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AHHOTanusa. AKmyaasHOCmMb vccne[0BaHUs 00yC/l0BJIeHAa HEOOXOAUMOCTbI0 M3YYEHUsS] a3pOTEXHOTEHHOW Harpy3Ku Ha
TEpPUTOPHUH, IpUJIETAIOIINE K IPEATIPUATHSAM YrOoJbHON TEIJIOIHEPTETUKN U KOKCOXUMUH, KOTOPbIE SIBJSIOTCS OQHUM U3
OCHOBHBIX MCTOYHHUKOB INOCTYILJIEHUS] TBEPABIX YACTHUL, B OKpyawluyto cpeay. IJeab: oleHKa 3K0JIOr0-reoXMMHUYECKOT0
COCTOSIHUSI palOHA pasMelleHUs TEeMJIO3JEKTPOCTAHLUU U KOKCOXMMHMYECKOT0 MPOU3BOJCTBA IO JAHHBIM MHOTOJIETHUX
(2016-2023 rr.) HabJlOleHUH YPOBHS MbIJIEBOW HAarpy3KHd U XUMUYECKOI'0 COCTaBa TBePZOoi ¢pa3bl CHErOBOro MOKpoBa (Ha
npumMepe r. KemepoBo). 06s6ekmbl: TBepas $pa3a CHEroBOro NoKpoBa, chopMUpoBaHHasi aTMOCHEPHBIMU BbINAJ€HUSIMH, B
30He IepeHoca BBIOPOCOB HA PACCTOSTHUU /10 4,5 KM OT TeNJI03JIeKTPOCTAaHIIMM U KOKCOXHMUYECKOro Ipou3BoAcTBa. Memo-
dbl: CHEroreoxyMMMuyeckass CbeMKa; MHCTPYMEHTAJbHbIH HEHTPOHHO-aKTHBALlMOHHBIM aHa/lM3; METOJ aTOMHO-
a6CcoOpOIIMOHHON CIIEKTPOMETPHH; IKOJIOTO-TeOXMMHUYECKHe U CTATUCTHYECKHEe MeTO/ibl. Pe3y/1iemambl U 8b1800b1. YPOBEHD
NbLJIEBOM HAarpy3Ku M3MeHsieTcs OT HU3Koro (MeHee 250 mr/(m2+«cyT.)) go cpenHero (250-450 mr/(m2+cyt.)) ¢ 2016 no
2023 rr. BrisiB/ieHa KoppeJsisilMOHHAsi 3aBUCMMOCTb MeX/Jy INblIeBONM Harpy3koll M MeTeolapaMeTpaMu. PocT mblLieBoi
HarpyskH CBsi3aH C yBeJMYeHHeM OTHOCHTEJbHON BJIQXKHOCTH BO3/lyXa M KOJIMYECTBA OCAJKOB M CO CHWXKEHHEM CKOpPOCTHU
BeTpa B 3UMHUe ce30HBL [1o Mepe yaieHus OT NpeJIpUATHH HabJII0/1aeTCA CTATUCTUYECKH JJOCTOBEPHBIM HU3KUH yPOBEHb
NbLJIEBOM Harpy3k Ha paccTossHuU Jo 1 kM (B cpefsHeM 245 mr/(m2«cyT.)), a B npezenax 1,5-4,5 kM ypoBeHb NblJI€BOU
Harpysku yBesinuuBaetcs (B cpegHeM 381 Mr/(M2+cyT.)), YTO MOXKET GBITb CBSI3aHO C BJUSHUEM NPUPOJHO-aHTPOMOTE€HHbIX
¢daxTopoB. B TBepao# pase cHeroBoro NnoKpoBa HanbGosiee MHTEHCUBHO KOHIeHTpUpytoTcsd Ba, La, Sm, Tb, Yb, U (Bbiie pona
6oJiee 10 pas), meHee nHTeHCUBHO - Ca, Sc, Sr, Cs, Ce, Nd, Hf, Ta, Hg, Th (BbIe poHa B 2-10 pas), o6ycaBanBaloIie BbICO-
KUW ypoBeHb 3arpsaA3HeHnd B 2016 u 2022 rr. u cpepnuid B 2023 r. KoHleHTpaLua JaHHbIX 3/1eMEHTOB He U3MeHSEeTCs Ha
HNPOTSKEHUH TepHo/ia HAabJII0[leHHH, 4YTO M03BOJISET PACCMAaTPUBATh UX KaK HHAMKATOPHYIO IPYIIY 3JeMEHTOB B TBepJ0H
¢dase cHera Ha udy4yaeMoi TeppuTopuu. CTaTUCTUYECKH JOCTOBEPHO YCTAHOBJIEHO, YTO Ha GOPMUpPOBaHHE T€OXUMHUYECKON
crnieniGUKHU TBepAOH $asbl CHera BJIMAIT COCTAB YIJIA U 30JIbl yHOCA, 06'beMbl MOTPebJIeHUs TOIIMBA U MeTeonapaMeTpbl
(TeMnepaTtypa Bo3/yxa, CKOPOCTb BeTPa, OTHOCHTEJIbHAS BJAXKHOCTb BO3/lyXa, KOJIUYECTBO 0CA/IKOB).

KiroueBblie c/10Ba: CHETOBOM IIOKPOB, peaAKOo3eMeJIbHbIe U PAIUOAKTHBHBIE 3JIEMEHTDI, TAXeJible MeTaJlJibl, MeTeOoIlapaMeT-
Pbl, TBEpAbl€ YaCTUILbI, TENJIO3JIEKTPOCTAHIUA, KOKCOXUMHWYECKOe IPOU3BOACTBO

BiarogapHoOCTH. ABTOPBI BBIPQXKAIOT 6JIar0JapHOCTh aHaJIUTHKaM Asekcanzapy ®Penoposudy Cynbiko u Jlapuce Bacuib-
eBHe BoryTckoi 3a BbIIIOJIHEHHE aHATUTHYECKHUX PAaBOT METOLOM HHCTPYMEHTA/JIbHOTO HEUTPOHHO-aKTUBALMOHHOTO aHa-
JIN3a, KaHAUAATy XUMHUYECKUX HAYK, NJOLEHTY OTAeJIeHUA reoJIoruu ToMCKOTro MOJUTEXHHUYECKOTO YHHUBEpCUTETA Hune
AnexcanzipoBHe OcHMIIOBOM 32 KOHCY/JIbTUPOBAaHME B Ipoliecce onpejeeHrst KOHIEHTPAaluu PTYyTH B npobax, ExaTeprHe
AnaTtosbeBHe @unuMoHeHKo U [lapbe AHaToJIbeBHE [lepinHoM 3a cofeiicTBue B 2016 1. B 0T60pe Npo6 CHETOBOr'0 MOKPOBA,
JIOKTOPY Te0JIoTy-MUHEPaJIOTHYeCKUX HayK, Tpodeccopy oT/e/ieHUs] reoorud TOMCKOro MOJIMTEXHUYECKOI'0 YHUBEPCUTE-
Ta Ceprero MBaHOBHYY ApGy30BY 3a Ipe/joCTaB/JeHNe MaTepHUaJIOB O COCTABE YIJIs /sl BbIIOJIHEHUs CPAaBHUTEJIBHOTO aHa-
su3a. UccenoBanus BeinosiHeHbl B HU TOMCKOM NOJIMTEXHUYECKOM YHUBEPCUTETE B paMKaX NPOrpaMMbl NOBbIIIEHHS KOH-
KypeHTOCIOCOGHOCTH TOMCKOro MOJIMTEXHUYECKOTO YHUBEPCHUTETA CPeJM BeJAYLIMX MHUPOBBIX HCC/IE[0BAaTeNbCKUX LIEH-
TpoB. PaGoTa BBINOJHEHA C HCHOJb30BaHMEM OGOPY/OBaHUS LleHTPA KOJIJIEKTUBHOTO I0JIb30BaHUs YueGHO-HAy4HbIN
neHTp «MccnejoBaTeIbCKUN 1epHBIA peakTop» U Mex/lyHapo/iHbIH MHHOBAIlMOHHBIM Hay4yHO-06pa30BaTeJbHbIN LIEHTP
«YpaHoBas reoJiorusi» uMenu JLII. PuxsaHoBa ToMCKOI'0 OJIMTEXHUYECKOTO YHUBEPCUTETA.
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Dynamics of particulate load and chemical composition of snow cover
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Abstract. Relevance. The necessity to investigate aerotechnogenic pollution around coal-fired thermal power and coke-
chemical processing plant, which are one of the main sources of particulate matter emissions into the environment. Aim. To
assess the eco-geochemical conditions of the area around the thermal power station and coke-chemical processing plant
based on long-term observations (2016-2023) of particulate load levels and the chemical composition of the particulate
phase of snow cover (the case of Kemerovo). Objects. The particulate phase of the snow cover formed by atmospheric
precipitation in the area of pollutant transfer at a distance of up to 4.5 km from the studied plants. Methods. Snow
geochemical survey; instrumental neutron activation analysis; atomic absorption spectrometry; statistical analysis. Results.
The particulate load level ranges from allowable (<250 mg/(m2?*day)) to moderately hazardous (250-450 mg/(mZ*day))
during the study period. A correlation exists between particulate load and meteorological factors, with increased loads linked
to higher humidity, precipitation, and lower wind speeds in winter. The particulate load is statistically lower within 1 km
(245 mg/(m2*day)), while levels rise to 381 mg/(m2*day) between 1.5 and 4.5 km, effected by natural and anthropogenic
factors. The snow cover particulate phase shows high Ba, La, Sm, Tb, Yb, U concentration (over 10 times background levels),
while Ca, Sc, Sr, Cs, Ce, Nd, Hf, Ta, Hg concentration are 2-10 times above background. This indicates hazardous pollution
levels in 2016 and 2022 and moderately hazardous level in 2023. The concentrations of these elements remained unchanged
throughout the study period, which allows them to be used as markers for the particulate phases of the snow cover in this
area. Interestingly, it was found that the formation of geochemical specifics in particulate snow cover is related to coal
composition, fly ash composition, fuel consumption volume, and meteorological factors.

Keywords: snow cover, rare-earth and radioactive elements, heavy metals, meteorological parameters, particulate matter,
thermal power plant, coke-chemical processing plant
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BBegeHue

VYroib UrpaeT 3HaUUTENIBHYIO POJIb B MUPOBOU SHEp-
TeTHKE W OCTaeTcs OXHMM M3 CaMBIX BOCTPEOOBaHHBIX U
UCTIONb3yeMbIM TOIUIMBOM. CokHMraHue yris Ha Mped-
NpUATUAX TCIVIOOHCPTCTUKU ABJIACTCA OAHUM U3 OCHOB-
HBIX HCTOYHUKOB aTMoc(hepHoro 3arpsi3Henus [1].

BbIOpOCHI, CBSI3aHHBIE CO CXKMIAHUEM U IepepadoT-
KOH yris, comepar O0bIION 00beM NBUTH, Pa3HO00-

pasHble XUMHUYECKHE DJIEMEHTBI U COCIMHEHUS, KOTO-
pble MOTYT OKa3blBaTb HEraTMBHOE BO3JEHCTBUE Ha
3II0POBBE YEIIOBEKA U DKOCUCTEMBI [2—5].

B nmocnemnue necAaTHeTHsT yUSHBIE YACISIOT 0c000e
BHIMAHHC H3yYCHUIO TSDKENBIX METAaUIOB B TBEPABIX
YacTHLaX aTMOC(EepHOro BO3AyXa B paiOHaxX pacroiio-
KCHUS YTOJBHBIX TEIUIOIEKTPOCTAHIINN U KOKCOXUMH-
yeckux Tnpeanpusthii. Hampumep, mo maHHBIM [6],
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KJIApKU KOHIEHTPAIIUH PTYTH B TEXHOJIOTHUECKOH MBLTH
KOKCOXMMHUYECKOro mpou3BojcTBa aocturaim 1000 u
Oornee eIUHUIL, a B TEXHOJOTHYESCKON IBLTH (O OYUCT-
KH) KOKCOXMMHYECKOTo 3aBojia (T. BujHoe) ypoBHU ee
coctaBisu 50 Mr/kr. I1oBBIICHHBIN MBUIEBBIOPOC, Xa-
PaKTepHbI Il JTaHHOTO MPOM3BOACTBA, OIPEIeseT
MOTEHLUANIBHYIO ONACHOCTH 3arpsi3HEHUs Cpebl 00uTa-
HUS PTYThIO B palloHax pa3MeIeHHs KOKCOBBIX 3aBO-
JIoB [7]. BBIOPOCHI TEIUIO3IEKTPOCTAHIIMH TAKKE SIBIIS-
IOTCSl MCTOYHMKaMu moctymienuss pryta [8]. Kpome
TOTO, U3BECTHBI PA0OTHI 00 MCCIIEIOBAaHIH 00Pa30BaHHUs
U XapaKTEPUCTUK MEJIKUX YaCTHLI, HA KOTOPBIX KOHLEH-
TPHUPYIOTCS MBIIIBSK | cesieH [9]. CymecTByoT paboThI
M0 U3YYCHUIO MOTUIMKIMYECKHX apOMAaTHUYECKUX YTIie-
Bos10poJIoB (ITAY), KOHIIEHTPUPYIOIIHMXCS Ha TBEPIBIX
JaCTUIaX B aTMOC(EPHOM BO3IyXE U ITOYBAX, IIOCTYIIA-
IOLIMX OT CKUTaHMA YIJIsl KaK Ha TeIUIOAJIEKTPOCTAHIIM-
sIX, TaK ¥ U3 KOKCOBBIX Tieueit [10, 11].

CHeroBoil MOKpOB MCHOJIb3YETCS] MHOIMMHU yUYE€HBI-
MU B UCCIICZIOBAaHUSAX IBLUICA3PO30JIbHBIX YaCTHUL], 103~
BOJISAS ONPEACTATh UX KOIUYECTBO, OCOOCHHOCTH XH-
MHUYECKOI'0 COCTaBa U IPOCTPAHCTBEHHOI'O paclpene-
nenust [12—-19]. Takxke 1o TaHHBIM U3YYEHHUSI CHETOBO-
r'0 MOKPOBa MOKHO BBISBIISITH IPOCTPAHCTBEHHBIE Ope-
OJIbl 3arpsi3HEHMsI U ONPEAENATh 3arpsi3HEHUE Teppu-
TOPUU B KOHKPETHBIM 3UMHMIA MEPHOJ C YCTOWYMBBIM
cHeroBbIM MOKpoBOM [20]. HTEHCUBHOCTH 3arpsizHe-
HUSL CHETOBOI'O ITOKPOBA M03BOJIET ONPEAEIUTh KOJIU-
YEeCTBO 3arpsA3HUTENEH, MOCTYNAIOIUX BO BpeMs CHe-
rOTasHUsI B TIOBEPXHOCTHBIE BOJIBI M TTOYBHI [21].

B onyOinKkoBaHHBIX HCCIEJOBaHUSX O pailoHax,
MOJIBEP)KEHHBIX BIIMAHUIO yroiapHbIXx TOLl, akueHT
cJieNiaH Ha aHajdu3e KOHIEHTPALUU MOJUIMKINYECKUX
apOMaTUYECKUX YTIIEBOJIOPOJIOB, MAKPOAJIEMEHTOB H
Tspkenbix MetauioB I, II u III kmaccoB omacHocTH B
CHETOBOM TMOKpoBe. OJHAKO 3HAYMTEIHHO MEHbIIE
BHUMAaHUS YJIEJIICHO M3YYCHHIO YPOBHEH KOHIICHTpa-
LMY PaJIMOAKTUBHBIX U PEIKO3EMENbHBIX 3JIEMEHTOB B
CHETOBOM IOKPOBE.

[To pesynbraTaM MHOTOJIETHHX HCCIIEJIOBAHHMA aB-
TOpoB u3 . ToMcka oTMeuaeTcs, 4YTO B COCTaBe Hepac-
TBOPUMOH (PpaKIMU CHEKHOTO MOKPOBA B OKPECTHO-
CTSIX TEIUIOAJIEKTPOCTAHLUU CHEeUU(DUIHBIME 3JIEMEH-
Tamu sBistiiores Na, Ba, Sb, La, Sm, Yb, Lu, U, Ta, Bi,
W, As, Fe, Sr [22]. Takxe aBropamu [23] ycraHoBie-
HO, YTO TSDKEIbIe METaIlIbl, PEJKO3EMENbHbIE, PEIKUE
U paJOaKTUBHBIC JIEMEHTHI KOHIICHTPHPYIOTCS Tpe-
HUMYILECTBEHHO B TBEPAOM OCAJIKE€ CHEra U TOJIbKO He-
OoJbIIas 4aCTh MIEPEXOUT B PACTBOP.

AHanu3 JaHHBIX O CHErOBOM MOKpoBe [24-26], co-
OpaHHBIX B TIpOIIECCE MOHHWTOpPHHTa B paiioHe TOI]
r. HoBocubOupcka, MOATBEpIM HaIMYHE YCTOWYHMBBIX
TI0JIEH a9PO30JILHOTO 3arPSI3HEHNUS B IAHHOW MECTHOCTH.

B KemepoBckoit obmacti, KoTopas SIBISETCS OC-
HOBHBIM PErHOHOM [0 J00bYe yriisi B crpaHe [27],
BBITIOJIHSJIUCh UCCIIEIOBAHUS O BO3ACUCTBUU YrOJb-

HBIX TIPEANPUATUNA HA OKPYXKAIOMIYIO CpeAy U Ha 3/10-
poBwe uenoBeka [28-31]. I'opox Kemeposo, aamunm-
CTPaTUBHBIN IIEHTP OONACTH, XapaKTepU3yeTCs HaIH-
YHEeM MPOMBIIUICHHBIX MPEINPUATHI, KOTOPbIE OKa3bl-
BalOT HETaTHMBHOE BO3JICHCTBHE HA OKPYKAIOUIYIO Cpe-
ny [32]. B ropome (QyHKIHOHHUPYIOT MPEINPHUITHS
TEIUIODHEPTeTHUKH, KOKCOXUMHUYECKHE W XUMHUYECKUE
MIPENPHUATHS, PACTIOJIOKEHHbIE paBHOMEpHO B lleH-
TpalbHOM paiioHe ropoaa. Bokpyr »sToro paitona
HAXOJUTCS 3HAYUTEIbHOE KOJMYECTBO JKMIIBIX MacCH-
BOB. [lo odunmanbHbIM JaHHBIM B aTMOC(EPHOM BO3-
JIyXe ropoja MepUOJMYeCKH HAOIIONAI0TCS MPEBBIIIe-
uus [1JIK i Takux BemiecTs, Kak OeH3(a)IUpeH, aM-
MHaK, B3BELICHHBIC BEIECTBA, BOJOPOJ XJIOPUCTHIH,
OKCHJ M JAWOKCHJ a30Ta, THOKCHI CEpbl, OKCHUI yTie-
poIa, METauIoB, yriepon (caxwu), GeHol u (hopMab-
nerun [32]. Hanpumep, B OT/iebHBIC 3UMHUE TICPUO/IBI
(2016, 2022, 2023 rr.) CpenHETOI0OBbIC KOHIICHTPAIIUH
B3BCIICHHBIX BEHICCTB (DUKCHPOBAINCH Ha YPOBHE
IIKc.c. 3y4yeHne TOKCUYHOCTH BBIOPOCOB (yrojabHast
MbLTb, CaXka, Ha(TanMH, aMMHaK, CEpOBOAOPO, IHa-
HUCTBIN BOJIOpOJI, OeH3071, (heHON, TUPUINH) KOKCOXHU-
MHYECKOTO MPOU3BOACTBA MPOUCXOJUIO B TEPUOJ C
1990 mmo 2000 rr. [33, 34].

DKOJIOrO-TeOXMMHIYECKasi 0OCTaHOBKa HA TEPPUTO-
puu r. KeMepoBo m3yuanack B OTHETBHBIX pailoHaX B
pazusie nepuojibl 1980—-1990-x [30] n Havana 2000-x rr.
[35]. B aTX wmccienoBaHusaX (UKCUpOBAJICS HEIOCTa-
TOK JJAHHBIX O MacIiTade U XapakTepe adpoTeXHOT€HHO-
TO BO3JIEHCTBUS NPEANPUATHIA COKUTAHUS U MepepadboT-
KU YTJIsl HA OCHOBE aHaJl3a CHETOBOTO TTOKPOBA.

[Jannasg pabora HampaBlieHa Ha OLIEHKY 3KOJIOrO-
TEOXMMHUYECKOTO COCTOSHUS paiioHa pa3MeLIeH s TeTio-
AIIEKTPOCTAHIIMA M KOKCOXMMHYECKOTO TPOM3BOJICTBA B
r. KemepoBo mo manasiM MHOrostetHux (2016-2023 rT.)
HaOIIO/ICHUH YPOBHS MBIJIEBON HArPy3KH U XUMHUYECKO-
T'O COCTaBa TBEPJIOH (pa3bl CHETOBOTO TIOKPOBA C YUETOM
METEOPOJIOTUICCKUX TapaMETPOB, TTOTPEOICHHS TOTLIH-
Ba Ha TEIJIONIEKTPOCTAHLUH, XUMHUYECKOrO0 COCTaBa
WCIIOJIb3YEMOTO YTJISl M 30JIbI YHOCA.

MaTepuasibl 1 METOAbI

HccnenoBanue mpoBOIMIIOCH HA OCHOBE P00, OTO-
OpaHHBIX B paiioHEe pacIiOIOKECHUS KOKCOXUMHYECKOTO
3aBojia U Teruroiekrpocranuu T. Kemeposo (Poccus)
B 3uMHHE ce30HBI 2016, 2020, 2022 u 2023 rr. Beero
ObUTI0 0TOOpaHO 68 MPOO cHeroBoro mokposa. OT6OP U
MOJrOTOBKA MPOO CHErOBOTO MOKPOBA IPOBOIWINCH B
COOTBETCTBUU C METOAWYCCKUMH PEKOMEHIAIIHSI-
MU [36]. [TyHKTBI 0TOOpa TIPOO pa3Meniaanch B ceBep-
HOM, CEBEPO-BOCTOYHOM MU IOT0-3aIlaHOM HaIpaBie-
HISIX OT IPEANpUsATH ¢ ydeToM: 1) mpeobiasaromero
HanpasJIeHUs BeTpa (1oro-3amnan); 2) BICOThI ILIMOBBIX
TpyO TpeANnpUsTHIA; 3) JOCTYIMHOCTH K TOYKe 0TOOpa;
4) ynajaeHHOCTH OT aBTojmopor Ha 20-25 M U JIOKaJb-
HBIX HCTOYHHKOB 3arPSI3HEHUSL.
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[IpoOBl cHEroBOro MOKpoBa OTOMPATUCH Ha BCIO
ryOWHY CHEKHOTO TIOKpOBa 3a HWCKIIIOUEHHEM S5 CM
HaJI TOYBOH, YTOOBI MPEAOTBPATUTH TTOTIAJaHNE TTOYBEHI
B CHeroBbie MPOOBL. OTOOP MPOUCXOAMII C TIOMOIIBIO
ITacTMaccoBOi JionaTel. OTOOpaHHBIE MPOOBI ITOME-
[IAJHCh B IDIACTHKOBBIC IMAKETHI M 3aBS3BIBAIHCEH C
OupKamMu, Ha KOTOpBIX OblTH HOMepa mpol. [locne oT-
00pa KaxJ0i MpoObI TPOBOIMIOCH H3MEPEHHE TIIOIIA-
JIM IPO0O00TOOpA C TTIOMOIIBI0 MEPHOH PYJICTKH.

OTto0panHble TIPOOBI CHETOBOI'O MOKpPOBa JOCTaB-
JSUTMCh B JIa0OpaTtopuio, TJe ObLIO MPOBEACHO He-
CKOJIBKO JTamloB MPOOOTOATOTOBKM: 1. JEeKaHTamus
9aCTH CHETOTaJOH BOIBI, KOTOPAsl MPEICTABISICT «9H-
cTyro, 0e3 ocajkay» BOAY; 2. (puiabTpanus ocTaBiIeics
9aCTH CHETOTAJOH BOJBI C OCAZAKOM depe3 0e330JbHBII
GUIBTP THIIA «CHHSIS» JICHTA; 3. MPOCYIIUBaHUE (HUITb-
Tpa ¢ ocaakoM (TBepaoil (a3oil) mpu KOMHATHOW TeM-
neparype; 4. mpocerBaHue TBEPAOH (a3bl A UCKITIO-
YCHUS KPYIHBIX TPUMECEH; 5 B3BEUIMBAaHUE MPOO IS
MOJTy4YeHHsI TAaHHBIX O Macce TBEepIoi (ha3bl.

Ananmu3 mpo0 TBepaoi (a3bl CHEroBOrO MOKPOBA
MIPOBOAMJIICS C WCIIONB30BAHUEM COBPEMEHHBIX METO-
JIOB aHanu3a B JjabopaTopuiax MeXayHapOJHOTO HH-
HOBAIIMOHHOTO  Hay4yHO-00pa30BaTENBHOTO  IIEHTpa
«YpaHoBasi TeoNOTHs» Ha 0a3e OTHENEHHS TeOJOTUH
HuxenepHod WIKONBI OPUPOAHBIX pecypcoB Harmo-
HAJBHOTO HCCIIEJI0BATENBCKOr0 TOMCKOTO TOJIUTEXHU-
YEeCKOTO YHHBEPCHUTETA. AHAIN3 CONCPKAHUS PTYTH B
mpobax  peasn30BBIBAJICS METOJIOM aTOMHO-
a0COpOIMOHHOM CIEKTPOMETPUHU HA aHAIU3aTOpe PTY-
™ PA-915M c npucraskoit [TMPO-915+ (mpenen 06-
Hapyxenus Hg 5 Hr/r).

HccnenoBanue 31€MEHTHOTO COCTaBa Mpo0 MpoOBO-
JIWJIOCh METOJIOM HMHCTPYMEHTAJIBHOTO HEHUTPOHHO-
aktuBanmoHHoro aHanmsa (MHAA) na uccnenoBarens-
ckoM peaktope UPT-T npum TomckoMm MONUTEXHUYE-
ckoMm yHuepcurete. MTHAA onpenensier copepskanue
26 XUMUYeCKHX A1eMeHTOoB B npobax (Ca, Na, Fe, As,
Zn, Nd, Cr, Co, Sb, Br, Ba, Rb, Cs, Sr, Hf, Ta, Sc, Tb,
Sm, Eu, La, Ce, Yb, Lu, U, Th). [IpoGs1 Obl11 001yue-
HBI TETUIOBBIMH HEWTPOHAMH C IUIOTHOCTBIO ITOTOKA B
KaHaje o0ay4yeHus 2 10" HeﬁTp/(CM2~c).

[To maHHBIM CHEroBOro ONMpoOOBaHMS MPOU3BOINII-
Csl pacyer IoKaszaTeiell 3arps3HEHHs TePPUTOPHUH, 10
MyOJIMKAIMKA HEKOTOPKIX aBTOPOB [36, 37].

[IbmeBas Harpyska (P,) paccuuTbiBasiach 1mo Qop-

myne (1):

P,
Po=2, (1)

rae P, — Bec TBepaoil (asbl cHera, Mr; S — IUIOMIAIb
CHEroBoro mrypda, M’; ¢ — KOJIIMYECTBO CYTOK OT Hada-
JIa CHErocTaBa J10 JiHsl 0TOopa npoo.

[ony4yenusie 3HaueHUs1 P, OIICHUBAIOT YPOBHU 3a-
IPSA3HCHUST TEPPUTOPUH MO TPATALUSIM, HPEIACTABICH-
HbIM B [36—39] (Tabmx. 1).

Ta6auya 1. I'padayus yposHell 3azpsi3HeHUs1 meppumopuu
no ypogHio nuliaesoll Haepy3ku (Pn) u cymmapHo-
20 nokazameJsi 3azpsiaHeHus (Zc)

Table 1. Gradation of pollution levels of the territory
according to the level of particulate load (Pn)

and the total pollution index (Zc)

YpoBeHb 3arpsi3HeHUs Pn, Mr/(M2:CyT.) 7
Pollution level [36-39] mg/(m?*day) ¢
o MeHee 64

Huzkuii/Allowable 100-250 ess than 64
Cpepnuii/Moderately hazardous 250-450 64-128
Bricokuii/Hazardous 450-850 128-256
OueHb BBICOKHH =850 Gosiee 256
Highly hazardous B more than 256

Koathdunment konnentpammu (K¢) 11 KKIOT0o Xu-
MHYECKOTO 3JIEMEHTA PaCCUUTHIBAJICA 10 (hopmyie (2):

C
Cq;’

2

KC=

rae C — conepkaHue 3neMeHTa B npode, mr/kr; Cy —
(hoHOBAs KOHILIEHTpaLUsl 3JIEeMEHTa, MI/KT. (DOHOBbIE
KOHIIEHTPALUU 3JIEMEHTOB NPUHATHI 110 [13, 40, 41].

[Tocne pacuera K¢ cocCTaBisuicS TE€OXUMHUYECKHUI
ACCOLIMATUBHBIA Pl AJIEMEHTOB C HAaHOOJBLIMMU KO-
s ¢unreHTaMH KOHIICHTPAIlMH B MOPSAKE yOBIBAHMS,
YTO XapaKTepPU3yeT aHOMAJIbHOCTh COAEPIKAHUS XUMMU-
YECKHX DIIEMEHTOB B IPO0OaXx.

CyMMapHBII TTOKa3aTelb 3arpsi3sHEHus (Z¢) CHEro-
BOTO ITOKPOBA M3Y4a€MbIMM XHMHUYECKHMHU 3JIEMEHTa-
MH paccuuThiBajCs o Gopmyiie (3):

Ze=YKc—(n—1), 3)
TJ€ 1 — YUCIIO AJIEMEHTOB, uMeronmx Kc>1,5 ¢ yuerom
(dbaykryanuu ¢poHa.

BrImonHAIOCK  CpaBHEHHE  CpPEeAHUX  YPOBHEH
HAKOIJICHHUSI XUMHUYECKUX JIEMEHTOB TaKKe C KIapKOM
3eMHOU KOpbI [42—45] u xiapkoM Hoocdeps! [46, 47],
9TO OTpaXXeHO B BHJe (hakropa oborameHus (perep
ckanauii) (PO) (4) u xiapka konueHrpauuu (KK) (5),
COOTBETCTBEHHO

®0 = (Cx/Csdroc 4)
(CX/CSC)S.K. ’

rae Cx — cCofiepiKaHue XUMUYECKOro DJICMEHTa B TBEp-
JoH (hase cHera M KJIapK dTOr0 XUMHYECKOTO JIEMEHTa
B 3eMHOH Kope (3.K.), MI/KT; Cs. — coJiep)KaHHe CKaH-
ISl B TBEpIOH (ha3e cHera M KIapK CKaHIUS B 36MHOU
Kope (3.K.), MI/KT.
c
KK =, (5)

rae C — copepKaHue XUMHYECKOr0 3JIEMEHTa B TBEp-
noii (haze cHera, Mr/kr; K — kiapk Hoochepsl [46, 47].

Amnanm3 1 06paboTKa MOTyYSHHBIX JaHHBIX IPOBO-
JJIMCH C UCIIOIb30BAHUEM MPOTrPAMMHOIO KOMILICKCA
Statistica.
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B tBepnoii ¢aze cHera BBISIBICHHUE acCOIMALMN XUMHU-
YECKHX JIEMEHTOB U YCTAHOBJICHUE TEOXUMUYECKUX CBSI-
3eil MeXTy TBepIIOH (pa3oH, yriieM (JJaHHbIC TPEI0CTaBIIe-
Hel ipodeccopom TITY C.H. ApOy30BbIM) U 305101 yHOCA
(maHHBIC aBTOpa), METEOPOJIOTMUECKUMH  TapamMeTpaMu
(TeMmiepaTypa BO3/IyXa, CKOPOCTh BETpa, OTHOCHTEIbHAS
BJI&KHOCTh BO3/1yXa, KOJIMYECTBO OCAJIKOB U3 METe00a3bl
[48]), motpebnennem TormBa Ha ['POC [49] npoucxoau-
JIO C TIOMOIIBIO KOPPEISIMOHHOTO ¥ KJIACTEPHOTO aHAIN3a
(koo uiment koppemsiuuu  [lupcona u  Crmpmena).
B nomnonHenue k aHanmM3y 1Mo AJIEeMEHTHOMY COCTaBy TPoO
HCTIONB30BAJICS (DaKTOPHBIN MeTo. 1yt IpoBeieHusI KOop-
PETISIMOHHOrO, KIIACTEPHOTO M (DAaKTOPHOTO aHAM3a BCE
3HA4YCHUs ObUTH CTAaHAAPTU3UPOBAHBL.

C moMoIpo KodQpUIMeHTa Koppesiiuu (r) MbI
CMOIJIM Y3HATh CHIIy KOPPEISIMOHHBIX B3aMMOCBsS3EH
B BBIOOpKAX, TJe MO MPUHATHIM IIKaTaM, OIIEHKH Xap-
PUHITOHA, TIPU3HAK OYEHb CIIa00W B3aMMOCBS3U COOT-
BeTcTBYeT MeHee 0,2, mpu3HaK c1aboii CBSA3M COOTBET-
crByer amarazony 0,2-0,37, cpemHsisi B3anMOCBSI3b
OTHOCHTCSI K 3HaueHusM B rpanunax 0,37-0,63, k BbI-
COKOM KOPPEJSIIMOHHOMN CBS3M OTHOCSITCSI 3HAUCHUS OT
0,63 mo 0,8, a X OYeHb BBICOKOI B3aMMOCBSI3H OTHO-
csatcs 3HaueHus B auanasone 0,8—1 [50].

Pe3ysibTaThbl U 06CYXK/eHUS
YpoeeHb nvlieeoll HAZpy3KU

Ha puc. 1 npuBeneHs! JaHHbIE 110 JUHAMUKE YPOB-
Hell MbUIeBOM HArpy3Kd B 3UMHHUE MEPHObI HaOIroe-
Huti 2016, 2022, 2023 rr. OnpeneneH HU3KUM ypOBEHb
TIBUIEBOTO 3arpsi3HEHHsI CHETOBOTO MmokpoBa B 2016 T.
T10 Tpajialuu, oKa3anHo# B Ta0xn. 1. B 2022 u 2023 rr.
c(hopMUpOBaH cpelHUI YPOBEHD 3arpsi3HCHUS.

700

600 609

500 490

416
381
359

Pn, mri(m* x cyT)
g
MANAN
¥ g

245
220

200 192
100 102 ® Mean
= Median
[A25%-75%
0 T Min-Max
2016 2022 2023
Puc. 1. /Juazpamma pazmaxa ypogHell nvliegoll Hazpy3Ku 8

2016, 2022 u 2023 22. n0 0aHHbLIM UCCAC0BAHUS
CHe208020 NOKpO8a 8 30He 8AUSIHUS npednpusimull
menJio3Hep2emuKU U KOKCOXUMUU

Diagram of the range of particulate load level in
2016, 2022 and 2023 according to a study of snow
cover around thermal power plant and coke-
chemical processing plant

Fig. 1.

Ilo pesynbraTaM KOPpEIILIMOHHOIO aHalU3a Me-
TeomapaMeTpbl OKaszanyd BIMSHHEC Ha (OPMHPOBAHHE
MBIJICBOM HArpy3KHd B TEUCHHUE TEpUOJia HAOIIOICHUN.
OmnpezeneHa CTaTUCTUYECKH BBICOKO 3HAUYMMasi Koppe-
JISIMOHHAsT 3aBUCUMOCTb MEXKAY IbLIEBON Harpy3Kow,
OTHOCHUTEJIBHOI BIIQXKHOCTBIO BO3JyXa M OCaJKaMH
(Tabn. 2). OtpunaTensHas KOPpPEIALUOHHAS CBSI3b BbI-
SIBJICHAa MEX/1y MbUIEBOM HAarpy3Kod M CKOPOCTHIO BET-
pa, 4TO yKa3bIBaeT Ha MOBBILIEHHUE MbUIEBOIM Harpys3Ku
¢ 2016 no 2023 rr. npu CHUKEHUH CKOPOCTH BETpa B
3TOT nepuoj. Mexay NbUIeBOW Harpy3koi U Temmepa-
TypOH BO3/yXa KOPPEISIINOHHAs CBSA3b HE ObLIa BBIC-
JIeHa.

Ta6auya 2. Kosgpuyuenmsr koppeasyuu (r) 6 cucmeme
«Nbl/1esast Hazpy3Ka — Memeonapamempbl»

Table 2. Correlation coefficients (r) in the "particulate

load - meteorological parameters” system

[Ib1eBas Harpyska (Pn, mr/(mM%cyT.)) - 3nave- Tun csian
MeTeonapaMeTphl s T Type
Particulate load (Pn, mg/(m%*day)) - rvalue | of connection
meteorological parameters

Pn - TemnepaTypa Bo3yxa
Temperatufe (38 ¥ 0,2 Cnabasi/Low
Pn - CkopocTtb BeTpa (M/c) ~069
Wind speed (m/sec) ’
Pn - OTHOCUTe/IbHAsA BJIAXXHOCTb Bricokas/High
Bo3ayxa (r/m3) 0,75
Humidity (gr/m3)
Pn - Cymma ocagkoB (MM) 087 O4eHb BbICOKas
Precipitation amount (mm) i Very high

Onpeneneno, yto B 2016 r. B HccieayeMoM paiioHe
YPOBEHb TBUICBOM HAarpy3ku OBLT CTATUCTUYECKH J0-
CTOBEPHO HU3KUM H3-32 HEOOINBIIIOTO KOJIMYECTBA 0CA-
KOB U BBICOKOI CKOPOCTH BE€Tpa B CPAaBHEHUH C APYTUMHU
rogamu. B 2022 1. ypoBeHb Harpy3Ku 3HAUUTENBHO
MPEBBICKIT TIOKAa3aTeNH APYTUX TEPUOOB HAOMIOACHHH,
MIOCKOJIbKY 3UMHEE KOJIMYECTBO OCaJIKOB OKa3ajoch 00-
nee BbicokuM (2016 r. — 130 MM, 2022 1. — 155 MM,
2023 r. — 140 MM [48]).

B paborax [51-54] noka3aHo, YTO B YCIIOBHSX BbI-
COKOIl OTHOCHTEIBbHOM BIIQXKHOCTH BO3/yXa TBEp/bIC
JaCTHIBl CHJIBHEE KOAryJUpPYyIOTCS, YTO TNPHBOAUT K
OBICTPOMY OCaKACHHIO 3arpsi3HSIONINX BEIIECTB, MU
BBIMBIBAIOTCS OCa/IKaMU.

OnpeneneHsl CTaTUCTUYECKU 3HAYMMBIC BBICOKHE
3HAYeHUsI NbUIEBOI HAarpy3Ku B CEBEPHOM M CEBEPO-
BOCTOYHOM (ITOJIBETPEHHBIX) HANPABJICHUAX OT U3yya-
€MbIX MpPEINpHUSITHI 10 CPaBHEHHIO C Harpy3kod B
I0r0-3aIaIHOM (HaBETPEHHOM ) CTOPOHE.

B ceBepHOM M CEBEpO-BOCTOUHOM HAIpPaBICHUSX
OT MPEANpUATHI HaONtoJaeTCs yBETUYCHUE TMBUICBOH
Harpy3Kd 10 Mepe YAAJICHHUS OT TPAHUI] MPEANPHIATHI
10 4,5 kM. CTaTUCTUYECKU 3HAYMMO HU3KHUE 3HAUYEHUS
IBLJIEBOM HArpy3KHU OTMEUYAIOTCSl HA PAcCTOSIHUM 10 1
KM (puc. 2).
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Puc. 2. /Jluazpamma pacnpedesieHus Nblaegoll Hazpy3Ku no
Mepe ydasneHus 0m NpoMblul1eHHbIX npednpusimulii
Fig. 2. Diagram of the distribution of particulate load as it

moves away from the industries

C moaBeTpeHHOM CTOPOHBI HA PACCTOSIHUH JI0 | KM
OT MpeAnpUsITUH pPAcIoyioKeHa J10JIMHA peku ToMu.
UccnenoBanus, mpoBeieHHBIE y4eHbIMHU [26], mpoje-
MOHCTPUPOBAJIM U3MEHEHMs B HAIIPABICHUAX U CKOPO-
CTSIX BETpPa, KOTOPbIE MOIYT BJIMATH KaKk Ha HaKOIUIE-
HUE, TaK U Ha TPAHCHOPTHPOBKY 3arps3HSIONIMX Be-
IECTB B HWKHHX CJIOSIX aTMOC(hEphl Ha TEPPUTOPHSIX,
MIPUJIETAIOLINX K KPYITHBIM PEKaM.

B ceBep-ceBepo-BOCTOYHOM HAIIPaBICHUM Ha pac-
crosHEA OT 1,5 10 2 kM HaOmroaercsi yBeJIMYeHUE
YPOBHS IIBUICBOIT HATPY3KH (cpeiHee 346 Mr/(M«CyT.)).
JTO CBA3aHO C PACIONIOKEHUEM B 3TOM pailioHe Hcciie-
JIOBaHMS HHU3KO3TAXKHOM 3aCTPOIKH, TaKOM, Kak 4acT-
HBIA cekTop. CTOUT OTMETHTH, YTO HA JJAHHOM PacCTOs-
HUM PACIOJIO’KEHA TAaKXkKe JIECONapKoBasi 30Ha C JpeBec-
HOW PacCTUTENILHOCTBIO, KOTOpasi CIOCOOCTBYeT Oosiee
HMHTEHCUBHOMY HAKOIUIEHUIO IIbUIM B CHETOBOM IIOKPOBE
0] KpOHAMH JiepeBbeB [55-57].

Ha paccrosuuu 2,5-4,5 kM OT IpeANnpusTUi B 30HE
PacIoIOKEHUST BBICOKOITAXKHOM 3aCTPOMKU YpPOBEHb
MIBLJIEBOM HArpy3Ku Bo3pacTtaer B 1,5 pa3a u B cpeiHEM
cocrapisier 434 MF/(MZ*CyT.). BricokoaTtaxkHas 3a-
CTpoiiKa sBiIsIeTCS 0apbepoM sl MEePeHOCa IMBLUIEBBIX
YacTHIl, YTO CIIOCOOCTBYET MX HAaHOOJBIIEMY OCaxkJIe-
HUIO Ha CHETOBOW MOKPOB B JaHHOM paiione. B pabo-
Tax [36, 58] mokaszaHo, 4YTO BHICOTHAs 3aCTPOIKa ropo-
JIOB (OpMHPYET OCOOBI MHKPOKIMMAT M «TOPOICKON
KaHbOH». JTO NMPUBOJAUT K TYpOYJEHTHBIM KOJIeOaHU-
sIM CKOPOCTH BETpa U CO3JaeT FeOXMMHYECKYI0 HEOJ-
HOPOJIHOCTB 3a CYET NepepacipeieseHnss NOTOKOB atT-
MOC(hEpHBIX 3arps3HIOIINX BEIISCTB U (popMUpoBa-
HUS 30H CEIMMEHTALlMU B TOPOACKHX MOYBAX U JIPYTUX
cpenax ocaxaeHus [36].

B 30He BAMSHHA HUCCIIEAYEMBIX NPEANPHUIATHN 10
2,5 KM He MCKIII0YaeTcs JONOJHHUTENIbHBIA BKIAJA JIO-
KaJbHBIX UCTOYHUKOB B ()OPMUPOBAHNE YPOBHS ITBIJIC-
BOHM Harpy3ku, TakuxX Kak II€YHOE OTOIUIEHHWE B YacT-
HOM cekTope. Hamm wuccnenoBaHusi mokaszalid, 4TO
YPOBEHb IMBUICBOM HATrPy3KH CTATUCTUYECCKH 3HAYMMO
HUKe B 3—7 pa3 B YaCTHOM CEKTOpE C IEYHBIM OTOILIE-

HueMm (cpeanee 61 MF/(MZ*CyT.)) W KMJIOM pailoHe c
BBICOTHOM 3aCTPOMKOM, PacIlOIOKEHHBIX B I0XKHON U
IOr0-BOCTOYHONW 4YacTAX ropojia BHE 30HBI BIIMSHUS
M3ydaeMBIX MPEANPHSTHI (cpeHee 146 Mr/(M«CyT.)).
DTO CBUAETENBCTBYET O HE3HAYUTEITHHOM BIUSHUH
MIEYHOT'0 OTOIUIEHHUS Ha OOIIYIO IBIIEBYIO HATPY3KY.

HeMmanoBaxHbIl BKJIaJ B paclpe/ielicHUE TbIIEBOI
Harpy3KH B pailoHe MCCIIeZIOBaHUSI BHOCUT BBICOTA JIbI-
MOBBIX TpyO Ha M3y4aeMbIX npeanpusatusx. [lpeampu-
ATHE TEIUIODHEPTeTUKU MMeeT BbIcOoTy TpyO oT 180 mo
210 M, 1 IepeHOoC 3arps3HIONIMX BEIIESCTB B aTMoc(he-
pe Moxer mocturath 5 kM [59]. Jlns mpenmpusitus
KOKCOXHMUH XapaKTepHa HeOObIIas BEIcoTa TpyO (10
80 M), 9TO CIOCOOCTBYET OCEJaHHIO BEIIECTB BOJIM3H
nctourukoB [60]. ITosromy mondakenbHas TUIOIIAIb
3arpsi3HEHHSI CHETOBOTO IMOKPOBA BOJH3H 3aBOJA, Be-
POATHO, OyZET BBILIE, YEM Ha JaTbHUX PACCTOSHHSIX.

Cpenusisi BEeIMYMHA TBUICBOW HArpy3Kd BOJIHM3H
NPEINpPUATUH  TEMJIOIHEPreTUKH U KOKCOXUMHUH
(331 MF/(Mz*CyT.)) OoJsiee ueM B 3 pasa BBIIIIE TBIICBOM
Harpy3Kd Ha CXOXKHX TEppUTOpUiX B TI. MockBe
(27 mr/(m*scyr.) [36]), HoBocuGupcke (98 Mr/(M«cyT.)
[25]), Tomcke (56 MF/(Mz*CyT.) [41]), TobGombcke
(17 mr/(M*scyt.) [61]), Gim3Kko K ypoBHIO B T. YiaH-
Yo (331 mr/(mcyr.) [62]).

Xumuueckuii cocmas meepaoii ghaswi
CHez208020 NOKposa

UucnoBble XapaKTEPUCTHKH KOA(D(OUIUEHTOB KOH-
LEHTpalMi XUMUYECKUX 3JIeMEHTOB B mepuoj ¢ 2016
o 2023 rr. B mpobax TBepoi (a3bl CHera B 30HE BO3-
JEHCTBUS MPEINPUATHI TEIUIOPHEPTETUKU M KOKCOXH-
Muu r. KemepoBo TipeicTaBieHbl Ha Juarpamme pas-
Maxa (puc. 3).

Box & Whisker Plot
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JAuazpamma pasmaxa KoagpuyueHmos KOHYEH-
mpayuti Xumuyeckux ssemeHmos 8 meepdoll dasze
CHe208020 NOKposa 8 nepuod ¢ 2016 no 2023 z 2.
Diagram of the range of concentration coefficient of
chemical elements in the particulate phase of the
snow cover in the period from 2016 to 2023

Fig. 3.
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cmamucmuyeckutl kpumepuli Kpackeaa-Yoauca)

Fig. 4.  Significance level of the difference in p samples in terms of the content of chemical elements in the samples (from 2016
to 2023, the statistical criterion of Kraskel-Wallis)
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Fig. 5. Diagrams of element content in the samples relative to clark of Earth crust and noosphere: a) enrichment factor; b) clark

of concentration in the impacted area around the thermal power plant and coke-chemical processing plant for 2016-2023

Mo xpureputo Kpackema—Yomrca KOHIEHTPALUH
Ca, Sc, Sr, Cs, Ba, La, Ce, Nd, Sm, Tb, Yb, Lu, Hf, Ta,
Hg, Th, U B TBepaoit ¢aze cHEeroBoro mokpoBa CTaTH-
CTUYECKHU JOCTOBEPHOTO He paznmuatorcs (mpu p>0,1)
Ha npoTspkenuu 2016, 2022 u 2023 rr. (puc. 4). B nu-
HaMHKE FCOXUMHYECKUX OCOOCHHOCTEH COCTaBa TBEP-
Ioi (ha3bl CHETOBOTO ITOKPOBA KOHIICHTPAIMH JAHHOTO
CIIEKTPa DJIEMEHTOB OCTAIOTCSA TOBBIIIEHHBIMH OTHO-
cuTenbHO (hoHA, KiIapka 3eMHON KOPHI M KJIapKa HO-
ocdeps ot 2 10 25 pas (puc. 4, 5).

B 30He BO3IEHCTBUS MPEANPUATHI TETUIOIHEPTETUKH
1 KOKCOXUMMHU Ha npoTsbkeHuu 2016, 2022 u 2023 1. o

3HAYCHISIM KOA((OUIUEHTOB KOHIICHTPAIMI 3JIEMEHTOB
Obula BBISBIICHA CTETICHb WHTEHCUBHOCTH HAKOTUICHHUS
ANIEMEHTOB B TBepioi (hase cuera (Tadin. 3). Hambonee
nHTeHcuBHO (Kc>10) KOHIIEHTpHUPYIOTCS B TBEPIOH (ase
CHEra Takue 3JeMeHTHI, Kak Ba, La, Sm, Tb, Yb, U. Me-
Hee uHTeHCHBHO (Kc=2—10) KOHIIEHTpHUPYIOTCS B ITpodax
Ca, Sc, Sr, Cs, Ce, Nd, Hf, Ta, Hg, Th. bim3ko x ¢ono-
BbIM KoH1eHTpauusimu (Kc<1,5) Beigenstores Cr, Fe, Co,
Zn, As, Rb, Sb, Cs, Eu. JlaHHBI! TeOXUMHYIECKHIA CIIEKTP
AIIEMEHTOB (POPMUPYET BBHICOKUI YPOBECHB 3arpsS3HCHIS B
2016 u 2022 rr. o rpaganuu B Tabn. 3. CpenHuii ypo-
BEHb 3arpsizHeHust ormevaercst B 2023 1.
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Ta6auya 3. 'eoxumuueckue psidbl XUMUYECKUX 3/1€eMEHMO8 8
meepdoll ¢paze cHe208020 nokposa u cymmap-
Hblll nokasamesns 3az2psi3HeHus (Zc) 8 30He 803-
deticmeusi npednpusimuli mensio3Hepzemuku U
Kokcoxumuu 8 nepuod ¢ 2016 no 2023 ez.

Table 3. Geochemical rows of chemical elements in the
particulate phase of snow cover and the total
pollution index (Zc) in the impacted area around
the thermal power plant and coke-chemical

processing plant in the period from 2016 to 2023

['eoxrMuyecKue psiibl 10 KoaddurreHTaMm
Top KoHUeHTpauui (Kc)

Year Geochemical rows according to concentration
coefficient (Kc)

Zc

Uz4-Ybis-Lai6-Tb14-Smiz-Ba11-Ces-Srs—Tas—-Thss—
Lus 3-Hf3-Csz2-Cazi1-Ndz-Scz-Hg-Fe1,9-Rb1g-Co1,7— 129
Eu1,4-Zn1,2-Sbo,s—Cros—Aso3

2016

U 19-Yb1s-Tb17-Lais-Smi1-Baio-Ceg 3-Cass-Srsz-Tasr
-Thss-Luss—Nds-Hf28-Sc23-Hgz—Co1,9-Fe1s-Euia— 128
Rb1,4-Cs1,4-Zn1,3-Sb1,1-Cros-Aso,2

2022

Uz2-Tb1s-Ybis-Lais-Ba11-Smg2-Sre1-Cez9-Cag,o-
Thss—Lus-Hfz26~Hgz6-Tazs-Ndz-Scz-Coz-Fe19-Euie— 122
Rb1,6-Cs1,6-Zn1,5-Sboo—Cros—Aso3

2023

Ipumevanue: cybckpunmoel — 3HaveHuss Kc; noayscupHuiMm
wpugdmom evldeseHbl 3/1eMeHmbl ¢ Haubo.1ee UHMeHCUBHbIM
Hakon/eHueMm; Kypcugom — ¢ MeHee UHMEHCUBHbIM HAKOoN/e-
HUeM; 06bIYHbIM WpUPMoM - dnemeHmMol, 6AuU3KUe K POHO-
8bIM KOHYEHMPAYUSIM.

Note: the subscripts are Kc values; the elements with the most
intense accumulation are highlighted in bold; the elements
with the least intense accumulation are in italics; the elements
close to the background concentrations are in regular font.

PesynpTaThl KIIaCTEpHOTO aHANIN3a MTOKA3aJIH, YTO B
TEeYeHUEe Tpex JieT HabmroaeHuil GopMupyeTcs ycroii-
YUBBIA KIIACTEP T€OXMMHUYECKON acCOIUAIMU 3JIEMEH-
toB La-Hf-Yb-Sc-Lu-Ce, 4T0 MOKET CBHUICTEIHCTBO-
BaTh O MMOCTOSIHHOM HCTOYHUKE 3arps3HEHHS (pHC. 0).

[To pesynbraTtam ucCleOBaHUM BbIJEICHA WHIUKA-
TopHas rpymma 3ementoB (Ca, Sc, Sr, Cs, Ba, La, Ce,
Nd, Sm, Tb, Yb, Lu, Hf, Ta, Hg, Th, U) B TBepnoi
(haze CHETOBOrO MOKPOBA, COXpaHSIONIAas KOHIEHTpa-
MU B TEYCHHUE Tiepuona HabmoaeHuid. CTaOHIbHOCTh
KOHIICHTPHPOBAHWSI TPYIITEI JIEMEHTOB B MPo0ax CBs-
3aHa C COCTaBOM YIJIsI, 30JIbI YHOCA, MOTpeOJIeHuEM
TOTUIMBA Ha TEIUIOAIEKTPOCTAHIINHU, YTO IMOJTBEPIKIA-
eTCs pe3yIbTaTaM1 KOPPEISIIHOHHOTO aHAaJIH3a.

Mex1y 371eMEeHTHBIM COCTaBOM TBEpIOH (a3bl CHera, yr-
Jielt, 307161 yHOCa U oTpednenrem torumsa Ha ['POC Bbiss-
JICHA BBICOKAsI KOPPEJISIIMOHHAS 3aBUCHMOCTh (Ta0J. 4).

Mexny xonnentpanusmu snementoB U, Tb, Fe,
Eu, Yb, Sr B TBepzmoil ¢asze cHera m yrisax BBIIBICHA
CpemHssI M BBICOKAas KOPPEILIMOHHAS B3aMMOCBSI3b.
B cucreme «TBepmast ¢asza cHera — 30i7a yHOCA — IIO-
Tpebienue tomuBa Ha [POC)» oTmedaeTcst BhICOKas U
OUCHb BBICOKAsl CBS3b U KOHIICHTPAIMH OOJBIIIH-
CTBa M3y4YaeMbIX DJIEMEHTOB (Tali1. 4).

I'eoxumuueckuil CIEKTP JIEMEHTOB OTPaXKaeT CIIe-
muQuKy coctaBa TBEpAOH (a3bl CHera B paioHEe H3yda-
eMBIX TIPEINPUATHH M UMEET BBHICOKYIO M OYCHB BBICO-

KYI0 KOPPEJSIIIMOHHYIO CBSI3b C COCTaBOM 30JIbI YHOCA.
Kysnenkue yrmm crienmanusupoBanbl Ha U, Th, nanTa-
HOMJIAX, a TAKXKE COJIEPIKaT TsHKEIbIe METaUThI [63, 64].

Tree Diagram for 27 Variabies

Ward's method
1-Pearson r (1-r g o =0.47; n=14)
14
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Tree Diagram for 27 Vanables
Ward's method
1-Pearson r (1-1 g s =0.33; n=0)

Linkage Distance
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Tree Diagram for 27 Varnables
Ward's method
1-Pearson r (1-r g, =0.33; n=9)

35

30
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Linkage Distance

05

™ Ta Sb Sm A To Rb U Yo Celrla cr La Cs .Hg
ZIn As Nd Evu Th Ba Sr Ca Co Fe H Sc L
8/c

Puc. 6. /lendpoepammbl KoppeasyuoHHOU Mampuybl 2eo-
XUMUYecKo20 cnekmpa 3/emeHmo8 npob meepdoli
¢dasvi cHeea: a) 2016 2.; 6) 2022 2.; 8) 2023 e.
Dendrogram of the correlation matrix of the
geochemical spectrum of elements in the particulate
phase of snow cover samples: a) 2016; b) 2022; c) 2023

Fig. 6.
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Ta6auya 4. KoppeasiyuoHHas 3asucumocms codepicaHull
J/1emMeHmos 8 cucmeme «meepdas asa cHeza -
Yyeoab - 3041a yHOca - nompeb/ieHue monaued Ha
I'P3C»

Correlation dependence of the element contents
in the "particulate phase of snow cover - coal -
fly ash - fuel consumption at GRES" system

Table 4.

[epsoiit (akrop obycnosien 70 % aucnepcun
pacrpesiesiecHusT COEpKaHUsI XUMHUYECKUX DIIEMEHTOB
B TBepAoH (haze cHera u mereornapamerpoB. Bropoit
¢daktop orBeuaer 3a 30 % aucnepcuu coAepKaHUA
3JIEMEHTOB ¥ METECOIaPaMETPOB.

Ta6auya 5. KoppeasyuonHass 3asucumocms 3/1eMeHmMos-
uHOUKamopos 6 cucmeme «meepdasi gasa cHe-
2a - Memeonapamempbl»

£
Buauennar® | ) (371 0,37-0,63 | 0,63-0,8 0,8-1

r* value

Tun cBazu*
Type of Cnabas Cpe,ELIHHﬂ BbIC.OKaﬂ 0€Hb BBICOKas
ype o Low Medium High Very high
connection
TBepaast ¢pasa cHera - yrosib
Particulate phase of snow cover - coal

JJ1eMeHTbI Fe, Eu,

Elements Hf, Ta Tb, U Sr.Yb -

TBeppas dasa cHera - 30/1a yHOCa
Particulate phase of snow cover - fly ash

JJIeMEeHThbI Na, As, | Ca,Sc, Fe, Cr, Co, Zn, Sr, Sb,

Elements - Rb,Sm | Cs, Ta, Th Ba, La, Ce, Nd, Eu,

! L Tb, Yb, Lu, Hf, U
TBepnas ¢pasa cHera - noTpebieHre Tomauea Ha [PIC
Particulate phase of snow cover - fuel consumption at GRES
Na, Ca, Sc, Cr, Fe,
agl‘zlr“nee*r‘i:‘ Zn Csé&z"%ﬁe' b Co, As, Rb, Sr, Sb,
! Ba, Sm, Yb, Ta, Hf, U

IIpumeuarue: *eepbasbHo-yucaoeas wkana XappuHemoua [50].
Note: *Harrington's verbal-numerical scale [50].

B mpouecce cxuranus yris oOpasyercss IbIMOBOMA
ra3, B KOTOPOM COIYTCTBYIOLIMMH DJIEMCHTA ABJISIOTCA
Hg, As, Br. MHor#e 31eMeHThI (PUKCHPYIOTCS B COCTaBE
TOHKOJIUCTIEPCHON TBUIEBOH (Ppakiiuu BEIOPOCOB [65].

B cueroBom moxpoBe B 30He BozjencTBus TOL]
r. HoBocubOupcka is As, Br npeo6iagaer pacTBopeH-
Has dopma, a mia K, Ca, Rb, Y, Zr, Nb, Th u ap. —
B3BemeHHas [66]. B HepacTtBopumoii (aze cHera
r. Upkyrcka comepxarcs V, Cr, Fe, Ni, Cu, Sr (>80 %
or obmero coaepxanusi) [67]. Kokcoxummueckoe
MPOU3BOACTBO ABJIACTCSA UCTOYHUKOM SMUCCHUU PTYTH B
OKpYy’Karomyro cpeny [6, 37, 68].

DJeMEHTHI-UHIUKATOPBI, BBIICICHHBIE B COCTaBE
TBEepAOH (as3bl cHera, OTPa)arOT CUIBHYIO MOJOXKH-
TEJIBHYIO KOPPEISIIMOHHYIO 3aBUCUMOCTh OT TeMIIepa-
TYpHI BO3yXa, CKOPOCTH BETPa U KOJIMIECTBA OCAIKOB.
B TO e BpeMs yCTaHOBJIEHBI OTPHIATEIIbHBIE KOppe-
JISIUMOHHBIE CBSI3M MEXIY COACpPKAHHUEM B TBEPAOH
¢aze cuera Sm, Lu, Yb, Ta, Ce u Temnepatypoi Bo3-
nyxa; Hg u Sr — co ckopoctsio Betpa; Lu, Hf, La, Th,
Yb, Ta — ¢ OTHOCHTENILHOW BIAXXHOCTBIO BO3myxa; U,
Hf, Ba, Cs — ¢ koyim4ecTBOM 0CaliKoB (Tadi. 5).

[IpuBeneHs! pe3yabTaThl MHOTO(MAKTOPHOTO aHAIU-
3a MO0 METOAY IJIaBHBIX KOMIIOHCHTOB JId JaHHBIX 3a
20162023 rT. IO KOHIIGHTPAIUSM 3JEMEHTOB IMPOO
TBepaoil (aspl cHera W MeTeoJaHHbIM (Tabi. 6). Pac-
MpeAeTICHUE AaHHBIX MO (haKTOpaM MPOUCXOIUT B 3a-
BHCHUMOCTH OT KO3(h(DHUITMEHTa KOPPEISIUK, KOTOPBIH
npeseimaet 0,7, 9T0 JOKa3bIBAET TOCTOBEPHYIO CBSI3b.

Table 5. Correlation dependence of indicator elements in
the ‘"particulate phase of snow cover -
meteorological parameters" system

Ie- KonneHnTtpanus ssemenTta/Element concentration
MEHT TeMmiepaTtypa CKOPOCTb OTHOCHUTeJIbHasA OCa,C[.KI./l
Element BO3/yxa BeTpa BJIQXXHOCTB BO3/lyXa | precipit
temperature | wind speed humidity ation
Ca -0,08 -0,5 0,54 0,97
Sc -0,79 0,3 -0,26 0,84
Sr 1,00 -0,9 0,82 -0,30
Cs -0,09 0,6 -0,68 -0,91
Ba 0,38 0,2 -0,26 -1,00
La -0,64 0,9 -0,97 -0,52
Ce -0,83 0,4 -0,33 0,80
Nd -0,69 0,2 -0,11 0,91
Sm -0,98 0,9 0,91 0,1
Tb 0,05 -0,6 0,65 0,92
Yb -0,98 0,9 -0,89 0,16
Lu -1 0,9 -0,83 -0,27
Hf -0,29 0,8 -0,81 -0,80
Ta -0,93 1,0 -0,97 -0,05
Hg 0,96 -1,0 0,94 -0,04
Th -0,41 0,8 -0,88 -0,72
§) 0,22 0,3 -0,41 -0,99

Ipumeyarue: NOAYHCUPHBIM WPUPMOM 8bldeNeHbl 3HAHUMbIE
koagpuyuenmut koppeasiyuu (p>0,95), daHHble no Memeona-
pamempanm [48].

Note: significant correlation coefficients (p>0.95) and data on
meteorological parameters are highlighted in bold [48].

Ta6auya 6. PakmopHblli AHAAU3 83AUMOCBSA3U COOEPHCAHUS
a/n1emeHmos 8 meepdoli ghasze cHeNHCHO20 NOKposa

u Memeonapamempos
Table 6. Factor analysis of the relationship between the
content of elements in the particulate phase of
snow cover and meteorological parameters
Ne daxropa [lepeMeHHBIe, Bec
JJIeMeHThI onpegensiomue dpakrop | dakrTopa
Factor K .
Elements Variables determining Factor
number .
factors weight, %
1 As, Rb, S, Sb, CKOpOIsz herpa 70
Cs, Tb, Ta Wind speed
Ca, Sc, Co, Ba, CKO}J.OCTb BeTpa
Wind speed
2 La, Ce, Nd, OTHOCHTEIbHAs 30
Sm, Eu, Yb,
Lll, Hf, Th, U BJIa)KHOCTF: 1.303,£Lyxa
Humidity

[Ipumeuanue: NOAYHCUPHBLIM WPUPMOM 8bloeseHbl UHOUKA-
mopHble 31emMeHmbl 8 meepdoli ghasze cHeza 041 patioHa uccie-
dosaHusl.

Note: indicator elements in the particulate phase of snow for
the study area are highlighted in bold.
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Ilo pesynpratam ¢akrtopHOro anammusza (Tadbm. 6)
OblJIa BBIJIE/ICHA TaKas )Ke B3aHMOCBSI3b MEXIY TeMIle-
paTypoil Bo3zyxa, CKOPOCTbIO BETpa, OTHOCUTEIBHOU
BJIQXKHOCTBIO BO3/lyXa M KOHIIEHTpalWel 3JIEeMEHTOB B
pasHble TMEpHOIbl HAOMIOJCHHUN, YTO IOATBEPKIACT
BJIMSTHHE METEeOpOJIOTHYeCKOro (akropa Ha (Gopmupo-
BaHHWE T€OXMMHYECKHX OCOOEHHOCTeH TBepmoW (a3bl
CHEroBOr'o MOKpPOBA.

3akioyeHue
[IpoBeneHHOE HCCIEOBAHHUE ITO3BOJIMIIO CHENAThH

CJIEIyIOIHE BHIBOJIBI:

1. B nepuox nabmonenuii ¢ 2016 o 2023 rr. neute-
Basl Harpy3ka B CpeJHEM Bapbupyercs oT 245 1o
381 Mr/(M*CyT.), 4TO COOTBETCTBYET M3MECHECHHIO
OT HHU3KOIO JI0 CPEIHEro YpPOBHS 3arps3HEHHs.
Ha HEeomHOpOHOCTE  paclpenieneHusl  MbLICBON
Harpy3ku I0 TroJaM BIMSIOT METeolapaMeTphl.
[Ipn yBenMUEHUHM OTHOCHUTEIBHOW BJIAXKHOCTH
BO3JlyXa M KOJMYECTBAa OCAaAKOB HalIr0gaeTcs
POCT TBLICBOM HATPY3KH, MPH CHMKEHUU CKOPO-
CTH BETpa YPOBEHb IbLJIEBOM Harpy3Kku Takke BO3-
pactaert. Ilo Mepe yaaneHus B ceBepO-BOCTOUHOM
HallpaBJIEHUU OT NPEANPUATUI ypOBEHb IBLIEBONI
Harpy3k# Ha paccrosinuu ot 1,5 10 4,5 kM BbIIIIE,
YyeM Ha TepPpUTOpUH, Haxoxsmehcs a0 1 kM oT
HuX. PocT nbleBOM Harpy3sku C yBEJIMYEHUEM
pacCTOsIHUS OT MPEANpPUATHI CBA3aH Kak C IpH-
POIHBIMHM (BETpPOBbIE IMOTOKM BOJHM3M pEKH, Jie-
COTIapKOBas 30HA), TaK U aHTPOIIOTCHHBIMH (BBICO-
Ta 3aCTPOMKH 3/1aHUI) (aKTOPaMHU.

2. B tBepmoii ¢aze cuera u3 27 U3y4aeMbIX DIIEMEH-
TOB YpPOBHHU KOHLEeHTpauuii 17 snementoB (Ca, Sc,

CITMCOK JIMTEPATYPbI

Sr, Cs, Ba, La, Ce, Nd, Sm, Tb, Yb, Lu, Hf, Ta, Hg,
Th, U) He u3MEHSIOTCS Ha MPOTSHKCHUU TEepuojia
HaOmoaeHuid. [IpeBbilicHre (POHOBBIX KOHIICHTpA-
U JQHHBIX DJIEMEHTOB (HKCHUpyeTcs OT 2 10
24 pa3, 4TO OTPa’KaeT T€OXUMUIECKYIO CHEIU(PUKY
cocTaBa TBEpJOH (ha3bl CHEra Ha M3y4aeMol Teppu-
tTopuu. Ha mpoTshkeHun Tpex JieT B nmpodax coxpa-
HSETCS YCTOWYMBAsi TEOXUMUYECKass aCCOLUALUS C
BBICOKIMU ~ KOPPEIIIIHOHHBIMA ~ B3aUMOCBSI3SIMH
Mexay anementamu Sc-La-Ce-Yb-Lu-Hf.

3. CraTuCcTUYECKH AOCTOBEPHO OIPEAEIEHO, YTO KOH-
[CHTPALMH BBIACICHHON WHAWKATOPHOW TPYIIITBI
AIIEMEHTOB B MPO0aX UMEIOT BEICOKYIO KOPPEIIAIIHU-
OHHYIO CBSI3b C COCTaBOM YTJIA, 30JIbI YHOCA U 00B-
emamu notpebienus Torumea Ha ['POC, yto cBu-
NETENbCTBYET O BIMSHAU [aHHBIX (PAKTOPOB Ha
(opMHUpOBaHNE T€OXMMHYECKON CIeHU(pHKN TBEp-
noi ¢as3sl cHera. JlomomHUTENBEHBIME (hakTOpamuy,
BJIHSIONIMMHI Ha HAKOIUICHHE WHIUKATOPHOU TPYII-
IIBI DJIEMEHTOB B TBEpAOH (asze cHera, SABISIOTCS
TaKHe METCOPOJIOTHUECKHE MapaMeTphl, KaK TeMIIe-
patypa BO31Iyxa, CKOPOCTh BETpa, OTHOCHTEIIHHAS
BJI)KHOCTB BO3/IyXa U KOJIMYECTBO OCAIKOB.

TakuMm 00pa3oM, COBOKYIHOCTh NPHPOIHBIX (Me-
TEOPOJIOTHYECKHIE TapaMeTphl, TOPOICKOH penbed
MECTHOCTH) U aHTPOIIOTEHHBIX (COCTaB U MOTpeOICHUE
TOIIMBA, COCTAaB 30JIbI YHOCA, BBICOTA JKHJIOW IIO-
CTPOMKH W JIBIMOBBIX TPYO MNpennpustuii) (HakTopos
OKa3bIBaCT 3HAUYMUTEIHHOE BIUSHHE Ha (POPMUPOBAHUE
NBUICBOI1 Harpy3KH M reOXUMUYECcKOil crenuduku co-
cTaBa TBEepAOH (ha3pl CHera B pailOHE PacIOIOKCHHUS
HPEANPHUATHH TEIIOPHEPIETUKU H KOKCOXUMHUH.
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