOPECYPChI A




I'EOPECYPCbI/GEORESURSY

GEORESURSY

BOZHOM pactutensHOCTH. [ p. Kazanka B pa3HbIe IIUKIIBI OT-
MeuaeTcs mupokasi BapuadbenbHocTh 3HaueHni XI11K (puc. 2).

Craructuueckass 00paboTKa pe3y/abTaToB aHAIU30B I10-
BEPXHOCTHBIX BOJ I KazaHb BbISIBUJIA KOMIIOHEHTHI C Ipe-
Boimenusimu [1JIK. Tak, Gosiee MoONOBHHBI 3UMHHUX POO
MMEIOT TIPEBBIILICHHSI 110 aMMOHHIO, CcyJbdaraM, peHonam;
B BECEHHHX M JIETHE-OCEHHHX Npo0ax CoIepiKarcs MOBbI-
HICHHBIC 3HAYCHUs CYIIb(haToB u peHos10B. Ocodoe BHUMAHKE
CTOMT YACIUTh COACPIKaHUsIM (hSHOJIOB (4 KI1acC OIaCHOCTH) B
noBepxHOCTHBIX Boax Kazanu, npessimatommx [1JIK (0,001
mr/nm*). B BecenHumi mepro (MOCIie CHErOTasHIS ) COfIepKa-
Hust penonoB npeseimiatot [TJIK B 5 pas, B ieTHe-oceHHU 1
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Puc. 2. Pacnpeoenenue XIIK 6 nosepxnocmuuix 6ooax. Cneéa — me-
cma omobopa 2udpoxumuyeckux npod u snavenus XIIK cnpasa —
pacnpeoenenue XIIK 6 p. Kazauxa u 03. Kaban.
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3UMHUH nepross! — B 2 paza. OtMeuens! npessiienns [1JIK
(B 10 pa3 u 6onee) misa 3nauennii XI1K.

JIJ1 OIIeHKH CTENEeHM 3arpsi3HeHNs TOBEPXHOCTHBIX BOJ
B IIpeZesiax TOPOACKOW YepThl MPOAHATU3UPOBAHBI MTPOOKI
BOJI ¢ HanboJiee OJIAroIoIyYHbIX, C TOUKH 3PEHHS KauecTBa,
00beKTOB ((hOHOBBIC TEPPUTOPHUH) — 3TO 03epa KoBaniuHCcKoe
u Apxuepeiickoe B JlaumesckoMm paiioHe (tabnauia).
Kputndecknit ypoBeHb 3arpsi3HEHNS OTMEUCH B CHCTEME 03€p
Kaban u B crapom pycine p. Kazanka.

CTOUT OTMETUTH MOJIOKHUTENbHYIO TEHACHIINIO H3MEHe-
HUS THIPOXUMHUYECKOTo cocTaBa o3ep Cpeanunit u Hroxanit
Kaban B nociennue 8 ner. B 2013 . 6bu10 3adhukcupoBano
npesbienne [1/IK B 2 paza o ¢peHonam, HeTenpoayKram u
TsoxensiM MetanioM (Konapareesa, 2013a, 6). B HacTosmee
Bpewmst npesbitenue [1JIK no penonam 3agukcuposaHo B Jjiet-
He-oceHHui epuoa u cocrapmsieT 1,4 [T1IK, a mpeBbimeHus
0 He)TENPOAYKTaM U TSDKEJIBIM MeTalljiaM He 00HapY KEHBI.

Pe3ynberaThl aHAIM30B MMOBEPXHOCTHBIX BOJ PA3AEICHBI C
MIOMOIIIBIO KJIACTEPHOTO METO/Ia Ha 6 IPYII MO THAPOXUMHYE-
ckuM mnokazaressiMm oTHocutenbHo [TJIK (puc. 3). K HyneBoit
rpynme (IeHTp AUarpaMMsbl Ha puc. 3) OTHECEHB! BOBI C I10-
kazarensamu O0e3 mpesbimennii [1JIK — stanonnas rpymma. 1
rpyIiIa BKIFOYaeT BOJbI C HE3HAYUTEIbHBIMH MPEBBIIICHUSIMH
ITJIK o ammoHut0, cynbdaram; 2 rpyrna 00beANHSET BOJbI C
6uoreHHbIM 3arpsi3HeHueM (Bbicokue 3HadeHus XI1K); 3 rpyn-
I1a — BOJIbI C 3arpsi3HEHHEM 110 aMMOHHIO U pocaram; 4 rpyria
COCTOMWT M3 BOJL, 3arPS3HEHHBIX COSANHEHMSAMH a30Ta; S TpyTIa
BKJIFOYaeT BOibl ¢ npesbieHusMHu [1/IK 1o GonbIMHCTBY
KOMITOHEHTOB, a 6 TpyIina — BOJBI C BHICOKUM COJEPKaHHEM
TSDKEJIBIX META/UIOB U (DEHOJIOB (TEXHOT'€HHOE 3arPsI3HCHHUE).

IIpoBenenHas kacTepu3aIys F’HIPOXUMUYECKIX JTAHHBIX
C pacmpesieneHueM 10 THAPOIOTHIECKUM ITUKIIaM O3BOJIHIIA
YCTaHOBUTH (puc. 4), 94T0O BHYTPUTOAOBbIE H3MEHEHHUS CO-
JIep KaHHs TSDKEJIBIX METAJUIOB M (DEHOJIOB HA MCCIIETyeMON
TEPPUTOPUH JOCTUTAIOT MAKCUMAJIbHBIX 3HAYCHUH B IEPHOJ
BECEHHETO MOoJIOBObsA (kaactep 6). IIpennonoxuTensHo,
JTAHHOE 3arps3HEHHUE CBSI3aHO C MOBEPXHOCTHBIM CMBIBOM C
BOZI0COOpHOI ruto1au. CeBepHast 4aCTh TEPPUTOPUH B 3UM-
HUH TepHOA 10 MOKa3aTeNsIM 3arps3HEHUS TOBEPXHOCTHBIX
BOJI B LIEJIOM 0JIarornoiiy4Ha, ¢ He3HaYuTeIbHBIMU MPEBbILIIE-
uusivu [1JIK o ammonuto, cyabdaram (kiaacrep 1), ykasbiBas
Ha BIUSHME B 3TOT MEPHOJ MOA3eMHBIX BoA. 3HaueHns XI1K

1 = Jlepocrtas
g N

=== BecHa

Jleto - oceHb

\ I
E\
W

N

Puc. 3. Eexnuoo6o paccmosnue om HAYanibHoU (IMAiI0HHOU) moy-
KUl 00 KACMEPO8, 8blOCNIEHHbIX NO UEPAPXULECKOMY ANICOPUMMY



OreHKa YKOJIOTHIECKOTO COCTOSHHS IOBEPXHOCTHBIX BO Kazanu

AM. axnp3suos, JI.U. Ilerposa, O.A. Codunckas

gra

[Tokazarenu, eAMHULBI U3MEPEHUS

Osepa Kopanunckoe 1 Apxuepeiickoe
(mpuropoasl Kazanu)

Osepa Cpennnii 1 Huwxuauit Kaban
(uentp Kazann)

3uma Becna Jlero — ocenn 3uma Becna Jleto — ocenn

AMMOHUH HOH, MI/aM° 0,24 0,15 0,05 0,47 0,5 0,36
Kucnopon pactBopeHHbIH, MrOz/z[M3 15,93 13,70 13,97 42 19 12,68
HedTtenponykrsr, mr/om’ 0,006 H.O H.O0 0,012 0,007 0,11
Hutputs! + HUTpATHL, Mr/o’ 1,05 0,08 H.O 8,4 28.9 30
Cynbdartsl, mr/am> 3,36 7,26 1,752 341 322,7 349
®eHou, Mr/aM> 0,0001 H.O0 H.O 0,0007 0,0001 0,0014
docdar HoH, Mr/am’ 0,012 0,093 H.O 0,96 0,07 0,08
XIIK, mr Oy/am’ 18,1 22,0 22,4 55,5 32,7 57
Xnopupl, M/’ 5,28 5,74 8,60 116,1 145,5 117,96
™, mr/mv’ 0,074 0,051 H.0 1,7 0,14 1,7
KommaecTtBo mpo6 28 17 42 23 21 39

Tabauya. Cpednue euopoxumuueckue nokazamenu osep no nepuooam. Ilpumeuanue: H.o. — He 0OHAPYICEHO.

Borme [1IK (kmacrep 2) 3apuKCHpOBaHEI B JIETHE-OCCHHUN
MIEPHO]] 3@ CUET IIBETCHUSI BOJIbI, a B BECCHHHI EPHO]] — BOJBI
p- Kazanka. Ha repputopun ropoga OTCyTCTBYIOT OJTHOCTBIO
6naromnonyYHbIe TOBEPXHOCTHBIE BOABI.

0 4 Kunometpbl
| I —|

MockoBckuir

2 I
paitoH 1

BriBoanl

1. C moMoIIpi0 METOIOB MaTeMaTHUECKON CTaTHCTUKH
U IIPOCTPAHCTBEHHOTO KAPTOrpapuIeckoro aHain3a ruipo-
XMMHUYECKOIl MH(OPMAIMH 0XapaKTEPU30BAHO COCTOSHHUE
MTOBEPXHOCTHHIX BOJ I. Kazans 3a mepuox ¢ 2014 mo 2020 rr.

2. 3HaunTeNbHASA YaCTh MOBEPXHOCTHBIX BOJ COACPIKUT
BBICOKHE KOHIIEHTpANuy CyiIb(aToB, YTO CBA3AaHO C IE€O0JI0-
THYECKHMH 0COOCHHOCTSIMH TEPPUTOPHH.

3. IloTHOCTBIO OIATOMONYYHBIX MO XUMUYECKOMY CO-
CTaBY OBEPXHOCTHBIX BOJI OOBEKTOB Ha TEPPUTOPHHU TOPOIa

° He 00HapykeHo. BBIsBIIEHO, YTO MUHUMAaTbHASI TEXHOTCHHAS
Harpyska Ha IIOBEpXHOCTHBIE BOJbI TOpO/ia MPUXOAUTCS HA
BeceHHHH epro]. Hanbonpiee KoMn4ecTBO MPEBHIICHUH
[TAK ¢ukcupyercs B mepnof ie0CTaBa M BECHOM — 1Mo de-
HOJIaM, a B JICTHE-O0CEHHUI IepHo — 1o (heHoIaM, aMMOHHUIO
Knacrep u ¢pocdaram.
O1 4. C moMOIIIb0 METOZI0B MHOTOMEPHOI MaTeMaTn4IeCcKOi
8 : CTAaTHCTUKH BO3MOYKHA pa3pabOTKa KOTHMYECTBEHHBIX KPH-
0 4 TepUeB WACHTH(GHUKAIINN U OICHKH BKJIaJja TEXHOTEHHOTO
(O BIMSTHYS HA TIOBEPXHOCTHBIC BOJIBI IPOMBITINICHHO-ypOaHH-
®s 3upoBaHHOI TeppuTopru Kazanu ¢ mepexomaom K g poBomy
MOHHTOPHHTY KadecTBa TUAPOCGEphl roposa.
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Assessment of the ecological state of Kazan surface waters

A.M. Shakirzyanov'”, D.1. Petrova’, O.A. Sofinskaya’

'Ministry of Ecology and Natural Resources of the Republic of Tatarstan, Kazan, Russian Federation

’Kazan Federal University, Kazan, Russian Federation

‘Corresponding author: Artur M. Shakirzyanov, e-mail: artur.shakirzyanov@tatar.ru

Abstract. The study of the influence of technogenesis on the
state of surface waters in urbanized areas is one of the most urgent
ecological and social problems. For processing and analysis of
hydrochemical indicators of surface water bodies of Kazan for the
period 2014-2020 the generally accepted stasticial indicators, as well
as the methods of multivariate statistics were used. Hydrochemical
models were built using the ArcGisMap software package. The data
were grouped using the cluster analysis method separately for each
hydrological season with the allocation of 6 groups of hydrochemical
components in relation to the maximum permissible values. It has
been revealed that the minimum technogenic load on the surface
waters of the city falls on the spring period. Based on the analysis
of the results obtained, an ecological and hydrological assessment
of the state of surface waters was carried out. It was showed that the
water bodies of Kazan are classified as unfavorable water bodies.

Keywords: surface water, hydrochemistry, cluster analysis, GIS,
technogenesis, monitoring
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