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TexHoreHHas TpaHcpopmaumst MOA3EMHOM rmapocdepsnl r. KasaHum.
BOAOHOCHLI HUYKHEKA3AHCKUA KOMIMAEKC

Dapbs UBaHoBHa METPOBA*

KaszaHckun (MpuBomxkcknin) deaepanbHbii yHuBepceuTeT, KadaHb, Poccus

AHHOTaLWs
Axmyanvrnocmo. VIsydeHNe BIMAHNA TeXHOT€HE3a Ha COCTOSIHME IOfI3€MHBIX BOJl B 4epTe METAIONNCA ABIIAETCA
OZIHOT 13 Hambosee aKTyaTbHBIX COLMANbHBIX 3a7a4. KauecTBO MOA3eMHBIX BOJ], HECOOTBETCTBYIOIIee IPUHATHIM
Ipe/ie/IbHO NOITY CTMBIMKOHI[EHT ALl AM, IPEICTAB/IAE T yTPO3y IA3N0POBbA YeTTIOBEeKa I CHIKAE TO/IAT O PUATHOCTD
oKpyXawomeli cpenbl B HenoM. K Hagamy XXI B. pocT ropofioB, KOHLEHTpaLMsA HaceleHUA U OXXUBJIEHME
IPOMBIIUIEHHOTO IPOM3BOACTBA IPUBEIN K MHTEHCUBHOMY TEXHOT€HHOMY IIpecCy Ha MOA3eMHYIO TUApocdepy.
B 9KO/IOroO-rMApOreo/IOrNuecknx MCCIEHOBAHNAX BO3HMKAET HEOOXOAVMOCTb BeleHNs MOHMUTOPUHIOBBIX
HAOIIOOeHNI ITOA3eMHBIX BOJ, Ha ocHOBe I VIC-TexHOMOrMII.
Ilenv pabomvi: ucciefoBaHMEe TYUAPOTEOXVMMYECKON XapaKTePUCTUKM IOA3EMHBIX BOJ BOJOHOCHOTO
HIDKHEKa3aHCKOIO KapOOHATHO-TePPUIeHHOr0 KOMIUIEKca Ajisi obecriedenus I. KasaHum KadeCTBEHHOI INUTHEBO
BOJIO¥I 113 3AIIMIIEHHDIX IOA3€MHbIX ICTOYHMKOB.
Memoodonozus uccnedosanuii. VIcronb3oBaHbl JaHHBIE U3 TeONIOTMYECKUX OTYETOB U apXMBHbIE MaTepuasbl 3a
nepuop ¢ 1960 mo 2019 r. MeTonbl MaTeMaTU4ecKol CTaTUCTUKY (6a30Bble, KIACTEPHBI 1 (PaKTOPHBIN aHA/IN3bI)
MO3BO/ININ YCTAaHOBUTD IIPUPOJIHBIE Y TEXHOT€HHbIe KOMIIOHEHTBI B XMMIYeCKOM COCTaBe Bof. [eonHpopMaImoHHoe
MoJeNpoBaHue C NpyMeHeHneM makeTa ArcGisMap Iokas3aso HPOCTPAaHCTBEHHYIO M3MEHUYMBOCTb OCHOBHBIX
KOMIIOHEHTOB B BOJaX HIDKHEKAa3aHCKOTO KOMIUIEKCa J/Is1 BTOpoli nooByHbI XX 1 Havana XXI B.
Pesynvmamutr. Cosganbl 1u¢poOBble MOJENN OCHOBHBIX KOMIIOHEHTOB B IIOfI3€MHBIX BOJIaX HIDKHEKAa3aHCKOTO
KoMmIiekca. Ha ocHoBe 00pabOTKM [aHHBIX MOHUTOPMHIOBBIX WCCIEOBAHMII C IpUMEHEHNMEM MEeTOfOB
MareMarndeckoi cratuctukyu u [VIC-TexHO/MOIMiI pacCMOTpPEHO BJIMSHNE TEXHOI€He3a Ha IIOfi3eMHbIe BOJbI
KPYIIHOTO POCCUIICKOTO Topofa 3a mocnemHue 60 ner. IlokasaHbl TpeHAbI M3MEHEHMSA XMMUYECKOTO COCTaBa
HOfI3eMHOI IUApocdephl U IPUYNHBI e TPaHCHOPMALIVIL.
3axmouenue. IIpuponHble yCIoBUA BOJOHOCHOTO HIDKHEKa3aHCKOrO KOMILIeKca I. KasaHM OLleHMBAIOTCA Kak
O/MaronpuATHbIE, TAK KaK COJepP>KaHV IPAKTIYECKU BCeX OCHOBHBIX KOMIIOHEHTOB He IpeBbIIIaoT 3HadeHuit [TTK
I/11 IUTbEBbIX BOJ.

Knioueewvte cnosa: nofseMHble BOADbI, HIDKHEKA3aHCKUI, TUPOXUMHUS, TEXHOT€HEe3, MOHUTOPUHI, MaTeMaThueCcKas
cratuctuka, I'VIC, Kasaus.

BeeaeHue

CraHoBrneHne OOBIINHCTBA IPUPOIHBIX TEOCUCTEM
MPOUCXOMNIO B TeYeHMe MIUTETHHOTO BPEMEHU — OT
MePBBIX THICAY IO COTEH MWUTMOHOB JieT. [lof BnmsiHMeM
TexXHOTeHe3a TpaHcHOpMalMs OTAENbHBIX MPUPOTHBIX
397IEMEHTOB OCYIIECTB/IACTCS B T€OJIOTMYECKOM OTHOIIIe-
HUUM TPAKTUIECKN MTHOBEHHO U 3aHMMaeT BPeMEHHOI
HepPUOJ OT IEPBBIX CeKYH/, 10 IepBbIX coTeH JeT. [Tono6-
HBI€ TIPOIIeCChl MO>KHO OTHECTM K OBICTPBIM, 1 OHM OIpe-
TeNSIOT PEXXUM Pa3BUTUS TeXHOTeocucTeMbl. OmHUM U3
IOVHAMUYHBIX 97IEMEHTOB Te0/IOTMIECKOTO MIPOCTPAHCTBA
ABJISIETCA TIOA3eMHasA IMapocdepa BepXHeEl 4acTu 3eM-
Hoit kopbl [1]. TlocmenHme cToMmeTHst TO3eMHbIE BOJIBI
VICIIBITBIBAIOT Ha ce0e OCTOSIHHO PacTyIljee aHTPOIIOTeH-
HOE I TEXHOT€HHOE JIaB/IeHNe, er0 OCHOBHBIMM MICTOYHM-
KaMU SIBJISTIOTCSL BOJOXO3SIMICTBEHHBIN, TPAHCIOPTHBIIL,
MPOMBIIITIEHHBIN, CEMUTEOHBIN TUITBI TIPUPOTHO-TEXHO-
TEeHHBIX CUCTEM, a TAK)KE OTXOJIbI TIPOU3BOJICTBA U TIOTPe-
6nenusi. B. V1. Bepuajckuit [2] nu3MeHeHHbIe YeTOBEKOM

BOJIBl HA3bIBa/l KYIbTYPHBIMM U YKasbIBajJ, 4TO BCe
«IeBCTBEHHbI» PEKM VICUEe3M VI 3aMEHM/INCh HOBBIMMU
BOJIaMU, paHblIle He CYILeCTBOBABIIVMIL

B cBA3KM C pOCTOM TOpOAOB ¥ KOHI|EHTpAIMel
Hace/leHNs1 Ha OTHOCKUTETBbHO HeOOJIBbIION TeppUTOpUN
B IOCTIefHee BpeMsA aKTyaJbHbIMU HAaIPaB/ICHUAMU
TUJIPOTeOIOTMYEeCKIX UCCIeNOBAHNUI CTaIN U3ydeHNe U
OLIeHKA TeXHOT'€HHBIX ()aKTOPOB 10 M3MEHEHWIO COCTaBa
ruppocdepbl Ha IPOMBILIIEHHO-YPOAHU3MPOBAHHbBIX
TePPUTOPUAX, KOTOpbIe MUCCIEAYIOT TPaHCPOPMAIINIO
IPUPOJHOI ITUAPOOOOTOUKY B IIPUPOJHO-TEXHOTCHHYIO
U TeXHOTeHHYI0 [3, 4]. Tak, Hanpumep, n3ydeHne Xummn-
4eCKOr0 COCTaBa BOJ, I03BO/IACT OLIEHNUTD ITOC/IEACTBIA
B/IVSAHVS 9€/IOBEYECKOI JIeATe/IbHOCTY Ha IOfI3€MHYIO
ruppocdepy [5-10].
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PucyHok 1. TexHoreHHble 06bekTbl KazaHu
Figure 1. Technogenic objects of Kazan

C TBICAYENIETHEN MUCTOPUEN, [ KOTOPOrO BOIPOCHI
M3MEHEeHMs KadeCTBa MOM3EeMHBIX BOJ SIBJISTIOTCS BaK-
HBIM 97IEMEHTOM CTpPaTern4eckoro pas3BuTysA. CerogHA
0Ko0710 20 % IUTHEBOTO BOJOCHAOXKEHMsI TOPOJa CBsI3a-
HO C IIOfI3eMHBIMU BOJ03a00pHBIMU COOPYXEHMAMY, a
MPaKTUYECKN BCe KPYIHbIE NPEANPUATUA UMEIOT CBOU
CKBa)XVMHHBIE BOJ03a00PbI /7151 IPOM3BOJCTBEHHOTO BO-
mocHabxeHus (puc. 1).

Hauaro NCTOpUM TUAPOIr€O/IOIrMIeCKMX HAy4IHDbIX
uccnenoBanuit Kasanu cBsasano ¢ mpogeccopom Ka-
3aHCKoro yHuBepcurera M. 3. HomHCKUM, KOTOPBII
Ha pybexe XIX-XX BB. 060011 MaTepuassl OypeHus
CKBaXVH Jyia BopocHaOxenns Kasaum. Torma e Ha-
YMHAKITCA CUCTEMATUYECCKIUE XI/IMI/IKO-6aKT€pI/IOTIOI‘I/I-
YECKMNE MCCIENOBaHMA IIOA3EMHDBIX U ITOBEPXHOCTHDBIX
Boja. B 1926-1931 rr. JI. M. Jlock u B. B. MunocnaBckuin
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HAYKM O 3EMAE

IIPOBEJIN IIePBOE SKOJIOTO-TUAPOreonorndeckoe ooce-
JOBaHNUe OYaroB 3arpA3HEHMs IIOA3EMHBIX BO03a00-
poB Kasanu: Bopibl M3 CKBa)XXVH, POJHMKOB, 03€p, I10YB,
CTOYHBIE BOJBI 3aBOZIOB 1 (GabPUK, OUNCTHBIE COOPYIKe-
HUA 1 Ka"HamsauuAa. B 1930-e IT. Ha4anmuch pe>XUMMHBIE
HaO/MIOfeHN 3a TOA3EMHBIMU BOJJAMM, KOTOpbIE IIPO-
IO/DKAIOTCS 110 HacTosiIlee Bpems [11-14].

Tepputopusa Kasanm pacnonoxxeHa B Ipefenax
Kamcko-BsATckoro apre3naHckoro 6acceiiHa M BK/IIOYA-
eT C/Iefyolye BOJOHOCHBIE KOMIITIEKCHI (CBepXy BHU3):
YeTBEPTUYHBI a/UTIOBUAJIbHBIN KoMIlteKe (aQ); mimo-
LIEHOBBIII aJUTIOBUA/bHBI KoMIUTeKe (aN,); HIDKHeKa-
3aHCKUIT KapOOHAaTHO-TeppureHHplit kommekc (P,kz,);
cakMapckmit cynbgaTHo-KapOoHaTHBI Komiieke (P s).
B panHOM MccmenoBaHMM IIpUBEleHA OLIEHKA KadecTBa
IIOfI3EMHBIX BOJ, HYDKHEKA3aHCKOTO KOMILIEKCA 3a TIEPUOJ
¢ 1960 mo 2019 r.

BomoHOCHBIT HIDKHEKa3aHCKUiT KapOOHATHO-Tep-
PUTEHHDBINI KOMIUIEKC MOINHOCTbIO 40-45 M pacmpo-
CTPaHeH II0BCeMeCTHO Ha TeppuTtopun Kasanu, ucko-
qas [Ty0OKMe 9pO3MOHHbIe Bpe3bl ITaIeO0IMHBI Boyri.
BoposMmemaromye IOpofbl BEpXHEN YacTy KOMILIEKCA
IpeJCTaBlIeHbl TPELIMHOBATBIMU II€CYaHMKAMM, 3a-
KapCTOBAaHHBIMM MEPre/iiMY, M3BECTHAKAMM, peXe M-
JIOMUTaMM, YaCTO Pa3pyIIEHHBIMU O COCTOSHMA LeOH
M MyKHU. B HVDKHel JacTu BOJOHOCHOTO KOMIIIEKCA 3a-
JleraeT CIabONpOHNIIaeMast MavKa «IMHIY/IOBbIE I/IVHBI»,
MOIITHOCTb KOTOpOit jocturaet 20 M. Komrteke Bogoobm-
JIEH: ye/IbHbIE Ie6UThl CKBaXKIH COCTAB/IAT 3,0-6,0 71/c,
BOZIOIIPOBOAMMOCTD KOMIUIeKca usMeHsAerca or 100 mo
900 m?/cyr. IluraHue BOTOHOCHOTO KOMILIEKCA ITPOMC-
XOOUT B OCHOBHOM 3a CYeT IIepeTeKaHNA BOJ, U3 BBbIIIe-
3aJIETAIONIX BOJOHOCHBIX TOPM3OHTOB, a KpOMeE TOTO,
3a CYeT IOATOKA BOJ, U3 HVDKHEIIEPMCKNMX BOJOHOCHBIX
TOPM3OHTOB B Me€CTaX MX pasIrpPy3Ku IO JOJIMHAM peK.
9TO NPUBOAUT K TOMY, YTO MMHEpanu3aLus IOJ3eM-
HBIX BOJi HV)KHEKa3aHCKOTO BOJOHOCHOTO KOMIIIEKCA
B OCHOBHOM cocTabydeT 0,5-1 r/n, a Ha IpuUpedHBIX
y4YacTKax JocTuraeT 3HadeHui 2,3-2,8 r/n. Ilostomy B
HaIlpaBJIEHNM OT BOJOPA3/Ie/IOB K peKaM ITPOMCXOIUT U
U3MeHeHJe TUIA BOJ OT TMPOKapOOHATHOTO KasbIy-
€BO-MarHIeBOTO /10 CYIb(aTHOIO KajbLEBOTO, Pexe
XJIOPUJHO-CYIbpaTHOro. Pasrpyska IOA3eMHBIX BOJ
KOMIIJIEKCA ITPOUCXOINT B HoMuHbI pek Bonru u Kasan-
K11, a TAK)Ke B HVDKEJIEXKall[Vie BOJOHOCHbBIE KOMIITIEKCHI.

ITopgseMHbIE BOABI HIVKHEKAa3aHCKOTO BOJOHOCHO-
ro KOMIUIeKca 3KcIUTyarupylorca B Kasanm 6onbmm
KOJIMYECTBOM CKBOKVMH M IIMPOKO MICIIONB3YIOTCA A
IPOM3BOJCTBEHHOTO BOJOCHAOXEHNS ITPOMBILIIEH-
HBIX IPENPUATUI U XO3ANCTBEHHO-IIUTHEBBIX HYXJ,.
B ckBaXMHaxX NPOBOJATCA PEXNMHbIE HAOIOfICHNUA.
HaMy 13 MHOTOYMCIIEHHBIX T€ONIOTMYECKMX OTYETOB U
apXVMBHBIX MaTepUaIoB COOpPaHbI pe3y/nbTaThl 2243 xu-
MIYECKMX aHA/IM30B BOJ| HVDKHEKa3aHCKOTO KOMIIIEKCa,
BBIIIOJTHEHHBIX IO CTAHJZAPTHBIM METOJVKAM B aTTECTO-
BaHHBIX aboparopusix. [1pu ananmse reonHpopmanum
HanboJiee MPOKO CErOHA UCIIOIb3YIOTCA (PaKTOPHBIIL,
KOPPE/ALVIOHHBIN, PErpecCCHMOHHBII ¥  K/IACTEPHDIN
Meroppl. [IoaToMy cTarucTideckas o6paboTKa MCXOf-
HBIX JJaHHBIX IPOBOAMIACH C IOMOLIBI IIPOrPaMMBI

A. W [Temposa / Useecmus YITY. 2021. Bon. 2(62). C. 114~122

STATISTICA. [na mocTpoeHMs KapT-MOfeneil Ipo-
CTPAHCTBEHHON W3MEHUYMBOCTY KOMIIOHEHTOB IIpU-
MEHSICSL IporpaMMHbI makeT ArcGisMap, KOTOPpbIi
IPEIOCTAB/ISIET WINPOKNUIT BHIOOP PasIMYHBIX METOLOB
UHTepnoIAnyy. Tak, Ui XUMMMWYECKUX IIOoKasaTesei
BOJOHOCHOTO HIVDKHEKA3aHCKOTO KOMIIIEKCA VICIIO/b-
30Ba/INCh METOMIbI OOPATHO B3BEIIEHHDBIX PACCTOSHUI 1
KPUTMHTA.

Pe3yAbTaTbl MICCAEAOBAHMST U MX OOCY KAEHME

Ins cpaBHeHUA ¥ OIpefeneHus TPEHMIOB M3MeHe-
HUA COCTaBa IOfI3eMHBIX Boj, I. KasaHy HaMu BriepBble
IIPOBEfieH PETPOCIEKTMBHBI aHAMU3 IUAPOXUMUIYe-
CKUX 1po6 3a nocnegume 60 jet. [JaHHbIE 10 TOPOICKUM
BOJ03a0OPHBIM CKBRXVHAM, SKCIUTYaTUPYIOLIVIM BOJbI
HVDKHEKa3aHCKOTO KOMIUIEKCa, pasfie/ieHbl Ha [Ba Iepu-
oJja: TIepBbIil IepUOJ, BK/IOYaeT pe3ynbrarhl ¢ 1960 1o
2000 1., BTOpoii — ¢ 2001 110 2019 . CpaBHeHMe 3HAUEHMI]
OCHOBHBIX XVIMITYEeCKIX KOMIIOHEHTOB II0 ITep1ojaM I10-
Kasasio cregymoluee (puc. 2, 3).

BOnbUIMHCTBO KOMIIOHEHTOB BOJOHOCHOTO HIDK-
HEKa3aHCKOrO KOMIUIEKCAa He IPEBBIIIAIT 3HauYeHUI
IpefielbHO HomycTuMbIX KoHueHTpammit (ITJK) mma
muTheBbIX Bop cormacuo CaunlluH [15]. K Taknm xomrmo-
HEHTaM OTHOCATCS BOJIOPOIHBII [T0Ka3aTeNb, BCe KaTyo-
HBI, XJIOPUbL, HUTPATbI, IepPMaHTaHATHASI OKVIC/ISIEMOCTb.
[Ipespimenusa IIJJK oTHOCHMTENTBHO MUTHEBBIX CTAHAAP-
TOB OTMEYeHbI /I MMHepanusanuy (CyXoro OCTaTka),
XKeCTKOCTH 00111elt, CynbpaToB, aMMIAKa, SKeresa.

Ins MyHepamuM3anuy XapaKTepHbl 3HAYNTe/IbHbIE
konebauust (ot 138 o 2780 Mr/m) mpu CpesHUX 3HAYEHN-
ax 1259,9 u 1216,6 mr/n pis nepsoro (1960-2000) u BTO-
poro (2001-2019) mepuopoB COOTBETCTBEHHO (puc. 2).
IIpecuslie Bopbl ¢ MuHepanm3anuen o 1000 mr/m BcTpe-
YalTCs B CeBepoO-3allafiHO} 4acTu Tropoja Ha Ipa-
BoOepexxbe p. Kasauku (puc. 3). [l 1eHTpanpHOM
(McTOpUYecKoit) M I0KHOI (IPOMBILIEHHOV) YacTeil
ropoga XapakTepHbl craboMuHepann3oBaHHbIE BOJBI,
YTO MOYKET OBITh CBSI3aHO C MHTEHCUBHOI CeNMUTEOHON
U IIPOMBIIIEHHO HAarpy3KaMi, a TaKXXe C JOCTaTOYHO
cTapbIM OH/IOM CKBa)KMH, HEKOTOPbIE U3 KOTOPBIX pa-
6oTarT 60/Iee mOMyBeKa.

Il cynbgaroB XapaKTepHbI IPMMEPHO TaKMe >Ke
TeHJCHLMH, KaK U JI/Is1 MUHepaIn3ayy: 3Ha4uTe/IbHbIe
Kone6anms (0T mepBbIx 10 2000 Mr//1) TPy CpeTHMX 3Ha-
yeHmsx 544,9 u 383,9 mr/n pnsa nepsoro (1960-2000)
u BTOporo (2001-2019) mepruopmoB COOTBETCTBEHHO
(puc. 2). 3amerHa TeHpeHIVsA paciypenus B XXI B.
007acTn Cynb(aTHBIX BOJ B LIEHTPA/JIbHON M IOXKHOI
vyacTax Kasanm (puc. 3) mpu ofHOBPEMEHHOM yMeHb-
IIeHNY Cynbdar-noHa Ha HpaBobepexbe p. Kasankn.
Xopujpl HeXapaKTEepHbI I BOJ HIUKHEKa3aHCKOTO
KoMIUIeKca (OT mepBbIX 710 270 Mr/J), XOTs TeHIeHLMS
UX YBeMYEHUA B NOCTETHNE EeCATIICTHS IPOsSBIeHa
JOCTaTOYHO OTYETINBO (puc. 2, 3).

OrHOCKTENbHOE OECIIOKOICTBO MOXKET BBI3BIBATh
yBenM4eHne KOHLeHTpaumit Hutparos or 0,43 mr/n
B IepBblil nepuop o 9,37 Mr/m BO BTOpOI IepUOf
(puc. 2), xorsa I[IJIK mnurparos nmo CanlInH cocrasnsaer
45 mr/n [15]. [TpeAnonoXuTenbHO, TEHAEHIVA YBede-
HMA HATPATOB O0YC/IOB/IEHa HEJOCTATOYHO OYMCTKOM

116 [. W. MeTtpoBa. TexHoreHHas TpaHcpopmaums nopaseMHon rugpocdepbl r. KasaHu. BogoHOCHbIA HYXKHEKA3aHCKUIA KoMnnekc //
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PucyHok 2. CpaBHeHMe cpeaHuX coaepkaHUii OCHOBHbIX KOMMOHEHTOB B NOA3EMHbIX BOAaxX HUXKHeKa3aHCKOro KoMmnriekca 3a nepuopbl
1960-2000 1 2001-2019 rr.
Figure 2. Comparison of the average contents of the main components in the groundwater of the Nizhnekazan complex for the periods
1960-2000 and 2001-2019
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PucyHok 3. KapTbl nameHeHusi cogepkaHUii OCHOBHbIX KOMMNOHEHTOB B NOA3EMHbIX BOAAaX HMKHEKa3aHCKOro kKomnrekca, Mr/n
Figure 3. Maps of changes in the contents of the main components in the underground waters of the lower Kazanian complex, mg/l
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KOMMYHQ/IbHO-OBITOBBIX CTOKOB, KOTOpBIE IIPOXOJAT
yepe3 MOIIHBI eCTeCTBEHHBII QUIBTP MOPOH, Iepe-
KPbIBAIOIINX HJDKHEKa3aHCKUII KOMIUIEKC, M TOJIBKO
4yepe3 JeCATWIETVS MOTYT JJOCTUIATh BOJOHOCHBIX TO-
pusonToB. Ha teppuropun Kasanm nmerorcs npumepsl
CaMOOYMIIEHNsA TEXHOTEHHO INpeoOpa3oOBaHHBIX IIOf-
3eMHBIX BOJ| HJDKHEKa3aHCKOTO KOMIDIEKca. Tak, Mak-
CMMasibHas KOHLIEHTparys xenesa (233 mr/n) 3adukcn-
poBaHa B KoHIle XX B. Ha Bofo3abope TIIO «Cusra»
K9T3. B Hacrosmee Bpems Bomo3abop He paboraer,
a KOHIIEHTpauuA >Xele3a CHusmaach fo 20 mr/m, 4ro
CBUJIETENIBCTBYET O BO3MOXKHOCTU IIPMPOJHON peabu-
JIMTALMYU TOA3eMHBIX BOA. OJHAKO Iepyoj IOTHOTO
BOCCTAQHOBJICHUS MPUPOJHBIX KOHAMIUIT MOXeT COCTa-
BUTDb OYEHb ITPOJJO/DKIUTEIbHBIN OTPE30K BPEMEHI.

[Ipu 06paboTKe pe3ylIbTaTOB TI'MAPOXUMUYECKUX
aHa/IM30B MCIIOIb30BA/INCh METO/Ibl MHOTOMEPHOI! CTa-
TUCTUKY: KIACTepPHbI 1 (akTopHbIi aHanmus (tabm. 1,
puc. 4). IlepBrplil BbIfjeNiieT HA OCHOBE MHOXKECTBA IIe-
PEMEHHBIX KOMIIOHEHTOB T'MAPOXMMUYECKOrO aHa/Iu-
3a K/acchl (KIacTepsl) MapaMeTpPOB TaKMM 00pasoM,
4TOOBI 0O'BEKTHI, BXOMALINE B ONVH KJIacc, Opumn 6ojee
CXOJHBIMY II0 CPABHEHMUIO C 00'beKTaM, BXOAAILIVMIU B
npyrue Kmaccol. Hambornee pacnpocTpaHeHHBIM MeTO-
JIOM K/IaCTEPHOTO aHa/IM3a B HAyYHBIX MCCIENOBAHMAX,
KOTOPBIII VICIIO/Ib30BAJICA VI B JAHHOI CTaTbe, SABJIACTCA
MeTox 0O benHeHNsI (IPeBOBUIHOI KIacTepU3aLnn), B
pesy/bTaTe KOTOPOTO CO3[jaeTCs MepapXudecKoe JepeBo
C BO3MOXXHOCTBIO OOHApy>KeHMs K/IacTepoB (BeTBell)
U ux nHTepuperauuu. KnacrepHslit aHanus nosBonseT
paccMaTpuBaTh OCTATOYHO 00/bIION 060BeM MHGDOP-
Malun 1 pe3Ko COKpaIaTh 6osblive MacCuBbl MHGOP-
Maluy, Ie/IaTh X KOMIIAKTHBIMM 1 HATJIAZHBIMY [8].

EARTH SCIENCES

DaxTOpHDII aHAIN3 MO3BOJISAET BBLABUTH 3aBUCHU-
MOCTb MEXZy TMAPOXUMWYECKVMY JaHHBIMU LA VIC-
CIeOBaHMsA CTATUCTUYECKM CBSI3aHHBIX IPU3HAKOB
C L[e/IbI0 BBIABJICHNUS OIPEJeIeHHOTO YMCIa CKPBITBIX
(BHYTpeHHMX) IpUYNH, GOPMUPYIOLINX CHEVPUKY 13-
y4aemoro siBreHnsA. C momolnpio (pakTOpPHOTO aHamu3a
OIpefieNAeTCs Mepa CBA3M MEXy IapaMeTpaMy 1 Bbl-
ABJIAITCA 0000611eHHbIe (PaKTOPBI, JIeXKalljyie B OCHOBE
U3MeHeHUIT XapakTepucTuk. llenpio momo6HOro aHa-
JM3a BBICTYIIAeT BbIpa>keHMe OOIBIIOTO YNC/Ia paccMa-
TpUBaeMbIX IapaMeTPOB 4Yepe3 MeHblllee 4nCIo Ooyee
eMKIUX BHYTPEHHUX XapaKTepUCTUK SBIeHUs (pemyk-
VIS JaHHBIX C IIOMOIIbIO METO/IA ITTABHBIX KOMIIOHEHT).
Tabnuia GpakTOPHBIX Harpy30K COHEPKUT CTPOKMU (II0
YMCTy NPU3HAKOB) M CTONOLBI (10 4uycny (akTopos).
DaxTOpHBII BeC MpeACTaB/IsAeT cOO0I KOMNYeCTBEHHOEe
3Ha4eHMe BbIIe/IEHHbIX (aKTOPOB /I KaXK/JOTO U3 MMe-
fomyxcss 00bekToB. OOBEKTY ¢ OONBIINM 3HAUYEHVEM
(dakTOpHOro Beca Mpucyla 6O/MbIIast CTENeHb MPOSB-
JIeHMsI CBOJICTB, OIpefie/isieMbIX HaHHBIM (paKTopoM. B
craTbe (aKTOPHBIN aHA/IN3 UCIONb30BAJICA AJISL COKpa-
I[eHNs [TAPAMETPOB C BbI/je/IeH/eM IJIaBHBIX KOMIIOHEHT
(mms1 0ObsiCHeHMsT HAOMIOLAEMBIX BapMaluil) U Kiac-
cuuKauny IepeMeHHBIX IapaMeTPOB C BbIAE/ICHEM
IMaBHBIX (PakTOpoB (Is1 OOBIACHEHVS] KOPPEISALVIOH-
HBIX CBS3€IN).

O6paboTka pe3yIbTaTOB aHAINM30B BOJ HIDKHEKA-
3aHCKOT0 KOMIUTeKca I. KazaHu ¢ TOMOILIbI0 KITACTEPHOTO
aHa/M3a BBIABIIIA IIPUPOHYIO U TEXHOTEHHYIO TPYILIIbI
KOMITOHeHTOB (puc. 4). K TeXHOreHHBIM KOMIIOHEHTaM
OTHOCSATCS XIOPUAbI Y HUTPATHI; MEHee BbIpa>keHa Ipu-
YPOUYEHHOCTD K JJAHHOJ TpYIIIle MUHEPaIN3aluN, XKe-
nesa, cynbdaToB m obuiert xecTkoctu. IIpupomHbIMU

Tabnuua 1.®aKTOpHbIe Harpy3ku Ansi KOMNOHEHTOB HUXHEKa3aHCKOro KoMmnrekca
Table 1. Factor loads for the components of the Nizhnekazan complex

MpupoaHein daktop 1

TexHoreHHbINn hakTop MpupogHeIn dakTop 2

KomnoneHT

1960-2000 2001-2019 1960-2000 2001-2019 1960-2000 2001-2019

pH -0,90 -0,05 0,28 0,12 -0,24 -0,92

MuHepanusauus 0,94 0,10 0,09 0,92 -0,19 -0,07

YKecTkocTb 0o6Llas 0,87 0,18 -0,26 0,95 -0,34 -0,07

HCO, -0,67 -0,72 0,00 -0,10 0,47 0,28

Cl 0,89 0,88 0,30 0,37 0,25 0,08

SO, 0,72 0,07 0,29 0,94 0,25 -0,13

NO, 0,69 0,97 -0,24 -0,10 0,44 0,12

NO, -0,18 0,93 0,97 -0,08 0,10 0,07

Na + K 0,03 0,07 0,94 0,43 0,05 0,04

Ca 0,20 0,29 0,15 0,74 0,84 0,46

Mg 0,78 -0,28 0,41 0,60 -0,33 0,47

Xeneso obuiee -0,21 —-0,01 0,04 0,60 0,95 -0,13

Bec cbakTopa, % 44,26 29,59 22,02 33,12 19,04 10,99
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PucyHok 4. KnactepHble gnarpaMMbl OCHOBHbIX KOMMOHEHTOB. BHu3y — nepuog 1960-2000 rr., BBepxy — nepuog 2001-2019 rr.:

M — MuHepanusaums; XX — obLas xecTkocTb; O — OKUCNAEMOCTb

Figure 4. Cluster diagrams of major components. Below — the period 1960-2000, above — the period 2001-2019: M — mineralization; W — total

hardness; O — oxidizability

KOMIIOHEHTAaMM BOJl HVDKHEKAa3aHCKOTO KOMIUIEKCA SB-
JISTFOTCS TUAPOKAPOOHATBI, OKUC/ISIEMOCTD, BOJOPOJHBII
[TOKa3aTe/Ib U, BOSMOXXHO, KATMOHBI.

[Ipr cpaBHEHUM K/IACTEPHBIX AMArPaMM IO IEpu-
OfiaM HAOJIIOfIeHIIT BBIAB/LIOTCS HEKOTOPbIE Pas/ndiist
(puc. 4), xoTOpble, IO HAllleMy MHEHUIO, MOTYT ObITb

CBA3AHbI C PA3HON CTENEHDbI0 TEXHOT€HHOI HArpysKu
Ha BOJbI HIDKHEKa3aHcKoro komiviekca Kasanm B XX u
XXI BB. [Tono6HbII1 5ke BBIBOJ, CIeAyeT U3 aHammsa ¢ak-
TOPHBIX Harpy3ok (1abn. 1). Tak, TexHOreHHbIe (HaKTOPDI
JUIA IBYX IIepPUOZIOB HAOMIONEHMII KOHTPACTHO pasin-
YaIOTCs, TOTa KaK Hayubosee 3HAYMMBIN «IIPUPOHBI»
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¢daxkTop 1 HOCTaTOYHO XOPOILIO BBHIIESIETCS HAOOPOM
061X KOMIIOHEHTOB. 110 Becy TeXHOTeHHBIX (PaKTOPOB
MOYXHO BBIYVC/IUTD KONMYECTBEHHBIN BK/IAJ] TEXHOTEHe3a
B COCTaB MOJ3eMHbIX BOJ. VI3 HaHHBIX Ta0/1. 1 BUIHO, Y4TO
TEXHOT€HHas HArpyska Ha IOJ3eMHble BOJbI HYDKHEKa-
3aHCKOro Komiutekca B Hayasre X XI B. Boite (33 %), ueM B
XX B. (22 %). DTO HAXOANT MIOATBEPK/IEHIE U1 B KApTaX 13-
MeHEeHNsI COflePyKaHMil OCHOBHBIX KOMITOHEHTOB (pIic. 3).

BbiBOALI

Pesromupysa momydeHHbIE
CenaTh CIefyoli/e BbIBOJIDL.

1. BiepBble [/ OfI3€MHBIX BOJ, HYDKHEKa3aHCKOTO
KoMIUIeKca I. KasaHu mpoBefieH CICTEeMHBIIT peTPOCIIeK-
TYBHBI/I aHA/IN3 TUPOXMMUYECKUX JAHHBIX 3a 0OOJb-
11OV TIePUOJ, HAOTIOfIeHMIL.

2. Tloxa3aHO, 4YTO MCIIOJIb30BAaHHbIE CTATUCTHU-
4eCcKUil 1 KapTorpaduyeckmiti MeTombl 06paboTku u

pe3ynbTaTbl, MOXXHO
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HpeACTaBlIeHUsI  T[UAPOXMMUYECKOl  MHbOpMaLun
MOXXHO JICIIONb30BaTh Ji/IA M3Y4EHMA M MOHUTOPMHTA
BOJJOHOCHBIX KOMIUIEKCOB YPOQHU3MPOBAHHBIX TEPPU-
TOPMUIL.

3. C moMoIbI0 METOJ0B MHOTOMEPHON MaTeMaTl-
YeCKOV CTaTUCTUKY MMeeTCsI BO3MOXKHOCTb pa3paboTKm
KOJIYEeCTBEHHBIX KpUTepueB UeHTUDUKAINN U OL[eH-
KM BKJ/IaJla TEXHOTEHHOTO BIAMSHUS Ha 06bEKTHI II0J3EeM-
HOII TuApocgepsl Ha IIPOMBILIIEHHO-YPOaHU3MPOBaH-
HBIX TEPPUTOPUAX.

4. AKTyaZbHO CO3JJaHMe Ha OCHOBE COBPEMEHHbIX
I'MIC-TrexHONOINII TOCTOSHHO JIEICTBYIOIINX MOfesell
BOJIOHOCHBIX KOMIIJIEKCOB IIO[3eMHBIX Bop I. Kasanwu
JUISL TIpOBefieHnsI IPPOBOr0 MOHUTOPMHTA M BBIpA-
OOTKM HPUOPUTETHBIX HAIPABIEHWIT TOPOLCKOI IKO-
JIOTMYECKOI TOUTUKM C YYE€TOM TIUJPOreOIOrnIeCcKOmn
uHpopMaLnn.
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Technogenic transformation of the underground hydrosphere
of Kazan. Lower Kazanian aquifer complex

Dar’ya lvanovna PETROVA*

Kazan (Volga region) Federal University, Kazan, Russia

Abstract
Relevance. By the beginning of the XXI century, the growth of cities, population concentration and the revival of
industrial production led to an intense technogenic pressure on the underground hydrosphere. In ecological and
hydrogeological studies, it becomes necessary to conduct monitoring observations of groundwater based on GIS
technologies.
Purpose of the work: study of the hydrogeochemical characteristics of underground waters of the aquiferous
lower Kazanian carbonate-terrigenous complex to provide Kazan with high-quality drinking water from protected
underground sources.
Research methodology. Hydrochemical data from geological reports and archival materials for the period from 1960
years to 2019 years were used. Methods of mathematical statistics (basic, cluster and factor analyzes) made it possible
to differentiate into natural and man-made components. Geographic information modeling using the “ArcGisMap”
package showed the spatial variability of the main components in the waters of the Neogene complex at the turn of
the 20th and 21st centuries.
Conclusion. The hydrochemical parameters of the aquiferous lower Kazanian complex are assessed as favorable, since
practically all the main components do not exceed the MPC values for drinking water.

Keywords: groundwater, lower Kazanian, hydrochemistry, technogenesis, monitoring, mathematical statistics, GIS,
Kazan.
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