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Summary

The purpose of the work is a comparative analysis of the geochemical spectra of melt water and dust in the
snow cover of the city of Tyumen and its surroundings. Sampling was carried out in 2020 using standard
methods. Content of macro-elements (Na, Mg, Al, P, S, K, Ca, Fe, Mn) was determined by the ICP-AES
atomic emission method (iCAP-6500, Thermo Scientific, USA), microelements — by mass spectrometry with
inductively coupled plasma ICP- MS (X-7 Thermo Elemental, USA). The main method of analyzing the inho-
mogeneity of the territory was multidimensional cluster analysis (k-means). If sampling points have a high
(or low) content of individual chemical elements, but are located among the points with lower (or higher)
content, then the problem of formation of them arises. The problem points of water-soluble macro-elements
have a high content of Na, Ca and Mg that results from the use of different anti-icing reagents. Macro-ele-
ments of the solid phase of snow are mostly similar in composition to background soils; the problem points
are more often found in the northern part of the city, however some of them may be observed in other sites.
According to the geochemical spectrum, microelements of the liquid phase of the snow cover are divided into
four clusters. Background cluster C1 is located at the maximum distance (20-35 km) from the city center. It is
distinguished by higher contents of Ni, Cu, Pb, Li, Sn, W relative to the background cluster C2. The cluster C2
has the lowest content of microelements and combines some points of the background also in the central part
of the city. Cluster C3 (2 points) is located in the industrial area. By the composition of microelements, the
cluster C4 has a geochemical spectrum similar to the C2 cluster, but with a higher content of them. According
to the content of microelements in the solid phase, the C1 cluster combines the background and partly urban
areas. Clusters C2 and C3 are similar in geochemical spectrum, but differ in the content of heavy metals.
Geographically, they tend to the northern part of the city. Problem points are notable in cluster C4. They are
located far from the industrial zone and main roads. Their localization may be caused by the precipitation of
snow dust from the atmosphere during its regional transport.
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WNccnenoBaH XMMUYECKUA COCTAaB CHEXHOTO MOKPOBa B . TIOMEHb U €ro OKPecTHOCTAX. [AnA n3yuyeHns
HeO4HOPOAHOCTU TEPPUTOPUM UCMONBb30BANCA KnacTepHblii aHanu3 (k-means). Ero pesynbraTbl oTpa-
XKalOT KOHLEHTPMPOBaHME Ha MECTHOCTM TOUEK, CXOXKMX MO reOXUMUYECKOMY CMEKTPY, BOKPYT HEKOTOPbIX
CPaBHUTENbHO OAHOPOAHbIX Afep. OBHapy»eHbl TOUKM C BbICOKMM COLEPXKaHNEM TSXKENbIX METasoB,
yAanéHHble OT UCTOYHUKOB 3arpsasHeHus. Mpeanonaraertcs, UTo BbiMblBaHVE a3pO030Jei XUAKUMM 0cag-
Kamu 13 aTMochepbl MOXET CO34aBaTb MOBbIWEHHYIO KOHLEHTPaLMIO HEKOTOPbIX S/IEMEHTOB B CHEXHOM
MOKpOBE B BUAE MO3auuHbIX MATeH. Knacteprsaumsa no3BonsieT BbiABAATb HEOLHOPOAHOCTb XMMUYe-
CKOTrO COCTaBa CHera, a ucnonb3oBaHve MMC-TeXHONOrMn — BU3yann3npoBaTb PacnosioKeHne BblAeneH-
HbIX K/laCcTEPOB.
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BBenenne

CHEeXHBII MOKPOB — YIOOHBI OOBEKT AJISI U3Y-
YEHUsI aHTPOITOT€HHOIO 3arpsi3HEHUST aTMOC(HEPHO-
ro Bo3ayxa. [IpuurHbBI €ro HEOMTHOPOAHOCTU YaCTO
00yCOBJIEHbI BHEIIHUMU (DaKTOpaMU pPeruoHaiIb-
HOTO U J1axke TpaHCIPaHWYHOIO IIepeHOCca BEIlECTB,
reorpauyecKrM IMOJOXKEeHUEM TOYKM 0TOOpa IMPOOKI
OTHOCUTEJIbHO MCTOYHMKOB 3arpsSI3HEHUST, a TaKXkKe
YCJIOBUSIMU BBIMBIBaHUSI paCTBOPUMOTO BeIlleCTBa
¥ TIBUIM 13 aTMocdepHoro Bo3nyxa. Heobxonmmo
YUUTHIBAaTh BHYTPEHHIOIO CTPYKTYPY B3aMMOCBSI-
31 TEOXUMUYECKUX TTOKa3aTelieil, 00yCIOBICHHYIO
cnenn(pUKOil UCTOYHMKA ITOCTYIUICHUST BEIIECTB
B atMoc(epy [1]. BeTpewaroTest cutyauuu, Korma
cpeny TOYEK OTOOPaHHBIX P00 ¢ HU3KUM (MJIN BBI-
COKHMM) COIep>KaHMEM HEKOTOPBIX XMMHYECKUX
3JIEMEHTOB HAOIIOAAIOTCS TOYKM C BBICOKUM (MK
HU3KKUM) coaepxKaHueM. Bo3dHuKaeT mpodjemMa ux
oOpazoBaHusl. Eciu B CTpyKType JaHHBIX €CTh TaKUE
TOUYKM, TO UX MOKHO BBIIEJIUTH KaK MTpo0IeMHbIe [2].

BBISBUTH TpyIIIIMPOBKA MHOTOMEPHOI'O T€OXM-
MHUUYECKOIro Habopa JaHHbIX Haubojee palMoHab-
HO ¢ MOMOIIbIO KJIacTepHOTO aHanu3a. Ho us-3a
CJIOXKHOM TTPUPOIbI perMOHAIbHBIX T€OXUMUYECKUX
NaHHBIX (HEHOPMaJbHBIX, MHOTAA MYJbTUMOaJb-
HBIX paclipeiesieHnii) pe3yabTaThl KIaCTepHOrO aHa-
JIN3a 3aBUCST OT UX MOATOTOBKM (HAIIpUMEP, BhI-
0opa nmpeobpa3oBaHMsI) U BLIOPAHHOTO aJITOpUTMa
Kiactepusaunu [1]. MeTtomoaorust TeOXuMHUYecKo-
ro palilOHUPOBAHUSI CHEXXHOTO MOKPOBa HA OCHO-
BE MepapXUIeCKOro KJIaCTEPHOIO aHaIM3a MO3BOJIs-
eT MOJOUTU K TMpobiieMe aIrOpUTMUYECKHU, u30erast
anmpuoOPHBIX npennonoxenuii [3]. KimacrepHsbrii aHa-
JIN3 UCIIOJIB3YETCS TSI BBISIBICHUS T€OXUMMIECKUX
PerMOHAJIBHBIX CTPYKTYp [4], UCCIIeIOBaHUST METEO-
POJOTUYECKMX SIBJICHMI, CBSI3aHHBIX C XKM3HEHHBIM
LIUKJIOM 1 MUTpallreil a3po30oJieii B aTMocdepe ApK-
TUKU [5], a Takke pa3faesieHUs MPOMBILLIIEHHOTO
A3PO30JILHOTO 3arpsI3HEHUS OT €CTECTBEHHOTO [6].

Llenb paboThl — pa3nesieHre XMMUYECKOTO COCTaBa
TaJbIX BOA U TBEPAOW (ha3bl CHEXKHOIO IMOKPOBAa METO-
JTIOM KJIACTEPHOTO aHaJIu3a C MOCJIEYIOIMM O0ToOpa-
JKEHHEM TreorpaduiecKoro ImoJoKeH!s BBIICICHHBIX
kiactepoB. Ocoboe BHUMaHUE YAESeTCs XapaKTepy
pacripenesieHisI XMMUUYECKOTO COCTaBa TBEPIBIX B3BE-
IIEHHBIX YaCTUII, JETIOHMPOBAHHBIX B CHEXKHOM TOJIILE
U TajIbIX Boaax. OmHa 13 3a/1a4 UCCIIENOBAHUST — MOMCK
TeOXMMUYECKUX ITyTeli MepeHoca BellecTBa 1 ero pac-
CesTHUST Ha TOPOJCKOM 1 (h)OHOBOI TEPPUTOPUSIX.

Jlrob6as kimactepusalusi OCHOBBIBA€TCSI HA pa3-
JIeJIeHUU OOBbEKTOB Ha IpyMNMbl TAKUM CIIOCOOOM,
YTOOBI pa3inune 00bEKTOB BHYTPU OJHOI IPYIMIbI
ObUIO MUHUMAJIBHBIM, a MEXAY pa3HBIMU IpyIINa-
MU — MaKCUMaJbHO BeJuKo. B ciydyae mcrmonb3o-
BaHUd k-means MeToga BC€ MHOXKXECTBO 3JIEMEHTOB
pa3buBaeTcsl Ha 3aJaHHOE YMCIO0 KJlacTepoB. [lasee
MPOBOAATCSI UTEPALIMM IIePEBHIYKNCICHUS 1IEHTpa
Macc KaXIoro KjacTepa B MPOCTPAHCTBE C BbI-
OpaHHOI METPUKOI. 3aTeM MHOXKECTBO 3JIeMEH-
TOB BHOBb pa3zbuBaeTCs TakK, YTOObI LIEHTP MaccC-
KJacTepoB Obl1 Haubosiee OJMU30K K JTHOOOMY
BbBIOpAHHOMY 3JIEMEHTY. AJITOPUTM 3aBepllaeTcsl,
KOIZa Ha KaKOW-TO UTepallui U3MEHEHUS BHYTPU-
KJIAaCTEPHOTO PACCTOSIHUSI CTAHOBSATCSI HEM3MEHHBI-
mu. KadyecTBo KilacTepu3aliiy OLICHUBACTCSI MHACK-
coMm «CuyaT» (Silhouette index) [7]. Uem Ommke
3HAQUYEHME CUJIyaTa K 1, TeM BbIllle HAAEKHOCTD BbI-
NeJICHNUS KJIaCTEPOB.

MeTon kiacTepusaliii MOXET ObITh UCIOJb-
30BaH KaK MHCTPYMEHT pailoHupoBaHusd [8, 9]. C
OOHOI CTOPOHBI, aTMOC(epHbIe BUXPU, IIepeMe-
IIMBasl OKOJIO3EMHBIE CJIOM, CO30al0T MOHOTOHHOE
T€OXMMMUYECKOE IMPOCTPAHCTBO, I OTCYTCTBYIOT
JIOKaIbHbIe aHOManuu. OTMETHM, 4TO I. TIoOMeHb
pacronaraeTcsi Ha paBHUHE, ITI03TOMY oporpadu-
yecKuit (haKTop TPaHCIOKAILIMU 3arpsI3HSIONINX Be-
1IeCTB CBeAE€H K MUHUMYMY. BeTpbl 11000ro Ha-
MpaBJIEHUSI CIIOCOOCTBYIOT IlepepaciipeaceHUIO
3arpsI3HSIONINX BEIIECTB BHYTPU T'OpPOIa U BHIHOCY
3a ero puaensl [10]. C apyroit cTOpoHBI, TPUCYT-
CTBHE TEXHOT€HHBIX 00bEKTOB BbI3BIBACT JIOKATbHBIC
HapyIlIeHUsI MOHOTOHHOCTU. KpoMe Toro, BEIMBIBa-
HUE MOJITIOTAHTOB XXUIKMMU OCagKaMU 13 aTMocde-
PBI HOCUT MO3aWYHBINM XapaKTep, BbI3bIBAsI BhITIAAC-
HUE OTHMX XMMUYECKUX 3JIEMEHTOB B paCTBOPEHHOI
dbopme, a apyrux — B TBEpHON haze. M3BecteH de-
HOMEH MO3aM4YHOTIO BhINaAeHUs 1ie3usi-137 mocie
YepHOOBLIHCKOI aBapuH I10 CAEAY paaloaKTUBHO-
ro 3apaxenus Tepputopuu [11, 12]. On moxyumn
Ha3BaHUE «II€3UEBBIX IISITEH», 00OHAPYKEHHBIX TIPU
0oJiee AeTaabHOM Ha3eMHOI ChEéMKE palMOaKTUBHO-
ctu. HecmoTps Ha 1O, 9TO B aTMOC(]epe IMpOruCcXOauT
MMOCTOSIHHOE TIepeMellIBaHNe ITIOTOKOB C Pa3HBIM
XUMHMUYECKIM COCTaBOM, MOXKHO OXMIATh IIPOCTPaH-
CTBEHHYIO TPYIIIMPOBKY TOUYEK HAOIIOACHUS C OIU-
HAKOBBIMU KJIaCTepaMU, KaK ¥ BbIACICHNUE IISITEH 3a-
rpsi3HeHMs1. B Halem cirydae oXumaeTcsl TOsIBIIEHUE
YHHUKAJIbHBIX 110 COCTaBY T€OXMMMUYECKUX CIIEKTPOB
C TIOBBIIIICHHBIM COAEPKaHUEM TSIKEIBIX METAJLIOB.
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MaTepl/IaJlbI U METOJbI

IIpo6OBl cHera Ha Teppurtopuu r. TroMeHb
(57,1522° c.u1.; 65,527° B.1I.) ¥ Ha yIaJ€HUH OT HETO
(pon) otobpansl 18—21 deBpans 2020 r. CpenHsisa
JaTa pas3pylleHUs] CHeXHOro MmokpoBa — 9 ampe-
ns [13]. CornacHo pyKoBoasieMy JOKYMeHTy — Py-
KOBOJICTBO T10 KOHTPOJIIO 3arpsI3HEHUsT aTMOC(hEephl
P 52.04.186—89 — hoHOBBIMU TOYKAMM HAOJIIO-
NEeHUs CUYMTAINCh TOYKM, yIaJIEHHBIE Ha OeCSITKU
KMJIOMETPOB OT BO3MOXHBIX NUICTOUHUKOB ITOCTYII-
JICHUSI 3arps3HSAIONNX BemecTB. Ha tepputopun
ropoja TOJIIMHA CHEXKHOTO ITOKPOBa B CPEIHEM CO-
cTaBJIsIeT 26 CM, YTO CYILIECTBEHHO MEHbIIE IMOKa-
3arenell ()OHOBBIX TOYEK HAOJIOACHUS, TOe Cpel-
Hgg TommuHa paBHaA 41 cm [14, 15]. Beimagenue
0CaIKOB Ha (P)OHOBBIX U TOPOICKMX ITOYBAX IIPUMEP-
HO OIMHAKOBO, OJHAKO IIOTHOCTb CHEra B ropoje
BoImIe. KommyecTBO 0cagkoB, BHITIABIIEE C HOSIOPS
o ¢eBpaib, coctaBwio 106 MM, 4TO BhILIE CpEaHE-
rogosoro — 91 mMm [16, 17].

Tasble Bombl Ha POHOBBIX yUaCTKaX MMEIOT KHC-
JIyI0 peakluio co cpenHuM 3HadyeHueM pH =4,7. B
ropojie 0OJBIIMHCTBO MPOO UMEIOT CTa0OKUCIYIO
peaxkinio, BCTPEYalOTCs TAKKe TPOObI ¢ HeMTpalb-
HOI U cnabouuenouHoi peakuueii. Paznuua pH co-
cTaBligeT B cpenHeM 1,6 en. HabGmomaercst pocT Mu-
HepaM3aliu TajbiX Bon. Eciu s cHerotaabix Bos
(boHOBOI1 TEppUTOPUM XapaKTepHa MUHEpaI3alus
B cpenHeM 9,5 Mr/J1, TO B ropojie CpeiHee 3HaUeHUe
MUHepalIu3aluy Bo3pacraet 1o 68,1 mr/in. Mak-
cuMaibHble 3HaYeHMsT (202—564 Mr/i1) OTMEdaroT-
cs1 BOJIM3M aBTOOOPOT ¢ MHTEHCUBHBIM IBVKCHHEM
TpaHCIOpPTa, II¢ UCIIOIb3YIOTCS IPOTUBOTOIONEN-
HBIE peareHThl, OCHOBHOM KOMIIOHEHT KOTOPBIX —
Texuudeckasg conb NaCl. 3HaueHUsS cyMMapHOTO
MOKa3aTeJIsl 3arpsI3HeHUSI MUKPO3JIeMEHTaMI CHEX-
HOTO MoKpoBa Zc¢ B 72% cliyyaeB MonanaioT B UH-
TepBas 64—128, 4TO COOTBETCTBYET BHICOKOMY U
OITACHOMY YPOBHIO 3arpsi3HCHUS.

OTOOp B MapTe U arpeie MOXET OCIOXHSITh-
Csl OTTEIIECIAIMM, MEHSTIIOIIMMU (pU3NUeCKUe Kade-
CTBa CHera, HallpuMep, IJIOTHOCTh, IIO3TOMY PaOOThI
BEJIM B CTAOUJIBHBIX METEOYCI0BUsIX peBpaisl. Touku
oTOOpa TIpo0b pacmosarajy 1o paBHOMEPHOI CeTKe
BHYTPH TOPOACKOI YePTHI, a (POHOBBIC TOUKM HaXO-
JUJIMCH K 3amnafy 1 1ory Ha paccTosiHuu 20—35 KM oT
1ieHTpa ropona. MccienoBaHust IpOBOIUIIM 11O 00-
menpuHsToit Mmetoauke [18, 19]. I1onoxeHue Touek
HaOM0aeHus oTMevaaoch ¢ nmomMolbio GPS. CMme-

LIaHHbIE TTPOOBI OTOMPATIM BECOBBIM CHETOMEPOM Ha
TEPPUTOPUH TOPOIa 1 Ha (DOHOBBIX y4acTKax, yaa-
JIEHHBIX OT Hero Ha paccrogaue 20—35 KM B 3amai-
HOM M I0TO-3aIIaJHOM HaIlpaBJICHUSIX.

Pasnenenue TBEpIOIT M pacTBOPEHHOM (ppaKIIMii
MPOBOIVMIY TIYyTEM (PMIBTpAIIAM dyepe3 0e330TbHEIe
HUTPOLIEILTION03HbBIe GrIbTphl «Millipore» ¢ nuame-
TpoM T10p 0,45 MKM. 715 TIOJTydeHUST TOCTATOYHOTO
KOJIM4YeCTBa TBEPAOTO ocanka (priIbTpoBan 1,5—2 1
tajioii Boabl. Ilocie BeICyIIMBaHMS (PUIBTPOB MPU
t = 95 °C ux B3BEUIMUBAIM 151 OIIpene/IeHUs] MacChl
MBbLUIM, a 3aTeM PaCCUUTHIBAIM COACPXKAHNE ITbLINA B
1 11 Tanoit Boawl, r/n. Otobpano 111 ob6pasuos. [1pu
M3YYeHUY XMMIYECKOI'0 COCTaBa TaJ0i BOIBI OTOMpa-
JIA TOJILKO T€ MPOOKI, AJIsI KOTOPBIX OXXKUIATIOCh aHT-
pororeHHoe Bo3aeicTBue. Yucao (hOHOBBIX TOUYEK
TakKe OBLIO COKpPAIEHO IJI1 3KOHOMUM CPEICTB.
OO1Iee YnCIO OIpenesicHNH B Tpobax comepKaHus
XUMUYEeCKUX 25ieMeHTOB — 41. [Ipenmomaranock, 4To
comepXaHKe BEIIeCTBa B TAJION BoIe MeHee MHMOp-
MAaTUBHO TI0 CpaBHEHUIO ¢ TBEPHOI da3zoii. [Tpu mo-
CJIEOYIOIIEeM aHaIN3e XMMUYECKOTO COCTaBa XKUIKOM
U TBEPAOH (pa3 CHEXKHOro IMOKPOBA YCTAHOBJIEHO, UTO
JAaHHOE IIPEAIT0I0XEeHNE HE COOTBETCTBOBAJIO i~
CTBUTEJILHOCTU, HO U3MEHUTh YTO-IMOO0 YK€ ObLIO
HEBO3MOXHO. MeToan4ecKu Mpy MHTEePIpeTallun
PE3YIbTATOB KJIaCTePU3AIlY YUUTHIBACTCS OMHO BaXK-
HOE 00CTOSTETLCTBO — (POHOBBIE HAOJIONECHNUS, TI0-
3BOJISIIOIIME CPa3y BBIICIUTH KJIACTEP OTHOCUTEIb-
HO YHMCTBIX TEPPUTOPHI OT BOBMOXKHO 3arpsi3HEHHBIX
TOPOACKUMH TTOJUTIOTaHTaMK. OcTalbHBIE KJIACTEPhI
TakKe Ka4eCTBEHHO MOTIYT OBITh IIPUBSI3aHbI 110 MX
MECTOITOJIOKEHUIO OTHOCUTEILHO BO3MOXKHBIX MC-
TOYHUKOB 3arpsI3HEHNST aTMOC(EPHOI0 BO3IyXa.

PaznenpHBIl aHAIU3 coaepKaHUS MaKpo-, MU-
KPO3JIEMEHTOB B TBEPAOU U XKUAKOM YaCTSIX IMO3BO-
JISIET pacCCMOTPETh BeCh HaOOp KJIACTEPOB IJIST BbI-
SIBIeHMST MHGOPMAIIUU 00 YCIOBMSIX MOCTYILICHMS
3arpSI3HSIONIMX BEILIECTB B CHEXKHBIM ITOKpoB. Kirtac-
TepPBl PACTBOPEHHBIX MAKPORJIEMEHTOB ITO3BOJISIOT
BBISIBUTh aHOMAJIMM, BHI3BaHHBIE MCIIOJIb30BaHM-
€M aHTUIOJIOJEMHBIX BellecTB. Comep:KaHue IO~
BIZKHBIX BOIOPACTBOPUMBIX (DOPM TSIKENIBIX METa-
7oB (TM) yka3beIBaeT Ha UX CBSI3b C OpTaHUUECKUMU
¥ MUHEpaJIbHBIMU BeIleCTBAMM, a TAaKXKe Ha OJIr-
30CTh PACIIOJIOXKEHUSI NICTOUHUKOB 3arpsi3HEHUSI.
Tsépnas ¢a3a oObIIHO OOJIee oboramieHa Ha eAMHN-
ny Beca TM. Kiactep BbicOKoro cogepxanust TM
MO3BOJIMT JIOKAJIM30BaTh B IIPOCTPAHCTBE UCTOUHUK
3arpsI3HEHUS, €CJIU TAKOM €CThb.
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Conepxanue makpoasnemeHtos (Na,O, MgO,
AlL,O,, P,Os, S, K,0, CaO, Fe,03) onpenens-
JI1 aTOMHO-3MUCCUOHHBIM MeTogoM ICP-AES
(iCAP-6500, Thermo Scientific, USA). Conep:xka-
Hne mukpoanemeHToB Li, Be, Sc, V, Cr, Co, Ni,
Cu, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Nb, Mo, Rh, Pd,
Ag, Cd, Sn, Sb, Te, Cs, Ba, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W,
Re, Ir, Pt, Au, Hg, TI, Pb, Bi, Th, U — meTogom
MacC-CIIEKTPOMETPUU ¢ MHAYKTUBHO CBSI3aHHOM
mwra3moii ICP-MS (X-7 Thermo Elemental, USA).
DNEMEHTHBI XUMUUYECKUI COCTaB TBEPAO(Pa3HBIX
BemaneHwuii (Li, Be, Sc, V, Cr, Co, Ni, Cu, Zn, Ga,
As, Se, Rb, Sr, Y, Zr, Nb, Mo, Rh, Pd, Ag, Cd, Sn,
Sb, Te, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Hg, TI, Pb, Bi,
Th, U) npoaHanu3mpoBaH B aHATUTUIECKOM Cep-
TU(PUKAITMOHHOM MCITBITATeIbHOM lieHTpe MHCTH-
TyTa Ipo0JIeM TeXHOJIOTUH MUKPOIIEKTPOHUKHU U
ocobouncThix MaTepuajioB PAH (r. YepHorosoBka,
MockoBckast 061actb). Pacuér comepkaHusl NbLIU
B Tajioli Boae (T/71) M SKOJIOTHMIECKOI0 IToKa3aTes
NoCTyIIeHUs Nblid Zd IpoBOIUICS COIJIACHO 00-
MIETIPUHATBEIM MeToanKaMm |13, 14].

B x1acrepHOM aHanmm3e MCIIOJIb30BaHbBI HE BCE
XUMHWYECKIE DJIEMEHTHI, OIpeaeAEHHbIC TIPU XUMU-
KO-aHaJIMTUYeCKUX padoTax. Bo-mepBhIX, UCKIIO-
YaJuCh T€, Yy KOTOPBIX OoJiee TpEX 3HAUYEHUI ObLIN
HITXEe IIOpora OMNpeaeIeHUsI UCIIOIb3yeMOIr0 MEeTO-
na. JIst ycrenrHo# KiracTepu3aluy JaHHBIX HE00-
XOIMMO, YTOOBI He OBLIO IIPOITYCKOB 1 BCE KIETKHU
HMCXOMTHOM IS aHAIM3a TaOJIMIIBI ObLIN 3aII0JTHEHEL.
Eciu B KJIeTKe 3HAYMIIOCh «HMXKE IMOpOra oIpese-
JIEHUsI», TO 3aIIMCHIBAIOCh 3HAYEHNE 3TOTO ITOPOTa.
Bo-BTOpPBIX, HCKITIOYAINCH peAKO3eMEeIbHBIE MeTall-
JIBI; B-TPETbUX, U3 TaHHBIX ObUTM YOpaHbI MaJIOMH-
(popmaTUBHBIE, HEM3MEHHbBIE MEXXAY TOYKaMU Ha0-
JIIOIEHUS 110 pe3yIbTaTaM KJIaCTePHOTO aHaIM3a.

KnacrepHsplii 1 reonH(OPMAaIMOHHBIN aHATIN3bI
TMIPOBOAMIIN C TIOMOIIBIO TTporpaMMbl Orange 3.29.3
¢ nmaketoM Geo. B mpoiiecce aHanm3a TaHHBIX BECh
MAaCCHUB pa3ne/isuii Ha ABe TPYILL: 1) XuMUYeCcKuit
COCTaB PaCTBOPEHHBIX B TaJOM BOIE 3JEMEHTOB;
2) XUMWYECKHIT COCTaB TBEPIOI (pa3wl. 3aTeM ITPOBO-
IUJIOCH pa3desieHre Ha MaKpo- U MUKPOIJIEMEHTEHL.
Bce ati maHHBIe aHANMM3UPOBAIM pa3neabHo. [JaH-
HbIe HOpMaJIM30BaIMCh B nHTepBaje 0—1, a 3arem
OHM IIOCTYIAJIX B OJIOK k-means, Tae BBIIOJHSIIACH
KJIacTepusanys. Pe3ynbpraTel KiacTepu3allii BbIBO-
IUIA B TaOIMILYy, IJIST BU3YaIM3allNy HCIIOIH30BaJICS

JIMHEeHbIN rpacuK u violin plot (ckpunka) — GyHK-
LIMSI, KOTOpasl IIPeJCTaBiIsIeT co00i aHaJIOT SIIIUKA C
ycaMM, IIIMPOKO MUCITOIb3YEMOIO B CTATUCTUUYECKOM
o0paboTke naHHbIX. Ho B oTaimune ot Hero violin
plot maéT mpeacTaBieHNEe O IJIOTHOCTHU paclipele-
JICHUSI 3HAYEHWI OTHOCUTEJIbHO LIEHTpa KJlacTepa,
a TaK:Ke MOKAa3bIBaeT MOJIOXKEeHEe MeAaHbl M KBaH-
tuneit (25% v 75%). B nanbHeiem ajsi Kaxkaoro
KJIacTepa pacCUMTHIBAIMCh CpeIHNE 3HAYEHMS CO-
JepxxaHus xuMudeckux anemeHToB. Ilaker Geo 1o
naHHbIM GPS no3BossieT cpasy ke BU3yaliu3upoBaTh
TMOJIOKEHME KJIaCTepOB Ha MecTHOCTHU. Kitactepsl oT-
MeUajiCh Ha KapTorpaduuecKoii OCHOBE LIBETOM U
pa3Hoii (hopMOIi 3HAYKOB.

PeSyJILTaTbI n 06cy)l<zlelme

KnacTtepHblii aHaIM3 BOOOPACTBOPUMBIX MaKpO-
anemeHToB (Mg, Na, Al, S, K, Si, Ca, P) paznenun
MX MHOXKECTBO Ha TpHU KJIacTepa HepaBHOIl BeJlu-
yuHbl. [TepBblit knactep Cl comepxkutl7 Touek u
3aHUMAaeT MMPOMEXYTOUHOE TTOJIOKEHHE 110 COIep-
xaHuio Na mexay kinactepamu C2 u C3. Bropoii
knacrep C2 conoctaBuM ¢ (DOHOBBIMU 3HAUYEHUSIMU
U IUIST HEro XapaKTepHO HU3KOe comepxkaHue Mg,
Si, S, K no cpaBHeHuto ¢ kiaactepamu Cl u C3. B
Tpetuii Kiactep C3 BOLIM BCEro TPU TOYKU, KOTO-
pble UMEIOT HauOobllIee coaepkaHue Na npu 1mo-
HUXEHHOM coaepxkaHuu Mg u Al oTHOCUTEIbHO
knactepa C1 (taba. 1). Cunyat (Silhouette), oTpa-
KAl HaogXXHOCTh BhIIEJICHUS KJjlacTepa, Ha-
xoauted B nipenenax 0,56—0,6, mpuuéM camoe HU3-
KOe 3HaueHue xapaktepHo mis kiacrepa Cl (56), a
camoe Bbicokoe — st C3, XOTS YMCIIO DJIEMEHTOB B
Kiactepe Bcero Tpu. LieHTpanbHas yacTh ropozia 1o
CcoAePKaHUIO BOIOPACTBOPUMBIX MAKPORJIEMEHTOB
MMOKPbITa KJIACTEPOM, OXBAaThIBAIOIINM U (DOHOBBIC
TOUKM HabmoaeHus kjaacrtepa C2, cpeard KOTOPhIX
BKpaIJIeHBl cpelHe3arpsi3€HHbIe TOUKU KJlacTepa
C1 (puc. 1, a). Knacrep C1 umeet HauboJjiee BbICO-
Koe conepkaHue Na, YTO MOXKeT ObITh BBI3BAHO I10-
MaJlaHeM B CHET aHTUTOJIONIEAHBIX PEareHTOB.

Kinactep C3 o0beauHsSIeT BCEro Tpu TOYKU, HO
BBIJIEJIIETCS OTHOCUTEILHO JIPYTUX KJIACTEPOB BbI-
cokuM coaepxaHuem Na, Ca, Mg, S. Takoit xumu-
YeCKUI COCTaB YKa3bIBaeT Ha MPUCYTCTBUE CYJIb-
(aToOB METaJJIOB B CHEXKHOM ITOKPOBE, KOTOPBIC
HUCIOJIL3YIOTCS KAaK aHTUTOJIONEAHBIE pPeareHTHI.
Knactep C1 o0benuHsIeT 4acTb rOPOACKUX U (POHO-
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Tabnuya 1. CpemHee cofep)xaHme XMMIYECKUX MaKpO3/IEMEHTOB B KUKOI 11 TBEpHoit (pasax B kmacrepax C1-C3, B cKoOKax —

YHCIIO TOYeK 0T6Opa Mpo6/CIIyIT KIacTepa

ConepxaHue, Kunkas daza Tsépmnas paza
MK/ C1(17/0,56) C2 (21/0,64) C3(3/0,52) C1(11/0,62) C2 (38/0,72) C3(10/0,57)
Na 16114 4466 60 368 628 85 1133
Mg 1778 582 3303 19 842 2146 34942
Al 18 9 12 4469 558 7224
Si 333 132 453 - — —
P 18 20 60 135 23 323
S 1148 747 2075 343 51 602
K 407 204 992 568,9 88,7 1117
Ca 7836 2906 14310 4655,2 507,7 10 349
Ti — — — 286 35 649
Mn 1,4 3,5 2,7 172 23 315
Fe 11 14 12 10 542 1024 16 268

Bble TOYKM HabOmoneHuss. OH UMeeT MOBBIIIeHHOE
conepxanue Na, Ca, Mg, K oTHocuTenbHO KJa-
crepa C2, HO MeHbllIee, yeM B kKiactepe C3. Ha ce-
BEPO-BOCTOKE U I0r0-BOCTOKE TEPPUTOPUHU TOopoja
npeodnagaloT cpeaHe3arpsI3HEHHbIE TOYKN KIacTe-
pa C1 ¢ BKparuieHusIMU Touek Kiactepa C2 ¢ HeBbI-
COKHM cofiep>XaHueM BelllecTBa. Mcxoas u3 pacrio-
JIoKeHMs ToueK kjactepa C3, UX MOXHO OTHECTHU
K TIPOCTPaHCTBEHHO-JIOKAJIM30BaHHBIM (pHC. 2, 0).
Hampumep, npodnemnuas Touka 3 kmactepa C3 ¢
BBICOKMM 3arpsI3HEHMEM CHEra pacroJjioXeHa Ha
ynuue HInpoTHOI B OKPY:KEHUM TOYEK KjlacTepa
¢ Hu3KuUM 3arpg3HeHnem cHera (C1, C2). Touka
15 (xnactep C3), pacmojioxXeHHas B Havaie Yep-
BUIIIEBCKOTO TpaKTa C HANPSLKEHHBIM ABIKCHUEM
TPaHCIIOPTa, TAKXKE OKPYKeHA TOYKAaMM KJIaCTEpPOB
Cl u C2. To Xe camoe OTHOCUTCS U K TOUKe 32, Ha-
xXonsieiics B meHTpe ropoma. CKiagbIBaeTCs BITe-
yaTJIeHWe, 9TO TOYKU KiacTtepa C3 JIOKaJIM30BaHbI
CIy4JaifHBIM ITOITaJaHUEM 3arpsi3HUTEIICH TP YUCT-
Ke YJIUII ITOCJIe OTTEIIe/Iei CO CHEeTOITaJaMMu.

IIpu knactepuzauuy MakpoajeMeHTOB (Mg,
Na, Al, S, K, Ca, P, Ti, Fe, Mn) tBEpaoii ¢a3bl Bbl-
JeneHo Tpu kiuactepa (cM. puc. 2). Cxema Bbige-
JICHUS aHaJOrMYHa KjacTepaM MaKpO3JeMEHTOB
Kuakoit dasel: C1 — uMeeT NpoMexXyTOYHOe Mo-
noxeHue Mexny C2 u C3; C2 — o6beauHeHbI ¢ (ho-
HOBBIMU ToukaMu; C3 — MMeeT HauboJIblllee Co-
nepxaHue BeliectBa. Ilo cunyaTy, oTpaxaloliemy
HauboJsiee HaJeXHOoe BblJIEJIEHUEe KJlacTepa, Hau-
OoJbllee 3HaueHUe nMeetr C2, HauMeHblee — C3,
npoMexyTouHoe Mexny HuMmu — C1. Violin plot mmo-
Ka3bIBaeT, YTO IO BHICOKOMY COIepKaHWIO Na BbI-

npensitorca C3 > Cl u C2, mo Mg, Ca, Fe — C2 < Cl
u C 3, mo Al, S, K, Mn, Ti kn1acrtepsl pacrnpenue-
JIa10TCs caenyomuM oopazoM: C2 < C1 < C3, o
F — C2 < C1, a xnactep C3 nepekpbIBaeT Mo pas-
opocy 3nHauennii C1 u C2. CuyaThl KJIaCTEpPOB BO-
JNOPAaCTBOPUMBIX MUKPOBJIEMEHTOB pa3inyaroTcs,
a 3HaYeHMeEe CUJIydTa I0CTaTOYHO BhIcOKOe (0,54—
0,59), uTo yKa3bIBaeT Ha HaAEKHOCTD MX BhIIEJICHUS
(tab6x. 2). Kmactep C1 pacriojioskeH Ha 3HAUUTEIb-
HoM ynanenun (20—30 kM) oT ropona (puc. 3, a).
byayun (hoHOBBIM T10 PaCIONOXEHUIO, OH 00bEIU-
HSET 4 TOYKH C OTHOCUTEILHO BEICOKMMHU 3HAye-
Husimu Cu, Zn, Sr, Ba. DTu ToUukM UMeEIOT OIU3KKE
TEOXMMUYECKHE CIIEKTPHI IO COASPKAHUIO M COCTa-
BY MUKPO3JIEMEHTOB, UTO BhIPaXKaeTCsI B JOCTATOU-
HO BBICOKOM 3HayeHUHU cutyaTa paBHoM 0,59.

Camblit MHOTOUYMCIeHHBIN KinacTep C2 (21 Touka)
00bEeIMHSIET TOYKN HAOIIONEHMSI, paCcIIONIOXEeHHBIE
Kak BHYTpH ropoja (cM. puc. 3, 6), TaK U B TTOJI0OXe-
HUM oHOBBIX. OH UMeeT 3HaYeHHe CUTy3Ta paBHOE
0,57 n otnnuaetcsa ot C1 HU3KUM colepKaHUEM TSI~
JKEJIBIX METAJIJIOB. DTOT KJIaCTEp pacrosaraercs Ha
TePPUTOPUU C OTHOCUTEIBHO YHUCTHIM OT TSIKEJIBIX
METaJUIOB CHEXXHBIM ITOKPOBOM IIPUIOpoja 1 Iap-
KOBOI1 30HbI ropoja. Kmactep C3 o0beauHSIET BCETo
2 TOYKM HAOJIOAEHNsI, a BbIIEJICH B CBSI3U C BBICO-
kuM conepxkanuem Sr, Ce u Ba u nuzkum — Cu, Pb,
As, Li. Touku 3TOro kjaacrtepa 1o reoxXuMu4eckomy
CIIEKTPY CYIIECTBEHHO OTJIMYAIOTCSI OT BCEX OCTAJIb-
HBIX. Kimactep C3 reorpaduyeckn pacrioiaraercs
BOm3u TOLl n mpoMBIIIEHHOM 30HBI. OTHOCUTCS
JI1 OOHApYKEHHAsI aHOMAJIMSI KO BCE IPOMBIIIIIEH-
HOI1 30HE, TT0KAa CKa3aTh TPYIHO.
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57°38' 57°36' C.LL.
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Puc. 1. Jlokanuzanus KJIacTepoB MaKpO3JEMEHTOB TaJIOi BOIBI ISl BCeX TOUeK (a) U 711 ToUeK B uepTe ropoma (6).
Kunacrepsr: 1 — C1, 2— C2, 3 — C3; 4 — C4; 5 — aBromaructpanu; 6 — xenae3Has gopora. Lludpsl — mopsiikoBble HOMepa TOYeK
otbopa npoo, r. TromeHb, hespasb 2020 r.

Fig. 1. Location of a clusters of macroelements of melt water for all points (a), for points within the city (6).

Clusters: 1 — C1, 2— C2, 3 — C3; 4 — C4; 5 — motorways; 6— railways. The numbers indicate the serial numbers of sampling points.
City of Tyumen, February 2020
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57°38' 57°36'C.LL.

Puc. 2. Jlokanu3zanus KjacTepa MaKpo3JIeMEHTOB TBEPIOi (ha3bl ISl BCEX TOUEK (@) U IJIsI TOYEK B uepTe ropoaa (6).
VY. o6o3HayeHus cM. puc. 1

Fig. 2. Localization of a cluster of solid phase macronutrients for all points (@), for points within the city (6)

See Fig. 1
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Tabnuya 2. CpexHee cofep)kaHye MIUKPOI/IEMEHTOB B XKMIJ-
Koit ¢ase (Mkr/m) B knacrepax C1-C4, B ckoO6Kax - 4yciIo
TOYeK 0TOOpa Mpo6/cIIyaT KIacTepa

CopnepxaHue, Cl C2 C3 C4
MKT/JT 4/0,59) | (21/0,56) | (2/0,54) | (14/0,57)
v 0,15 0,24 0,10 0,20
Ni 5,09 3,74 3,13 1,07
Cu 7,63 3,78 1,80 5,95
Zn 11,26 11,77 6,10 15,87
As 0,43 0,56 0,33 0,55
Sr 24,47 11,09 51,30 1,70
Ba 57,19 30,48 80,90 5,31
Pb 0,57 0,24 0,17 1,75
Li 0,59 0,23 1,77 0,18
Rb 0,39 0,31 0,35 0,11
Mo 0,25 0,20 0,23 0,06
Ag 0,03 0,01 0,01 0,03
Cd 0,06 0,05 0,03 0,11
Sn 0,12 0,04 0,04 0,10
Sb 0,44 0,30 0,24 0,12
Cs 0,02 0,01 0,03 0,01
W 0,15 0,06 0,09 0,01

Kiractep C4 oobenuHseT 14 TOUEK C CHITYITOM,
NMEIOIIMM HanMeHbIee 3HadeHne 0,54 1mo cpas-
HEHUIO C OCTaJIbHBIMH. BBIOEIsIeTCsI OTHOCUTEb-
HO OCTajJibHbIX BBICOKMMU 3HaueHUusiMu Zn, Pb,
Cd. Touku Knactepa HaXOASATCS BHYTPU TOPOACKOM
YEpTHI ¥ TATOTCIOT K IPOMBIIITIEHHOMY paiioHy. Kia-
crep C4 ¢ HECKOJBKO 0OIbIIMM coaepxkaHueM Cu
U Zn oTHocuTeabHO C2 TSIroTeeT K LeHTPY ropoaa
u ero ceBepHoit yactu. Knactep Cl1 oTHOCUTEIBHO
OCTaJIbHBIX KJIACTEPOB XapaKTePU3yeTCsl BBICOKUMU
sHayeHusaMu Ni, Cu, Pb, Li, Sn, W. D910 obcTosTenb-
CTBO yKa3bIBaeT, UTO 3arpsI3HSIONINE aTMOC(hEPHBII
BO3IyX BEIIECTBA 3aXBaThIBAIOTCS U3 COCEAHUX IIPO-
MBIIUICHHBIX PETMOHOB ToponoB Hinkawmit Tarun u
YensgouHck. C 1ora HIMKJIOHAIbHbIE BUXPU MOTYT 3a-
TITUBATh PaCTBOPEHHBIC 3aTrPsI3HSIONINE BelllecTBa
un3 KypraHckoii o6nactu. Knacrep C2 61130k 1Mo Xu-
MHMYECKOMY COCTaBy ¢ KitacrepoM C4, HO OTiIm4aeTcs
OT Hero NoBbIlIeHHBIM coaepxkanueM Ni, Sr, Pb, Rb,
Li, Rb, Mo. Bta cutyauus obo3zHaueHa JI.B. Mo-
CKOBUYEHKO [15], HO KJIacTepHBII aHAJIU3 B COBOKYTI-
HocTu ¢ 'MMC nmo3BoJisieT 3TU TOUYKU HE TOJBKO BbI-
SIBUTh, HO U TI0KA3aTh PacIIOJIOKEHNE OTHOCUTEILHO
JIPYTUX TOYEK U LIEHTPa ropo/a.

W3BecTHO, YTO CHEXHBII MOKPOB I. TIoMeHb
XapaKTePU3YyeTCsI TeOXUMUIECKON HEOTHOPOMTHO-

ctbio [13]. Ha Tepputopun roposa BbISIBJAEHbI 11O
JIOXKUTENbHBIE TeOXMMUYecKrue aHoManuu Mn, Cr,
Ni, Pb, V[10], Pb u Zn, [20], Pb u Cr [21]. Tenepsn
MOXHO BBIJICJIMTD €11I€ OHY AaHOMAJIUIO C OYEHb KO-
JIOTUYECKU OMACHBIMU TSI 3lI0POBbsI BOAOPACTBOPU -
MbIMU XUMUUYECKUMMU 2jIeMeHTaMU Kjactepa C3.

CocTaB MUKPORJIEMEHTOB TBEPAO (ha3bl cHera
pa3aenéH Ha yeTbipe KiaacTepa (Taby. 3). boib-
1I1ast 4acTh TOYEK COOTHECEHA C KJIaCTePOM, BKIIIO-
YyalouuM B ceds TOYKU (POHOBBIX HaOIOAEHUN
(40 Touek). Knactepbl XMMUUECKUX 3JIEMEHTOB
TBEPAON ha3bl OTIUYAIOTCS MO CBOEMY CUJIY3TY OT
0,5 no 0,71. Toukun HaOIOIEHUST MUKPODJIEMEHTOB
TBEPAOI (pa3bl CHEXKHOTO TTOKPOBA BHYTPU ropoja B
OCHOBHOM OOBEIUHSIOTCS ¢ (POHOBBIMU HAOJIOAE-
HUSMU U TonagaioT B kiuactep Cl, 4To yKa3bIBaeT
Ha HU3KUI YPOBEHBb 3arpsi3HEHUS] TSKEJIBIMU Me-
TaJlaMU CHEXXHOU nbutu (puc. 4, a).

Haub6onbiee yuciao touek (40) BKIIOUYEHO B
knactep Cl, Kyna nomnaaaloT U (QOHOBbIE HabJIIO-
JeHus, 3HaueHue cunyasta — 0,71. HaumeHbliee
cpeaHee coaepxKaHue MbUIA B 1 J1 CHEXXHOM BOIbI
(0,02 r/n), a 3HaYeHUEe CyMMapHOro Ko3pduim-
eHTa Harpy3ku Zd (187) nis aToro kjiacrepa Ioji-
TBepKAAaeT ero MpUHaAJIeXHOCTb K (hoHy. B oTiu-
yue OT BOAOPACTBOPUMBIX MUKPO3JIEMEHTOB BCE
TOUKH 3a TpeeaMy Topoa BXOAAT B ONUH KJIacTep
(cM. puc. 4, a). BHyTpu roponckoii uepThl (CM. puc.
4, 6) TOYKM BTOTO KJIaCcTepa TSATOTEIOT K CEBepo-3a-
MaaHOM, 3aMalHOM U FOXKHOM YacCTsIM ropoja.

Knacrep C2 nmpeacrapisieT y4acTKU C MOBbIIIEH-
HbIM conepxanueM mbun (0,05 r/m). Yucno ane-
MEHTOB KJjlacTepa paBHO 7, CUJY3T CYIIECTBEHHO
MeHbire C1 = 0,57. [Ins nblid 3TOTo KjacTepa Xa-
PaKTEpHO TMOBBILIEHHOE COAECPKAHUE TSKENBIX Me-
TajnoB oTHocuTelbHO KiactepoB C1 u C3. Touku
kjactepa C2 pacriojiaralorcsi BI0Jb KPYMHBIX BHY-
TPUTOPOACKMX MarucTpajibHbIX aBTOA0POT. M cKito-
YyeHUe COCTaBJIsIeT Touka 29, pacrnoioxkeHHass Ha
ceBepe OT IIEHTpa ropoja Ha MOWMeHHOM 0oJIoTe.
Emé onHa Touka 43 HaxoauTcs cpeau npod ¢ MEHb-
LIUM COiep>KaHUEM TSKENBIX METALJIOB, UTO BEpO-
SITHO CBSI3aHO C OYE€Hb BBICOKOI TPAaHCTIOPTHOM Ha-
IPY3KO yJIuIl BOJM3U STUX TOUYEK.

Knactep C3 uMeeT MeHblee coaepXkaHUe
nbuin, yem C2 (0,04 r/m), uTo yKa3bIBaeT Ha ero Io-
noxenue mexay kiactepamu Cl u C2. CoaepxaHue
MUMKPO3JIEMEHTOB B HEM MEHbIIIE M0 CPABHEHMIO C
kjactepoMm C2, HO Bcé-Taku 0ojiee BHICOKOE, YeM
B kiactepe C1. MoXHO OLIEHUTh TOYKM 3TOTO KJa-
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57°36' C.LU.

Puc. 3. IIpocTtpaHcTBEHHOE pacrpelesieHre KIacTepoB BOAOPACTBOPUMBIX MUKPO3JIEMEHTOB VISl BCEX TOUekK (a) u
IS TOYEeK BHYTpU ropoaa (6).

VY. o6o3HayeHus cM. puc. 1

Fig. 3. Spatial distribution of clusters of water-soluble trace elements for all points (a), for all points within the city (6).
See Fig. 1
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Tabnuya 3. CpenHee copiep)xaHie MUKPOITIEMEHTOB B TBEPHOI
(ase B 1 1 Tanoit Bogpl B kmacrepax C1-C4, corepxane b,
3HaYeHMe SKOOTIYECKOTo NOKa3aTe/A HOCTYIUIeH s b Zd,
B CKOOKaXx — YICII0 TOYeK 0TOOpa mpo6/cumyaT Knacrepa

ConepxaHue Cl C2 3 C4
Li—Pb, ur/n | (40/0,71) | (7/0,57) | (11/0,60) | (3/0,50)
[Te1b, T/ 0,02 0,05 0,04 0,07
Zd 187 677 336 928
Li 133 2403 1273 2696
Be 9 145 82 145
Sc 153 2801 1865 4580
v 1045 17238 11981 24792
Cr 11278 204076 133924 345143
Co 747 13906 8969 24725
Ni 13178 223956 153892 409 167
Cu 4442 74237 41828 91536
Zn 13278 171159 106 260 200973
Ga 79 1258 792 1600
As 198 2146 1780 3202
Rb 216 3780 1859 3844
Sr 1376 19746 10662 28789
Y 104 1789 976 2517
Zr 786 12861 6798 18350
Nb 64 1147 582 1319
Mo 78 1407 673 1603
Ag 15 76 64 108
Cd 25 292 177 325
Sn 305 4008 2006 6308
Sb 241 3637 2084 5092
Cs 14 242 132 275
Ba 4235 85777 36526 86788
A\ 188 3481 2211 5767
Pb 3372 39104 18383 62957

cTepa Kak cpeaHesarpssdHéHHble TM. Yucno aie-
MeHTOB — 11, a cunyaTt paBeH 0,6, 4TO yKa3bIBaeT Ha
ero 0oJiee yCTOMYMBOE BhIIEISHUE [0 CPaBHEHUIO C
xiactepamu C2 n C4. Toykn 3TOTo Kjacrtepa KOH-
LEHTPUPYIOTCS BOMM3M ToueK Kiractepa Cl.
Knactep C4 numeeT Hanboiee BEICOKOE COMEP-
xkaHue TM B nipobax TBEpaoit (a3nl cHera. Boiae-
neHo Bcero Tpu Touku (31, 39 u 49) ¢ cunyatom 0,5.
HabmromaeTcst MakcuMallbHOE CoAepKaHue ITbUIU B
cHere (0,07 v/m). BeimenreHne 3TOro Kjiactepa BbI-
3BaHO HEOOXOAMMOCTHIO MOKA3aTh PACTIONIOXEHNE
HauboJiee MPoOJEeMHBIX MeCT B ropoae. Bce atu
TOYKHU PACITOJIOKEHBI Ha BTOPOCTEIIEHHBIX YIUIIAX
M gaxe BOIM3M ckBepa (Touka 39). Cs3aTb IM0JIO-
>KE€HE 3TUX TOYEK C IOCTYIIJICHUEM ITbLUIM OT OJIv-

KAMIIMX OPEANPUATUIA TPYIHO, TaK KaK IIPOMBIILLI-
JIeHHas1 30Ha HaXOJAUTCSI OTHOCUTEJIbHO AajieKo U
OT/eJieHa OT HUX TOYKAaMU C OTHOCUTEJIbHO TTOHU-
KeHHBIM conepxanuem TM (C1 u C3). Br. Tio-
MEHb MPEeANPUITUS SHEPIeTUKHA UMEIOT TPYObI Bbl-
cotoii okosio 100 M, pacceuBamwliue B aTMochepe
3arpsi3Hsionre BemiectBa. Hampumep, B 1. TomMck
Takue Tpyobl ecThb Ha CUOMPCKOM XUMUYECKOM
kKoMOuHaTe 1 ToMCKOM He(PTEXMMUIECCKOM KOM-
ouHarte. TaM, mpu U3y4YeHUU CHEXHOTO MOKPOBa B
TomMckoit obiacT K 3amaay oT ropojaa Ha paccTo-
aHumM 6osee 70 KM ObIa OOHapy:KeHa 30Ha, Ie He-
CKOJIBKO JIET TOApPsiA Ha0I01aI0Ch TTOBBIIIIEHHOE
coaepxkaHre MuKpoaaemeHToB [2]. B ToMcke mpe-
obJanaroliee HalpaBJIeHUE BETPOB — IOro-3amaj-
HOE, TTI03TOMY 3arpsi3HeHUST aTMOC(EPHOT0 Bo3ayxa
oT ToMcKO TTpOMBIIIJIEHHONW arToMepaluy B 3a-
MaJHOM HaIllpaBJIeHUU HE MOXKET IPUCYTCTBOBATh
C TOUKM 3pEHUSI CTaHAAPTHON MOIEIN CYXOTO BbI-
MbIBaHUsI 3aTPSI3HSIIONIMX BEIIECTB OT UCTOYHUKA
3arpsisHeHus. boJjibiias yacTb CHEXHOTO TTOKpOBa
0o0pa3zyeTcs IpU LIMKJIOHAJIbHOI aKTUBHOCTH, KOTIa
00J1aCTb MOHMXKEHHOTO JaBJICHUS ITOAXOIUT ¢ 3ara-
Ja 1 ceBepo-3amnaga. B atom ciydae hopmupyrorcs
BO3AYIIHbIE TTIOTOKHX OT Tepudepun IIUKIOHA K ero
LIEHTPY, YTO U BHI3BIBAET MEPEHOC BEIIECTB HECTaH-
JapTHBIM 00pa3oM ¢ BOCTOKA Ha 3amaj.

ITocne mpoxoxmeHus IMKIOHA TT0 ceBepy T1o-
MEHCKO 00J1aCTH IMPpeo0IaJarolINM PETMOHAILHBIM
HaIlpaBJIeHUEM BETPOB CTAHOBUTCSI CEBEPHOE, CO-
MMpoBoOXIaloleecst MoxojogaHueM Bo3ayxa [22]. B
9TOM YacTu IIMKJIOHA TaKxKe BbIMlagaeT CHEr, Toraa
TBEpHas (a3a cHera, 3arpsi3HEHHAS TSKETBIMUA Me-
TaJlJlaM1, MOXET ITOCTyIaTh B I. TIoMeHb ¢ ceBepa
u3 I. ToOoIbCK.

BoiBoabl

1. KnacrepHblit aHaIMU3 MO3BOJISIET UCCIEN0BATh
HEOTHOPOIHOCTU XUMHYECKOTO COCTaBa CHEXHO-
ro IMOKPOBa U BBIACIUTh Hanbosiee NpodieMHbIE
TOYKM, a ucnoyub3oBanue ' MC-TexHoMOrNi1 NaéT
BO3MOXHOCTh HaOJIIoAaTh reorpauyeckoe pacro-
JIOKEHME BBISIBJICHHBIX KJIaCTePOB, CBS3bIBAS UX C
(OHOBBIMM HAOIOAEHUSIMU UM 00beKTaMU BHYT-
pY TOPOJICKOM YEPTHI.

2. IIpu u3yyennu pacmnpeneaeHus B CHEXXHOM
MOKPOBE BOJIOPACTBOPUMBIX MAaKPO3JIEMEHTOB yCTa-
HOBJIEHO TPU KJIacTepa 110 Habopy XMMUUECKMX 3JIe-
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57°36' C.LL.

Puc. 4. I1pocTpaHcTBeHHOE paclpeie/ieHe KJIacTepoB MUKPOSJIEMEHTOB TBEPIOI (ha3bl cHera [Uisl Bcex TouekK (a) 1

IIJIST BCeX TOUYeK BHYTpU ropoga (6).

VY. o6o3HayeHust cM. puc. 1

Fig. 4. Spatial distribution of clusters of microelements of the solid phase of snow for all points (a), for all points with-
in the city (0).

See Fig. 1
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MEHTOB M UX cofepxkaHuio B pactBope. Kiacrep C1
comepxut Na, Ca, Mg, K, oobennHsgeT ()oHOBBIE
TOYKU 1 YacTUIHO ropoackue. Kiactep C3 Beimessa-
eTCsI 10 HanboJiee BRICOKOMY comepxkaHuio Na, Ca,
Mg, S. Cynbdartse! u xstopunsl Na, Ca n Mg ncmnois-
3YIOTCSI KaK aHTUTOJIONEAHbIe peareHTH. KiacTtep
C2 oTpaxkaeT CHEXXHBII MOKPOB, HAIMEHee ITOABeP-
JKeHHBII XUMUIECKOMY BO3ICHCTBUIO M pacIiojara-
JOLIMICS BHYTPU TOPOJICKOU YEPTHI.

3. IloBBlIllIEHHOE COAep:KaHNE XUMUYECKHX BJIe-
MEHTOB B TaJIOil BOAE XapaKTEPHO IJISI CEBEPHOI 1
IOTO-BOCTOYHOM YacTeil, a BEICOKME 3HAYCHUS 00-
HapyKeHBI B TPEX TOYKAX BOIM3U IIPOMBIILICHHON
30HBI TOpoAa. 3amagHasl U CeBepo-3allamHasi YacTh
MMEIOT CHEXXHBII ITOKPOB 10 XMMUYECKOMY COCTaBY,
0113KMIi K POHOBBIM TOUKAM.

4. MaxkpoaJieMeHTHI TBEPIO (Da3bl CHEXKHOTO TT0-
KpoBa TaKxKe pa3iejieHbl Ha TPU KiiacTepa, OOJbIast
YacTh KOTOPBIX OJIM3Ka IO COCTaBY U CONEPKAHUIO Be-
IIECTB K (POHOBBIM TOUKAM; HanboJIee BRICOKOE COmep-
>KaHMe MaKpO3JIeMEHTOB B IIp00ax XapaKTepHO IS Ce-
BEPHOI1 YaCTH TOpOIa, HO BKPAIUIEHMSI HaOIIOOAr0TC s
U B IPYTUX YacTsix ropona. Kimacrep Touek, cpeqHux Imo
COIEePKAHUIO TSLKEIBIX METAJIOB, pacIIpenesIeH B IICH-
Tpe TOpoIa Cpear TOUEK, OJM3KIX K (DOHOBBIM.

5. PacTBOpHMBIE MUKPO3JIEMEHTH pa3aeaeHbI
Ha 4eThIpe KiacTepa. HeoOBYHBIM OKa3ajioCch, YTO
poOBI cHera (DOHOBBIX YYACTKOB pa3Ie/IMINCh Ha
nBa kiactepa. @oHoBriit kiactep Cl BbIOEIMIICS
Ccpeau OCTaJbHBIX KJIACTEPOB BHICOKMMM 3HAYCHUSI-
mu Ni, Cu, Pb, Li, Sn, W, 4T0 CBI3BIBacTCSI C MEXpe-
TMOHAJILHBIM IIepeHocoM BemecTBa. Kimactep C2 —
HanboJiee MHOTOUYMCICHHBI 1 00beINHSIET TOUKHU
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uyenko JI.I'., Mockosuenxo /[.B. [IpocTpaHCTBEHHOE
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(boHOBEIC 1 LIEHTpaIbHOM YacTu Topona. Kimacrep C3
110 CBOEMY XMMUYECKOMY COCTaBYy OJIM30K C KiacTe-
poM C4, HO OTJIMYAETCS OT HETO MOBBIIIIEHHBIM CO-
nepxanueM Ni, Sr, Pb, Rb, Li, Rb, Mo. Toukn xma-
crepa C4 pacripeneneHsl cpear Touek Kiaacrtepa C2.
Knactep C3 BeiAesIeTCs 10 BBICOKOMY COIEPXKAHUIO
Sr, Ce n Ba n auskomy — Cu, Pb, As, Li.

6. KitacTepHblii aHaIU3 XMMUYECKOTO COCTaBa
TBEPIOM (a3bl (MbUIb) CHEXKHOTO MOKPOBA TTO3BOJINI
pa3menTh MHOXKECTBO TOUEK Ha YeThIpe KilacTepa, IIe
B Kiactep C1 nmomanarot ¢poHOBEIE TOUKH, C2 — 3arpsi3-
HEHHBIE TSDKETBIMU MeTaimiamu, C3 — cpemHe3arpsiz-
HEHHBIE, C4 — OYeHb CWITBHO 3arpsi3HEHHBIe. DOHOBBIE
C1 n omuskme K HUM C3 pacrionaraiorcst B IIeHTpalb-
HO YaCTH, a 3arpsI3HEHHBIC TSLKETBIMU METAIIAMMU TsI-
TOTEIOT K CeBepy OT LIEHTpa T'OpoJa, YTO YKa3hIBaeT Ha
BO3MOXHOE X IOCTYIUICHUE 13 T. ToOOJIbCK.

7. PazmeneHune Ha KJIaCTephl T€OXMMUUECKUX
CIIEKTPOB BOZOPACTBOPUMOM (DOPMEI U B TBEPIOIL
(haze mo3BoISIET BEIACIUTD BHEITHUE (DaKTOPHI He-
OIHOPOTHOCTH CHEXXHOT'O MOKPOBA: PETMOHAIbHBII
MepeHOoC BEIIeCTB B XKMUOKOI (ha3e 3alamHOTO, CeBe-
pO-3allagHOrO HampaBIeHUil; B TBEpHOii (asze — ce-
BEPO-BOCTOYHOI'O HAIPaBJICHMS; BHYTPUTOPOIACKOM
MepeHOC aHTUTOJIOEMHBIX PEareHTOB 1 3arps3HSIIO-
IIMX BEIIeCTB BIOJb aBTOMOOMIBHBIX TOPOT U B IIPO-
MBIIIJICHHOI 30HE TOpoJa.
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