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HccnenoBano pacnipenenenue aktuHunos Th u U B mpusemHoit atmocdepe fAxyrcka. B teuenue 2019—
2020 rr. Ha TeppPUTOPUU rOpPoOJa MPOBOAUIMCH UCCIESIOBAHUS XUMUYECKOTO COCTAaBa B3BEIICHHBIX BE-
mectB (BB) B 1eTHe# atMocdepe, TBepooil M XKUIKOoM a3ax CHeXKHOTO IToKpoBa. B netHeit atmocdepe Th
n U KOHLIEHTPUPYIOTCS MPEeUMYIIECTBEHHO B MbLIeBOl (ppakiuu BB, B KkoMruiekce ¢ rpynroit cuaepo-
GuIbHBIX 3JIeMeHTOB. 3uMHHNe BB 601ee omHOponHEI o pa3zmepaM dacTull. CriennduIecKUMU MUHEpa-
namu BB, KoTophle KoppeMpyIoT ¢ aKTUHUAAMU SIBIISTIOTCS aMdUO0JIbI 1 MUPOKCEHHI 111 Th, KapOGoHAThI
mrst U. B psiny mouBa—netaue BB (nbuib)—3umane BB (cHer) HaOmonaeTcss paBHOMEPHOE YMEHBIIICHIE
koHueHTpauuu Th u U, npu npeobnaganuu Th, HO B xkuakoii pa3e cHera coaepxxanue U cTaHOBUTCS Ha
MopsInoK BhIle, YeM Th. OcHOBHast Macca aKTUHOUAOB — 0KoJio 90% BhITIagaeT u3 artMocdepsl B TETUIBII
nepuon roga. O61muii 06beM aTMOC(HEPHOTro MOCTYIUIEHUSI aKTUHOUAOB HAa TEPPUTOPHIO TOPOIa COCTABJIS-
eT okoJo 63 mMr/m? rox, 2/3 kotoporo 31o Th. Ha yyacTKax KOHTPACTHBIX aHOMAJIHii 3Ta BEJIMYMHA MOXET
Bo3pactatb 110 200 Mr/mM* ron u 6oJiee, Tipu nipeodnananru Th. OCHOBHBIMU MCTOYHUKAMU TTOCTYILICHUS
aKTUHUIOB B MpU3eMHYI0 aTMocdepy SKyTcka sSIBISIOTCS MbUIEHUE C TIOBEPXHOCTU TTOYB 1 BBIOPOCHI aBTO-
TpaHcriopTa. B MeHbI1Iei cTereHr — BBIOPOCHl 0O bEKTOB SHEPTETUKU U CTPOMMHIYCTPUU.

KiroueBble cioBa: ropon, atMocdepa, B3BElIeHHbIE YacTUIIbI, CHEeT, AUCTIepCUusi, MUHEPaJIbl, aKTUHUIbI,
TOpUIA, ypaH
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BBEAEHWE

3arpsi3HSOIIME BO3AYX B3BEIIEHHBLIC BelleCTBa
(BB) — aT0 cobupareibHOE MMOHSTHE, BKIIOYAIOIIee
TBepAble YAaCTULIBI, aTMOC(HEPHBIC a3PO30J1, HEIIO-
CPEICTBEHHO MOCTYIIAIONINE B BO3AYX, U T€ YACTULIBI,
KOTOpEIEe 00pa3yloTcsl B Ipoliecce MpeBpalleHUsT ra-
30B. YCTaHOBJIEHA Cepbe3Hasl yrpo3a 3I0pOBbIO JIIO-
nei nmpu ux BozaeiictBuu (Urban airborne ..., 2011).
Pasmep ywactuir B Bo3myxe kojeonercs ot 0.01 Muk-
pomeTpoB (MKM) 1o 100 MKM.

VpoBens 3arps3Henust BB gBiasgercs omHuM m3
BaXKHEHMILMX IMMOKa3aTeJaei KayecTBa BO3ayxa, KOTO-
pBIM IbINAT JI0OU. B3BellleHHBIE BellleCTBA — He-
nurhdepeHIMpoBaHHasI IT0 COCTaBY IbLIb (a3P030J1b),
coaepKalasicsl B BO3IyXe HaceJICHHBIX ITyHKTOB; I10-
Kazarelb BPENHOCTU — PE30pOTUBHOE JICUCTBUE,
KJ1acC OMacHOCTU — 3.

MATEPHAJIbI 1 METO/bI

Ha tepputopnn 1. fIKyTcKa OBIJIO MPOBEIEHO T'e0-
XuMu4deckoe nzydyeHre BB B neTHell 1 3uMHeli (pac-
TBOPUMOM U TBepmoii (a3l CHEXHOIO IIOKPOBA)
npu3eMHOI aTMocdepe.

s nccnegoBanuss BB netHeit armocdepns Ha
TEPPUTOPUN TOpoaa ObIIIO ycTaHoBJIeHO 10 mbBLIec-
OopHUKOB (puc. 1).

COop TIBITN TIPOUCXOONI B TIepuon ¢ 17 uions mo
15 okTs16ps1 2019 r. Ucnionb30BaiuCh TaKKe TaHHbIE
KPYTJIOTOAMYHOIO a3pOTr€OXMMUYECKOTO0 MOHHMTO-
puHra Ha ctanimoHape MHCTUTyTa Mep3/10TOBEICHUS
CO PAH “TyiimMaaga” W cTallMOHapHBIX HaOJIOae-
Huii tuapomeTreocyk0bl (1IYT'MC). s moydeHUs
cBeneHuit o 3uMHeln atMocdepe B mapte 2020 1. Ha
TeppuTOpUMr ropoga Ob10 oToOpaHo 80 mpob cHera.
MoHOBBII y9aCTOK HAOIOACHWIT HAXOIWIICS B palioHe
03. YabpIma B 25 KM K Joro-3amnajmy OT ropojia 3a Ipeie-
JIJaMU 30HBbI TEXHOTEHHOTO BO3ICHCTBUS (pUC. 2).

ITpo6ooTdop IIPOBOIMIICS B ONTUMAIILHBIN TIEPH-
o IUISI U3YyYEeHUSI CHera, HEIOCPEACTBEHHO Nepen
HavaJioM CHETOTasiHMs, B TeYCHNE HECKOJIbKIUX JTHEM
Maprta. [TpoOnI cHera Ha TouKe HAOIIOAECHW OTOMpa-
Juck Ha 1utomaake 30 X 30 cm (6e3 cHatus 1.5 cm
CHera y IIOYBBI). MUHUMAaJIbHasI YHOAJeHHOCTH OT
npoe3kei yacTh cocTasisiiia He meHee 30 M, B 00JIb-
IUHCTBe ciaydaeB — 6osee 200 M. [1j1s1 oT6opa mpoObl
HMCIOJIb30BaId MApKUPOBAHHBIN 110 0.5 CM CTEKJISTH-
HBII LAJIWHIP CO CTAJILHBIM OKalMJIEHUEM OUaMeT-
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Puc. 1. Cxema ord6opa nipo06 B neTHuUit nepuon. / — nyHkTel Habmoneuuit AYIT'MC; 2 — npuiec6opHukn; 3 — cenureOHast 30Ha;

4 — mpoMBIIILUICHHBIE 30HBI; 5 — peKa, o3epa; 6 — jieca, Jiyra.

poM 82 MM, KOTOpPBIif OMyCKaJu C TMOBEPXHOCTHU
CHEXXHOTO TIOKpOBa Ha IUIOCKYIO TMPSMOYTOJbHYIO
CTJILHYIO JIONIATKy Ha BbICOTE 1.5 CM OT MOYBHI JIMOO
y TIOBEPXHOCTH JibJa. B Kaxk70M MyHKTEe BBITTOJIHSIIN
5—6 U3MepeHUii TOJMIIMHBI CHEXXHOTO TTOKpoBa. Jla-
Jiee MpoOy nmoMelaay B MJaCTUKOBBIN MaKeT 1 ToMe-
IIIAJTM Ha 3JIEKTPOHHBIE BECHI TSI OTIPEIeICHUST Mac-
CBHl CHETa M pacdyera ero IUTOTHOCTH. [IpoGhI exe-
MTHEBHO TIOCTynaiud B JjabGoparopuro WMHcTUTyTa
mepsnoroBeacHuss CO PAH, roe cHer miaBuics npu
KOMHaTHoO# TeMmmeparype. Ilocie 1moiaHOro TasHUS
npoOy pa3nelisyii Ha TBEPAYIO M XUIKYIO (a3sl IIy-
TeM (UIBTPOBAHMS Yepe3 OyMaxKHbIe (DUIIBTPHI “CH-
Hsisl JIeHTa” ¢ puaMeTpoM Iop 1 Mkm. JlaHHBIE O KO-
JIMYEeCTBE M XMMUUYECKOM cocTaBe BB B 3uMmHeii aT-
Mocdepe ToTyIeHBI TIpU U3yYeHUHW PacTBOPUMOI 1
TBEpIOi a3 CHEXKHOTO ITOKPOBa.

Macca bl B CHETOBOI TTpo0e CITy>Kujla OCHOBOI
UISL OTIPEieIEH NS ITUIEBOI HAarpy3ku Pn B Mr/(M? cyT),
T.€. KOJIMYECTBA TBEPHBIX BBHIMANCHUN 3a CIUHUILY
BpeMeHM Ha enuHully wiomanu (Caer u np., 1990).
Pacuet npoBonuics no dopmyne: Pn = P/(St), rae:
P — Macca nbum B mpobe (Mr); S — mromians mrypda
(0.0053 M?); t — BpeMd OT HayaJla CHErOCTaBa JIo OT-
6opa npoO cHera (196 cyT).

AHaynutuyeckast oopadboTka reoXuMU4ecKuX mpoo
TpoBeleHa B TaGOPAaTOPUH MOA3EMHBIX BOI M TEOX1-
muu kpuoauto3oHsl M3 CO PAH (ananutuku
JL.IO. boiiosa, E.C. Iletposa, O.B. IlleneneBa) u B
AHaIUTUYECKOM CePTU(PUKAITMOHHOM HCIBITATEIb-
HOM LieHTpe MHCTUTYyTa MpobJieM TEXHOJIOTUN MUK-
POBJIEKTPOHUKU U 0COOOUUCTBIX MaTepruasioB PAH.
Conepxanne Th m U ompenenstmock macc-Crek-
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tpanbHbIM (X-7, Thermo Elemental, CIIIA) MmeTogom
aHajau3a.

Bce aHanm3pl ObUIM BBHITIOJIHEHEI 110 aTTECTOBAH-
HBIM METOIMKAM C WCIIOJIb30BAaHUEM CTaHIAPTHBIX
00pa3loB CpaBHEHMS U ¢ HEOOXOAUMBIMU TIPOLIEIY-
paMy BHYTPEHHEIOo M BHEIIHETO aHAJIUTUYECKOIO
KOHTPOJIS.

OIMMCAHUE PAMMOHA

Topon SIkyTck pacnojyiaraeTcst B CpeAHEM TeUCHUU
p.Jlena, B mupoxkoii nonuHe TyiiMaama 1 IIpoOTIruBa-
€TCsI BIOJIb JIEBOTO Oepera peku Ha 20 KM. SIKyTcK sIBisI-
eTCsl KpYIMHEHIIM U CTapeiillimM TopoaoM, PacIiono-
>KEHHOM B CIUTOLIIHOM KproauTo3oHe. [1o BemurHe oH
SIBJISIETCST TPETBUM TOpoIoM B JlalbHEBOCTOUHOM (e-
JiepaJiIbHOM OKpyre Tocyie BraguBocToka 1 Xabapos-
cka. ['opom MHTEHCMBHO pa3BUBaETCs, 3a ITOC/ICIHNIE
roJIbl YMCJIEHHOCTD HaceJIeHUsI Bo3pocia co 195 Thic.
yejtoBek B 2000 r. 1o 331 Treic. yenoBek B 2021 T.

IMnaHMpoBOYHAS CTPYKTypa ropoja paguaibHO-
KoJiblieBas. YacTas ceTkKa yaull oopa3yeT 3HAUUTEITb-
HOE KOJIMYECTBO HEOOJIbIINX IO TTOIIAAN KBAPTAIOB
(ot 2 mo 8 ra). Ilpoes3xkast 4acTh yauil B OCHOBHOM
NpUIOAHSTA. XapaKTep 3acCTpOKM He POBHBIN: Ha
OKpanHax ropoga — 3TO MPEUMYIIeCTBEHHO OIHO- 1
JIBYX3TaXKHbIE CTPOCHUS, B LIEHTPAJIbHOMN YaCcTU TroO-
polla — KanuTajabHasl 3aCTpoiika KaMeHHBIMU 30aHU-
amu (0T 4—5 1o 9—16 sTaxkeii).

ITo xnaccupukanuu kaumatoB (Ipuropses, by-
Ibiko, 1959) fkyTck HaxomuTcsl B 30HE ACUCTBUS
KJIMMaTa HEeJOCTaTOUHO BJIaXKHOTO (MHAEKC CYXOCTHU
ot 1.0 mo 2.0), yMepeHHO TeIUIoro (B JIETHUI ITepHr-
o1I), ¢ CypOBO#i MaJIOCHEXXHOI 3umoii. [1peobanaro-
IIIUMHU, B OCHOBHBIC CE30HBI, SIBJISIIOTCSI KOHTUHEH-
TaJIbHBIN BO3YyX YMEPEHHBIX IIMPOT U apKTUUYECKUIA
Bo3ayx. B palioHe ropona 3To BeTpa CEBEpHOIO U CEeBe-
po-3aragHoro HampapiaeHus. OTJIMYUTEIbHON YepToii
BETPOBOTO PeXMMA SIBJISIETCS OOJIbIIIAsi TOBTOPSIEMOCTh
mTuiIeir, ocooeHHO B neKadbpe—denpane. CpemHsst
CKOPOCTb BeTpa B 3TOT nepuox coctapiser 0.8 m/c, ipu
CpeIHEroa0BhIX 3HAYeHUSIX — 2.4 M/C.

CpenHeromoBas TeMIleparypa BoO3ayxa 3a IepHuo
HenpepbIBHLIX MeTeoHaOmoneHuit (1883—2020 rr.)
BapbUpyeT B Mpeaenax oT —7.2 go —12.1°C, cpenHe-
ro10BO€ KOJMYECTBO OCAAKOB — 235 MM.

MoIIHOCTh MHOTOJIETHEMEP3JIbIX MTOPO Ha Tep-

putopun ropomga 250—450 M, CE30HHOTAJIOTO CJIOS
(CTC) — 1.5-2.0mM

B ropone HacuuThIBaeTcs nopsiaka 160 KpyImHBIX
MPEONPUATHIA, UMEIOIINX CTallMOHAPHBIE NCTOYHM-
K1 BBIOPOCOB B aTMOc(epy, M BEIOPACHIBAIOIIINX €XKe-
rogHo 11700 ToHH 3arpsi3Hstonux BemecTB (I'ocmo-
kiman, 2021). CraumoHapHBIE MCTOYHUKUA BBIOPOCOB
MPEUMYIIIECTBEHHO OOBEKTbl TETUIOPHEPTeTUKU: KYyTI-
HbI€ 2JIEKTPOCTAHLIMU Y MHOTOUYMCJIEHHBIE KOTEb-
HBIE, B OCHOBHOM paboTalolre Ha Ta30BOM TOTLIMBE,
W IIPENMPUATUS CTPONMHIYCTPUH.

TEOXUMUA
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Puc. 2. Cxema otbopa BB B 3uMHee BpeMsl. / — IMyHKTbI
otbopa cHera; 2 — crauumoHap “Tyiimana”; 3—6 — puc. 1.

IMTo panueiM TUUBA/I AAxkyTcka, B 2018 1. B cToMLIE
M TIpUropoax 3aperucTpupoBaHo Topsaka 119 Tbi-
Ccs4 eIMHUI] aBTOTPaHCIOpPTa, BbIOpachIBAaIOIIMX B
atMocdepy okoyio 34 ThiC. T 3arpsi3HUTENC. Ypo-
BEHb 3arpsi3HeHUs1 aTMocdepHOro Bosayxa I. AKyT-
cKa OLIEHWBAeTCs KaK MOBBIIIEHHBIN.

I'eonornueckoe crpoeHue pailioHa ompenaessieTcs
€ro TOJIOXKEHNEM B 30HE CTHIKA IBYX KPYITHBIX CTPYK-
Typ Cubupckoit miatr@opMsel: AITAaHCKON aHTEKIIM-
36l M1 Bumoiickoii cMiHeKJIM3bl. B reOXuMmn4eckKoM OT-
HOIIIEHUU TEPPUTOPUS OTHOCUTCS K Bumoiickoit nu-
To-cuaepoIIbHOM 00acTu ¢ HakorieHueM V, Ti,
Mn, P, Sb, Sn, Li, Nb, U u JIeHo-AngaHCKOI Xajib-
Ko(pmJIbHOI 30He ¢ HakorieHueMm Se, Pb, Ag, Bi, Au
(T'eonorus ..., 2002) oTHOCUTENBHO KjapKa 3€MHOMI
KOpbl. ['eoxuMHUUecKunii cocTaB KOMIIOHEHTOB 30HBI
TUIepreHe3a, KOTOpble MOTYT ObITh MCTOYHHKAMU
BellleCTBa IIPUBHOCUMOTO B atMocdepy NpUBeIeH B
Tab6m. 1.

AJUTIOBUAJIBHBIN KOMILIEKC TOJIOLIEHA MpeAacTaB-
JIEH B HU3KHEM YacTH pa3pe3a KOMILIeKca rajledHrKa-
MU Y TTIeCKaMU, a B BEpXHEN COCTOUT U3 TECKOB, Cy-
neceil M CyIMHKOB. B MOYBEeHHOM MOKPOBE Ha Tep-
pUTOPUM TOpOJAa AOMMHUPYIOT ypOaHO3eMBI U
SKPaHO3eMbI Pa3JIMYHOM MOIIIHOCTU U XapaKTepa 00-
paszoBaHusl.

PE3YJIbTATbBI U OBCYXKAEHHWE

Ilo maHHBIM aHaIM3a MaTepuaia, COOPAHHOIO MbI-
necoopaukam, BB B mpm3eMHoOIT 1eTHEl atMocdepe
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Taomuna 1. KoahduumeHT KOHIIEHTpaLMK 3JIEMEHTOB B T€OJIOTMYECKUX COCTaBJISIIOIINX 30HBI TUTiepreHe3a (Makapos,

2016; IMoobstues, 2009)

KommnoneHnTsl |KoaddulieHT KOHIIEHTpallMi OTHOCUTEIHHO KJIapKa 3eMHOM Kopbl (BuHorpamos, 1962) Kon-5o
30HBI
runepreHesa 0.7—-1.0 1.0—1.5 1.5-2.0 >2.0 >5.0 npo6
AnmoBuii, Q P,V, Cr, Ni, Mn, Y, Zn, Cu, Ca, Li, Be, Sn, B Ag, Pb, W [Co — 124
Ge, Nb, La, Yb, Sc, Ti, U, Th Mo, Au
ITouswl Topona | Li, P, V, Cr, Ni, Cu, Ca, Ge, Nb, Ti, Mn, Zn, Y, |W B, Ag, Pb, Co| Hg 1769
Sn, La Mo, T1, U, Th

MOJIMAVCIIEPCHBI W IIPEACTABIISIIOT COOOM COBOKYII-
HOCTb TBEPIbIX YaCTUII pa3HOTO pa3mepa. JucrepcHbIin
coctaB BB B 0CHOBHOM OTHOCHUTCSI K COOCTBEHHO IIbI-
y: pakiys PM,;_00 — okosio 70% (PM — aG6peBua-
Typa “particulate matter”, mmdpa mokaspIBacT comep-
kaHue Bcex yactull gruameTpoM 10—100 mxm). st Th
n U HabonaeTcss MpeuMyIlIeCTBEHHOE HaKOIUICHUE
B ITbUIEBAThIX QpaKIMIX, B KOMILJICKCE C TPYIIIOit CH-
nepodunbHBIX 271eMeHTOB — Ti, Mn, Co, Ni, Zn, Ga,
Sr, Zr, Sn, La, W, mocTtymnaioimux B atMmocdepy B oc-
HOBHOM C MMHEpajaMu TpyImbl kejiea. B Oonee
IUCTEPCHBIX YacTuuax PM,, KOHLEHTpUpYIOTCS
xanmpbKopwibHeie — Cu, Cd, Pb, Sc, Y. Ocrarorcsa
WHEPTHBIMH, IIPUCYTCTBYIOIINMH IIPUMEPHO B PABHBIX
KOHLIEHTPALMSIX B pa3MYHbBIX paknusax BB, muro-

Tab6muna 2. PacripenejieHre MaKpOKOMITOHEHTOB, COEI-
HEHUi1 a30Ta 1 aKTUHOUIOB B CHEXKHOM TTOKPOBE (3UMa
2019—-2020r.)

Komnonents! |En. u3M.| Cyy | Cyaxe | Capuam | € reom
pH - 6.77 | 7.70 7.30 7.29
Eh, MB MB 441 | 553 494 493
Ca%*t mr/n | 1.40 | 17.71 | 8.53 7.62
Mg?* » 0.40 | 24.89 | 1.87 1.42
Nat » 0.01 | 110.0 | 3.06 1.41
K* » 0.10 | 2.10 0.47 0.41
NH; » 0.60 | 12.0 1.85 1.50
HCO; » 10.72| 87.4 | 31.17 | 28.80
SOi_ » 0.70 | 104.0 | 3.17 1.80
CI- » 1.11 | 1339 | 5.28 3.42
NO, » 0.01 | 1.00 | 0.38 | 0.28
NO; » 0.86 | 2.50 1.43 1.40
MuHepanusanus » 14.68 | 74.41 | 41.61 | 35.77
Th ur/n | 09 | 25.0 7.6 6.3
U » 8.6 |844.5| 67.8 43.9

ITpumeuanusd. Conepxanue: C,,,,, — MuHuUManbHOe, Cyapc —
MakcumanbHoe, Cypyqy — cpenHee apudmernieckoe, Crooy —
cpeHee reOMeTPUUYECKOE.

¢ubHBIE TTOpono0Opa3syrolme 351eMeHThl — Be, V, Cr,
Nb, Mo, Ag.

IMoctynnenue u3 armocdepsl BB Ha mouBeHHYyIO
MOBEPXHOCTh B LIEHTPAJILHOI YacTu ropoja B Tem-
JIOE€ BPEMSI TO1la COCTABIAET CPELHEM 5 /M2 CyT (Me-
nuaHa — 4.3) u xkone6nercs ot 1.6 o 9.5 B paitoHax
BBICOKOI TPaHCTIOPTHOI Harpy3KHu.

MuHepaJTorM4ecKnii cocTaB OCHOBHOI MacCHI
“merHux” BB (PM,_,00) B aTMOCepe ropona npea-
CTaBJICH B JIETKO# (ppaKImu: KBapreM 1 KapboHaTa-
Mu (110 36%) 1 nosteBbIM 1ITaToM (24 % ); B TSIKENOIA:
IIpEMMYIIECTBEHHO aMbubonamu (49%), snuaoToM
u impokceHamu (10—11%), nJTbMEHUTOM U TpaHaTa-
mu (okoj0 7%).

bonee nucnepcHas “3umHsiss” nbUib (PM,g) cio-
KeHa B OCHOBHOM KapOoHatamu (okojo 70%), yriau-
cThIMU coenuHeHUsIMU (15%), BKITIOUEHUSIMU KBap1ia 1
nosieBoro 1rmara (10%) u oxesle3HEHHOIO PaCTUTEb-
Horo netputa (5%). CienmndUIHBIMI MUHEPATbHBIMU
dazamu BB xoppenmpyrommMm ¢ aKTHHOMIAMUA, OCEB-
IIMMU Ha TIOYBEHHBIN MOKPOB B 30HE TEXHOT€HHOTO
BO3IENCTBYS, IBJISTIOTCS: 11 Th mupokceHbl U aMpu-
oousl, w1t U kapooHaThel 1 aM(PUOOITEI.

99

Haubonee BbICOKME copepXaHUSI B “3UMHEN
eI (HEpacTBOPUMOIL (ha3e CHera) XxapaKTepPHBI IS
KOMIIJIEKCa TSIKEJIBIX METaZIOB, PEAKHUX, PEaKo3e-
MEIBHBIX ¥ PaIMOaKTUBHBIX 371eMeHTOB: Li, Mg, Al,
P, S, Ca, Ti, V, Cr, Fe, Cu, Zn, Zr, Mo, Sb, Hf, Pt,
Hg, P, U. MakcumaiibHasi TeXHOreHHas1 TpaHchop-
MaIus B TOPOICKOM “3MMHei” mbUN (KO3 PUILIMEeHT
KOHIIEHTPALIMM OTHOCUTEIBHO (DOHOBBIX CONEPKAHMIA,
KK > 50) xapakrepHa 111 As, Na, V, Co, Tau W.

XUMMYECKUIT COCTaB TOPOJICKMX CHETOBBIX BOJ
XJIOPUAHO-TUIPOKAPOOHATHBIN, C PE3KO BO3pacTalo-
1Ieit Mo cpaBHEHUIO ¢ (POHOM POJIbIO KAJIbLIUS U I1e-
JIOUHOCTh10. TexHOreHHOe BO3IeiicTBrE TOPOACKOIO
XO3S1ICTBa OTpaXkaeTcsl Ha MOBBILIEHUU KOHIIEHTpA-
LIMM B CHEXXHOM MOKPOBE OOJIbIIIMHCTBA XUMUYECKUX
KOMITOHEHTOB: KaJibllMsl, MAarHUsl U HaTpUsi, aMMO-
HUSI, cyab(paToB, KapOOHATOB, XJI0pua0B. Pacripene-
JIeHUE XUMUUYECKHUX KOMIOHEHTOB B CHEXHOM IO-
KpoBe fIKyTcKa mpuBeneHo B Tabi. 2.

ITo ypoBHIO TEXHOT€HHOM TpaHChOpMaLIIi a3pP0o-
30JIbHO-TA30BOI COCTAaBJISIIONIE 3MMHUX BbIITAIe-
HUII MAaKpOKOMIIOHEHTbI M aKTMHOWAbLI TPYMIIUPY-
Ne 1 2023
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Th: 7—0.008—0.01; 2—0.01-0.015;
3—0.015-0.02; 4— >0.02

U: 71-0.02-0.05; 2—0.05-0.1;
3—0.1-0.2; 4—0.2—0.5; 5 — >0.5

Puc. 3. ConmepkaHre akTUHOUIOB B paCTBOPUMOIA (pase CHEXKHOTO TTOKPOBA, MKT/JI.

IOTCS OT MaKCHMMAaJIbHBIX 3HAaYeHUI KoadduireHTa
KOHLIEHTPALMU OTHOCUTENBHO (poHa mig Cat = 12
10 MuHuManbHbIX 111 KY = 1.3 (U = 6.6; Th = 3.3):

Ca>NH, >SO, > U, Mg, Na, CI > NO,, Th > NO; > K.

BenuunHa ra3zoBo-a3po30JbHONM HArpy3Kyd Mak-
pO3JIEMEHTOB PaCTBOPUMOIL (pa3bl CHera KoyieoJIeTcs
B ripenenax ot 0.n (Mg, S, K, Si, Al), n (Cl, N, Na) u
107 mr/(m? cyt) it C u Ca — OCHOBHBIX KOMITOHEHTOB
3UMHIX aTMOC(EPHBIX BhITIaneHW. BemmamHa Harpy3-
Ku MukpoaneMeHToB mameHsercs oT 0.0n (F, Ba, P,
Mn, Fe, Cu, Zn, Sr) 10 MUHMMAJbHBIX 3HAYECHUI
0.000007 (Be, Ag, T1, Th, Pt, Au) mr/(m? cyr).

Ha pomo MakKpOKOMITOHEHTOB M COEAMHEHUIA
azota npuxoautcs 90—95% ot ob11ero o6beMa ra3o-
BO-a3pO030JILHBIX IIPOAYKTOB BhiNaaeHUii. COOTHO-
IIEHHEe MaKpPOKOMIIOHEHTOB ITO BEJIWYMUHE MJIOTHO-
CTHU BhINTaAeHU B epecyere Ha a1eMeHT C > N > S,
IMOKa3bIBaeT MpeodagaHue yriepoaa, Ha 1010 KO-
TOPOTrO MPUXOAUTCS OKOJO 72% o0011ero oGbhema
3UMHUX BbInageHuil. [1o cpemHeit KOHIEHTpallu U
TIJIOTHOCTU aTMOCGEPHBIX BIMageHNN SKyTCK MOXK-
HO Ha3BaTh “yIIIEPOTHBIM TOPOIOM.

TEOXUMUA Ne 1

TOM 68 2023

Kak B ieTHeit, Tak ¥ B 3MMHEHN IIPU3eMHOI1 aTMO-
chepe Axyrcka hopMUPYIOTCS TEXHOTEHHBIE TEOXM -
MUYECKHE aHOMAaJIWU TSKEJbIX METa/IOB, PEAKHUX,
paccessHHBIX 1 paIlOaKTUBHEIX 3JIeMeHTOB. M3ydeH-
HBbIe aKTUHOUABI (POPMUPYIOT OOIIMPHEBIE MAJTOKOH-
TpacTHBIE OPEOJIbl B LIEHTpabHOM yacTu ropoaa — U
WJIN JJOKaJIbHBIE TOYSYHBIE aHOMAJIMKA Ha er0 TeppU-
topuu — Th (puc. 3).

CpenHee comepkaHue aKTUHOUIOB B KOMIIOHEH-
Tax aTMocdepsl m auTochepbl B paiioHe fKyTcka
npeacTaBjieHO B Tao. 3.

HaGmiomaercss paBHOMEpHOE NOHMXEHHE KOH-
nentpauuu Th n U B cucreme mouBsi—BB netHue—
BB 3umHMe—aspo30au u rasel. B mouBax, JIETHUX U
sumHux BB npeo6namaer Th, B BogHoI1 (ha3e cHera co-
nepxxanue U craHOBUTCS Ha TTOpSIAOK BbIiie, yeM Th.

BennuuHa koappunieHTa a3p030IbHOM aKKYMY-
JISIIMU MOKa3bIBaeT, YTO MpU (pOPMUPOBAHUU adPO-
30JIeil KOHLIEHTpalMsl akTuHOouI0B B BB moHumxkaer-
Ccs Ha OOMH MaTeMaTUYECKUil IOPSIOK MO CpaBHE-
HMIO C aUIIOBUAJIbHBIMM mouyBamMu lleHTpaibHOI
Sxyrun. Kak U, tak u Th, aBIgi0TCS 371eMEHTaMU C
OTPUILATE]IbHOM WHTEHCUBHOCTBIO a3pPO30JIbHOTO
ob6oramenus. [TonmkenHas konueHTpanusg Thu U B



110

MAKAPOB

Taomuna 3. CpenHee conepXaHue aKTUHOMIOB B KOMITOHEHTaX OKPYKalolleil cpebl, MI/KT

IlpuponHas cpena Th U Hctounuku

Atmocdepa

Anspo3sonm 3uma (cHer), JAKyTCK 0.6 x 1073 4.4 x 107 ABTOp

BB 3uma (cHer), SIkyTck 1.45 0.52

BB nero, fxytck 5.5 1.54
Jlutochepa

3eMHas Kopa 13.0 2.5 Bunorpanos, 1962

IMecku, nmecyaHnkm 6.7 2.0 I'puropnes, 2009

IMouBo-rpyHTHI, LleHTpansHas AkyTust 7.3 1.72 Chevychelov, Sobakin, 2020

IMTouBo-rpyHTHI, TyiimMaama 10.6 2.4

Tabomuna 4. ExxecyrouHoe MOCTyIJIeHWe aKTUHOUIOB U3 aTMOChephI

JleTHnit epuop. 3umHuii nepuon. CHer Cymma
AKTI/IHOI/II[I)I Crarucruyeckue BsBenieHHbie BeELIeCTBa IbLUIb a’po030Ji1, rasbl BI)IHH,Z[CHI/H\/‘I
rmapamMeTpbl
Mr/(M? cyT) % Mmr/(M%cyT) | % | mMr/(M2cyT) % Mr/ (M2 Tom)
Th Capudpu 0.233 89 0.028 1| 09x107 |n x107| 465
Cuaxe 0.934 95 0.053 5 1 03x106 | n x106| 169
u Capl/l(I)M 0.084 91 0.008 9 0.8%x107¢ | n x10°° 16.4
Chaxe 0.274 97 0.009 30 10x10-5 |5 x 105 48

Mpnmevanust. Conepxanue: Cy, . — MaKCUMaNbHOE, Cypygm

KOHTHHEHTAJIbHBIX a3p030JIsIX palioHa 00yClIOBIeHA
COCTaBOM MCXOIHOTO MaTepuaja — IIPEeUMYIIECTBEH-
HO TIECKOB, MMOCTYITAIOLINX B TpoIlochepy B KaueCTBe
a3pO030JIbHBIX YACTUII.

OcHOBHasT Macca aKTUHOMIOB — OKoJIo 90% BhIMa-
JIaeT u3 atMocdephl B TCIUIBIHN TTepron roga. Exxecyrou-
HOE TOCTYIUIEeHUe aKTMHOMIIOB M3 aTMoc(epbl B 3TO
BpeMs cocTapiseT B cpenHeM Th = 0.233 mr/(m? cyT),
U = 0.084 mr/(m? cyr) (otHomenue Th/U = 2.8) u
JMIOCTUTAaeT MaKCUMaJbHbIX 3HAYeHWI, COOTBET-
cTBeHHO, 0.934 1 0.274 mMr/(Mm? cyT).

Ha 3umHue tBepaple BnageHus BB (mpeumyiie-
cTBeHHO dpakimst PM ) mpuxoaurces okoio 10% ot
o0111eit Macchl MOCTYIUIEHUSI aKTUHOUAOB U3 aTMO-
chepbl Ha TEppPUTOPHUIO roponaa. ExecyroyHoe mo-
CTYIUIEHHE aKTUMHOUIOB 13 aTMOC(EPHI B XOJIOMHBIA
Mepro Ha TIOPSI0K HIDKe, 4eM jeToM misa Th u Ha
nBa nopsiaka st U (otHouenue Th/U = 3.5) u co-
crasisieT: Th = 0.028, U = 0.008 mr/(m? cyT).

C aspO30IbHBIMU U Ta30BBIMH BBITTANCHUSIMU —
pacTBOopuMas aza CHera U3 3SMMHeEM aTMOCcdepHI ITo-
CTYyMalT MWHUMAJIbHBIE OOBEMBI AKTMHOWIOB: B
cpenneM Th=0.9 x 1077 u U = 8 x 1077 mr/(m? cyT)
(Tadmn. 4).

B a3p030JIbHO-Ta30BBIX BEIMAACHHUSIX KOHIICHTPA-
s U nipeobimamaet (otHoimenue Th/U = 0.11) 61a-
rogapsi BBICOKOW MUTPALIMOHHOM CIIOCOOHOCTH 3TO-
ro aniemeHTa (EBceeBa u ap., 1974).

OO61muit 06beM aTMOC(EepPHOTO MOCTYIUICHUST aK-
TUHOWIOB Ha TEPPUTOPUIO TOpPOJA OLIEHWBAETCS

— cpenHee apudmMeTuIecKoe.

undpoit okoso 63 Mr/m? rox, 2/3 KOTOpO#i cOCTaBIs-
et Th. Ha yyacTkax KOHTpacTHBIX aHOMaJIUI 3Ta Be-
JIMYMHA MOXET Bo3pacTaThb 0oJiee YeM B TpU pasa, 10-
cturas 217 mMr/m? roz, OCHOBHasl 4aCTh KOTOPOIiA Tak-
Xe ipencrasiieHa Th.

CyMMapHOe BBHITIaficHUEe aKTMHOWIOB Ha TeppU-
TOPUIO TOPOJA COCTABJISET IIPUMEPHO n X 1073% ot
OOIIIETO TOOOBOTO 0OBbeMa 3arpsi3HSIOLINX BEIIEeCTB
MMOCTYIAIOLINX U3 aTMOChEpPHI.

B mouBsl u rpyHTH ce3oHHOTaANIOTO cios (CTC)
O04JIbIIIAsT YaCTh AKTUHOMIOB MOCTYIIAeT U3 aTMocde-
pol. [TpenmymecrBeHHoe noctyruieHue Th u U ¢ mibi-
JieBbIMU (ppakuusiMmu BB orpaHuunBaeT ux mMurpa-
LIMOHHYIO CIOCOOHOCTh B OCHOBHOM MOBEPXHOCTbHIO
MOYB, B TO BpeMsl KaK MPUCYTCTBUE 3TUX METAJLJIOB B
pacTBOpUMOIi (paze CHEXHOro MOKpOBa MO3BOJISIET
UM, TIpU TasTHUM CHeTa, IIPOHUKATh B 0oJiee TITyOOK1e
ropu3oHTbl CTC, KOHLIEHTPUPYSICh B HaAMEP3JIOT-
HbIX Bomax. Habonaercs: B3aMMOCBsSI3b KOHIIEHTpa-
LIMU aKTUHOUJOB B CHEXXHOM MOKPOBE U B HAAMEP3-
JotHbIx Bogax CTC (puc. 4).

CriocooctByioT noasikHocT U B rpyHTax CTC
Y HaJIMEP3JIOTHBIX BOAAX CJa0O0IIeT0UHbIe 3HAYSHUS
pH (7.2—7.7) u onpeneneHHasi OTKPHITOCTb TPYHTOB,
OKHCIINTEIFHO-BOCCTAHOBUTETLHBIN MOTEHITNAT KO-
topbix B CTC paBeH B cpeqHeM 419 mB.

VYpoBeHb 3arpsi3HeHUsT 3UMHEN aTMocdephl ITpak-
TUYECKU Ha BCell TEPPpUTOPUU TOPOa IO CyMMapHO-
My HOKa3aTello 3arpsi3HeHsI CHEXKHOTO ITOKPOBa O11e-
HMBAaeTCs KaK HU3KUI U YMEPEHHO OITAaCHbI B 30HAX

TEOXNMMUI Ne 1
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Puc. 4. KOHL[eHTpaL[I/IH AKTUHOMIOB B HAAMEP3JIOTHLIX BOAaX U CHEXKHOM ITOKPOBE.

MHTEHCUBHOTO JIBIDKEHUS TpaHCIIOPTa U BOJIM3U 00b-
€KTOB DHEPreTUKU, TAe COAePKaHe aKTUHOUIOB Mpe-
BBIIIIacT (PoHOBBIE 3HaYeHUS B 20—30 pas.

Ilo cpaBHeHUIO ¢ comepXaHWEeM aKTUHOWAOB B
3UMHel aTMocdepe (B pacTBOpUMOii (paze CHEXKHOTO
nokKpoBa) psma ropogoB Bocrounoit Cubupu 1 MoH-
ronuu (bmarosemenck, bparck, Upkyrck, Ynan-ba-
TOp), AJIs1 SIKyTCKa XxapaKTepHbl 3HAYUTEJIbHO MEHb-
mye mmoxkasareiau (Taoi. 5).

PaccmatpuBaemble HaceJeHHbIE MYHKTHI pacro-
JIOXKEHBI B BOCTOYHOI YaCTU CTPaHBI, KOTOpAasl CUM-
TaeTcs HeOJArolpusTHON IS pacCeUBaHUS Bpe-
HBIX TIpuMeceii. Bo Bcex HuX, kpome SKyTcka, Haxo-
JIATCS KPYITHBIE TIPOMBIIIUIEHHBIE TIPEANPUSITUS. DTO
ropoga ¢ BHICOKMM M OY€Hb BHICOKMM YPOBHEM 3a-
rpsidHeHus1 atMocgepHoro Bosayxa (Iocmoknan,
2019). HecMmoTps1 Ha HebaaronoydHble MprUpoaHbIe
daKTophl: TeOMOPPOJIOTUIECKIE — PaCITOJIOKEHUE
ropojia B KOTJIOBHMHE U KJIMMaTU4YeCK1e — HarpasJie-
HUSI BETPOB, TeMITepaTypHast UHBEPCUSI U IJIUTEIb-
HBbIC IITUJIM B 3UMHMI ITeprond, atMocdepa SAKyTcka
MEHee HachIllleHa aKTUHOWIaMU. DTOMY CITIOCO0-

CTBYIOT T'€OJIOTUYECKHUE YCIIOBUSI — CPEIHUE COACP-
xaHus Th 1 U B IMTOreHHOM COCTaBIISIIONIEH 30HBI
rurepreHe3a u Hu3Kasi TeXHOreHHast Harpy3Ka B 3UM-
HUIA Iepuo, KoTopasi 00ecIieunBaeTCsl B OCHOBHOM
aBTOTPAHCIIOPTOM, DHEPreTUYECKUE Xe IIPeaIIpusi-
THS pabOTaIOT Ha rase. YpoBeHb HAKOIIJIEHUS aKTH-
HOMIOB B CHEXKHOM MOKpoBe SIKyTcKa 0JM30K K I10-
KazaTeJsiM CeBepHOI JyacTu o3epa baiikan, koTtopas
cuuTaeTcs (POHOBLIM PalilOHOM HauWMEHEe 3aTPOHY-
TBIM TEXHOTEHHBIM Bo3AeiicTBueM (Betpos, Ky3He-
noBa, 1997). YpoBeHb KOHIIEHTPAIU aKTUHOUIOB B
CHEXXHOM ITOKpOBe fKyTcKa MOXET paccMaTpUBaTh-
¢S Kak (DOHOBBIM 11 KPYITHOIO perrnoHa BocTouHoii
Cubupu—LlenTpanpHoii SIKyTnn, UCKaXXeHHBIN Ca-
OBIM TEXHOTEHHBIM BO3JCHCTBHMEM TOPOICKON WMH-

dpacTpyKTyphl JKyTCcKa.

3AKJIIOYEHHME

Ha tepputopun ropoaa ObL10 IPOBEACHO I'e€OXM-
Muyeckoe nusydeHue BB B 1eTHei v 3uMHel (pacTBO-
pUMOIi 1 TBepHoii pazax CHEXHOIO IIOKPOBa) IIpHU-
3eMHOI1 aTMocdepe.

Tab6muna 5. CpenHee comepxXaHNE aKTUHOUIOB B CHEXKHOM ITOKpoBe roponoB Boctounoit Cubupu

ConepxaHue akTUHOUIOB
ITopona Teepnast dpaza, Mr/Kr Kunkast paza, MKr/J NcTouyHMKM
Th U Th U
Sxkyrck (n = 80) 1.45 0.52 0.0076 0.068 ABTOD
BnarosemieHck (n = 33) — 4.03 — 0.26 Pamomckast u np., 2019
Vnau-bartop (n = 17) 166 96 20 70 CopokuHa u 1p., 2013
HNpkytck (n = 21) — — 0.010 0.040 I'pebenmukona, 2013
Bparck (n = 18) — — 0.013 0.017
baiikan, ceBepHast gactb (n = 7) 4 3 0.0037 0.030 Berpos, Ky3Henosa, 1997
TEOXMUMHUA  Tom 68 Ne 1 2023
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‘YcTaHoBIIeHO, YTO B ITpU3eMHOM atMocdepe AKyT-
cka (opMUpPYIOTCSI TEXHOTEHHBIE T'€OXMMWYECKUE
aHOMAJIMM TSDKEJIBIX METaJlJIOB, PEIKUX U paguoaK-
TUBHBIX 3JIEMEHTOB. M3ydeHHBIe aKTUHOUIBI (op-
MUPYIOT OOIIMPHBIE MAJIOKOHTPACTHBIE OPEOJIbl B
HeHTpanbHOoM yacTu ropoaa (U) u ToKaabHbIE TOYCU-
HbIe aHOMaK Ha ero Tepputopuu (Th).

BB B mpuseMHOI1 geTHEe atMocdepe TOIUINC-
TePCHBI U TIPEACTABIISIIOT COO0I1 COBOKYITHOCTB TBEP-
JIBIX YaCTUII pa3HOro pasmepa. B jeTHeill atmMmocdepe
Th m U KOHIIEHTpUPYIOTCSI NMPENMYIIeCTBEHHOE B
nbuieBoit dpakuum BB (PM,,_,y0), B KOMIUIEKCE C
IPYINoN cuaepoduabHbIX 3jieMeHTOB. 3uMHue BB
0oJiee OMHOPOIHBI IO pa3MepaM YacTUIl 1 B OCHOB-
HOM IpencTaBieHbl ppakuueit PM .

CrieuincdnyHBIMM  MUHEpaJbHBIMM  ¢da3zamu BB
KOPPEIUPYIOIIMMHA C aKTUHOMOAAMU, OCEBIIMMU Ha
IMOYBEHHBIN MOKPOB B 30HE TEXHOT€HHOTO BO3IEli-
CTBUS, SBAsIOTCS: 1151 Th mupokceHbl 1 aM@UOOIIHI,
st U kap6oHaThl M1 aMdUOOJIbI.

Konuentpauust Th u U paBHOMEpHO MOHMXKAETCS
B cucteme: mouBbl—BB netHue—BB 3uvmHume (cHer)—
a3p030Ji1 1 ra3bl (cHer). B mouyBax, JeTHUX U 3UMHUX
BB nipeo6nanaer Th, B a3p0o30/1bHO-Ta30BOM COCTaB-
Jsmronei, comepxkanne U, Omaromapst BBICOKOIT MU-
IpallMOHHOI CITOCOOHOCTH, CTAHOBUTCS Ha MOPSIAOK
BhILIE, yeM Th.

OcHoOBHasg Macca aKTUHOUIOB — O0KOJIo 90% BBI-
mamaeT u3 aTMocdepsl B TeTUTBIN epuon. Ha 3umHme
TBepable BnageHust BB mpuxomurcs okono 10% ot
00111eli Macchl MOCTYIJIEHUSI aKTUHOUIOB U3 aTMocde-
pbI Ha TeppuTOoprio Topona. C a3po30JIBHBIMU 1 Ta30-
BBIMU BBINAACHUSIMU U3 3UMHENM aTMocdephl Ha T10-
BEpPXHOCTB ITOCTYTAIOT MUHUMATbHBIE 00beMbl Th 1 U.

OO61muit 06beM aTMOC(EepHOTO MOCTYIUICHUST aK-
TUHOMIOB Ha TEPPUTOPHUIO TOPOJIa COCTABIISIET OKOJIO
63 mr/m? rox, 2/3 koroporo npuxoaurca Ha Th. Ha
y4acTKaX KOHTPACTHBIX aHOMAaJIUii 3Ta BEIMYMHA MO-
KeT Bospactath 10 200 Mr/m? roa, OCHOBHAs 4acTb
KOTOpOI Takxke mpeacrasiieHa Th.

OCHOBHBIMU HWCTOYHMKAMU MOCTYIUJICHUSI aKTH-
HUJOB B MpU3eMHYI0 aTMochepy AKyTcka SBISIOTCS
MbUIEHWE C MOBEPXHOCTHM MOYB U BBIOPOCHI aBTO-
TpaHcmopTa. B MeHbIIIeil cTeneHn — BBIOPOCHI 00b-
€KTOB 9HEPIeTUKU U CTPOUMHIYCTPUU.

IMocrymmenne Th n U u3 arMmocdepsbl B MUTpaIli-
OHHBIX a3PO30JILHO-Ta30BbIX (hopMax (B paCTBOPUMOIA
¢aze CHeXKHOTO MOKPOBa) MO3BOJISIET aKTUHOUIAM TTpU
TastHUU CHEra, IPOHUKAaTh B TOBEPXHOCTHbIE TOPU30H-
Tl CTC, KOHLIEHTPUPYSICh B HAAMEP3IOTHBIX BOJAX.

YpoBeHb 3arpsi3HEHUSI 3UMHEN aTMocdepbl TTpak-
THYECKHU Ha BCE TEPPUTOPHH TOPOIA IO CYMMapHOMY
TTOKA3aTeITIo 3arpsiI3HEHUST CHEXKHOTO TIOKPOBa OIIEHU-
BaeTcsl KaK HU3KUI 1 yMEPEHHO OIMacHbIi B 30HaX MH-
TEHCHBHOTO IBVDKCHUS TPAHCIIOPTA 1 BOIM3U OOBEK-
TOB DHEPTETUKH.

YpoBeHb KOHIIEHTpAallM aKTUHOUIOB B CHEXHOM
MOKpoBe SKyTcKa MOXET paccMaTpuBaThbcsl Kak (o-
HoBbIN 171 LlenTpanbHoi AKyTHM, ncKaXXeHHbII clia-
ObIM TEXHOT€HHBIM BO3JEMICTBMEM FOPOACKOI UHGpa-
CTPYKTYpPHI SIKyTCKa.

CIIMCOK JIMTEPATYPbI

BetpoB B.A., Ky3neuosa A.N. (1997) Mukposremenmoi 6
npupoounsix cpedax peeuona ozepa baiikar. HoBocubupck:
W3n-8o CO PAH, 234 c.

BunorpanoB A.I1. (1962) I'eoxuMust peakux U paccesiH-
HBIX XUMUYECKUX 3JIEMEHTOB B TouBax. leoxumus. (7),
555-571.

Teonorus u nonesnsie uckonaemoie Poccun. T. 3. Bo-
cmounas Cubups (2002). Cn6.: BCEI'EU, 396 c.
TocynapctBeHHblt gokian “O cocTosiHUM UM 00 oxpaHe
okpyxaroleit cpenbl Poccuiickoit @enepauuu B 2018 ro-
ny”. (2019) M.: Munnpuponasl Poccun; HITI “Kanactp”,
844 c.

TocymapcTBeHHBIH TOKIIaM 00 SKOJOTMYECKOM CUTyallu B
Pecniyonnke Caxa (SAxytust) B 2019 r.: https://minpriroda.
sakha.gov.ru (mata o6pamenus: 15.02.2021).
I'pedenmmkoBa B. M. (2013) I'eoxumuaeckas) cnennduka
cocTaBa CHETOBOM BOJbI HEKOTOPBIX TOponoB MpKyTckoit
obiactu. Boda: xumus u sxonoeus. (2), 19-25.

I'puropseB H.A. (2009) Pacnpedenenue xumuueckux sae-
MEHMOo8 6 6epxXHell uacmu KoHmuHeHmanvHoll kopul. Exare-
punoypr: ¥pO PAH, 382 c.

I'puropeeB A.A., bynsiko M.N. (1959) Knaccudukanus
kmMaTtoB CCCP. Uzeecmus AH CCCP. Cepus eeoepaghu-
yeckas. (3), 3-19.

EBceeBa JI.C., ITepenbman A. ., UBaHoB K.E. (1974) T'eo-
XUMMS ypaHa B 30He THIlepreHe3a. — 2-e u3i., epepabd. u
nor. M.: Aromuzaar, 280 c.

Makapos B.H. (2016) DKoreoxuMust OKpy>Karolieit Cpeabl
ropoja, pacrojoXeHHOro B KPUOJIUTO30He (Ha TIpUMepe
SIkyrcka). Pecuonanvras sxonoeus. 4(46), 7-21.

IMonbsiue B.1I1. (2009) l'eoxuMuyeckre aHoMaauu Oaaro-
POIHBIX METAJUIOB B OCAJIOYHBIX OTJIOKEHUSIX SAKYTCKOTO
nogHsaTUs. Cucmema  KOPeHHOU  UCMOYHUK—POCCHIND.
Axyrck: Usn-so AHIL CO PAH, 166-173.

Panomckas B.U., FOcynos I.B., [1asmosa JI.M., Cepree-
Ba A.I'., bopomnna H.A. (2018) MHOTOMEpHBII1 CTATUCTU-
YECKUI aHAJIM3 COLAEPKAHUUN 2JIEMEHTOB B CHETOBOM ITO-
KpoBe T. biaroBenieHcka. Peeuonanvuas sxonoeus. 2(52),
15-28.

Caet 10.E., PeBuu B.A., duun E.I1., Cmupnosa P.C., ba-
mapkesua M.JI., Ouumenko T.JI., I1asnosa JI.H., Tpe-
¢unosa H 4., AukacoB A.U., Capkucsau C.111. (1990) leo-
xXumust okpyxcarouieii cpedni. M.: Henpa, 335 c.

Copokuna O.U., Komenesa H.E., KacumoB H.C., l'ono-
BaHoB /1.JI., baxxa C.H., [lopxroroB /., Dux-Amranan C.
(2013) Tsokenble MeTaJUTBI B BO3IYyXe M CHEXXHOM ITOKPOBE
Vnau-baropa. leoepagus u npupoonsie pecypcor. (3), 159-
170.

Chevychelov A.P., Sobakin P.I. (2020) The Contents and
Distributions of Natural Radionuclides 238U, 232Th, 40K
in Permafrost Soils of Central Yakutia. J. Siberian Federal
University. Biology. 13(1), 109-123.

Urban airborne particulate matter: origin, chemistry, fate and
health impacts (2011). Eds.: F. Zereini, C.L.S. Wiseman.
Heidelberg: Springer—Verlag Berlin, 656 p.

FTEOXMMHUA Ttom 68 Nel 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


